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TEKSTA LIETOTI SAISINAJUMI

AS —abolu sula

BC — bakteriala celuloze

CSL —angl. corn steep liqour

dH20 — destilétais tdens

DI — Darzkopibas institats

EB — etikskabes bakterijas

ENRK - enzimatiskas noteikSanas reagentu komplekts
EPS — eksopolisaharidi

GCH — gelcaurlaidibas hromatografija
GFH — gelfiltracijas hromatografija
GRAS - angl. generally recognised as safe
HS — Hestrin-Schramm

KE — kukurtizas ekstrakts

KVV - koloniju veidojosa vieniba

LU — Latvijas Universitate

MRS - De Man, Rogosa and Sharpe
PCR — angl. polymerase chain reaction
PET - poligtilentereftalats

PP — polipropiléns

PVS — polivinil spirts

RE — rauga ekstrakts

RDBR - rotacijas disku bioreaktors
SL —angl. shelf life

SEM - skengjosais elktronu mikroskops
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Vitalijs Radenkovs, Tel. +371 20139823, e-pasts: vitalijs.radenkovs@llu.lv
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Artairs Ravins, Tel. +371 29106391, e-pasts: anitaravina@inbox.lv

e  Sabiedriba ar ierobeZotu atbildibu “PROBIOTIKA LV”, Brivibas gatve 451 - 12, Riga, Latvija, LV-1024, Biotehnologiju
attistibas uzn@mums

Maija Ruklisa, Tel. +371 29784408, e-pasts: psem@Ilatnet.lv



PROJEKTA PAMATJEDZIENI

Projekta pamatjédzieni ir risinat problému saistitu ar auglu zudumiem, pielietojot jaunakas tehnologijas biopoliméru joma

un nodros§inot cirkularas ekonomikas principu ievieSanu lauksaimniecibas joma.

PROJEKTA APRAKSTS UN SASNIEDZAMAIS MERKIS

“Bionoardamo poliméru iegliSana no atjaunojamiem resursiem auglu aizsargplévju un iepakojuma materialu izstradei”
projekta ietvaros tika veikta vairaku biopoliméru producentu detaliz&ta izp&te un atlase, parbauditi vairaki biopoliméru iegiisanas

substrati un izstradati inovativi un ilgtsp&jigi iepakojuma materiali.

levads

Zinatniskie petijumi parada, ka pastav ciesa kopsakariba starp dzives ilgumu un veseligu partikas produktu patérinu (Kaur
& Das, 2011). Tadgjadi veseligie dzives un uztura paradumi aizvien vairak ienak cilvéku ikdienas dzive. Augli un ogas ir viena no
veseliga uztura sastavdalam. Piem&ram, zemen€m un aven€m ir gan izcilas sensoras ipasibas, gan kimiskais sastavs, tas satur
polifenolus, kas piedalas brivo radikalu neitralizésana. Kliiskie p&tijumi norada, ka augu polifenolu lietoSana uztura samazina
saslim$anas risku ar kardiovaskularam slimibam (Feresin et al., 2017; Paquette et al., 2017). Ogu razoSana Latvija ir izteikti
sezonala. Ogas ir ar salidzinosi 1su uzglabasanas laiku (5-7 dienas), tad€l, piem&ram, svaigu avenu un zemenu pieejamiba tirgd ir
limitéta. RazoSanas apjomus butiski ierobeZo arl pieejamo uzglabasanas tehnologiju nepilnibas un izmaksas. Ogu uzglabasanas
ilgums atkarigs no uzglabasanas temperatiiras, gaisa relativa mitruma, elpo$anas intensitates (O2/CO2 gazu apmaina), epidermas
slana biezuma un uzné&mibas pret mikroorganismiem (Maraei & Elsawy, 2017). Tiek konstatgts, ka, pateicoties unikalam fizikali-
Kimiskam un reologiskam pasibam, ka ari biosaderibai, droSumam un biologiskai noardamibai, bakterialie polisaharidi (poliméri)
var tikt izmantoti ka efektivs parklajums miksto auglu/ogu apstrad€ un iepakoSanas materialu izveidg. Tas klust 1pasi aktuali sakara
ar ES apnemsanos I1dz 2030. g. radikali samazinat no fosilajam izejvielam iegiitu iepakoSanas materialu izmatoSanu. Projekta gaita
planots izstradat efektivus risinajums bakterialo poliméru iegfi$anai lauksaimniecibas un partikas parstrades blakusproduktu (piem.
stikalas, augu atlieku hidrolizati u.c.) biokonversijas cela, parbaudit un aprob&t panémienus, to izmantoSanai ogu aizsargparklajumos

un iepakoSanas materialu veidosanai.

Temas aktualitate

Partikas un lauksaimniecibas organizacijas (angl. Food and Agriculture Organization of the United Nations (FAO UN))
dati norada, ka lielakie zudumi — 20% apmeéra — auglu un darzenu razoSanas k&d€ rodas razas novakSanas un SkiroSanas laika,
savukart 10-12% zudumu veidojas patérétajiem, produktu kvalitates neatbilstibas d&]. P&c oficialiem datiem, auglu un darzenu
zudumu apjoms Eiropa sastada 45% no kopgjas razas. Zudumus un partikas atkritumus var vertét ka nelietderigu dabas resursu
izmanto$anu (zeme, tidens, energija u.c.), kas pateréti, lai raZotu partikas produktus. Sakara ar partikas tirgus augo$o pieprasijumu,
partikas razotaji izjut arvien lielaku spiedienu razot partikas produktus ar pagarinatiem deriguma terminiem, lai nodrosinatu lielakus
apjomus un samazinatu razo$anas izmaksas. Viens no risinajumiem ir kimikaliju lieto§ana partikas apstradé. To licto$ana partikas
produktos Latvija un Eiropas Savieniba ir reglament&ta saskana ar ES direktivam, kuru prasibas ir iestradatas nacionalajos tiesibu
aktos. Taja pat laika strauji pieaug petijumu skaits, kuros pieradita to kaitigu ietekme uz cilvéku organismu, tai skaita lietoSana
atlauto. Tpa3i stingrs regul&jums atticas uz biologiskam un integrétam saimniecibam, Iidz ar ko to produkcijas zudumi uzglabasanas
laika $adam saimniecibam klust Tpasi apdraudosi. Jaatzimé ari, ka 2018. g. 28. maija Eiropas komisija ir iesniegusi direktivas
projektu (priekslikums Eiropas Parlamenta un padomes direktivai par konkrétu plastmasas izstradajumu vidiskas ietekmes
samazina$anu), saskana ar kuru planots aizliegt tadus plastmasas izstradajumus, kuriem ir pieejama un péc to ipasibam un cenas
pienemama alternativa, vienlaicigi ickasgjot no dalibvalstim ka obligato maksajumu noteiktu summu par katru parstradei nederigu
plastmasas atkritumu kilogramu. [Eiropas Komisija - Pazinojums prese, IP/18/3927]. Lidz ar to ir svarigi rast videi draudzigas

alternativas iepakoSanas materialiem, kurus iegiist nevis no fosilajam izejvielam, bet gan no vietgjas lauksamniecibas produkcijas
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parstrades blakusproduktiem to biotehnologiskas konversijas cela. Tadel ir svarigi rast efektivas cilvékam un videi draudzigas
uzglabasanas zudumus samazino$as tehnologijas, tadgjadi sekmgjot razotaju konkurétspgju. Sadu tehnologiju ievie$ana pozitivi

ietekm@s arT vides kvalitati, mazinot siltumnicas efekta gazu izmesu daudzumu ilgtermina.

Merkis

Projekta meérkis ir izstradat jaunus materialus auglu - Ipasi miksto ogu (avenu un zemenu) apstradei ar biologiski
noardamiem mikrobiali sintezétiem polime&ra parklajumiem (Edamam plévém), kas lautu ilgak saglabat ogu kvalitati un pagarinatu
to uzglabasanas laiku — neizmantojot cilvékam un videi kaitigas kimikalijas. P&tfjuma ietvaros ir planots parbaudit un pieradit, ka
ogu uzglabasanas laiku var paildzinat, tas apstradajot ar efektivu, veselibai nekaitigu un biologiski noardamu poliméra parklajumu,
to iegiistot no mikrobiali sintez&tajiem polisaharidiem, to atvasinajumiem un kompozitiem. ST mérka sasnieg§anai ir nepieciesams
veikt biotehnologiskos pétijumus par atsevisku polim@ru iegii$anas Tpatnibam no lauksamniecibas un parstrades riipniecibas
blakusprodutiem (piem. stukalas, augu atlicku biomasas hidrolizati, melases utt.), to rezultata izstradajot tehnologijas prototipu
biopolimeru parklajumu un iepakosSanas materialu iegiSanai ar tadiem raksturlielumiem, kas atbilst to pielietoSanas veidam (auglu

parklajumi, bionoardamie iepakosanas materiali — gan auglu, gan piena produktu iepakoSanai).

Planotie rezultati
Projekta ietvaros planots izstradat, parbaudit, pielagot un pieradit efektivako biotehnologisko risindgjumu poliméru iegtiSanai
no lauksaimniecibas produkcijas un tas parstrades blakusproduktiem; izvertet poliméru parklajumu izmantoSanu zemenu un avenu,
ka arf citu auglu apstrad€; parbaudit un pieradit biodegrad€jamo poliméru parklajumu efektivitati uz ogu kvalitates raditajiem.
Projekta ietvaros tiek planotas §adas darbibas:

1) Tehniskas un zinatniskas informacijas izpéte un novértéSana biopoliméru iegiiSanai no stkalam, t.sk. pieejamo paraugu
sastava izp&te un novertésana;

2) Piena parstradataja un p&tnieku sadarbiba jaizverte pieejamo siikalu sastavs un citi raksturlielumi, kas ietekmé poliméru
biosintézi;

3) Laboratorijas apstaklos ir nepiecieSsams veikt biopoliméru producentu kultiru optimalu kultivacijas apstaklu izveértésanu
un atlasi efektivai biopoliméru razoSanai no stikalam, ka ari citiem lauksamniecibas un parstrades ripniecibas
blakusprodutiem (piem. augu atlieku biomasas hidrolizati, melases utt.;

4) Tepriek§ minéti p&tijumi veidos nepiecieSsamo bazi mikrobiali sintezéto poliméru biotehnologijas prototipa izstradei. Tas
realizacijas gaita tiks iegliti poliméru paraugi ogu parklajumu un iepako$anas materialu izveidei;

5)  Auglu apstrade ar noardamiem poliméru parklajumiem un to kvalitates raditaju parbaude, nosakot ogu kvalitates raditajus,
t.sk. a) ogu fizikalo un kimisko raditaju izvértésana; b) ogu sensoras ipasibas; ¢) mikrobiologiskas analizes. Nemot véra
visu raditaju kopu, tiks noteikts ogu optimalais uzglabasanas ilgums;

6) Lai projekta rezultatus izplatitu nozares profesionalu vidd, ir planots ik gadu organizét tiem informativos pasakumus un
izplatit tos EIP tikla. Tiks sagatavota vismaz viena zinatniska publikacija SCOPUS citgtajos zurnalos, lai nodrosinatu
projekta ietvaros sasniegto rezultatu ilgtsp&ju, starptautisku aprobaciju, atkartojamibu un talaku attistiSanu. Katru gadu
projekta dalibnieki piedalisies viena zinatniska konferencé (projekta nozar€), lai glitu rezultatu aprobaciju, t.sk.
starptautisku nozares profesionalu vidii. Visi partneri biis iesaistiti informativo un publicitates pasakumu istenosana.

Projekta planotais Tstenoganas laiks ir 36 ménesi. Saja laika planotie ieguldfjumi biis saistiti ar kvalificéta personala darba algas

un ar to saistito nodoklu izmaksam, materialu (kimija, fermenti, laboratorijas preces utml.), pakalpojumu analizes, publicitates
pasakumu Tsteno$anu un rezultatu izplatiSanu. darbibas un projekta kopsavilkums, ietverot mérkus, problémas un iespgjas,

ieguvumus un iesp&jas galalietotajam, galvenas darbibas, sasniegtos praktiskos rezultatus un rekomendacijas.



PROJEKTA IESAISTITO PARTNERU UZDEVUMI UN ATBILDIBAS JOMAS

Latvijas Universitate:
1. Biopoliméru producentu, fiziologisko un biokimisko pasibu izpéte.
2. Optimalo kultivacijas apstaklu atlase.
3. Iegito biopolim&ru paraugu testéSana, iepakosanas kompozitmaterialu prototipu iegti§ana.
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Iegtito rezultatu public€Sana un izplatiSana

Darzkopibas institiits
1. Ogu paraugu pirmapstrade.
2. Kvalitates raditaju parbaude eksperimentalas un kontroles grupas paraugiem

3. Iegito rezultatu publicé$ana un izplatiSana.

AS “Rankas piens”
1. Dazada tipa izejvielu (sikalu) nodros§inasana pétijumu veik$anai un tehnologiju izstradei.
2. Izejvielu (stkalu) raksturlielumu kontrole.

3. legito rezultatu izplatiSana

SIA “Skoru Darzi”
1. Ogu, kas iegiti dazados kultivésanas apstaklos, skirnu paraugu nodrosinasana salidzinoSai novérté$anai, apstradei ar
biopoliméru parklajumiem.

2. legtto rezultatu izplatiSana.

Valters Dambe
1. Ogu, kas iegtti dazados kultivéSanas apstaklos, skirmmu paraugu nodroSinasana salidzino$ai novertéSanai, apstradei ar
biopoliméru parklajumiem.

2. legito rezultatu izplatiSana.

Auru pagasta ZS “Perles”
1. Ogu, kas iegiti dazados kultivéSanas apstaklos, Skirnpu paraugu nodroSinasana salidzinosai novértéSanai, apstradei ar
biopoliméru parklajumiem.

2. legtto rezultatu izplatiSana.

Sabiedriba ar ierobezotu atbildibu “PROBIOTIKA LV”
1. Biopoliméru iegisanas tehnologijas prototipa izstrade

2. legito rezultatu izplatiSana.



Projekta iesaistito partneru uzdevumi un atbildibas jomas shéma

A/S Rankas Piens
s Sikalas
e Sikalu sast3va izpSte
*  Siera iepakoZanas materidlu
parbaude

Lauksaimnieki

SIA Skoru Darzi

IK Valters Dambe

Z/S Pérles

Sakalas .

Biopolim&ru
pléves

Latvijas Universitite

Pieejamas zinatniski tehniskas
informacijas izpéte

Biopoliméru producentu izpéte
Sokalu un citu alternative barotnu
veidogana un sastdvu izpéte
Mikrocrganismu-biopoliméru
preducentu kultivacijas apstaklu
izp&te un optimizacija

Sikalu apstrades metodologija
biopoliméru iegisanai

Daiadu biopoliméru veidoiana
Biopolimé&ru parklajumu iegifana
un to Tpaiibu novértéjums
Optimalo parklajumu atlase

lepakojumu un
parklajumu
izstrade

LU kopa ar APP darzkopibas

PEtTjumu
rezultati

institotu: Mikroorganismu-
producentu kultivésana

LU kopa ar SIA Probiotikal \V:
Mikroorganismu kultaru, izejvielu un
optimalo kultivacijas apstaklu noteik3ana

biopoliméru iegianai .

Sikalas

Ogas

-— .

patijumu .
rezultati

APP Darzkopibas institits
Pieejamas zindtniski tehniskas
informacijas izpéte
Biepoliméru kultivacijas apstaklu izpSte
un optimizacija
Blakusproduktu Kimiska sastdva izpéte
Jaunizveidoto plévju ipaiTbu novErtéjums
DaZddu biopoliméru veidoiana
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1. SADALA: BIOPOLIMERU ZINATNISKI TEHNISKAS LITERATURAS
KOPSAVILKUMS

BIOPOLIMERI

Partikas atkritumi ir viena no vissvarigakajam problémam. Aptuveni tresdala visas ES dalibvalstis razotas partikas tiek
izmesta atkritumos (88 miljoni tonnu, 138 miljardu eiro vertiba). Pasaulé aptuveni 42% partikas atkritumu rada majsaimniecibas.
lemesls - izveidoti slikti paradumi, veikalu rikotas akcijas, kas bez vajadzibas rosina pirkt vairak produktu. Pasaules Partikas un
lauksaimniecibas organizacija (FAO) vésta, ka pasaulé ik gadu atkritumos izmet 1,3 miljardus tonnu partikas. Jaunattistibas valstis
vairak neka 40% partikas produktu zudumu veidojas p&c razas novakSanas un parstrades procesa. Latvija gada laika rada aptuveni
80 000 tonnu partikas atkritumu, viens cilvéks rada vidgji 113 kg. Bet ES valstis vid&jais raditajs ir 173 — 180 kg uz cilvéku, no
kuriem 38 — 40% partikas atkritumu rodas majsaimniecibas. DiemZ&l joprojam ES valstim nav izveidota vienota partikas atkritumu
daudzuma samazinaSanas politika (Uldis Graudins, 2016). Bitu jamekl€ veidi, ka varétu pagarinat partikas produktu uzglabasanas
ilgumu un kvalitati. Viens no risinajumiem partikas produktu (auglu un ogu) uzglabasanas laika un kvalitates pagarinaSanai ir to
apstrade ar bionoardamiem poliméru parklajumiem.

Paslaik pasaulé ir piecjami vairaku veidu parklajumi - ka dabiskas izcelsmes ta ari mikrobiologiski sintezgtie.
Biopoliméru — makromolekulas, kuras sintez€ dzivie mikroorganismi, ir potencials problémas risinajums. Pateicoties savai

daudzveidibai, potenciali var atlasit vélamo biopolim&ru, un izstradat bioiepakojumus vai aizsargpléves.

Dabiskas izcelsmes parklajumi, kas iegiiti no augiem, dzivniekiem vai no insektiem

Vieni no tradicionali visplasak lietotajiem un pazistamakajiem ir Sellaka vasks (E 904), karnaubvasks (E 903) un kandelila
vasks (E 902). Parsvara ar tiem tiek apstradati augli (bumbieri, aboli u.t.t.). Ziema veikala nopérkami spidigie, labi glabajamie
importétie aboli, pieméram, tadam §kirném, ka 'Gala', 'Golden Delicious', 'Granny Smith', 'Jonagold', 'Red Delicious', bumbieri
'Conference' u.c. Visi tie gandriz vienmér ir apstradati ar Sellaka tipa vaskiem. P&c literatiiras datiem auglu apstradei biezak izmanto
6-7% Sellaka vaska parklajumu (Bose and Sankaranarayan 2003).

Kandelila vasks ir ekstrakts no eiforbijam (Euphorbia antisyphilitica Zucc), kas atzits par drosu (GRAS) vielu, tadé] to
ir atlauts lietot partikas produktu apstradei bez ierobezojumiem. Apstrade ar kandelila vasku butiski pagarina bananu, tomatu,
muskusa melonu, laimu un citu citrusauglu glabasanas laiku

Karnaubvasks ir parklajums, ko iegiist no Brazilija endémiski sastopamo karnauba palmu (Copernica prunifera (Mill)
H. E. Moore) lapam. ArT to uzskata par droSu vielu, un to ir atlauts izmantot dazadu partikas produktu parklajumiem, ieskaitot
augliem un darzeniem.

Sellaka sveki veidojas kukainu kapuru dziedzeru sekrécijas procesa, parasti izdala no tadiem kukainiem ka Laccifer lacca
Kerr. (Hem. Coccidae). To kapuru izdalitos svekus plasi izmanto auglu parklajumiem glabasanas laika pagarinasanai (Alleyne &
Hagenmaier, 2000; Orange Shellac Handling/ Processing).

P&c apstrades ar kadu no $ada tipa vaskiem, augli ir spidigaki - uzlabojas ar€jais izskats, tiem samazinas idens zudumi, kas parasti
rodas elposanas procesu rezultata, paléninas elposanas intensitate un labak saglabajas auglu stingriba/cietiba. Ir minéts ar1, ka auglu
apstrade ar vaska parklajumiem samazina auglu puvju attistibu glabasanas laika (McGuire un Hagenmaier 2001).

Paslaik partikas razoSana auglu apstradei arvien vairak sak izmantot arT medus biSu dziedzeru izdalito vasku, kas ir
pazistams ari ka baltais vasks. Vasku izkaus€ no biSu $tinu karém p&c medus izsvieSanas. Bet, ta ka tiram biu vaska parklajumam
5% vai lielaka koncentracija ir raksturiga nedzidriba, dulkainiba, tad ta izmantoSana auglu apstradei ir iespgjama tikai dazadas
kombinacijas ar citiem vaskiem (karnaubas, $ellaka, kandelilas vaskiem, vai augu ellu) (Baldwin un Carriedo 1994; Hagenmaier un
Baker 1996). Ir tikusi veikti zinatniski p&tijumi par biSu vaska izmantoSanas iesp&jam ar svaigu ogu apstradei, bet pozitivs rezultats
netika iegits. Tika secinats, ka bisu vasks (2%) kombinacija ar cieti (0,5:1,0%) glabasanas laika nesp&ja saglabat pienemamu kazenu
kvalitati. P&c 16 glabasanas dienam 4°C temperatiira un 88% relativaja gaisa mitruma, ogam tika konstat&ts paatrinats nogatavosanas
process ar izteiktiem Gidens un biologiski aktivo vielu zudumiem (Pérez-Gallardo et al., 2014).

Tatad ne vienme@r auglu vai ogu apstrade ar vaskiem var dot pozitivus rezultatus. Iznakums atkarigs no vairakiem

faktoriem: no pareizi izvél&ta vaska un ta koncentracijas, no parklajuma fizikalajam 1paSibam, no vaska kombinacijas ar citam
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vielam, arT no paSu apstradajamo auglu ogu kvalitates, kimiska sastava, gatavibas pakapes apstrades bridi u.c. Ietekmgjosie faktori
ir daudzi un kompleksi.

Par dzivnieku izcelsmes biopolim@ru tiek uzskatits hitozans. To iegiist no jiiras vézveidigo parstrades blakusproduktiem -
caulam/eksoskeletiem. (Soares et al., 2011). Hitozans nav toksisks un ir biologiski noardams daba. Viena no zinatniskajiem
pétijumiem minéts, ka lielisku rezultatu zemenu saglabasana izdevas panakt, apstradajot ogas ar karboksimetilcelulozi 1% un
hitozanu 1% vai hidroksipropilmetilcelulozi 1% un hitozanu 1%. Rezultata apstradatam ogam glabasanas (11 + 1 °C, RH= 70-75%)
ilgums pagarinajas par ¢etram dienam (kontroles ogas bez apstrades saglabaja labu kvalitati - 8 dienas, apstradatas ogas -12 dienas)

un sensora kvalitate apstradatajam zemen&m biitiski nemainijas (Gol et al., 2013).

Mikrobiologiskas izcelsmes biopolimeéri

Ar katru gadu pieaug interese un pieprasijums p&c mikrobiologiskas izcelsmes biopoliméru parklajumiem, kadus spgj
sintezet baktérijas un mikroskopiskas sénes. Sada veida biopolimériem ir viena bitiska prioritate - tiem parasti ir lielakas molmasas
(molmasas mervieniba g/mol, jeb atomu vienibu skaits, ko izsaka daltonos, simbols: Da, https://www.genscript.com/molecular-
biology-glossary/723/dalton-Da). Jo lielaka molmasa, jo $adam savienojumam ir izteiktakas poliméra pa$ibas - parklajuma/plévju
veidosanas spé&jas, pléves izturiba, eclastiba, spidigums, barjeripasibas u.c. Lidz ar to paplasinas biopoliméru iesp&jamas
izmantosanas jomas (pieméram, medicind). Mikrobiologiskas izcelsmes biopolimériem ir bitiska priek$rociba, to razoS$ana
neietekmé (nepastiprina) vides piesarnojumu (Donghui, 2016).

Viens no mikrobiologiskas izcelsmes polimériem ir kurdlans. To sintezg bakterija Agrobacterium biovar. Ta ipasibu dél
(augsta termiska izturiba - nekiist pat temperatiiras virs 100°C, stabils pret sasalSanu un atkaus€Sanu), to plasi izmanto partikas
razoSana ka emulgatoru vai stabilizatoru (Masanori, 1994). Kurdlans ir balts pulveris ar augstu pliistamibu, sausa forma loti stabils.
Saglaba spgju veidot zeleju pat péc ilgstosas glabasanas. Kurdlans neskist fideni, nesSkist spirta un lielakaja dala organisko
$kidinataju, bet $kist sarmainajos $kidumos, piem&ram, natrija hidroksida (E 524) un trinatrija fosfata (E 339). Ir zinatniski pieradits,
ka kurdlans ir absoluiti netoksisks. Ja kurdlanu uzsilda virs 80° C, tas veido neatgriezenisku, stingru, elastigu un termoizturigu zeleju.
nepiecieSama citu vielu jonu pievienosana vai pH regulé$ana (Lee et al., 2002). Iepriek§ mingto Ipasibu d&] kurdlans ir populars
edamo trauku razoSana. Termiski atgriezenisks géls veidojas, ja kurdlanu uzsilda lidz 65 © C, pievienojot glicerinu. Saharozes
koncentracija virs 10% samazina kurdlana Zelejas stingribu, bet glikoze un fruktoze 20% koncentracijas gandriz neietekmé Zelejas
stiprumu. ArT sals klatbiitne produkta samazina zelejas stingribu.

Literatlira netika atrasta informacija par kurdlana lietoSanu auglu un ogu apstradém, bet tradicionalaja partikas razosana
to lieto pladi - ka biezinataju, stabilizatoru vai &damo parklajumu. Edamo plévju raZo$ana kurdlana koncentracija ir 30 - 100%
robezas, bet, pieméram, kiiku parklajumiem lieto 4-6% koncentracijas, saldéjumu razoSana ka stabilizatoru pievieno 0,1- 0,3%
koncentracijas, desu apstradei, lai panaktu idens noturibu produkta, izmanto 0,2-1% kurdlana skidumu (Masanori, 1994). Pasaulé
partikas razoSana visplasak kurdlanu lieto Japana. Zinatnieki apgalvo, ka apstradata gala ir suligaka un mikstaka. Turklat ja gala
bija sasaldéta, tad p&c tas atkaus€Sanas apstradatai galai mitrums ziid mazak. Pievienojot kurdlanu piena produktos, uzlabojas to
izskats, gar$a un tekstiira, turklat samazinas mitruma zudumi (Nishinari et al., 2009). Nudeles, kuram pievienots kurdlans, varot vai
sautgjot, labi saglaba formu.

Pullulans ari pieskaitams pie mikrobiologiskas izcelsmes biopolimériem. To sintéz&é mikroskopiska séne Aureobasidium
pullulans, iespgjams izdalit ar tiribas pakapi virs 90% (Khan et al., 2007). Pullulanu razo komerciali, audzgjot A. pullulans uz
barotnes, kas satur 10 £+ 15% cietes hidrolizatu, peptonu, fosfatu un bazalos salus. (Leathers, 2003). Biopolim&ru sintezes laika,
mikroorganismam janodrosina atbilstosa temperatiira (30 °C) un substrata maisiSanas intensitate. Sakotng&jam kultivacijas pH jabut
lidz 6,5, kas fermentacijas procesa rezultata pazeminas Iidz 3,5. Maksimala kultiiras augSana notiek 75 stundu laika, bet optimals
pullulana iegisanas laiks ir aptuveni péc 50 stundam. P&c fermentacijas beigam mikroskopisko sénu $linas no substrata tiek atdalitas
ar mikrofiltraciju, tad seko pullulana izgulsn&Sana ar etanolu (96%), pievienojot to vienada tilpuma ar substratu un izturot 8 stundas
pie 5°C temperatiiras. Skidro frakciju no cietas atdala ar centrifugéanu ar turpmako cietes dalu Zavésanu 8 stundas ar silto gaisu
pie 55 © C temperatiiras, vai izmantojot sublimé&Sanas kalti — liofilizatoru. Vajadzigo pullulana dalinu izm@ru var dabit to samalot,

savukart augstako tiribas pakapi - vairakas reizes filtr§jot un izgulsngjot ar etanolu (Survase et al., 2007; Farina et al., 2001).
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Pullulana molmasa ir atkariga no fermentacijas apstakliem - pH, temperatiiras, substrata (pieejamajam mikroorganismiem
nepiecieSamajam baribas vielam) un konkréta mikroorganisma celma (Leathers, 2003). Molmasa var variét no 10 lidz 3000
kilodaltoniem (Joint FAO/WHO Expert Committee on Food Additives, 2005). Pullulans pirmo reizi tika izmantots ka partikas
piedeva Japana 1976. gada (Joint FAO/WHO Expert Committee on Food Additives, 2005). Tas labi §kist tidenT, nav toksisks un ir
biodegradgjams (Kumar et al., 2012; Ogzhan un Yangilar, 2013). Tomér ta razo$anas izmaksas ir salidzino$i augstas, salidzinot ar
materialiem, kuri ir raZoti no naftas produktiem, tadel zinatnieki mekle 1etakus oglhidrata un slapekla avotus, kas spétu nodrosinat
A. pullulans augsanu un biopoliméra sintézi ar labam fizikalam Ipa§ibam. Zinatnieks no Japanas sava pétijuma ka fermentacijas vidi
izmantoja hidrolizétos kartupelus ar augstu cukura saturu. Rezultata pullulana iznakums bija ~ 30 g/l. To var uzskatit par loti labu
rezultatu (Wu et al. 2009). Verts atzimét, ka, lai raditu mikroorganismiem piemérotakas baribas vielas, zinatnieks ir izmantojis
Kimisko cietes hidrolizes procesu, kuras rezultata no cietes izveidojas cukuri. Bet §1 tehnologija prasa daudz laika, resursu, zinaSanu,
un ir relativi darga.

Bet ir produkti, kuros lidzigi cukuri no cietes veidojas arT dabiski, piem&ram, tiesi ta notiek, nogatavojoties aboliem.
Zinatniskie pétfjumi rada, ka pullulana razoSanai var izmantot ari citus substratus, kas satur daudz oglhidratu un slapekla
savienojumu, tacu Sobrid trikst petijumu, lai pamatotu to efektivitati riipnieciskos apstaklos.

Pullulans partikas riipnieciba tiek plasi izmantos €édamo parklajumu vai €édamas pléves razosana, tacu ka partikas piedeva
(emulgatori, stabilizatori, u.c.) netiek izmantots. Pullulana pléves/ parklajumus parasti sagatavo, iz§kidinot sauso pulveri tidenT ar
koncentraciju no 1 Iidz 20%. Pullulans ka auglu, ogu parklajums izteikti palénina elpoSanas intensitati, palénina uzturvielu
degradaciju, palidz ilgstosi saglabat gaisto$as aromatvielas, palidz samazinat nelabvéligo mikroorganismu attistibu (Farris et al.,
2014). Pieméram, kinieSu €damajiem kastaniem (7% pullulans + 2% glicerols), uzglabajot temperatiira 20 °C 15 dienas ar gaisa
relativo mitrumu 53% RH, lietoSanas deriguma termins pagarinajas par 5 dienam (Gounga et al. 2010). ArT apstradatam zemeném
(10g/1 pullulans, 20g/1 glicerols, 5g/l Tween 80) deriguma termin$ pagaringjas lidzvertigi (Eroglu et al. 2014). 2015. gada pirmo
reizi tika veikti p&tijumi par olu kvalitates saglabasanu apstradajot tas ar pullulanu. Olam ar pullulana parklajumu samazinajas masas
zudumi un paléninajas mikroorganismu attistiba, ka arT olu baltuma un dzeltenumu laba kvalitate saglabajas ilgak salidzinot ar
kontroles (neapstradato) variantu (Morsy et al., 2015).

Mazak pazistams mikrobiologiskas izcelsmes biopolimérs ir skleroglikans. To sintez€ vairaku séniSu Sclerotium gints
sugas. Praksé skleroglikana biosintézei visbiezak izmanto S. glucanicum un S. rolfsii sugas. Sintéze parsvara notiek barotn€s ar
augstu bazes saharozes saturu (Iidz pat 20%) lidz bridim, kad iestajas baribas vielu deficits (kad visa saharoze ir “apésta”). Lai
skleroglikana sintéze butu efektiva, barotnes sastava ir jabtt oglhidratiem, fosforam, séram, kalijam, magnijam, slapeklim, ka ar1
janodrogina pietickamu skabekla padevi. Par oglhidratu avotiem visbiezak tiek izmantoti vienkarsie cukuri - glikoze un saharoze.
Ierobezota skabekla padeve fermentacijas laika palénina mikroorganisma augSanu, bet paaugstina biopoliméra razo$anas spgju
(Survase et al., 2007). Termiska stabilitate $im poliméram ir augsta, tas nezaudg@ savas fizikalas ipasibas plasa pH diapazona. Viela
viegli §kist idenT istabas temperatiira.

Skleroglikanu izmanto gan partikas razoSana, gan farmacija. Skleroglikana TpaSibas var mainities atkariba no molmasas
un tirtbas pakapes (Survase et al., 2007). Produktu apstradei parklajumiem biezak izmanto 0,5 un 2,0% Skidumu, bet, ja
nepiecieSams izmantot ka stabilizatoru produktos, tad tiek izmantota 0,1 — 0,2 % koncentracija. Skleroglikans klast popularaks
pateicoties savam fizikalajam (izturiba pret hidrolizi, temperattru un elektrolitiem) un reologiskajam (plastamiba, viskozitate u.c)
1pasibam (Coviello et al., 2005). Skleroglikana toksicitate un ietekmé uz dzivajiem organismiem tika parbaudita in vivo p&tjumos
ar zurkam, suniem, jirasctcinam, trusSiem un cilvékiem (Survase et al.,2007). Skleroglikans nav toksisks, tas ir atzits par drosu un
tam ir pieskirts GRAS statuss.

Partikas raipnieciba to visbiezak izmanto ka biezinataju, zel€joso un stabiliz&joso agentu. Pateicoties savai kimiskajai
stabilitatei, labai noturibai pret augstam temperatiiram un plasam pH darbibas diapazonam, tas varétu viegli konkurét ar ksantanu,
kuru arf plasi izmanto partikas ripnieciba. Bet, lai to panaktu, ir jaiegist augstaka skleroglikana razoSanas produktivitate
fermentacijas laika par zemakam izmaksam. Skleroglikans viegli aizstatu ksantanu daudzos partikas produktos - ievarjjumus un
marmelades, zupas, konditorejas izstradajumos, Zelejas, saldetos produktos, piena produktos ar zemu kaloriju saturu u.t.t. (Survase
et al., 2007). Skleroglikanam ir atklatas vél ari citas interesantas un vertigas ipaSibas. Kliniskajos pétijumos konstatéts, ka

skleroglikanam var biit pretvéza un pretvirusu iedarbiba. Tam ir atrasta augstaka imtinstimulgjosa, pretmikrobu un pretaudzgju
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iedarbiba, neka jebkuram citam D-glikanam. Farmacija skleroglikanu plasi izmanto tableSu apvalku razo$ana, oftalmologisks
$kidumos, injicgjamo antibiotiku suspensijas un Skleroglikans var samazinat slikta holesterina jeb zema blivuma lipoproteina limeni
asinis un paaugstinat lipidu izdaliSanos no organisma. Skleroglikanu lieto farmacija ka vielu, kas spg paléninat citu vielu
uzsiiksanos, ka arT nodrosinat zalu esoSo aktivo vielu labaku stabilitati pret apkartgjas vides faktoriem (Survase et al., 2007; Coviello
etal., 2005). Kosmetologija to lieto, ka receptiiras sastavdalu adas kop$anas lidzeklos, pieméram, dermatologija - kalamina losjonos.
Lauksaimnieciba to izmanto fitosanitarajas apstradés ka pretsénisu Iidzekli. Skleroglikanu pievieno ar gatavojot izsmidzinamos
maisTjumus (pesticidus, herbicidus) ar mérki uzlabot izsmidzinato vielu adh&ziju/kontaktu ar virsmu (pieméram uz augu lapam vai
s€klam). To var izmantot ari ka parklajumu keramikas glaziiras, ugunsizturigo materialu razo$ana u.c. (Survase et al., 2007; Coviello
et al., 2005).

V&l viens mikrobialas izcelsmes biopolim@rs ir elsinans. To sintéz& vairaki mikroskopisko sénu Elsinoe gints parstavji.
Partika to izmanto ka plévi vai @damo parklajumu produktu deriguma termina paildzinasanai. Elsinanu izmanto ari farmacija un
citas nozarés (Misaki et al., 1980;Misaki, 2004). Literattra ir ming&ts, ka Elsinoe leucospila suga, izmantojot 5% saharozes barotni,
produce 23-25 g/L elsinana. Tas ir diezgan augsts raditajs (Misaki, 2004). Fermentaciju sak veikt ar substrata sakotn&jo pH 5,0, 20
°C temperatiird, 3 dienas. S@inas un micéliju no substrata (no barotnes) atdala filtr&jot vai centrifuggjot. Elsinans tiek izgulsnéts ar
metanolu, etanolu vai acetonu. Nogulsnéto elsinanu filtr€ vai centrifugg, ieglito masu izzavé (Sugimoto un Yokobayashi, 1981;
Misaki, 2004).

Elsinanam ir augsta viskozitates pakape. Tas ir stabils plasa pH un temperaturas diapazona (pH 3 - 11, 30-70 °C), viegli
Skist tident (Misaki, 2004). Pl&ve no elsinana viegli skist karsta tident 80 °C temperattra. Temperatiira, kas zemaka par 40 °C, tas
uzbriest, saglabajot sakotngjo formu. Pl&ve ir loti izturiga un elastiga, biologiski noardama, ar augstu gazu necaurlaidibu (Sugimoto
un Yokobayashi, 1981).

Tapat ka jau iepriekSminétajiem biopolimeriem, arT elsinanam ir atrastas slikta holesterina pazeminasanas, pretvéza un
pretiekaisuma Tpasibas (Sirasugi un Misaki, 1992; Misaki, 2004). Elsinana biopléves ir labi piemérotas tadiem partikas produktiem,
kas atri bojajas. To izmanto ka apvalku medikamentiem (vitaminiem, fermentiem, u.t.t.). Pleve vai @damais parklajums loti efektivi
saglaba produkta sakotngjas sensoras Ipasibas (aromatu un garSu). Elsinans viegli sadalas gremoSanas trakta. (Sugimoto un
Yokobayashi, 1981). Elsinanam nepiemit elektrovaditsp&ja - lidz ar to var izmantot arT elektroniskajas shémas un instrumentos, ka
vadu izolatoru.

Vel viens interesants biopoliméers ir levans. Levanam ka biezinatajam, ka nesg€jvielai (angl. carrier) vai ar1 ta izmantosanai
farmacija un mediciniskiem noliikiem ir liels potencials (Combie, 2006). To spgj sintez&t gan augi, gan mikroorganismi (Melo et
al., 2007). Levans ir dabiski sastopams fruktans, fruktozes homopolimérs. Levans ir fruktozes homopolisaharids, kas neuzbriest
tdenT un kuram ir arkartigi zema iek$gja viskozitate salidzinajuma ar citam lidzigu molekulu biopolimeriem (Combie, 2006;
Arvidson et al., 2006). Levana molekulara masa un sazarojuma pakape atSkiras no mikroorganisma producenta. Tom&r molmasa
bakterialajam levanam ir daudz lielaka, neka daba sastopamajiem augu levaniem. Pieméram, bakterialajam levanam molekulara
masa no 2 Iidz 100 miljonu Da, bet augu levanam svarstas no aptuveni 2000 lidz 33 000 Da (Arvidson et al., 2006; Li et al., 2006;
Barone un Medynets, 2007; Rairakhwada et al., 2007). Ka jau iepriek§ mingts jo lielaka biopoliméra molmasa, jo ir izteiktakas to
poliméras ipasibas, piemeram, parklajuma/plévju veidosanas spgjas, izturiba, elastiba, spidigums, barjeripasibas u.c.

No saharozes ir iesp&jama biopoliméra alternana sint€ze. To sp&j pienskabas bakterijas Leuconostoc mesenteroides.
Pirmoreiz par mikrobiologiskas izcelsmes polisaharidu alternanu zinots 1954. gada (Jeanes et al., 1954). Alternanam ir zema
viskozitate un to lieto gan partika, gan arT kosmétika (Monsan et al., 2001). Hidrolizes rezultata baktérijas no saharozes ar enzimu
alternansukrazi ka katalizatoru producé biopoliméru alternanu. Literatiira aprakstiti tris baktériju celmi Leuc. mesenteroides spgj
sintezet alternansukrazi NRRL B-1355, NRRL B-1501 un NRRL B-1498 (Jeanes et al.1954). Substratam no ka tiks fermentets
alternans, ka oglhidrata avots ir jasatur saharoze - ieteicama deva ne zemaka par 10% no substrata daudzuma un ne augstaka par
20%. Substratam ir jasatur ari slapeklis un neorganiskie sali. Lai nodro$inatu slapekla avotu, substrata obligati japievieno galas
peptoni un raugu ekstrakts. Alternana sint€ze tiek veikta aerobos (skabekla klatbiitn€) apstaklos, +25+30° C temperatiira, divu lidz
tris dienu laika. P&c sintézes substrats tiek centrifugéts vai filtréts, lai no ta atdalitu bakteriju $inas. Alternanu no substrata atdala
(izgulsng), pievienojot tam etanolu, metanolu vai izopropanolu. Iegiito masu papildus attira, pievienojot tai Gideni un atkartoti

izgulsngjot ar atbilstoSo $kidinataju. Ka beigu posms ir iegiitds masas zavesana vai ari liofilizacija (Leathers et al., 1996; Wyckoff
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etal., 1996; Monsan et al., 2001). Sim biopolim@ram ir augsta $kidibas pakapé un zema viskozitate. Raksturigaka ipaiba ir izturiba
pret dazadiem mikrobiologiskas un ziditaju izcelsmes fermentiem. Vidéja alternana molmasa ir 106 = 107 Da (Leathers et al., 1996,
2003). Ta ka tas iz izturigs pret fermentiem, tas ir labi piemérots funkcionalo &dienu razoSana, pieméram, prebiotisko produktu.
Alternana Skidums ir loti stabils un nemaina savas 1pasibas +4+37 © C temperattira un pH 3-9. P&c fizikalajam Tpasibam tas ir spilgti
balts bezgarsigs pulveris, kas ir loti hidroskopisks (Leathers et al., 2003). Tas sp&j nomakt pelgjuma séniSu un patogéno bakteriju
attistibu. Alternanam pasam nav emulggjoSas Tpasibas, bet p&tnicki strada pie tadu receptiiru izstrades, lai efektivi to sajauktu ar
emulgatoriem, un nenotiktu vielu atdaliSanas/atslanosanas (Meinhold, 2012). Alternanam ir komercials potencials partikas
produktos un kosmetika. Ta ipasibas lauj to izmantot ka pildvielu ar zemu viskozitati un pagarinat partikas un kosmeétikas deriguma
terminu. Tas varétu but ka lieku kaloriju nesaturo§s maksligais saldinatajs partikas produktos. Kosmétika ir potencials ka
konservantam pievienot krémos un ziedes (Cote, 1992). L. mesenteroides ir GRAS statuss kas nozime drosi lietojams partika un

tas nav patogéns. (Eiropas Komisija, 2000; Colar, 1996).
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BAKTERIALA CELULOZE

levads
BC ir biopolimérs — eksopolisaharids, kuru spgj sintez&t Aerobacter, Agrobacterium, Azotobacter, Gluconacetobacter,
Pseudomonas, Rhizobium, Sacrina, Dicjeya, Rhodobacter un citu ginSu baktérijas (Azeredo et al. 2019). Tomér par galvenajiem un
rupnieciski perspektiviem BC producentiem tiek uzskatitas acrobas EB, pie kuram pieder Gluconacetobacter, Acetobacter,

Komagataebacter un Novacetimonas bakteriju gintis (Gullo et al. 2018).

1. attéls. LU eksperimentu ietvaros iegiitas BC pléves.

Tiek uzskatits, ka BC tiek sintez&ta, ka iesp&jamais bakteriju pasaizsardzibas mehanisms no UV stariem un palidzot tam
atrasties uz gaisa un $kidruma saskarsmes vietas, lai nodro§inatu tam nepiecieSama skabekla labaku pieejamibu (Reiniati et al.
2017). BC biosintézes procesa notiek glikozes 6-fosfata polimerizacija par p-1,4-glikana kédeém (2. attéls), kam seko $is kedes
(protofibrillas) ekstracelulara sekrécija. K€dém savstarpgji veidojot fidenraza saites, protofibrillas kristalizgjas, kas noved pie BC

mikrofibrillas veidoSanas (Lustri et al. 2015).
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2. attéls, EB Gluconacetobacter xylinus metabolisma shéma un BC sintézes cel$ (Lustri et al. 2015).
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Ir zinams, ka BC piemit augstaka tirTba, salidzinot ar augu celulozi, ta nesatur ligninu, pektinu un hemicelulozi. Augstaka
tiriba tadgjadi padara BC par tehnologiski perspektivu tiras celulozes avotu. Augu un BC fizikdalo un mehanisku Tpasibu
salidzinajums ir apkopots 1. tabula Turklat BC biotehnologiska raZo$ana samazina nepiecie§amibu iznicinat mezus lai ieglitu augu

izcelsmes celulozi, vai arT parmérigi izmantot lauksaimniecibas zemes (Huang et al. 2014).

1. tabula
Augu celulozes un BC fizikalo un mehanisko 1pasibu salidzinajums (Klemm et al. 2005; Chawla et al. 2009; Park et al. 2009
Raksturlielumi Augu izcelsmes celuloze Bakteriala celuloze
Skiedru diametrs: protofibrillas un 35-6 15-4
mikrofibrillas, nm 2500 — 10000 25-100
Polimerizacijas pakape 13000 — 14000 16000 — 20000
Kristaliskums, % 40 - 45 70 -80
Porainiba Vidgja Augsta
Vispargja strukturala organizacija Parsvara amorfa Parsvara geometriski definéta, 3D
tiklveida, kristaliska
Udens absorbcijas lidzsvars, % ~50 > 95
Stiepes izturiba, MPa ~120 200 - 300
Elastibas pasibas: Junga modulis, MPa 20-30 79— 88

BC ir pazistama ar tadam ipasibam, ka augsta tiriba, elastiba, augsta Gidens noturibas sp&ja, mehaniska izturiba, augsta
polimerizacijas pakape, hidrofilitate, augsta kristalizacijas pakape, tiklveida 3D nanomatricas struktiira, augsta biosaderiba (Azeredo
et al. 2019; Gorgieva and Tréek 2019; Blanco Parte et al. 2020). Turklat BC Skiedru strukttira var kalpot par kompozitmaterialu
matricu, tadgjadi palielinot ta noderigas ipaSibas, pieméram, hidrofobitati, elastibu, paaugstinat mehanisko izturibu, ka ari

antibakterialas, magnétiskas un vaditsp&jas Tpasibas, kas nepiemit pasai BC (Ul-Islam et al. 2015).

Bakterialas celulozes iegiSanas un tas producentu kultivacijas metodes

BC var iegiit, izmantojot statisko periodisko kultivaciju tai skaita ar piebarosanu (angl. fed-batch) un dzilumfermentacijas
metodi ar skabekla pievadisanu un maisiSanu, sintezgjot bioreaktoros (Azeredo et al. 2019). Talak tiek 1si aplikotas augstakmin&tas

BC iegiiSanas metodes.

Statiska kultivacija — ar vai bez piebaroSanas

Statiska periodiska kultivacija metode ir vienkarSakais kultivacijas process, kas visbiezak tiek izmantots BC razoSanai
salidzinosi zemo izmaksu dél (Lin et al. 2020). BC sintezgjosa kultura tiek inokul@ta trauka ar lielu virsmu, kur BC sint€ze notiek
uz barotnes virsmas, d€] bakteriju generétas CO2 burbulu inkorporacijas BC pléve. Izmantojot $o kultivacijas metodi, BC pléves
parasti pienem trauka formu, kas tiek izmantots. Tas ir noderigi, kad ir nepiecieSams iegiit konkr&tas formas BC pléves, piem&ram,
§ada pieeja tick izmantota regenerativajas medicinas materialu iegt$anai. Kultivacijas laiks parasti aiznem 5 — 20 dienas. Izmantojot
statisko kultivacijas metodi, svarigs faktors BC iznakuma ir barotnes virsmas / Skiduma tilpuma attieciba. Jo lielaka ir ta attieciba,
jo efektivak tiek izmantota barotne, un lielaka BC pléve tiek sintezéta (Czaja et al. 2004; Lin et al. 2020).

Par galveno triikumu statiskajai kultivacijas metodei var uzskatit salidzinosi ilgaku BC sintézes laiku un zemu BC
iznakumu, kas ierobezo $is metodes izmantoSanu industrialajos mérogos. Statiskaja kulttira izveidojusies BC pléve var traucét O2
piekluvei baktérijam, ka ar baribas vielu daudzums barotné tiek pakapeniski izlietots, samazinot BC sintézi (Dubey et al. 2018).
Lai palielinatu statiskas kultivacijas metodes efektivitati, var izmantot piebaroSanas kultivacijas metodi. Ta ir statiskas kultivacijas
metodes modifikacija, kad p&c noteikta kultivacijas laika kultdirai tiek pievienota papildus svaiga barotne. Parasti péc lidziga veida
piebarosanas, veidojas jauns BC slanis. P&étijumi rada, ka piebarosanas metode palidz palielinat BC iznakumu YP/S no substrata

vienibas 2 — 3 reiz€s (Chen et al. 2013; Dubey et al. 2018).
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Tiek izstradati dazadi bioreaktori, ar mérki uzlabot statiskas kultivacijas metodi. Viens no $adiem bioreaktoriem ir
aerosola bioreaktors. Saja bioreaktora aug$anas barotne tick izsmidzinata uz reaktora ick§gjas virsmas (angl. distribution box), kam
seko BC pléves sintéze un papildus barotnes pievienosana. Izmantojot §o metodi, ir iesp&jams iegit lidz 9 g/L sausas BC diena
(Hornung et al. 2007). Tomér, §is metodes vEl nav komerciali pieejamas un ir saistitas ar augstam razoSanas un ekspluatacijas

izmaksam.

3. att€ls. BC statiskas kultivacijas metodes: (A) statiska periodiska kultivacija; (B) periodiska kultivacija ar piebarosanu (Dubey et
al. 2018); (C) BC iegtsana, izmantojot aerosola bioreaktoru (Hornung et al. 2007).

Kultivésana bioreaktoros ar maisiSanu un skabekla pievadisanu

Sis metodes palidz nodroginat labaku Oz piekluvi baktérijam palielinot BC iznakumu no substrata vienibas, salidzinot ar
statisko periodisko kultivaciju (Blanco Parte et al. 2020). Papildus, izmantojot So metodi ir iesp&jams iegit dazada veida BC,
pieméram, hidrogg€lus, ka arT dazada izméra lodiSu vai zvaigznveida BC. Parasti BC struktiira ir atkariga no rotacijas reZima (Sani
and Dahman 2010).

Neskatoties uz to, ka BC sintéze parasti ir lielaka, kad tiek izmantota maisiSanas vai skabekla / gaisa piespiedu
pievadiSana, ar to ir saistiti vairaki trikumi. Pirmais trikums ir saistits ar producenta potencialu mutaciju varbitibas pieaugumu.
Izmantojot $adas metodes, dala producenta §iinu var zaud@t sp&ju sintezét BC (BC negativo mutantu veidoSanas), kas noved pie
ievérojamiem zaud&umiem. Lai samazinatu BC-negativo mutantu raSanos, tika piedavats pievienot barotnei etanolu, kas samazina
mutantu veidoSanos (Toyosaki et al. 1995; Son et al. 2001). Otrais trikums ir BC kristaliskuma un polimerizacijas pakapes
samazina$anas, salidzinot ar statisko kultivaciju (Watanabe et al. 1998). TreSais trikums ir ievérojami lielaks energijas patérins
maisiSanai skabekla / gaisa piespiedu pievadiSanai, salidzinot ar statisko vai statisko piebaroSanas kultivaciju, kas neprasa lielu
energijas patérinu (Chen et al. 2013).

Sis metodes Tstenojamas, izmantojot dazadas konstrukcijas bioreaktorus (Blanco Parte et al. 2020). Paslaik eksisté vairaki
bioreaktoru tipi, kas ir pieme&roti BC sint€zei: bioreaktors ar maisitaju (angl. stirred-tank), gaisa pacelSanas (angl. airlift), rotacijas
disku bioreaktors (Blanco Parte et al. 2020). Bioreaktora ar maisiSanu Oz tiek efektivak piegadats bakterijam. Gaisa pacel$anas
bioreaktora O2 piegade tiek nodrosinata no reaktora apaksas, tam celoties uz augsu $tinam tiek pievadits skabeklis. Process ir
energetiski efektivaks neka bioreaktord ar maisitaju (Sani and Dahman 2010).

Rotacijas disku bioreaktora BC pléve veidojas uz specialiem diskiem, kas ir iegremdéti barotné. Neskatoties uz to, ka var
panakt lielaku BC sintézi, tehnologija rotacijas disku bioreaktoram joprojam atrodas prototipa limeni (Soleimani et al. 2021). Lidzigi

ka ar aerosola bioreaktoru $o reaktoru galvenais trilkums ir salidzinosi ir augstas konstrukcijas un ekspluatacijas izmaksas.
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4. attels. Bioreaktori ar maisiSanu skabekla / gaisa piespiedu pievadiSanu (A) Bioreaktors ar maisitaju; (B) gaisa pacelSanas

bioreaktors (C) BC veido$anas process rotacijas disku bioreaktora (Sani and Dahman 2010; Soleimani et al. 2021).

Bakterialas celulozes izmanto$anas potencials
Ieprieks minéto fizikalo 1pasibu dél BC ir daudz potencialu pielietojumu vairakas jomas, un to var izmantot, lai ieglitu
augstas kvalitates videi draudzigus produktus. Plasakais BC pielietojums saskatams partikas riipnieciba, iepakoSanas materialos un

biomedicina (Azeredo et al. 2019).

Partikas rupnieciba

Partikas ripnieciba BC var izmantot ka funkcionalizgtu parklajumu produktiem, kas spgj palielinat to uzglabasanas laiku,
ka arf uztura bagatinataju pacientiem ar kunga-zarnu trakta trauc€jumiem, aptaukosanos, sirds un asinsvadu slimibam un diab&tu
(Cho and Almeida; Shi et al. 2014). BC partikas parklajumi lautu ievérojami samazinat konservantu un citu kimisko savienojumu
izmantoSanu partika (Rydz et al. 2018). Turklat ir plasi zinams, ka di€tas ar augstu tauku saturu var kaitet cilvéku veselibai. Savukart
BC emulsijas var izmantot ka potencialu tauku aizstaj&ju partikas produktos, pieméram, kiikas un saldéjuma, nezaudgjot taukvielam
raksturigas organoleptiskas un tehnologiskas funkcijas, vienlaicigi samazinot produkta kaloritati (Azeredo et al. 2019). Turklat BC
ir gremosanas trakta mikrobiotai draudzigs produkts, kas uzlabo cilvéka imiinsistému, samazina iekaisuma procesus un holesterina
Iimeni asints (Holscher 2017), ta ir “vispargji atzita par droSu” (angl. generally recognized as safe, GRAS statuss) (Shi et al. 2014).
BC izmanto$anas piemérs partika ir Nata de Coco, ko tradicionali iegiist, raudz&jot kokosriekstu pienu ar EB un iegiistot BC saturo$u

zelejveida produktu (Phong et al. 2017).

Iepakojumu materiali

BC var izmantot arT iepakojuma materialu sastava, kas biitu videi draudzigi un biodegradgjamai salidzinajuma ar
plastmasam, kuras joprojam galvenokart tiek iegiitas no naftas produktiem, nav biodegrad€jamas un ir kaitigs videi un cilvékam
(Proshad et al. 2017). Nemot véra BC mehaniskas ipasibas, ta ir daudzsolosa alternativa videi draudzigu, izturigu iepakojuma
materialu razo$anai, un nakotng tai ir potencials aizstat fosilas izcelsmes plastmasas biodegradgjamu iepakosanas kompozitmaterialu

sastava.

Biomedicina

BC ir plass potencials pielietojums biomedicina: pieméram, funkcionaliz&tie brii¢u parsienamie materiali, maksliga ada
un asinsvadi, audu inZenierijas matricas, nervu segumi, fasciju, saistaudu, kaulu un skrimslu protezé$ana un kirurgija (Wan et al.
2011; Picheth et al. 2017). Jau ir zinams, ka bracu arstésana BC pléves efektivi nodrosina audu regeneracijai labveligus apstaklus
(Gorgieva and Tréek 2019). Sm bri¢u apstrades materialiem var pievienot antibakterilus lidzeklus, lai samazinatu infekcijas risku
(Rouabhia et al. 2014). BC var apvienot ar dazada veida zalém un nodro§inat matricu kontrol&tai zalu pievadisanai ievainojuma
vietai (Pavaloiu et al. 2014; Ullah et al. 2016). Turklat dazadas sintétiskas protézes biezi nav biologiski saderigas un var izraisit
organisma atgriiSanas reakcijas, turpreti uz protézes uz BC bazes ir biologiski saderigas un veicina $tnu proliferaciju, asinsvadu

veido$anu BC protézu iek$pusé nodrosinot matricas funkeiju, (Ul-Islam et al. 2015).
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Citas nozares

Elektronika dazadiem BC kompozitmaterialiem ir potencials biit par videi draudzigam materialam elastigu ekranu
(Ummartyotin et al. 2011), gaismas diozu (Legnani et al. 2008), mitruma un gazu sensoru (Hu et al. 2011) razosana. Elastigas BC
pléves ar magnetita (Fe304) nanodalinam var izmantot magnétiskas rezonanses attélu veidosana (Ul-Islam et al. 2015).
Ir zinots, ka kosmetologija BC produkti jau tick izmantoti ka sejas adas kopSanas maskas, galvenokart pateicoties ta sp&jai mitrinat
adu un netoksicitatei. Sadas maskas tiek izmantotas ari, lai mitrinatu pacienta adu pirms operacijam (Ullah et al. 2016).
BC potenciali var izmantot ka imobilizacijas platformu kimiskaja ripnieciba. Eksperimenti rada, ka BC izmantoSana enzimu
imobilizacijai lava uzlabot ripniecisko lipazu ipasibas salidzinajuma ar brivajam lipazém (Sheldon and van Pelt 2013). Ir zinots, ka
BC imobilizetas lipazes uzrada uzlabotu aktivitati gan skabos, gan sarmainos apstaklos, ka arT augstaku aktivitati temperatiira lidz
30°C, laujot samazinat energijas patérinu razoSanas procesos (Cai et al. 2018).

Turklat BC var izmantot filtracijas membranas, lai nodroSinatu porainu graféna oksida tiklu, tas uzrada labu mehanisko

Izaicinajumi bakterialas celulozes iegiSana un komercializacija

Neskatoties uz visam BC pielietosanas priekSrocibam, tas riipnieciska razoSana joprojam ir problematiska, kas kave tas
sekmigu komercializaciju. Vairaki uzpémumi ir méginajusi komercializét BC, bet liclakoties méginajumi bija neveiksmigi.
Devindesmitajos gados dazi Japanas uznémumi un Japanas Nacionalais institiits sadarbojas, lai izveidotu BC razotni. Tomér
efektivu fermentacijas sistému trikuma dél BC komerciala razoSana netika panakta. Turklat Brazilijas uzn@mums BioFill Produtos
Bioetecnoldgicos izmantoja BC, lai veidotu dazadus biomedicinas produktu prototipus. Tomér BC iegiiSana tika partraukta, jo pareja
uz liela méroga razo$anu nebija veiksmiga (da Gama and Dourado 2018). Joprojam ir tikai dazi BC komercializacijas m&ginajumi
vainagojas panakumiem. Ka jau mingts ieprieks, Nata de Coco ir BC izmantoSanas piemers partika, kas tiek istenots kops 1954.
gada un ko raksturo diezgan lieli razoSanas apjomi, kaut arT sameéra zems ienémumu [fmenis un renabilitate (Blanco Parte et al.
2020). Uznémums Jonsons & Jonsons 20. gadsimta 80. gados uzsaka mé&ginajumu BC komercializét plasa méroga. P&tijumi
galvenokart tika veikti biomedicinas joma. Neskatoties uz vairaku patentu un BC produkcijas prototipu izgatavosanu, uznémums
nesasniedza komercialas razoSanas merogu, iesp&jams, razoSanas procesu lielu kapitala un razosanas izmaksu del. 1996. gada Xylos
Corporation ieguva tiesibas izmantot $os patentus un 2001. — 2003. gada tirgoja vairakus brii¢u apstrades lidzeklus. 2012. gada So
biznesu nopirka uznémums Lochmann & Rauscher, kas turpina BC produkta razoSanu 1idz Sai dienai. Polijas zinatnieki no Lodzas
Tehniskas universitates 2006. gada publicgja rezultatus par BC pielietojumu dazadas pakapes apdegumu kliniskaja arstesana. PEc
kada laika tehnologiju nopirka Polijas uzngmums BOWIL Biotech Ltd., kas ir uzsacis BC brii¢u parsie$anas materialu un kosmétikas

lidzeklu razosanu, tirgojot tos ar tirdzniecibas nosaukumu CELMAT® (da Gama un Dourado 2018).

Alternativie substrati bakterialas celulozes razo$anai

Ka jau minéts, BC izstradajumu komercializaciju ir griiti panakt to samera augstu razoSanas izmaksu del. Viena no
lielakajam problémam ir standarta BC augSanas barotnes augstas izmaksas, kas var sasniegt 1idz 30% no procesa razoSanas
izmaksam (Rivas et al. 2004). Lai samazinatu razos$anas izmaksas, ir jaoptimize razoSanas process un ipasi BC augsanas substratu
izmaksas. Viens no iespgjamiem risinajumiem ir alternativu zemu izmaksu oglekla avotu izmantoSana barotnés (Jozala et al. 2015;
Lin et al. 2020). Tapéc par perspektiviem tiek uzskatiti p&tijumi par ripniecibas blakusproduktu un lauksaimniecibas atlikumu
izmanto$anu BC razoS$ana, pieméram, jelglicerins, kas paliek pari biodizeldegvielas razoSanas procesos, auglu parstrades
blakusprodukti, melases, un siikalas (Jozala et al. 2015).

Tomér ar alternativu un 1&taku oglekla avotu izmantoSanu, ir saistiti vairaki ierobezojumi jo tas ietekmé ne tikai BC
produktivitati, bet arT tadas tas TpaSibas ka kristaliskums, Oz un H20 caurlaidiba un polimerizacijas pakape. Turklat augSanas

barotnes prasibas un BC produktivitate loti varié starp EB sugam un celmiem (Jozala et al. 2015; Salari et al. 2019).
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Siikalas ka alternativa izejviela biotehnologiskajos procesos

Ir atzits, ka starp lauksaimniecibas un riipniecibas blakusproduktiem, stikalas ir vienas no problematiskakajam nemot véra
to ietekmi uz vidi, lielus apjomus un relativi mazas efektivas valorizacijas iespgjas (Zotta et al. 2020). Piena razo$ana un parstrade
visa pasaulé strauji pieaug, parsniedzot 10% ik p&c Cetriem gadiem. Piena produktu parstrades laika tikai 10 — 20% piena apjoma
tiek parveidoti par vélamo gala produktu (siers, kazeins, biezpiens, jogurts utt.) t.i. 80 — 90% sastada stikalas (Panghal et al. 2018).
Pasaulé stikalu apjomi gada sasniedz aptuveni 180 — 190 x 106 tonnas (Baldasso et al. 2011). Siikalu sausas masas lielako dalu jeb
70% sastada laktoze (ka arT, nelieli daudzumi glikozes, galaktozes, laktulozes un arabinozes). Piena siikalu labi zinamu augsto
biologisko vertibu attiecina uz olbaltumvielu (galvenokart albuminu un globulinu), aminoskabju, vitaminu (Bs un Bi2), pienskabes
un citronskabju, mineralu, pieméram, kalcija, magnija, fosfora saturu, ka arT citi nenozimigi biologiski aktivi savienojumu klatbitni
(Revin et al. 2018). No visiem piena ripniecibas blakusproduktiem stikalas rada vislielako vides piesarnojumu (Prazeres et al. 2012).
Stkalu galvena probléma ir ta, ka tikai aptuveni 50% no §1 blakusprodukta tiek atbilstosi utiliz&ti vai parstradati, bet par¢jie tiek
uzskatiti par atkritumiem, jo triikkst efektivu turpmako parstrades tehnologiju. Siukalas rada lielu organisko slodzi, tapéc tai ir
nopietna piesarnojuma ietekme uz vidi un jo pasi uz tdeniem. Stkalam ir raksturigs liels biokimiska skabekla patérins un kimiska
skabekla patérind — attiecigi 27 — 60 kg/m® un 50 — 102 kg/m3. Tas liecina par siikalu augstu noturibu pret oksidésanos jeb
noardisanos biologisko vai kimisko oksid&joso agentu (O2 — ekvivalenti) iedarbiba (Panghal et al. 2018). To nosaka liela organisko
vielu, Tpasi laktozes (39 — 60 kg/m3) koncentracija, kurus noardiSanas ir apgritinata, rezultata radot nopietnas problémas gan piena
ripniecibai, gan argjai videi.

1z8kir divu veidu stikalas (2. tabula): saldpiena un skabpiena. Saldpiena stikalas ar pH 5,6 — 6,3 rodas siera razoSanas
procesa, ja tiek izmantoti piena recinaSanas fermenti, pieméram, himozins vai pepsins. Savukart skabpiena stikalas ar pH 4,4 — 4,6
atdalas skabpiena sieru un biezpiena razo$ana, kad pienu sarecina ar pienskabi, kas veidojas, pienskabes baktérijam parraudzeéjot

laktozi (Kaur et al. 2020).

2. tabula

Saldpiena un skabpiena stikalu salidzinajums (Kaur et al. 2020).

Sastavs Saldpiena stikalas (siera siikalas), g/L Skabpiena siikalas, g/L
Kopgja sausna 63-70 63-70
Laktoze 46 — 52 44 — 46
Proteini 6-10 6-8
Laktati 2 6,4
Kalcijs 04-0,6 1,2-1,6
Fosfati 1-3 2-45
Hloridi 1,1 1,1
pH 6-7 <5

Pedgjas desmitgadgs tika veikti vairaki pétijumi ar mérki atrast jaunas stikalu valorizacijas metodes un samazinatu stikalu

piesarnojoso iedarbibu uz apkartgjo vidi (Koutinas et al. 2009). Sukalas satur cukuru, kas padara to piemérotu dazadu
biotehnologisko produktu ripnieciskai razoSanai (Prazeres et al. 2012). Sukalu valorizacijai ir vairakas musdienigas pieejas, kas
apkopotas 5. attéla. Papildus 5. att€la miné&tajiem pielietojumiem ilgtsp&jigu risindgjumu stikalu valorizacijai var sniegt, izmatojot to

ka 1&tu fermentacijas vidi daudzveidigu biopoliméru un citu bioaktivu savienojumu razosanai (Zotta et al. 2020), ieskaitot arT BC.
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5. attéls. Stikalu valorizacijas misdienigas iesp&jas (Semjonovs et al 2021).

Stikalas ka substrats bakterialas celulozes iegiiSanai

Sobrid joprojam ir salidzino$i maz pétijumu, kuros siikalas tika noveértétas ki BC raZoanas substrats. P&tljuma
Gluconabacter sucrofermentans B-11267 celms tika izmantots, lai novértétu stkalas ka alternativu substratu BC iegasanai (Revin
et al. 2018). Eksperimenti paradija, ka G. sucrofermentans uz stikalam sintez&ja 5,45 g/L BC (sausais svars), kas ir vairak, salidzinot
ar BC sint&zi uz standarta HS barotnes (2,14 g/L). Produkta maksimalais veidoSanas atrums notika fermentacijas procesa pirmaja
diena. Saja laika laktozes daudzums samazinajas no 42,1 g/L lidz 22,4 g/L, noradot, ka $is celms vargja izmantot laktozi ka oglekla
avotu. Saja pétijuma tika paradits, ka siikalas ir samera labs alternativs oglekla avots, pateicoties galvenokart celma spéjas hidrolizét
laktozi. Tomér péc audz&Sanas siikalas tika novérotas izmainas BC mikromorfologija un kristaliskuma, salidzinot ar iegtitu standarta
HS barotné. Izmantojot elektronmikroskopiju, tika noteikts, ka BC mikrofibrilu platums ir 60 — 90 nm un 100 — 180 nm — uz HS
standarta barotnes un stikalam, attiecigi. Tika konstat&ts, ka kristaliskuma indekss BC iegiitai uz stikalam bija zemaks (50,2%) neka
HS (79,9%) barotng, tadéjadi domajams, ka samazinot ari tas mehanisko izturibu un padarot to mazak piemerotu izmantosanai tados
izstradajumos, kur Sis Ipasibas ir kvalitati noteicoSas. Tomér vienlaicigi tika ar1 paradits, ka audzgSana siikalas neietekmé BC
Kimisko struktiru (Revin et al. 2018). Ir jasecina, ka BC augSanas barotnes maini$ana, izmantojot alternativus C substratus,
pieméram, stikalas, razoSanas procesa laika var izraisit BC mikrostruktiiras izmainas, tadgjadi ietekmé&jot vélama galaprodukta
fizikalas un mehaniskas Tpasibas (piemeram, kristaliskuma indeksu, polimerizacijas pakapi, molekulmasu, tidens noturibas spgju,
skabekla un tidens caurlaidibas atrumu) (Jozala et al. 2015; Gorgieva and Tréek 2019).

Cita pétijuma tika salidzinats BC iznakums Gluconacetobacter xylinus ATCC 53582 celmam, piena stikalas salidzinajuma
ar standarta HS barotni, ka arT ar barotném, kas satur citus alternativus substratus, piem&ram, bojatus auglus, ka arT bojatus auglus
un siikalu maistjumus dazadas proporcijas. Eksperimenti paradija, ka, izmantojot stikalu barotni, tika ieglits zemaks BC sausais
svars (25 mg/ml, slapjais svars), salidzinot ar standarta HS barotni (30,8 mg/ml) un attiecigi bojato auglu barotni (60,2 mg/mL).
Tika uzsverts, ka G. xylinus ATCC 53582 vislabak metabolizé monosaharidus, pieméram, fruktozi un glikozi. Tika konstat&ts, ka
$adas jauktas barotnes nav efektivakas, salidzinot ar bojatu auglu substratu bez sukalu klatbiitnes, tadgjadi sikalam bija konstat&ta
negativa ietekme uz BC sintézi, ko gan varétu skaidrot ari ar citiem faktoriem (piem. tidens aktivitati, inhibitoru klatbatni u.c., kas
petijuma netika apliikoti). Ka jau ieprieks minéts, galvenais C avots stikalas ir laktoze, kas ir disaharids un nav viegli metaboliz&jams

G. xylinus (Jozala et al. 2015) un citam EB kultiras.
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Dazos pétijumos tika noverots, ka stikalu un laktozi saturoSu barotnu izmantosSana bija saistita ar salidzinosi zemu BC
produkciju. Viena pétijuma tika konstatéts, ka Komagataeibacter sucrofermentans DSM 15973 neefektivi metabolizgja laktozi.
Bakterijas spgja iegit tikai 1,6 g/L BC, audzgjot laktozg, savukart, audzgjot saharozg, ta sp&ja sarazot 4,9 g/ BC (Tsouko et al.
2015). Cita petijuma Acetobacter xylinum spgja sintezet 1,62 g/L BC, audz&jot uz laktozes. Salidzinajumam — §is celms sasniedza
maksimalo BC produkciju uz fruktozes 7,38 g/L (Embuscado et al. 1994).

Pargjie petijumi rada, ka laktoze nenodrosina ievérojamu BC sintézi. Ir paradits, ka siera siikalu permeats nenodrosina
Acetobacter xylinum 10821 un Acetobacter xylinum 23700 BC sintézi ievérojamu (Thompson and Hamilton 2000). Cits p&tijums
paradija zemu BC sintézes limeni Gluconacetobacter sacchari, kas izoléts no t€jas sénes dz&riena, uz HS barotném kas modific&tas
aizstajot glikozi ar laktozi (0,31 g/L) un siera siikalu barotné bez papildu piedevam (0,08 g/L). BC sintézes limeni bija zemaki
salidzindjuma ar standarta HS barotném p&c 96 h kultivésanas, kur tika sasniegti 2,7 g/L (Carreira et al. 2011). Lidzigi, cits p&tijums
paradija, ka Gluconacetobacter xylinus K3 sintezgja vien 0,07 g/L sausas BC uz laktozes (Nguyen et al. 2008). Turklat cita p&tijuma
tika konstatgts, ka G. xylinus ATCC 53524 sasniedza 0,09 g/L BC produkciju uz galaktozes (Mikkelsen et al. 2009). Minimala BC
klatbiitne laktozes un siikalu saturosa barotné cita pétijuma tika attiecinata uz s€jmateriala paliekam vai brivas glikozes izdaliSanos
laktozes hidrolizes ietekmé (Carreira et al. 2011). Zemu BC produkciju siikalas vai laktozi saturo§a barotné var izraisit lacZ géna
trikums, kas ir atbildigs par B-galaktozidazes enzimu, kas nodroSina laktozes hidrolizi glikozes un galaktozes monoméros
(Thompson un Hamilton 2001; Battad-Bernardo et al. 2004).

Ka risinajums tika ierosinata rekombinanta EB celma izveide, kas spétu hidrolizet laktozi un sintezét BC. Ievietojot lacZ
génu (kodé B-galaktozidazi), tika izveidots Acetobacter xylinum rekombinantais celms, tadéjadi padarot par iesp&jamu laktozes
hidrolizi (Battad-Bernardo et al. 2004). Sis géns kodé vienu no trim fermentiem, kas atbild par Escherichia coli sp&ju metabolizat
laktozi. Konstrugtais vektors mini-Tn10:lacZ:kan tika ievietots A. xylinus savvalas tipa celma ar nejausas transpozona mutagengzes
cela, tadgjadi izveidojot celmu ar sp&ju patérét laktozi un sintezét BC, ieglstot to sintez&joso celmu A. xylinus ITz3. Konstatéts, ka
lacZ géns tika ievietots bakterijas hromosoma. Celms saglabaja hromosoma ievietota géna stabilitati neselektiva barotné péc vairak
neka 60 paaudzém. Mutantu celms 1,82 g/L sintez&ja BC siikalu substrata, kas nozimé 28 reizes lielaku BC produkcijas pieaugumu,
salidzinot ar savvalas tipa celmu (Battad-Bernardo et al. 2004). Neskatoties uz to, BC iznakums joprojam nebija pietiekami liels,
lai ieviestu So celmu komerciala BC razosana.

Cita pieeja BC sintézes efektivizéSanai ir varétu bt stikalu sakotngja hidrolitiska apstrade. To var panakt ar divam
metodeém: enzimatisku hidrolizi, pievienojot 3-galaktozidazes fermentu laktozi saturosai barotnei, vai skabu hidrolizi, ko var panakt,
pievienojot skabi enzima vieta (Amaro et al. 2019) un vélak barotni neitralizgjot 1idz kultlirai optimalajam limenim. Enzimatiskas
pirmsapstrades lietderigums tika parbaudits izmatojot B-galaktozidazi stikalu hidrolitiskajai apstradei. Rezultati paradija, ka $ada
siera stkalu enzimatiska pirmsapstrade uzlaboja G. xylinus PTCC 1734 BC sintézi lidz 3,55 g/L, kas, p&c autoru konstat&juma, bija
butiski augstaka par neapstradatam stikalam un augstaka par standarta barotné HS barotné (3,2 g/L) sasniegto (Salari et al. 2019).
Cits pétijums apskata BC iegiiSanu uz siikalu permeata, izmantojot B-galaktozidazes enzimu. Saja pétijuma Komagataeibacter
xylinus DSM 2325 sintezgja 6,77 g/L BC uz enzimatiski apstradata siikalu permiata (Rollini et al. 2020). Tomér, neraugoties uz
efektivitati, enzimatiska pirmsapstrade ievérojami palielina razoS$anas izmaksas (Amaro et al. 2019). Turklat tika novérotas izmainas
BC mikrostrukttira, salidzinot ar standarta barotném, ta, BC kristaliskuma indekss uz stikalam bija 61,86%, kas ir batiski zemaks

par konstatetu BC kristaliskuma indeksu no enzimatiski neapstradatas standarta HS barotnes (79,07%) (Salari et al. 2019).

Abolu parstrades produktu izmantoSana

Aboli ir viens no pasaulé visplasak kultivétajiem un patérétajiem augliem (Tsao 2016 cit. pec Jaeger et al. 2018). Tas ir
otrs visvairak iegiitais auglis pasaulé, kopa sasniedzot 84 miljonus tonnu 2014.gada (Bandyopadhyay et al. 2018). Izmantojot abolus
sulas razo$anai, paliek pari atkritumvielas, ka auglu s€klas, mizas un citas cietas dalas, kas veido apméram 25 — 35 % no svaiga
abola svara. Sie sulas spie§anas procesa raditie parpalikumi ir bagti ar oglhidratiem un mineralvielam, tie satur augu celulozi, kuru
var hidrolizét lidz glikozei, izmantojot talakaja BC sintézg ka oglekla avotu (Zhang et al. 2019).

Abolu sula ir cukuru, oligosaharidu un polisaharidu (pieméram, cietes) maistjums (Jarvis et al. 2003). Abolu sula sastav
aptuveni no 88% udens, bet pargjas $kistosas cietvielas sulas satura sastav aptuveni no 98% oglhidratu. Galvenie oglhidrati ir

fruktoze, glikoze un saharoze, kuru aptuvena attieciba ir 6:3:2 (Wosiacki et al. 2007). So cukuru daudzumu attiecibu sula var
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ietekm@t tas uzglabasanas ilgums, jo viena no pétfjumiem p&c seSiem menesiem saharozes koncentracija samazinajas, bet glikozes
un fruktozes koncentracija palielinajas, kas notika hidrolizes rezultata. Abolu sula neliela koncentracija ir arT K, P, Ca, Na un citi
elementi (Mattick and Moyer 1983). Abolskabe jeb 2-hidroksibutandiskabe ir viena no galvenajam organiskajam skab&ém abolu
sula. Galvenas aminoskabes svaiga abolu sula ir glutaminskabe, leicins un alanins, kas kopa veido 35% no kopé&ja aminoskabju
satura (Zuo et al. 2019). Tomér janem vera, ka abolu sulas kimiskais sastavs ir atkarigs no to $kirnes, audzg$anas regiona, klimata,

augla gatavibas stavokla un citiem faktoriem.

6. att€ls. Petijumu ietvaros izmantotie zemas kvalitates aboli.

Tikai dazi pétijumi ir veikti saistiba ar @bolu sulas k@ barotnes izmanto$anu BC iegliSanai. Viena no pétjjumiem
Acetobacter xylinum NBRC 13693 BC sintézi izveértgja uz neapstradatas un modificétas abolu sulas. Iegttais BC sausais svars ar
nemodificétu abolu sulu bija 0,15 g/L, toties BC sintéze uz modificétas abolu sulas barotnes (peptons 20 g/L, rauga ekstrakts 5 g/L,
citronskabe 1,2 g/L) bija daudz labaka — 3,85 g/L péc 14 dienu inkubicijas. Sis p&tijums paradija, ka dbolu sula var tikt izmantota,
ka efektivs C avots BC ieguvei, ja tiek pievienoti papildus N avoti sakotngjai barotnei (Kurosumi et al. 2009). Cita p&tijuma
izmantoja Gluconobacter xylinum CCM 3611T, lai izvértétu BC sintézi uz abolu sulas. Ar nemodificéto abolu sulas barotni tika
iegits 0,2 g/L BC sausa svara, bet modificétaja barotng, kurai tika pievienots amonija sulfats 8 g/L, dikalija fosfats 2 g/L, saharoze
20 g/L, etikskabe 5 mL/L, tika iegiiti 0,4 g/L BC sausa svara. Abolu sulas barotng ar 10 mL/L etanola tika iegiits 0,3 g/L BC sausas
masas (Bandyopadhyay et al. 2018).

Tika veikti arT méginajumi izmantot abolu spieSanas procesa raditos parpalikumus ka substratu BC sintézei (Urbina et al.
2017; Zhang et al. 2020). Viena no pé&tijjumiem abolu izspaidas tika sajauktas ar cukurniedrém un tika konstatéts, ka maisijums ir
potencials C avots Gluconacetobacter medellinensis ID13488, jo tika novérota augstaka BC sintéze (2,5 + 0,3 g/L), salidzinot ar
standarta HS barotni (1,8 + 0,6 g/L). Tomér BC sintéze uz nemodificétam abolu izspaidam bija tikai 0,36 + 0,01 g/L. Cita pétijuma
tika izmantots neprecizéts Gluconacetobacter xylinus celms BC sintézes izvérté$anai uz iepriek$ enzimatiski apstradatas abolu
izspaidu barotnes. BC sausais svars sasniedza 7,19 + 0,20 g/L (Zhang et al. 2020).

Neskatoties uz zemo BC sint€zi, izmantojot nemodificétu abolu sulas barotni, ta var tikt izmantota ka 1&ts C avots.
Galvenais abolu sulas trikums ir N nepietiekamiba barotné (Kurosumi et al. 2009). Tomér kombingjot abolu sulu ar 1&tu N avotu,

ar to var potenciali iegiit augstu BC sint&zi un biitiski samazinat kopgjas razosanas izmaksas.

Melases izmantoSana bakterialas celulozes iegiiSanai

Melase — tumsbrins, sirupveida Skidrums — cukura razoSanas blakusprodukts. Atkariba no partikas cukura raZo$anai
lietotas izejvielas pasaules tirgii ir sastopama cukurbiesu, cukurniedru, palmu, citrusu un citi melases veidi. Melase satur galvenokart
saharozi, bet nelielos daudzumos art glikozi un fruktozi. Melases sastava ir arT dazadi mikroelementi, ka magnijs (Mg), kalijs (K),
kalcijs (Ca) un natrijs (Na). Melases kimisko sastavu var ietekmét dazadi mainigie faktori izejvielu augSanas laika, ka augsnes
kvalitate, audzeéSanas klimatiskie apstakli, pielietotie pesticidi un mineralmésli, razas novak$anas laiks, izejvielu parstrades
tehnologisko procesu nianses, melases uzglabasana un parstrades apstakli (Karklins u.c. 2002).

Lauksaimnieciba melase tiek izmantota ka oglhidratu piedeva lopbaribai. Melases pievienoSana lopbaribai uzlabo

dzivniekiem dotas baribas (salmu, siena, pelavu) apédamibu un kalpo ka lielisks oglhidratu avots lauksaimniecibas dzivniekiem
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ziemas ménedos vai ganibu sakuma. Sads melases izmanto3anas veids palidz samazinat lopbaribas izmaksas un tas negativo ietekmi
uz apkartgjo vidi (Ma et al. 2021; Karklins u.c. 2002).

Melase ari var tikt izmantota ka izejviela biometana razoSana anaerobiskos reaktoros. Pétjjuma tika pieradits, ka melases
izmantoSana biometana razoSanai ir efektiva (Rodrigues et al. 2021). Melasi ka izejvielu izmanto eksopolisaharidu ieguvei. Pétijuma
melase tika izmantota ka 1etaks fermentacijas substrats, lai iegitu eksopolisaharidus no Bacillus licheniformis (Asgher et al. 2021).
Melasi var izmantot ari etanola raZzoSanas procesad. PriekSrocibas $aja procesa melasei ir ka cukura razo$anas blakusproduktam un
[&tam atjaunojamajam dabas resursam (Ergun and Ferda Mutlu 2000).

Lielakoties pétijumos par etikskabes bakteriju, tostarp BC sintezgjoSo biotehnologiju, melase tiek izmantota ka piedeva
vai aizstaj¢ja glikozei jau eso$aja standarta Hestrin-Schramm (HS) barotné (Machado et al. 2018). Veikta p&tijuma melase tika
izmantota ka glikozes, kas ir galvenais C avots barotng, aizstaj¢js standarta HS barotné. Pakapeniski palielinot melases daudzumu
un proporcionali samazinot glikozes daudzumu, pie maksimalas melases un minimalas glikozes koncentracijas, barotnes izmaksas

tika samazinatas par 20%, salidzinot ar standarta HS (Machado et al. 2018).

7. att€ls. Petijumu ietvaros izstradatas melases barotnes.

Cita pétijuma glikoze tika proporcionali aizstata ar melasi standarta HS barotn&. BC sint€zi veicot ievietojot augSanas
kolbas kratitaja, lielakais BC iznakums tika panakts pie glikozes koncentracijas 0 g/L un melases koncentracijas 20 g/L. Ka arT tika
noskaidrots, ka melases izmantoSana, lai aizstatu glikozi standarta HS barotné butiski nesamazinaja BC izturibu. Kristaliskuma
indekss HS barotng ar glikozi bija 88%, bet HS barotn€ ar melasi - 84% (Keshk et al. 2006)

Vel viena pétijuma tika noteikta optimala augSanas temperatiira un pH vertiba melasi saturo$a barotng, lai ieglitu iesp&jami
lielako BC iznakumu. Ka kontrole tika izmantota standarta HS barotne. Tika noskaidrots, ka optimala aug$anas temperatiira melasi
saturosai barotnei ir 30°C un optimalais sakuma pH 6,5, kas ir augstaks neka standarta HS barotn€ — pH 6,0 (Esin Poyrazoglu Coban
2011).

Nesena pétijuma tika veikta BC sint€ze uz standarta HS un tiras melases barotnes. P&tfjuma tika noskaidrots, ka piecas
dienas statiskas kultivacijas metodé audzétas BC pléves svars uz melases barotnes parsniedz divas reizes iegiito svaru, audzgjot uz
standarta HS. Respektivi uz melases 2,9 £ 0,1 g/L un uz standarta HS 1,6 £ 0,1 g/L. Ka ar1 tika novérots, ka kristaliskums uz melases
iegiitajai BC ir lielaks neka uz standarta HS, respektivi 83,02% un 79,7% (Revin et al. 2021).

Cita pétijuma, zinot, ka melase ir labs C avots, bet tai trikst N, kas ir nepiecieSams baktériju augSanai, tika pievienots
kukuriizas ekstrakts (KE) (angl. corn steep liquor (CSL)). KE palielinaja iegiito BC svaru. Respektivi uz neapstradatas melases BC
svars bija 1,51 + 0,02 g/L un uz melases ar KE piedevu - 3,12 + 0,03 g/L (Jung et al. 2010).

Kukuriizas ekstrakts ka alternativa izejviela biotehnologiskajos procesos

KE var tikt izmantots ka piedeva mikrobiologiskajos augSanas substratos. Tas satur dazadas aminoskabes, kur metionins
ir pats nozimigakais. Metionins darbojas ka veicino§s faktors auganas fazes sakuma stadija un samazina ar7 lag fazi (Matsuoka et
al. 1996). KE piemit bufergjosas pasibas, kas palidz noturét augSanas barotnes optimalu un nemainigu pH, kas daudzam baktérijam
ir svarigi, jo pH pazeminaSanas samazina daudzu bakteriju produktivitati. Lai sp&tu ieglit augstako iesp&amo produktivitati,
nepiecieSams noturét péc iesp&jas nemainigaku bakteriju optimalo pH limeni (Noro et al. 2004). KE sastavs var atskirties no
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izgatavoSanas partijas, [idz ar to tas var ietekm@t ta izmantoSanas procesa gala iznakumu (Noro et al. 2004). KE var tik izmantots
ka jéru piebarosanas substrats. Tas satur daudzas dazadas jéru piebaroSanas procesam nepiecieSamas vielas, ka augstu proteinu un
energijas sastavu. Bet ne tikai $o Ipa§ibu dg] tas ir labs prieks jéru nobarosanas, KE sastava ir daudzi minerali un B grupas vitamini,
kas ir nepiecieSami dzivniekiem (Azizi-Shotorkhoft et al. 2016).

KE tiek izmantots biosurfaktantu iegfisanai ar dazadu baktériju palidzibu. KE izmanto$ana biosurfaktantu iegtiSanai, tapat
ka daudzas citas jomas, saistas ar ta zemajam izmaksam, kas 11dz ar to ar samazina fermentacijas barotnes izdevumus. Biosurfaktantu
ieglisana KE kalpo ka piedeva fermentacijas barotné vai ka pilnigs aizstajjs sinttiskai fermentacijas barotnei (Santos et al. 2013;
Gudifia et al. 2015).

Etanola razoS$ana, lai samazinatu razoSanas izmaksas, tiek aizstats dargaks rauga ekstrakts ar 1etaku KE. Tapat ka rauga
ekstras, KE etanola fermentacijas barotné darbojas ka N un augganas faktoru avots. Ir veikti p&tijumi un noveértos, ka, izmantojot
KE ka N un augsanas faktoru avotu, palielinas iegitais etanola apjoms (Maddipati et al. 2011). KE izmanto$ana ka N piedeva BC
sint€z€ nav plasi izpetita. KE izmantoSana jau eso$aja standarta HS barotn€ spgj aizstat tadus N un augSanas faktoru avotus, ka
rauga ekstraktu un peptonu.

Ka jau augstak minéts, KE piemit bufergjosas IpaSibas. Ta izmantoSana standarta HS barotn€ nodroSina bakterijam
optimalo augSanas pH, tadgjadi aizkavgjot vides paskabinasanos un BC sintezes samazinasanos. Ka arT KE izmantoSana augSanas
barotné pH stabiliz€Sanas noliikos sp&ja sasniegt tadus pasus rezultatus ka pH kontrole ar sensoru vai pH kontrole manuali (Noro et
al. 2004).

Cita pétijuma KE tika izmantots ka N piedeva alternativam C avotam ki aug8anas barotnei. Saja pétijuma ka alternativie
C avoti tika izmantoti jélglicerins no biodizeldegvielas razosanas un vinogu izspiedas no vina razoSanas. Pievienojot Siem C avotiem
KE ka N avotu, tika iegti labi BC sintgzes rezultati. Sintez&jot BC ar KE piedevu uz jélglicerina 10 g/L un uz vinogu izspiedam 8
g/L (Vazquez et al. 2013).

Ir veikti pétfjumi par standarta HS barotnes C un/vai N avotu nomainu uz alternativajiem. Ka alternativie C avoti tika
izmantoti melase, aciléta glikoze un velas mazgatavas notekiideni. Ka N avoti tika izmantots KE, rauga ekstrakts un peptons.
Labakais rezultats tika panakts standarta HS barotng, aizstajot rauga ekstraktu un peptonu ar KE 5,80 + 0,5 g/L. Otrs labakais
ieglitais rezultats bija standarta HS, aizstajot glikozi ar melasi un rauga ekstraktu un peptonu ar KE 0,90 + 0,6 g/L (Costa et al.
2017).
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LEVANS

levads

Mikrobiologiskas izcelsmes levanu sintezg vairakas mikroorganismu sugas (Bacillus subtilis, B. polimiksa, Aerobacter
levanicum, Streptococcus sp., Pseudomonas sp. un Corynebacterium laevaniformans, Lactobacillus reuteri). Japiebilst, ka visas
iepriekSminétas mikroorganismu sugas spg&j sintezet biopolimérus, tomér konkrétais biopoliméru iznakums ir atkarigs no izmantotas
mikroorganismu sugas un celma. Pieméram, S. salivarius vairaki celmi producé enzimu fruktozes transferazi (FTF) no kura talak
jau tiek sintez&ts levans. Literatdira ir minéti tris S. salivarius sugas celmi -YU10, SS2 un K12 (Abdelahhad, Koshy Philip 2014;
Simms et. al. 1990). Pazistamakais fruktozes transferazes producenta celms ir S. salivarius K12 (Hill et. al. 2019), turklat vienlaicigi
tas sinteze vel arl citu vielu bakteriocinu, kas pieder pie lantibiotikam
(http://www.rsc.org/suppdata/c9/cy/c9cy00135hb/c9cy00135h1.pdf).

Lantibiotikas ir tadas vielas, ko sintez€ dazi bakteriju celmi un kam piemit terapeitiskais efekts infekcijas slimibu
arsteSana. Arl Latvijas aptiekas ir atrodams preparats (Faringo Pro) kakla infekciju arstéSanai, kura pamata ir S. salivarius K12
baktériju celms. Viena no publikacijam rakstits, ka S. salivarius K12 producg lielmolekularo levanu. To molekulara masa ir 104,2
kDa, savukart levanam sintezétam ar L. plantarum tikai 27,0 kDa (Hill et. al. 2019). Par konkréto Lactobacillus baktériju celmu
spgju sintez&t levanu Sobrid ir maz informacijas un viennozimigi pateikt tiesi kuri celmi producg vairak bas graiti. Petijuma par L.
reuteri sp&ju producet levanu no 182 celmiem tika identific&ts viens L. reuteri 121 celms (van Hijum et. al. 2001). Ar1 citos p&tijumos
mingts, ka levanu producg tiesi L. reuteri celms 121 (van Hijum et. al. 2002; Kralj et. al. 2002; Ozimek et. al. 2004; Ozimek et. al.
2006). Zinatniskaja literatiira minéts, ka levanu spgj sintezet vairak neka 32 dazadu bakteriju sugu (Hill et. al. 2019) un tiesi
mikroorganismu celmam ir noteico$a loma levana gan iznakumam, gan kvalitatei. Molmasa vari€ atkariba no izmantota bakteriju
celma. Pieméram, L. plantarum (celms nav nosaukts) sp&j producét levanu ar molekularo masu 27,0 kDa, savukart L. plantarum 16
sintez€ levanu ar molmasu 93,7 kDa (Hill et. al. 2019). Jaatzimé, ka ieprieks izp&titaja literatiira nebija atrasti avoti, kur piemingéts,
ka Lactobacillus plantarum tiek izmantots levana sintézei (izne€mums ir tikai iepriek§ min&tais raksts). Viena no pétjjumiem levana
(fruktana) sintézei izmantoti divi L. reuteri celmi, proti TMW1.106, LTH5448, kuri tika paklauti agresiviem apstakliem
fermentacijas laika (nepieme@rota augSanas temperatiira +45° C) ar merki noteikt So bakteriju sp&ju sintezet fruktanu liela stresa
apstaklos (Schwab et. al. 2006). Tomér hipot€ze neattaisnojas un lielaks fruktana iznakums netika sasniegts. Fruktana iznakums
fermentacijas beigas svarstijas diapazona no 0,2 1idz 0,7 g uz litru, kas ir loti mazs (Schwab et. al. 2006).

Levans, ko sintez& baktrija Bacillus licheniformis, nav viskozs un slikti §kist Gdeni. Pat ja levana koncentracija 18 g litra
tdent, skidruma viskozitate ir lidziga un nemainas (Ghaly et al., 2007). Levanam piemit antimikrobiala aktivitate. Kliiski pieradits,
ka levans efektivi cinas ar infekcijam agrinas stadijas (ja ir briice dziedg, un aizsarga to) (Li et al., 2006). Levana pielietojumus ir
plass un daudzveidigs. Pateicoties izcilam hidroskopiskam un oleoskopiskam ipasibam, biopoliméru var izmantot partikas produktu
razoSana ka emulgatoru un stabilizatoru. Laba adhgzija pie partikas produktu virsmam lauj levanu izmantot ka €édamo parklajumu,
pieméram, auglu un ogu deriguma termina paildzinasanai un kvalitates saglabasanai.

Medicina levanu izmanto ka pildvielu/saistvielu asins plazma, bet farmacija aktivo vielu stabilitates uzlabosanai pret
apkartéjas vides un kunga nelabvéligiem faktoriem. Levanu ari var izmantot ka limi. Var razot izturigas pléves, sajaucot levanu ar
etilcelulozi (E462) (Barone un Medynets, 2007).

Pateicoties zemai viskozitatei, labai skidibai tident, ka arT izcilai izturibai pret skabém, levans drosi var aizstat dekstranu,
jo minimali ietekm& galaprodukta sensoras pasibas (garSu, smarzu, struktiiru/konsistenci). Biopolim&ram piemit audzgju $tnu
inhibgjosa aktivitate. Lielmolekularo levanu var uzskatit par imiinmodulatoru, jo tas spgj ietekmet makrofagu (asinssiinu) attistibu
(Leibovici, 1984). Levans potenciali izmantojams kosmétikas riipnieciba ka biezinatajs, iekapsulé$anas agents un antimikrobials
lidzeklis (Han, 1990). Tam piemit mitrino$s efekts. Tam ir arT pretickaisuma iedarbiba, it Tpasi pret adas kairinatajiem (Kim et al.,
2005). To var izmantot, ka vienu no sastavdalam personigas higi€nas lidzeklos, jo tas veido sp&cigas virsmas aktivas vielas. Ar 1%
levanu var apstradat briices, tas uz briices veidos planu biopoliméra kartinu, kura to aizsargas un dziedinas. Levans nepiesarno vidi

un ir biodegradgjams 11dz ar to, ta ir potenciala izejviela, lai aizstatu naftas kimijas produktus.
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Faktori un substrati, kas ietekme levana biosintézi

Velreiz gribas atkartot, ka ne tikai oglhidratu pieejamiba barotn&s un optimalo fermentacijas apstaklu nodrosinasana
nosaka biopoliméru iznakumu. Liela nozime ir baktériju celmam. Piem&ram, baktérijas Bacillus amyloliquefaciens celmam ALP-
pHTPgrac levana iznakums ir 30,5 g uz litru, kas ir par 114% augstaks salidzinajuma ar kontroles celmu B. amyloliquefacien NK-
ALP. Savukart baktériju celmam ALP-Y levana izmakums vidgji bijis 37,4 grami uz litru kas ir par 161% augstaks, ka kontroles
celmam NK-ALP (Yanyan Gu et. al. 2017). Ka jau vairakkart minéts, optimalo apstaklu nodro§inasana fermentacijas laika butiski
ietekmé biopoliméra iznakumu. Viena no pétjjumiem levanu sintezgja, izmantojat 5 L bioreaktoru, izvel&tais baktériju celms bija
B. amyloliquefaciens ALP-Y, fermentacijas laika pastavigi tika nodrosinata baribas vielu padeve, rezultata tiek sasniegts 102,0 g
levana uz litra substrata, kas ir viens no augstakiem raditajiem kur§ bija mingts literatiira (Yanyan Gu et. al. 2017).

Biopoliméru sintézei var izmantot ne tikai tradicionalos mikroorganismu kultivéSanas substratus, kas tiek lietoti
tradicionali un ir labi zinams kuros kur§ mikroorganisms vislabak aug un attistas. Pastav ar iesp&jas izmantot kadu citu - 1&taku vai
plasi pieejamu substratu, pieméram, partikas raZzoSanas blakusproduktus, pieméram, siikalas, melasi u.c. Viens no galvenajiem
nosacijumiem efektivai biopolime&ru sint€zei ir pietickama baribas vielu (galvenokart oglhidratu) pieejamiba. Biopolimeru sintézei
siikalu substrata var izmanot dazadas pienskabes baktérijas, pieméram, Leuconostoc mesenteroides. Sai bakterijai ir izteikta laktazes
aktivitate, tadg] ta par baribas vielu spgj izmantot piena cukuru laktozi. Ja gadijuma stikalu fermentacijai tiks izmantotas cita veida
bakterijas, piem&ram, Zymomonas mobilis kurai iepriek$ min&ta enzima nav un lidz ar to nav ar1 sp&jas saskelt laktozi [idz glikozei,
tad fermentacijas procesa nodrosinasanai stikalu substratu vajag papildus bagatinat ar enzimu - laktazi, kas palidzes to saskelt. Pirms
fermentacijas saksanas, stikalu substratam jabiit sterilam, tas ir janodroSina ar atbilstosu termisko apstradi. Viena no aprakstitajam
metodikam siikalas iesaka uzkarsét 100 °C temperatiira, 30 min (Lule et al., 2014). P&c karsgSanas siikalas ir jaizfiltre, lai atdalitu
cieto piena frakciju, talak jacentrifugé pie 10,000 apgriezieniem, 10 min, lai iegiitu caurspidigi gaisi zalo skidumu (Abiodun et al.,
2002). Iegitam $kidumam papildus pievieno 10% saharozi, 0,1 % rauga ekstraktu un 0,1% K2HPO4. Standarta barotne, kas ir
izstradata speciali pienskabes baktérijam ( De Man, Rogosa and Sharpe MRS) ir 2% glikozes, kuru levana sintezei ir jaaizvieto ar
saharozi. Sakotn&jai pH substrata jabiit pH 7,0 (pirms steriliz€$anas). Pirms bakt€riju pievienoSanas ferment&jamam materialam
janosaka bakteriju koncentracija. Ja baktgrijas ir liofilizéta veida, tad ferment€jamam substratam pievieno tadu daudzumu, lai
bakteriju saturs taja biitu sestaja pakape. Ja bakterijas ieprieks bijuSas audz€tas substrata, bakteriju saturam ir jabiit 600 nm
(nanometriem) no ka fermentacijas $kiduma pievieno 5% inokulata. Fermentaciju javeic 30 °C temperatiira 18 stundas (Lule et al.,
2014). Ir ar1 vél citas nianses, kas jaievéro. Pieméram, fermentacijas laika substrata saharozes koncentracijai ir jabiit ne augstakai
par 20%.

Ka substratu fermentacijas procesam levana biosintézei var izmantot ari blakusproduktu — sirupu, kas veidojas
kriimcidoniju (Chaenomeles japonica) sukazu razo$ana. Parasti pirms fermentacijas janodro$ina izejvielu un taras sterilitate.
Izmantojot kriimcidoniju sirupu par oglhidrata avotu baktériju kultivé$anai, steriliz€Sana nav nepieciesama, jo tika secinats, ka strups
ir Joti skabs (pH ir loti zems — 2,5), turklat $kistosas sausnas saturs ir 55% Brix. Zems pH un augsts cukura saturs ir vide, kura nelauj
attistities blakus mikroflorai (nelabvéligiem mikroorganismiem). Ja ir uztraukums par kriimcidoniju sirupa sekundaro piesarnojumu,
tad to var arT nosterilizet. Ja to dara, tad pirms steriliz€Sanas krimcidoniju strupa pH ir japaaugstina lidz 7,0, jo pretgja gadijuma
termiskas apstrades laika, zemas skabes un augstas temperatiiras ietekmes rezultata notiks saharozes inversija, izveidosies glikoze
un fruktoze — invertcukuri, kuri nav pielaujami levana un dekstrana sintézei. Ir v&l pietickami daudzas citas tamlidzigas
tehnologiskas nianses, kuras v&l biitu japéta.

Mikrobiologiskas izcelsmes levana sintéze no substratiem ir iesp&jama tikai tad, ja pamata sastavdala ir saharoze. Pamata
substrata receptiira levana vai dekstrana optimalai biosintgzei ir saharoze, galas peptons, rauga ekstrakts, kalija hidroortofosfats
(K2HPO4), amonijs sulfats (NH4)2SO4 un magnija sulfats (MgSOa). Ja par oglhidratu avotu tiek izmantota laktoze (sukalas),
maltoze (iesals) vai rafinoze (cukurbietes), biopolimeru iznakums biis zemaks. Ja substratd pamata ir fruktoze vai glikoze, levana
iznakums biis niecigs, vai pat vispar nebils. Zinatniskajas publikacijas minéts, ka par labu oglhidrata avotu levana sintézei var kalpot
cukura razo$anas blakusproduktu melase, tomér, lai nodro§inatu labu biopoliméra iznakumu biitu nepiecieSams substratam papildus
pievienot galas peptona buljonu un rauga ekstraktu. Izmantojot melasi levana biosint€zai, tas iznakums ir krietni zemaks

salidzinajuma ar standarta MRS barotni.
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Lai iegiitu maksimalo biopoliméra iznakumu fermentacijas procesa ilgumam jabit ne mazak ka 10 dienas. Literatura
pieminéts, ka péc 10 ferment€Sanas dienam lavana iznakums var sasniegt 50% no kopgja pievienota oglhidratu (saharozes)
daudzuma substrata. Bet Latvijas zinatnieku pieredze rada, ka efektivai levana iegfisanai, sintézei nav japarsniedz 5 dienas. Obligati
jaatceras, ka saharozes (oglhidrata avota) saturs substrata nedrikst parsniegt 20%. Lietojot vairak ST disaharida, substrata bitiski
palielinas osmotiskais spiediens, kas negativi ietekm& mikroorganismu attistibu un lidz ar to ar biopoliméra iznakumu. Levana
fermentacijas laika bakterijas producg organiskas skabes, kas pakapeniski pazemina pH substrata no 7,0 1idz 4,7, tadg] ir svarigi arT
uzturét katrai bakt@rijai optimalo pH vidi. Optimala temperatiira organismu augsanai un levana biosintgzei ir aptuveni 30°C, bet
temperatlira var variét atkariba no izmantotas baktgrijas celma un sugas. Levana biosintézi labveligi ietekmé saudziga substrata
maisiSana fermentacijas laika (Iidz 60 apgr. min-1), savukart piespiedu aeracija var bitiski samazinat levana iznakumu.

P&c sintézes bakteriju §iinas no fermentéta Skiduma atdala centrifuggjot, bet levanu izgulsng, pielejot no 1,5 dalas (no
kopgja maisijuma tilpuma) absolito etanolu (96%, minéts literatiira). Bet tomér novérots lielaks biopoliméra iznakums ir, ja levana
izgulsn&Sanai izmanto 3 dalas absoliita etanola pret kop&jo maisijuma tilpumu. Ja ir merkis iegiit pec iesp&jas tirako biopoliméeru,
tad to vairakas reizes izgulsn€ ar etanolu (Han and Clarke, 1990). Iegiito masu (briingani balta krasa), zavé vai sublimé vakuuma

7avetaja.

29



DEKSTRANS

Dekstrans pirmo reizi tika aprakstits 1874. gada. To sintezé vairakas Lactobacillus, Leuconostoc un Streptococcus
baktériju gintis. Dekstranu komerciali razo, izmantojot bakteriju sugu L. mesenteroides. Dekstrana veidoSanas ir saistita arT ar zobu
bojasanos (zobu kariesu). Saharozes un baktériju Streptococcus mutans klatbutne cilvéku muté rada dekstranu, kas nodroSina
adhéziju un lauj mikroorganismiem veidot kolonijas uz zobu virsmas, rezultata izraisot to emaljas bojasanos (Leathers, et al., 2002).
Dekstrans labi $kist tident, un to var izmantot partikas raZo$ana ka iepakojuma, plévju materialu (Naessens et al., 2005; Khan et al.,
2007).

Galvenais nosacijums dekstrana biosintézes barotnei - sastava jabut saharozei, galas peptonam mikroelementiem un
fosfatiem. Fermentacija var notikt gan skabekla klatbuitng, gan bez ta, jo L. mesenteroides bakterijas ir fakultativie anaerobi.
Sakotngjais pH 6,7 - 7,2, temperatiira 25 °C, fermentacijas ilgums 48 stundas. Pirmajas 20 stundas organisko skabju veidosanas dé&]
pH pazeminas lidz ~ 5,0. Dekstrana nogulsné$ana notiek lidzigi ka citiem mikrobiologiskas izcelsmes polimériem (Naessens et al.,
2005). Dekstranu var ferment€t, neizmantojot baktérijas, bet ar enzimu (fermentu) dekstransurazi. Ievérojot atbilstoSos
fermentacijas apstaklus, fermenta dekstransurazes izmanto$ana lauj iegiit kimiski tiraku biopolim&ru. Fermentacijas apstakli ar
fermenta izmantoSanu ir vieglak kontrol&jami, salidzinot ar bakterialo biosintezi.Optimala pH vértiba fermentativajai sintézei ir 5,0
+ 5,2, bet bakterialajai 6,7 - 7,2. Fermentacijai janotiek 23 °C temperatiira. Saharozes koncentracijai fermentacijas buljona jabut
aptuveni 0,5 + 1,0% robezas, jo tas veicina vislielako dekstransurazes sintézes produktivitati. Enzimatiska (fermentativa) sintéze ir
labaka, jo tad dekstrana molmasa ir augstaka un iegiita viela ir tiraka un kvalitativaka. Tomér $o metodi parasti neizmanto
komercialai dekstrana sintézei, iesp&jams, ekonomisku apsvérumu dél (Naessens et al., 2005). Dekstrana molmasas ir atkarigas no
mikroorganisma producenta celma. Ja dekstrana molmasas ir zemakas, tad tie ir mazak sazaroti un tiem ir sliktak izteiktas
biopoliméru pasibas. Savukart tie dekstrani, kuriem ir molmasa, kas lielaka par 10000 Da, ir loti sazaroti (Naessens et al., 2005;
Han. et al., 2007). Ja dekstrana molmasa ir no 2000 Iidz 10 000 Da, tadiem parklajumiem ir augstaka spiduma pakape un elastigums
(Naessens et al., 2005. gads; Khan et al., 2007). Vidg&ji dekstranu molmasas svarstas no 107 lidz 108 Da. Atkariba no ipasibam dazi
dekstrani skist Gident, bet citi neskist, bet parsvara skidiba tidenT tiem ir mazaka par 30 mg/ml. Dekstrani neskist spirta un acetona,
bet $kist formamidos un dimetil-sulfoksida. Parasti dekstranam ir laba skidibas pakape un zema Skiduma viskozitate. Tomér skiduma
viskozitati ietekmé pH, sazaro$anas pakape, Skiduma temperatiira. Tomér lielaku molmasu dekstranu skidiba ir neliela, > 1,5 masas
% (Naessens et al., 2005; Khan et al., 2007). Dekstranu medicina izmanto asins plazmas ka piedevu. Savukart dekstranu, kuru
producg L. mesenteroides B-512F, var izmantot ka asins plazmas aizstajéju. Tom@r iesp&jamas alergiskas reakcijas dél, dekstrana
ikdienas izmanto$ana kliniskas ir ierobezota (Naessens et al., 2005). Dekstranam ir antitrombotiska iedarbiba, to izmanto
mikrokirurgija (Jallali 2003). Medicina to lieto ari dzelzs deficita anémijas arstéSana. Tam ir antikoagulantu un pretvirusu iedarbiba,
to lieto arteriosklerozes arsté$anai. Dekstrani tiek izmantoti arT vairakas oftalmologijas un adas kopsanas, kosmétikas preparatos
(Naessens et al., 2005). Partikas produktos to izmanto ka stabilizatorus, emulgatorus vai partikas parklajumos/plévées. Konditorejas
izstradajumos to izmanto ka mitruma noturibas lidzekli, viskozitates uzlaboganai un pret cukura kristalizaciju. Zelejas konfektgs tos
izmanto ka Zelejvielas. Saldgjumos lieto ka kristalizacijas aizkavétajus (inhibitorus) (Vistlers un Daniels, 1990; Diena un Kim,
1993; Jallali, 2003; Khan et al., 2007). Visplasak izmantotais dekstrana atvasinajums ir SephadexO (nosaukums ir atvasinats no
PHArmacia DEXtran), kuru 1959. gada komercializ&€ja Pharmacia Fine Chemicals (Upsala, Zviedrija). Tas ir g€ls, ko var iegilt,
reaggjot ar sarmu (dekstrana $kidums ar epihlorhidrinu). SephadexO tiek izmantots ka molekulars siets, kas izraisija revoliiciju
attiriSanas un atdaliSanas tehnologijas. Ar to atdala dazadas biologiskas makromolekulas, pieméram, olbaltumvielas, nukleinskabes
un polisaharidus (Jallali, 2003).

Dekstraniem ir vél daudz citu potencialu pielietojumu, piem&ram, tie var but ka emulggjosi un sabiezinosi lidzekli, ar
augstu viskozitati (Vistlers un Daniels, 1990). Dekstrani nav ieklauti saraksta ka partikas piedeva ASV vai Eiropa, bet producgjosa
bakterija L. mesenteroides ir GRAS statusa (dross lietosanai), turklat sis mikroorganisms partikas ripnieciba jau tiek izmantots un
atrodas daudzos raudzg&tos partikas produktos. Ir atrodami patenti, kur dekstranu izmanto konditorijas izstradajumos (Jallali, 2003).
Paslaik partikas ripnieciba arvien biezak sak lietot gellanu, ko sintez€ baktérija Sphingomonas elodea. Gellans ir vislabak pazistams
ka gelus veidojosa viela. Produktu iebiezina$anai izmanto koncentraciju no 0,02% Iidz 0,1%. Istabas temperattra tas slikti §kist

un vél kalcija jonus. Ja produkta ir vairak neka 20% saharozes, tad tas samazina gellana stipribu (Giavasis. et al., 2000). Apstradei
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ar gellanu visbiezak izmanto vielu kombinaciju karaginans, zelatins vai agars. Izvéléta kombinacija un koncentracija var mainit
gellana Tpasibas (stipribu, elastibu, trauslumu, kusanas temperatiiru u.t.t.). Gellanu biezi izmanto koslajamo konfeksu razosana ka
stabilizatoru. To lieto arT jogurta un kréjumu razo$ana. Gellans spg&j noturét iideni produkta, tade] to lieto batoninu razoSana. Gellans
ir stabils augstas temperatiiras, lidz ar to tas biezi ietilpst piradzinu, kitku un k&€ksu miklu receptiiras, lai palielinatu miklas viskozitati
(Gibson et al., 2000).
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BIOPOLIMERU IZMANTOSANAS IESPEJAS AUGLU APSTRADE

Viena no prasibam, kam jaatbilst labam &damajam parklajumam, ir barjeripasiba -COz2 un Oz apmaina starp ar&jo un
icks§§jo atmosferu. Biopoliméri nedrikst izmainit savu sakotngjo stavokli un stabilitati temperatiiras ietekmg, tiem jabtt mehaniski
izturigiem, vienkar$i lietojamiem, biologiski noardamiem, netoksiskiem, droSiem lieto§ana, ar zemam razoSanas izmaksam un lidz
ar to pieejamiem. Tie nedrikst ietekmét produkta organoleptiskas Ipasibas (Ghanbarzadeh et al., 2007). Ja biopoliméru
materials/koncentracija ir izvel&ta nepiemeéroti, tas var izraisit pastiprinatu anaerobo elpoSanu, radot vairakas nevélamas vielas,
pieméram, acetaldehida un etanola izdaliSanos, rezultata produkts ir sabojats.

Biopoliméru parklajumiem vai plévém var pievienot ari antimikrobialas vielas (pieméram, &teriskas ellas, augu
ekstraktus), rezultata ta var pagarinat uzglabasanas laiku un samazinat mikroorganismu attistibas Iimeni (Gniewosz et al. 2014;
Synowiec et al., 2014).

Amerika veiktajos pétijumos zinatnieki ar biopolimériem apstrada ne tikai auglus, darzenus un ogas, bet ari galu. Viena
no tadiem pétfjumiem mérkis bija pagarinat galas uzglabasanas laiku un samazinat patogéno mikroorganismu attistibu. Rezultata ar
biopoliméru (pullulanu) un antimikrobialam vielam no Paragvajas ileksa (llex paraguariensis, Yerba mate) un parasta kadika
(Juniperus communis L.) apstradata titaru kriitinai mikrobiologiskais piesarnojums ar nelabvéligiem mikroorganismiem (L.
monocytogenes, S. aureus, Salmonella typhimurium, S. enteritidis), salidzinot ar kontroles variantu, izradijas daudz zemaks -
attiecigi bija 4,5 log KVV ¢cm-2 un 5,6 log KVV c¢cm-2 (Trinetta et al. 2014).

Auglu un ogu apstradei ar biopolimériem €damo parklajumu veida ir ieteicams izmantot plastifikatorus, pieméram,
glicerinu. Glicerins parklagjumam nodrosina labako adh&ziju pie uzglabajama produkta virsmas, minimizg plaisu veidoSanos un
uzlabo elastigumu.

Levans kombinacija ar 20-30 % (no masas) glicerinu veido viendabigas elastigas pléves, ja plastifikatoru daudzums ir
zemaks par 10%, plévém piemit trauslums, ir slikta stiepSanas/elastigums, savukart, ja plastifikators ir vairak par 30%, tad pléves
nesaciet€ un ir parak skidras. Efektivai levana/glicerina maisijumu ekstriizijai (plévém) nepieciesams vismaz 25% glicerina (Barone
un Medynets, 2007).Viena no literatiiras avotiem minéts, ka, pievienojot @lamajam parklajumam vairak ka 0,5% plastifikatora
(glicerina), samazinajas auglu (abolu) aizsardzibas funkcijas (Scramin, et al., 2011).

Lai samazinatu ogu auglu mikrobiologisko piesarnojumu, pirms to apstrades ar biopolim&riem ir ieteicams tos 2-3 mintites
paturét sals (0,9%-2% NaCl) skiduma. Tam seko auglu/ogu apzaveSana un tikai tad javeic apstrade ar biopolim&riem.

Auglu ogu apstradei ar biopolimériem ir vairakas metodes, popularakas ir iemérkS$ana un izsmidzinasana. lemérksana ir
piemérotaka neregularam, nelidzenam virsmam. ST metode tiek uzskatita par efektivaku, jo biopolimérs apklaj visu apstrades
laukumu. legremdgjot biopolimera, ogas ir taja japatur 1-2 mintites. P&c apstrades jaapzave istabas temperatiira [idz 2 stundam (ja
ir iespgjams, lai atrak augli/ogas apzutu, janodrosina gaisa plismu~ 2 m/s). Smidzinasanas metode ir piemerotaka gludu virsmu
apstradei. Obligati jaatceras gan péc izsmidzinasanas, gan iegremdéSanas jaseko produkta (auglu, ogu) zZavésanai (Azeredo et al.,
2014).

Ir jaatzime vairaki svarigi fakti biopoliméru pielieto$ana uztura. Pieméram, tos uztura drikst lietot vegetariesi un diab&ta
slimnieki (Singh et al., 2008). Visa veida biopoliméri ir pieskaitami pie ‘zaliem iepakojumiem’, tatad nepiesarno vidi, viegli
degradgjas lidz dabiskam sastavdalam, kas vid€ noardas pilnigi, bez videi bistamam atliekvielam (Babu et al., 2013).

Diemzel mikrobiologiskas izcelsmes biopoliméru razo$ana pagaidam vél ir darbietilpigs un saméra dargs process. Tadeél
to izmaksas ir relativi augstas un to lietoSana ir joprojam ierobezota. Pieméram, pullulana razo$anas izmaksas ir no 25 lidz 30 dolaru
par kilogramu. Savukart Sigma-Aldrich katalog piedavajuma biopoliméra levana cena par gramu ir 336.00 eur + PVN
https://www.sigmaaldrich.com/catalog/product/sigma/I8647?lang=en&region=LV. Rezultata tada veida biopoliméru liectoSana
partikas razosana ir ierobezota (Farris et al., 2014). Biopoliméru cenas samazinasanu var panakt lietojot 1&tus fermentéSanas
substratus un atlasitus mikroorganismu sugas/celmus ar dabiski augstam biopoliméru biosintézes spgjam (Oliveira et al., 2007; Oner
et al., 2016). Pieméram, levana razoSanai liela apjoma izmanto tadas mikroorganismu sugas, ka Erwinia herbicola (Keith et al.,
1991), Zymomonas mobilis (Jang et al., 2001), Microbacterium laevaniformans (Moosavi-Nasab et al., 2010), Bacillus subtilis
(Esawy et al., 2011, 2013), Bacillus subtilis natto (Dos Santos, Pineda, Celligoi un Cavalcanti, 2013), Bacillus methylotrophicus

(Zhang et al., 2014) un Leuconostoc mesenteroides (Moosavi-Nasab et al., 2010).
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Diemzel paslaik biopoliméru razoSanas izmaksas ir relativi parak augstas, 1idz ar to biopolim&ru izmantoSana ir
ierobezota. Loti butiski ir mekl&t un parbaudit citus I&tus izejvielu avotus, kas vargtu aizstat tradicionalos. Turklat javeic padzilinati
petijumi mikroorganismu celmu atlasgé, izvertésana, nepiecieSami pétijumi par biosint€zes produktivitati, kas butiski izmainas

noteiktas vides un apstaklos. Bet, lai sasniegtu ekonomiski efektivus rezultatus, ir vél loti daudz jastrada.
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PARKLAJUMI PARTIKAS PRODUKTIEM: EDAMAIS PARKLAJUMS

Partikas pléves ir vienigais biologiski noardama plastmasas iepakojuma veids, kam nav janodroSina savak$ana un
utilizacija. Ta ir galvena &édamo parklajumu atskiriba no tradicionali biologiski noardamas plastmasas. Savukart biologiski noardama
plastmasa sakotngji bija izstradata, ka sintétisko polimérmaterialu (parastas plastmasas) aizstaj&js. Vienlaicigi zinatnieki cergja, ka
biologiski noardamas plastmasas razo$ana pilniba atrisinas sintétisko polim&rmaterialu atkritumu problému, kas $obrid ir viens no
globalajiem vides piesarnojuma avotiem (1). Tomer joprojam biologiski noardama iepakojuma pieejamiba veikalos ir ierobezota,
turklat patérétajam trikst informacijas par $ada veida iepakojumiem. Turklat patérétaji, dzirdot jédzienu biodegrad€jamais
iepakojums, to asocié ar videi draudzigu materialu. Bet diemzgl tas nemaz ta nav, biologiski noardama iepakojuma prieksrocibas
izpauzas tikai tad, ja tas ir pareizi savakts, t.i. atdaliti no citiem atkritumiem un tiek parstradats specifiskos apstaklos. Tikai neliela
dala no tiem sadalas apkartgja vide. Jaatzimé, ka razo$anas iepakojumu apjoms ir saméra neliels, tadel tie vienmer ir dargaki, neka
parastas plastmasas. Vairums bioplastmasu, atrodoties atkritumu poligona dzilajos slanos, izdala siltumnicas efekta gazi metanu.
Biologiski noardamo plastmasu izejvielu ieguvei janodroSina tadus pasus augsnes un tdens resursus, ar kadiem misdienas audzé
partiku (iznemot loti nelielu plastmasas daudzumu, kas razots no lauksaimniecibas atkritumiem). Tas nozimé, ka izejvielas baze
vienmgér biis ierobezota (2).

Bioplastmasa jeb biopolimérs ir plastmasas paveids, kas ieglits no atjaunojamiem biomasas avotiem, pieméram, augu
taukiem un ellas, kukurtizas cietes, zirnu cietes U.t.t.

Par bioplastmasu sauc tris veida materialus:

e  materiali, kas iegiiti no atjaunojamajiem vides resursiem, bet nav kompost&jami,

e  materiali, kas nav iegliti no atjaunojamajiem vides resursiem, tacu ir kompostgjami un sadalas vide bez atlikuma,

e  materiali, kas iegiiti no atjaunojamajiem vides resursiem (pieméram, no augos eso$as cietes, celulozes vai cukura) un ir
kompostgjami.

Izplatits bioplastmasas (biopoliméru) veids ir PLA (Polylactic acid), kas sadalas 60 °C temperatiira. Sadi iepakojumi tiek
izmantoti visbiezak, tacu tie arT ir atbilstosi javac, jaskiro un japarstrada specialos konteineros, jo, pats par sevi saprotams, komposta
kaudzg sada karbina nesadalisies.

2015. gada Eiropas parlamenta apstiprinaja direktivu 94/62/EK [3] pa vieglas plastmasas (biezums <50um) un loti vieglas
plastmasas iepirkumu maisinu (biezums <15um) patérina samazinaSanu. PaSlaik ekonomisko un tehnologisko iemeslu dél
plastmasas iepirkumu maisinus parstrada loti ierobezota daudzuma. Direktiva pieminéts, ka Iidz 2019. gada 31. decembrim vieglo
maisinu patérins uz vienu iedzivotaju nedrikst parsniegt 90 gb., bet lidz 2025. gada 31. decembrim 40 gb.

Valstis patérina mérkos var neieklaut loti vieglas plastmasas iepirkumu maisinus. Taja pasa laika ir jaizmanto biologiski
noardami plastmasas maisini, uz kuriem obligati janorada mark&ums un kompostgsanas nosacijumi.

P&c 2010. gada pétijuma datiem Eiropas iedzivotajs gada vidgji izlieto 200 gb. vieglas plastmasas iepirkumu maisinus [3].
Sakot ar 2019. gada 1. janvari, precu vai razoSanas tirdzniecibas vietas vieglas plastmasas iepirkumu maisinus bez maksas
neizsniedz.

Minétajos pasakumos var neieklaut loti vieglas plastmasas iepirkumu maisinus. Dazus plastmasas iepirkumu maisinus
razotaji marké ka “oksobiologiski noardamus” vai “oksonoardamus”. Bet, diemZgl, tada veida maisini sadalas mazas (mikro)
dalinas, kas tapat paliek apkartéja vide. Lidz ar to ir maldigi $ada veida maisinus uzskatit par “biologiski noardamiem”, jo tie nerisina
vides piesarnosanas problémas, bet gan gluzi pret&ji — palielina piesarnojumu.

P&dgjos desmit gados &damie iepakojumi sakusi ienemt savu nisu starp plastmasas iepakojuma materialiem, aktiviem iepakojumiem,
MAP (modified atmosphere packaging) iepakojumiem [4].

Ka redzams 1. attéla, visvairak publikaciju Scopus datu bazg ir atrodamas par t€mu “partikas iepakojums”, bet diezgan
maz publikaciju ir bijusas par tému “@damas pléves/ &damie parklajumi”. ST situacija visticamak nav saistita ne ar intereses trikumu
ne arf ar neuzticibu &damiem parklajumiem vai plévém, bet gan ar neapSaubamu uzdevuma sarezgitibu, ar ko saskaras &damo
plévju/ parklajumu izstradataji un razotaji. Svarigi, lai édamam plévém/parklajumiem biitu noteiktas funkcionalas ipasibas (barjeras,

mehaniskas, sensoras, pretmikrobialas utt.).
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(MAP), vide un partikas iepakojums, partikas iepakojums [5]

Tadas valstis, ka ASV, Francija, Vacija, Japana un Kina ik gadu pieaug interese par €damiem iepakojumiem/plévém, par
ko liecina patentu skaits, kas ir pieregistréts Sajas valstis. 1986. gada pasaulé vél nebija vairak ka desmit uznémumi, kas razo édamas
pléves, bet 1idz 1996. gadam to skaits jau ir pieaudzis Iidz 600 uznémumiem. P&d&jo piecos gados ienémumi no €damo iepakojumu
pardosanas ir sasniegusi simts miljonus dolaru [6], kas norada uz strauji pieaugosu pieprasijumu péc $ada veida materialiem un to
razoSanas attistibas perspektivam.

Molekulara Iimeni édamo iepakojumu var uzskatit par biologiski noardamu biopoliméra materialu, kas vide viegli sadalas
mikroorganismu (mikroskopisko sénu un bakteriju) ietekmes rezultatd. Savukart cilvéku un dzivnieku kungi un zarnas eso$o
intracelularo un neakularo enzimu (endo- un eksoenzimu) iedarbiba polimers tiek paklauts kimiskam reakcijam, fermentu ietekme
tiek skielts, oksidéts un hidrolizéts [7].

Edamie iepakojumi tiek raZoti ne tikai ka pléves un parklajumi, bet arT ka maisini un loksnes [8,9]. Pléves atskiras no
loksném péc biezuma: parasti tiek uzskatits, ka pléves ir lidz 250 mikroniem un loksnes ir vairak par 250 mikroniem. Edamiem
parklajumiem tiek pieskaititas arT mikstas zelejas kapsulas un cietie apvalki uz tabletem [10]. Zinatnieki uzskata, ka plana karta, kas
uzklata tiesi uz produkta, ir saucama par €damo parklajumu, bet ieprieks iegiita pléve, kura produkts tiek iesainots, par édamo plévi
[11,12].

Edamajiem iepakojumiem atkiriba starp plevém un parklajumiem ir saistita ari atkariba no ieguves metodém. Pléves ir
materiali, kas iepriek$ ir sagatavoti sausa veida un atrodas uz produkta virsmas vai ari starp produkta slaniem. Tos var aptit ap
izstradajumu, no tiem var izgatavot somas, maisinus un pat rokassomas u.t.t. Vairakas pléves var lamingt loksné. Parklajumus uz
produkta uzklaj ar skidumiem - izsmidzinot vai iemé&rcot. Parklajumi izzGist uz izstradajuma.

Edamais iepakojums ne tikai pagarina iesp&jamo produkta glabasanas laiku, turklat palidz arT optimizét gazu apmainu
starp produktu un apkartgjo vidi, bet gala rezultata kltist arT par ta €damo dalu. “Partikas iepakojums ir iepakojuma veids, ka pléves,
loksnes, planas kartas parklajums, kas ir neatnemama produkta sastavdala un ko var &st kopa ar to.”[13].

Misdienigajam €édamajam poliméru plévém ir lidziga loma ka auglu un ogu dabiskajam vaskam, proti: tas nover§ mitruma
zudumus, kontrolé gazu apmainu (skabekli, oglekla dioksidu), pieskir produktam izturibu un nodroSina ilgstosas kvalitates
saglabasanos [14, 15]. Tas palidz nodrosinat partikas produkta virsmas sterilitati un sastavdalu saglabasanos, piem&ram, gaistosas
vielas, kas nodrogina partikas raksturigo smarzu un aromatu. Edamajam iepakojumam var pievienot ari veselibu veicinosas vielas,

piem@ram, vitaminus, mineralvielas, flavonoidus, dazadus ekstraktus utt.
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Paslaik galvenie @damo iepakojumu komponenti ir polisaharidi (cietes, celulozes &teri, hitozani, pullulani, dekstrini,
alginati, karaginani, pektini, levani u.t.t.), olbaltumvielas (kolagéni, Zelatini, zeini, lipekli, sojas izolati, kazeini), lipidi (vaski - bisu
vaski, karnauba utt.). Anglu valodas literatiira Saja grupa ietilpst pat parafins, kas ieglits no ellas; acetogliceridi, gliceridi vai to
kombinacijas. Vairakas publikacijas [16, 17] polisaharidu vieta izdala hidrokoloidu grupu, kas papildus polisaharidiem ietver ari
sintétiskos hidrofilos polim&rus, kas ir apstiprinati izmantoSanai partikas ripnieciba. Pieméram, &terus, kuru pamata ir polietiléna
oksids. Parasti termins "hidrokoloidi" ir kopigs nosaukums hidrofiliem (Gideni piesaistosiem) polim&riem, kuru zemas koncentracijas
Skidumiem noteiktos apstaklos ir Zelejveida Tpasibas [18].

Edamo plévju, fizikalas ipasibas ir atkarigas no pievienotajam vielam un to koncentracijas. Pieméram, polisaharidu pleves
ir hidrofilas 1idz ar to tam var pievienot dazadas Gideni kistoas piedevas: aromatus, krasvielas utt. Sada veida plévém ir laba
skabekla barjera, bet tie arT labi laiz cauri Gidens tvaikus. Olbaltumvielu pléves arT ir hidrofilas, tap&c, tapat ka polisaharidu pléves,
tas labi laiz cauri Gidens tvaikus.

Lipidu plevem, gluzi pretgji, ir labas barjeras 1pasibas attieciba uz fideni, tas to atgriiz, bet diemzgl tam ir loti zema
mehaniska izturiba [19]. Lidz ar to, pirms &damo plévju razosanas ir jasaprot kads biis iesp&jamais to izmanto$anas mérkis un
attiecigi kadam 1paSibam tad biitu jabiit.

P&c galveno sastavdalu veida, kas veido plévi, izskirt divas vielu klases: pirma klase ir dazi biopoliméri vai lipidi, bet otra
- partikas produktu, darzenu un/vai auglu biezenu, miltu utt. [20].

Edamas pléves, kuru sastava ir sulas un biezeni, galvenokart satur pektinvielas. Pirms $adu édamo plévju iegiiSanas to
izejvielu komponentus sakotngji paklauj dehidratacijai, sasaldejot. Pieméram, Brazilijas lauksaimniecibas p&tijumu korporacijas un
uznémuma ‘Embrapa Instrumentation’ parstavji razo édamas pléves no tadiem produktiem ka spinati, papaijas, gvajavas, tomati
[21], kas p&c Tpasibam ir lidzvertigas biopoliméru pleévem.

Uzturvertibas zina édamas pleves un parklajumus iedala sagremojamas, no kuram cilvéku organisms iegiist baribas vielas
un kalorijas (energétisko vértibu) un nesagremojamas, kas nedod papildus energétisko vértibu un organisma neuzsiicas, bet tiek
izvaditas reiz€ ar citam balastvielam [22]. Sagremojamas pléves un parklajumus galvenokart iegiist uz oglhidratu, olbaltumvielu,
tauku baze€m. Nesagremojamas parasti ir dabiskie vaski (izdaliti no augiem, kukainiem utt.), GidenT $kistoSie dabiskie un sintétiskie
sveki, idenT $kistosie celulozes atvasinajumi, polivinilspirts, polivinilpirolidons u.t.t.

Tiek uzskatits, ka nesagremojamos parklajumus cilvéka organisms var uznemt tikai noteikta daudzuma. Ir pieradits, ka
pielaujamas dienas devas, kas tiek izteikta ka vielas daudzums mg diena uz 1 kg kermena masas, ikdieniska uznemsana organisma
visas dzives laika negativi neietekmé cilvéka veselibu [22]. Tapéc, piemeram, 1980. gada parafina vasku, kurs bija iegiits no naftas,
Partikas un zalu agentura (FDA) atlava izmantot mikrokapsulu razoSanai, kas saturgja gar$vielas saldétai picai [23]. Saskana ar
Amerikas auglu un darzenu asociacijas datiem, lai novaskotu 160 tonnu abolu, parklajuma emulsijas pagatavoSanai nepiecieSami
tikai 450 grami vaska.

Saja sakara gribas piebilst, ka miisdienu iepakojuma raZotaji cina par tirgu, neapzinoties kaitgjumu cilvéku organismam,
nesagremojamos pléves/parklajumus/iepakojumus kuri veidoti uz parafina, vaska, Sellaka utt. bazes, sauc par €damiem, bet korekti
bitu tos uzskatit par biologiski noardamiem vai biodegradgjamiem. Sodien patérétajam jabat loti uzmanigam, jo daZreiz nav
pietiekamas informacijas par produktu, kuru jis gribat apést. Tads informacijas trikums par produktu reizém var biit maldinoss, var
apdraudét veselibu.

Konferencé Brisele 2004. gada tika apspriesti jautajumi par partikas iepakojuma dros§ibu, un ierosinats uz iepakojuma
sniegt pilnigo informaciju pirc€jam, proti: partikas produktu iepakojuma mark&juma ir jabat datiem par to kimisko sastavu. Tomér
daudziem ekspertiem $kita, ka, padarot So informaciju pieejamaku, tas nepaaugstinas drosibas limeni patérétajiem, bet gan atklas
razotaju TpaSumtiesibas [24].

Cilveku veselibai visa pasaulé pieskir arvien lielaku nozimi. Zinatnieki aktivi meklé risinajumus, ar ko un ka varétu
aizvietot nesagremojamas pléves un parklajumus - pat tos pie kuriem visi sen jau ir pieradusi. Pieméram, ka alternativa Sellakam,
kas ir dabisks svekis (izdala kukaini Kerria lacca), ko tradicionali izmanto Sokolades izstradajumu parklajumos, pieskirot tiem
skaistu spidumu, tiek piedavata pléve, kuras pamata ir hidrolizéts kolagéns un kakao sviests. Tika pieradits, ka $is jaunais
izgudrojums ir ne tikai sagremojams cilvéku organisma, bet tam ir ari lielaka elastiba. Turklat tas palénina saharozes kristalizaciju,

rezultata pagarinot Sokolades deriguma terminu [25].
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Pirmas publikacijas par édamajam plévém un parklajumiem paradijas pagajusa gadsimta astondesmitajos gados [26], un
pirmie pléves rulli ripnieciskos apstaklos tika ieguti 60. gados [27]. Pirmais &€damais iepakojums tika iegits senaja Kina 12.
gadsimta, kad jlirnieki, pirms siitja lielos attalumos citrusauglus, tos apstradaja ar planu vaska kartu, lai saglabatu auglos mitrumu
un to stingribu. 15. gadsimta Eiropa §1 tehnologija sanéma Tpasu nosaukumu - lardings, kas nozimgja auglu vai darzenu parklasanu

ar vaska (2. att.), vai tauku slani, kas nelava tiem izziit.

o ] 3. attéls — Edama pléve uz sojas 4. attéls - Edamas kafijas tasite pgc 5. attéls — Uznemuma MonoSol
planu vaska kartu piena bazes (Yuba) [29] kompanijas Lavazzo pasiitjuma tdeni $kistoss iepakojums

2. attels Apelsins, kas parklats ar

Tomér larding metode nebija laba jo nepareizas gazu apmainas dé| auglu garsa pasliktinajas, rezultata pasliktinajas ari to
kvalitate. Bet tomér, ‘neatrodot’ labaku metodi, lardings tika plasi lietots lidz pat 19. gadsimtam [28]. Taja pat laika Japana, lai
uzlabotu partikas produktu izskatu un saglabatu kvalitati, izmantoja cita veida édamo plévi, kura tika iegiita, varot sojas pienu. To
nosauca par Yuba (3. attéls) [29]. 18. gadsimta Japana tika patentéta tehnologija presétam risu papiram, lai raZotu vienreiz lietojamus
partikas traukus: $kivjus, kruzites, blodas u.t.t, kuru pamata ir risu milti. Slavena kafijas kompanija Lavazzo saviem klientiem
piedava tadu €édamu kafijas tasi (4. att€ls) [30].

Kolagéna un Zelatina parklajumi Eiropa galas produktu uzglabasanai izmantoti vairak neka divus gadsimtus. Pirmais
patents €damajam iepakojumam galas produktu saglabasanai tika registréts 19. gadsimtda Amerikas Savienotajas Valstis. Patenta
pamats bija galas produktu ietiSana Zelatina apvalka [31]. Apvalks samazinaja mikrobu attisttbu un mitruma zudumus. Paslaik
lielakais €édamo iepakojumu razotajs galas produktiem ir Vacija [32].

Pagajusa gadsimta sakuma zinatnieki aktivi saka meklét tehnologiju, kas lautu razot €édamo partikas iepakojumu, kas
saglabatu svaigu produktu pasibas, tadas ka krasu, elastibu, Gidens saturu, tauku saturu. Rezultata 20. gadsimta vidii Amerikas
Savienotajas Valstis bija raditi vairaki édama iepakojuma zimoli, kas joprojam ir loti pieprasiti. Pieméram, labi pazistamas un
iecienttas daudzkrasainas Sokolades konfektes M&MSs, ir ar €édamo parklajumu, kas sastav no cukura, kukuriizas sirupa un
dabigajiem svekiem - Sellaka. Tas tika razotas, sakot ar 1941. gadu, kad paradijas probléma konfeksu pardosana vasaras ménesos.
Tads konfeksu apstrades veids — @damais parklajums - nelauj tai kust. Cietais konfeksu apvalks rada komfortu to patérésana.

Iespjamie partikas plévju un parklajumu praktiskas izmantoSanas veidi meédz but loti daudzveidigi un interesanti.
Lielakais idenT $kistoso iepakojumu razotajs Monosol (MonoSol) Sodien patérétajiem piegada porciju iepakojumus ar auzu parslam,
graudaugiem, kafiju, kakao, olbaltumvielu kokteiliem, miltiem, gar§vielam, mércém. Jaunaka uzné€muma novitate ir Vivos pléve,
pievienoto garSvielu, u.t.t. nebaidoties kltuidities deva [33].Brazilijas restoranu tikla Bob's piedava hamburgeru kopa ar édamo papiru
(6. attels) [34]. Nesen Land Rover, automasSinu razo$anas kompanija, ir izlaidusi ilustrétu €damo celvedi (Edible Survival Guide),
kuru ekstrémos apstaklos ir iesp&jams apést [35]. Krievija 2014. gada bija patentéta édama pléve, kuras sastava bija galas buljons,
auglu sula, sausds garvielas, dilles, &teriskas ellas, kiploki, ekstrakti u.t.t. Sada plévé var iepakot atdzesétu galu, saldétus auglus
u.t.t. Bet, pieméram 2014. gada amerikanu zinatniece Tara Makhjt izstradaja iepakojuma plévi, kas izgatavota no auglu un darzenu

biezeniem, kura palielina produktu glabasanas laiku un kurai reizg ir arT izejmaterialiem piemitosa uzturvertiba [37].
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[ KA PRECISA CONTROLAR.
DEVORE ESSE SANDUICHE | -

SEMTIRAR 0 PAPEL.
6. attéls - Edamie hamburgeru 7. attéls - D. Edvardsa izgudrojums- WikiCells - sald&ts jogurts &dama 8. attels — Edamais maisins ar
iepakojumi Bob's restoranu tikla iepakojuma adeni

Zinatnieki par lielisko izgudrojumu atzina Harvardas universitates profesora Deivida Edvardsa €damo iepakojumu
WikiCells [38]. Vin$ méginaja izgudrot €édamo iepakojumu, kur§ butu maksimali lidzigs tadam dabigam apvalkam, kadi ir banana
vai vinogu mizas.

Rezultata vins izgatavoja bumbinas, kas izgatavotas no zZelejas, ar partikas gabaliniem (augliem, darzeniem, riekstiem un
pat Sokoladi), un kuru sastava ietilpa polisaharidi (hitozans, alginats), ka arf kalcija vai magnija sali. Sada veida bumbinas vai
€damajos maisinos var glabat visu iespgjamo partiku, ieskaitot pat Skidrumus (7. attéls).

Profesora dibinata kompanija WikiFoods piedava nogarSot tadus jaunumus, ka sald&jums, kas nekiist saul€; Gazpacho

Nesen (2016. gada) studentu grupa izgudroja &damo plévi @idenim, nosaucot to par Ooho [39]. Sis metodes pamats:
sasaldetu tideni (ledu) ieliek atSkaidita natrija alginata Skiduma, kas satur kalcija hloridu. Uz ledus bumbas virsmas uzreiz izveidojas
zelejai 1idziga pléve, kas ir ka €dama tidens pudele péc ledus izkausésanas (8. attéls).

Galvena &damo trauku raZotdja valsts ir Vacija. Edamie trauki, kuri izgatavoti no putotam partikas sastavdalam, ir
caurlaidigi mikrovilpu starojumam, tapec produktu var taja kars€t un pagatavot. Bet, ja tada veida traukus vara, trauka materials
tiek pilniba izSkidinats tident [40].

Galvenas ipasibas, kadam jabiit édamajam iepakojumiem ir:

e to saturs nedrikst but toksisks vai ar alergiju izraiso§am sastavdalam;

e  janodro$ina produkta struktiiras stabilitate un mehanisko bojajumu samazinaSana transportéSanas, uzglabasanas un
apstrades laika;

e  janodro$ina gazu caurlaidiba un gazu lidzsvars iepakojuma;

e  janovers uzturvertibas izmainas un pasliktinasanas;

e  jasaglaba aromats un produkta organoleptiskas ipasibas;

e  janodrosina produkta biokimiska stabilitate;

e  jasarga produkts no argja piesarnojuma;

e  janovers pasliktinasanas vai jauzlabo produkta izskats;

e turklat édamo iepakojumu razoSanai ir jabit tehnologiski un ekonomiski izdevigai.

1958. gada ASV FDA partikas un zalu parvalde (Food and Drug Administration) izstradaja stratégiju, saskana, ar kuru
visiem &damas pléves veidojo$iem komponentiem jabit pilnigi nekaitigiem un jaatbilst GRAS (atzits par dro$u) statusam. GRAS
statusu pieskir kvalificgti eksperti, vai arT pats raZotajs veic visus nepiecieSamos pétijumus un iesniedz nepiecieSamos dokumentus
FDA un gaida apstiprinajumu vai noraidijumu. Ja kadai no €édamas pléves sastavdalam nav pieskirts GRAS statuss, bet razotajs ar
daudzu gadu pétijumiem ir pieradijis produkta drosibu, tad tas var sanemt atlauju ‘ienakt’ tirgii, pamatojoties uz pasnovert&jumu
[6].

Eiropas Savienibas valstls pamatdokuments partikas nekaitiguma joma ir Eiropas Parlamenta un Eiropas Savienibas
Padomes 2002. gada 28. janvara Regula Nr. 178/2002., kuru izstradaja Eiropas Partikas nekaitiguma agenttra (EFSA). Ka jau
ieprieks tika min&ts, galvenie @damas pléves veidojosie komponenti razo$ana ir polisaharidi, olbaltumvielas, lipidi un dabiskie sveki.
Jaatzimg, ka biopolimeri ir polisaharidi un olbaltumvielas, bet lipidi un dabiskie sveki (pieméram, Sellaka), pareizak biitu jasauc par
biomaterialiem[41].

Laboratorijas apstaklos &damas pléves iegiist, uzklajot planu $kiduma slani uz gludas stikla, metala vai plastmasas

virsmas, kam talak seko Zavesana [42]. RazoSanas apstaklos, iekarta ar $kidro €édamo plévi uznes to uz kustigas lentes vai cilindra,
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kam seko 7avésana. So metodi sauc sausa form&$anas metode (dry-spinning). Ir arT "slapja" form&ianas metode (wet-spinning).
Speciala nogulsnésanas vanna tiek ievietots édamas pléves $kidums, no kuras tiek noliets liekais $kidrums, tam seko talaka nogulsnu
zavesana. lesp&jams ar1 $kidro @damo parklajumu izliet speciali tam paredzetas formas.

Edamo plevju ieglisanas metode ir atkariga no $kiduma viskozitates un paredz&ta pléves biezuma. Ja skiro @damo plévju
viskozitate ir 25-35 mPas, to sméré forma, ja viskozitate ir 1.2—15 mPas, tick izmantota lieSana forma, bet presi ar rulliem izmanto,
lai ieglitu Tpasi planu &damo plevi. Loti svarigi, lai &damas pléves Skidrums uz formas vai rulla vai lentes tiek padots zem spiediena
[43]. Pateicoties tam, €damajam parklajumam rodas papildus makromolekulas, rezultata uzlabojas mehaniskas ipasibas. Alternativa
€damo plévju iegiisanas metode ir ekstrizijas cela (poliméru ripnieciba ekstriiziju izmanto visplasak no visam nozarém). Tas lauj
iegiit €damas pléves ar daudz lielaku atrumu un ar mazaku energijas patérinu, jo, pielietojot $o metodi, tick izmantoti koncentrétaki
$kidumi, kuru piegadi iekarta veic daudz atrak [44].

Saskana ar Eiropas Parlamenta un Padomes direktivu (European Parlament and Council Directive EPCD No. 95/2EC,
1995) un ASV standartiem (US Regulations FDA, 2014) &€damas pléves un parklajumus var klasificet ka partiku, partikas
sastavdalas, partikas piedevas vai partikas iepakojuma materialus. Eiropa sastavdalas, kuras tick pievienotas @damam plévém, tiek
uzskatitas par partikas piedevam. So direktivu nesen papildindja, ieviesot partikas piedevu tiribas kritgrijus.

Partikas starptautiskie standarti ir apvienoti Codex Alimentarius un pienemti FAO / PVO komisija (Partikas
lauksaimniecibas organizacija / Pasaules veselibas organizacija) [101]. Saja dokumenta ir noradits partikas piedevu maksimali
pielaujamais lietoSanas daudzums, kas ir funkcionali efektivs partikas produkta un tiek uzskatits par drosu cilvéku veselibai.
Maksimali pielaujamais daudzums tiek izteikts mg uz kg produkta un noteikts, pamatojoties uz pielaujamo dienas devu.

Sakot &@damo plévju un parklajumu ripniecisko razosanu, ir janem vera starptautiskie standarti, ka arT katras valsts
nacionalie standarti, kuriem jaatbilst razoSanas organizéSanas un kontroles noteikumiem, labai razo$anas praksei. Augsto prasibu
limena dg], kam jaatbilst, €damo iepakojumu razoSanas izveidei ir ierobezota attistiba ka riipniecibas nozarei. Starp lielajiem
uznémumiem &damo iepakojumu razo$ana un pardosana lideris ir Watson [102], kas tagad ir pazistams ka BASF, Planet Polymer
Technologies, Inc. un parstav Ziemelamerikas regionu. Paslaik €&damo iepakojumu tirgus Rietumeiropa vél nav panacis Amerikas
tirgu, bet sak darboties aktivi.

Nesen izveidota Lielbritanijas kompanija BioFilm Holdings Limited [103] ir laidusi tirghi Listerine Pocket Paks mutg atri
Skistosas pléves, kas satur elpas atsvaidzinatajus. Razotaji uzskata, ka $ada tipa produkts ir daudzsoloss, jo taja ka sastavdalas var
pievienot B12 vitaminu, melatoninu utt. Vienigais mute $kistosas pleves trikums ir iesp&jamiba pievienot aktivas vielas devu maza
daudzuma - tikai 30 mg uz 100 mg, lai ta nezaudétu savas pasibas. Tomér jaatzime, ka sadas €édamas pléves var izmantot citu loti
aktivu zalu sastavdalu iesainoSanai, kur nepiecieSsami mikrodaudzumi, jo pasi tapéc, ka $aja gadijuma tas netiks paklautas kunga
sulas gremosSanas enzimu iedarbibai, kas samazina zalu efektivitati.

Ir iestrades arT @damo plévju pieejamibai izmantoSanai jebkuram interesentam majas apstaklos. Japanas uznémums razo
edamas pléves disku veida, viena iepakojuma 200 gabali, var iegadaties liclakaja interneta veikala AMAZON par 8,15 ASV
dolariem. Papildus tiek piedavata ierice pléves metinasanai majas apstaklos. Uzn@mums izgatavo arT €damos maisinus, viena
iepakojuma 50 gab, ar dazadu garSu (vinogu, zemenu) par 6,99 ASV dolariem. Uznemums "Devro", kas ir pazistams ar kolagéna
apvalkiem desam un cisiniem 2004. gada izstadé demonstrgja édamo olbaltumvielu-alginatu desu apvalku bezSuvju parklajuma
forma, kas p&c uzklasanas velak sarec€ja tiesi uz maltas galas [104]. Originalu iepakojuma iekartu piedavaja kompanija Handmann.
Iekartas darba princips ir divas padeves §lirces un tvertne reagentu koaguléSanai. 1. tabula redzami dazi partikas iepakojuma veidi,

kas paredzeti, lai palielinatu partikas produktu deriguma terminu.

1. tabula

Edamo plévju un parklajumu piem@ri partikas produktu deriguma pagarinasanai

Zimols RaZotajs / Pleves/parklajuma Partikas produkti Valsts
Izstradatajs materials
Tal-ProLong™ TAL Chemicals | Saharozes poliesteris Svaigi augli Lielbritanija

Company; Courtaulds

Group
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FreshSeal® BASF, Planet Polymer | Hitozana hidrohlorids Svaigi augli ASV
Tech-nologies, Inc.
NatureSeal® Mantrose-HaeuserCo., | Metilceluloze ASV
Inc.
ProFruit Production and | Polisaharidi ar organisko | Svaigi augli un darzeni, | Spanija
Provegetable Innovation on Edible | skabju pievieno$anu gala, zivis, rieksti, saldumi,
Coatings S.L. kikas, konditorejas
izstradajumi
Vere-Coat Garuda International | Kukuriizas proteins | Rieksti un gala, saldumi, | ASV
Inc. (cens) partikas  piedevas  un
tabletes
Z*Coat™ Zumbro, Inc. Kukurtizas proteins | Rieksti Sokoladé ASV
(zeIns)
Myvacet QuestlInt. Acetiléts monoglicerids Rieksti Niderlande
Articoat DLP2 Chemital S.A.; Pektins ar natrija | Galas Ske&les, cisini, desas | Spanija, ASV
Mantrose-Haeuser Co., | diacetatu un organiskam | un picas
Inc. skabem
MycoStopGel AEBGroup Ksantana sveki Siers Argentina

Ir pagajusi vairak neka trisdesmit gadi, kops paradijas pirmas &damas plévés un parklajuma paraugi [26, 105]. Saja laika
arvalstu izdevniecibas publicgja daudz monografijas [6, 54, 55, 57], kas bija orientétas uz édamo iepakojuma materialu sastavdalam
un kuri bija jau patenteti [106-109]. Paslaik aktuali ir @damie partikas iepakojumi, kuru pamata ir polisaharidi [110-112]
olbaltumvielas, lipidi vai to maisijumi [113, 114], to piedavajums ir diezgan daudzveidigs. Edama iepakojuma galvenais mérkis ir
pagarinat partikas produktu deriguma terminu, regul€jot mitruma un gazu apmainu, palielinot svaigu un minimali apstradatu auglu
un darzenu mikrobiologisko drosibu, pievienojot baktericidas, fungicidas, antioksidanta piedevas, saglabajot un (vai) pievienojot
smarzu pieméram, kiploki [115], tomati [116], Sokolade [117], kokosrieksti [118], melone [119], zala t&ja [120], pieskirot
produktiem papildu aromatiskas Ipasibas, piemeram, Coca-Cola [121] garSu, ka arT uzlabot vai saglabat izskatu. Daudzsolo$s
virziens ir probiotiku, zalu, vitaminu, mineralvielu un nanodalinu ieklau$ana &damaja iepakojuma [122]. Partikas poliméru pléves
un parklajumi Sobrid ir kluvusi par inovativiem produktiem. Tie tikko ienaca tirgd un nodroSina plasu darbibas jomu. Uzpémumi,
kas razo edamos iepakojumus, galvenokart piedava produkciju viet§jos tirgos un pat nekonkur€ sava starpa.

Edamo plévju raZo3ana ir svarigs homogéns formesanas $kidums, bez komponentu fazes atdalisanas, iznemot gadijumus,
kad tiek veidota divslanu &dama pléve un ir nepiecieSama fazu atdaliSana. Tikpat svariga raksturipasiba ir Skidruma viskozitate un
virsmas spraigums $kiduma un gaisa saskarsmes vieta [45]. Tas, ietekm& nelidzenumu izlidzinasanu, kas paradas skiduma slana
virsma mehanisko defektu del, pieméram, var bt neskistosas dalinas, cietas piedevas. DiemZgl, joprojam jautajums par virsmas
lidzenumu un &damo plévju skidruma viskozitates ietekmi uz virsmas spraigumu nav pietieckami izpétits. Taja pat laika, lai
nodro$inatu gatavas €édamas pléves vieglu atdaliSanos, nonemsanu no pamatnes, ir svariga Skiduma virsmas spraiguma (yl) un cietas

virsmas (substrata) (yt) attieciba.
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9. attela ir redzama yl ietekme uz &damas pléves adh&ziju ar pamatni, uz kuras tiek uzklats €damas pléves skiduma slanis.
Gadijuma, ja uzklasanas laika ir loti augsta yl vertiba, notiek slana parrautiba, ka sekas tam peéc ZavéSanas ir gatavas pléves
atslanosanos vai savelSanas. Loti zema yl vértiba arT nav vélama. Jo ir mazaka damas pléves un pamatnes virsmas energijas

atSkiriba, jo lielaka ir adh&zija starp tam, rezultata ir griitak nonemt gatavo €damo plévi no pamatnes [15].
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9. attels — Skiduma virsmas spraiguma (yl) ietekme uz &damo plévju adgéziju (sakeri)
veido$anas procesa. yt - rulla vai rito$as lentes plakanas cietas virsmas energija

Zavesanas apstakli (sauss gaiss, karsts tvaiks, infrasarkana vai mikrovilnu krasns sildisana) arT batiski ietekmé &damas
pléves Tpasibas. Pieméram, zavgjot &damo pl&vi no siikalu olbaltumvielas mikrovilnos, tie neietekm@ tidens tvaiku caurlaidibu, bet
pléves stiepes izturiba paliclinas. [46].

Ka jau ieprieks bija min&ts, €damais parklajumus atskiras no pléves ar to, ka tas tiek iegiits, uzklajot biopoliméra skidrumu
uz produkta, iemérc€jot vai uzsmidzinot, kam seko produkta zavésana.

Edama pléve var saturét hidrofilus polisaharidus, olbaltumvielas un hidrofobus lipidus, $ada veida plevém piemit labas
barjeripasibas. Saja gadijuma formésanas sastavu sagatavo emulsijas veida (31 metode ir l&taka, bet dod mazak izturigas pléves),
bet, lai ieglitu izturigakas pléves, ir jataisa daudzslanu parklajumi (metode ir dargaka). Paslaik moderna metode €damo plévju
razo$ana ir ta saucamas “slanis p&c slana”, kad lipidu slani uzklaj uz polisaharida vai olbaltumvielu bazes. Var ari olbaltumvielu
parklajumu uznest uz polisaharidu pleves [47].

Polisaharidus un olbaltumvielas var sajaukt arT édamas pléves Skidruma, kam seko pléves veidosanas no diviem vai
vairakiem komponentiem. Ja gadijuma Skidruma sastavdalas sava starpa ir saderigas, var panakt to noslanosananu molekularaja
Iimeni, bet, ja starp Skidruma sastavdalam nepastav termodinamiska savietojamiba, tad sadaliSanas biis supramolekularo struktiiru
Iiment [48].

Divslanu &damas plévesizmanto tada gadijuma, ja iegiitas pléves sastavdalam ir zema adhé&zija ar mitro partikas produkta
virsmu, kas raksturigs lipidiem. Parklasana ar diviem slaniem atrisina $o problému, bet palielina gala produkta cenu. Alternativais
variants ir izmantot divu sastavdalu emulsijas: hidrofobas un hidrofilas, ar labu adhéziju (sakeri) ar partikas produkta virsmu, lai
izveidotu viendabigo parklajumu. Ipasi griiti ir nodro$inat labu adhéziju, ja parklajumu uzklaj svaigi sagrieztiem augliem. Lai
samazinatu adh€ziju un virsmas spraigumu, tad parklajuma sastava ir japievieno virsmas aktiva viela [49].

Auglu vai ogu apstradei ir zinama originala metodi, kad tie nav jamércé Skidruma, bet gan jaapber ar
karboksimetilcelulozes pulveri. Tas absorb€ (uzsiic sevi) auglu/ogu poru izdalito mitrumu un uzbriest. Rezultata izveidojas barjeras
parklajums, kas novers ne tikai mitruma zudumus, bet arT novers skabekla iekliSanu un krasas mainu produkta [50].

Papildus galvenajam sastavdalam parklajuma vai pléve ir jabiit plastifikatoriem (glicerins, propilénglikols, sorbitols,
saharoze, polietilenglikols, kukurlizas sirups, tidens), ja nepieciesams, emulgatoriem (lecitins, tweens, spans (Laidumi)); lipidu
emulsijam (partikas vaski, taukskabes); aromatiz&tajiem, antioksidantiem, pretmikrobu lidzekliem, vitaminiem, krasvielam utt.

Dazreiz veidojot @damo plévi tiek pievienoti SkérssaistiSanas lidzekli [51]. Piem&ram, dialdehida karboksimetilcelulozi,
ka SkerssaistiSanas lidzekli pievieno formé&Sanas $kidumam uz Zelatina bazes, ar glicerinu ka plastifikatoru. Rezultata palielinas

€damas pléves izturiba un termiska stabilitate, bet samazinas garums, Gidens caurlaidiba, un uzbrieSanas sp&jas Gdeni. Ka jauns
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kvalitates raditdjs jaunizveidotajai plévei tika iegiitas aizsargbarjeras Tpasibas pret ultravioleto gaismu/starojumu. Partikas produktu
iesainoSana $ada pléve lauj palielinat to deriguma terminu, novér$ot UV starojuma izraisitas oksidéSanas reakcijas.

Sastavdalu ievadiSana Skidraja €damaja plévé ir atkariga no to agregat stavokla un savietojamibas ar galvenajam
biopolim@ra sastavdalam. Pieméram, ja augu ellas, kuras neskist fideni, tiek pievienotas polisaharida vai olbaltumvielu fidens
Skidumam, lai tas vienmérigi sadalitos pa visu pléves virsmu, ir nepiecieS8ama emulgacija, rezultata veidojas nanoemulsijas [52].
Turklat, neskatoties uz to vai €édamais iepakojums tiek razots partikas nozarei vai farmacijas riipniecibai, visam razoSanas iekartam
jabiit paredzetam partikas nozarei, un jaatbilst razosanas un kontroles (GMP) organizacijas noteikumiem [53,54, 55].

Vienas no galvenajam partikas iepakojuma funkcijam ir barjeras Ipasibas, stiepes Ipasibas, izturiba. Visnozimigakas
€damo plevju Tpasibas ir barjeras ipasibas pret mitrumu, skabekli, oglekla dioksidu un etilénu (12. attéls). Edamai plevei jaizveido
atmosfera, kas bagatinata ar oglekla dioksidu, bet ar samazinatu skabekla saturu. Tomér, ja skabekla ir par maz, tad var rasties
anaeroba "elpoSana", kura cukurs parvértisies alkohola un paradisies produktam neraksturiga smarza. Bet, ja skabekla saturs
parsniegs 9%, saksies augu audu oksidéSanas process un rezultata veidosies etiléns, kas veicinas auglu un/vai darzenu nogatavoSanos
[13].

Apstradata oga Neapétrﬁdﬁta o0ga

Atlauta gazu apmaina Neat!ailta gazu apmaina
emm——br e

12. attéls - Auglu un darzenu gazes caurlaidibas shéma [18]

Zinatnieki konstat&jusi, ka ar sliktam aizsargbarjeras Tpasibam pret mitrumu (10-100 g - m / m?) ir pléves ar augstu
amilozes cieti, kolagénu, Zelatinu, sojas proteinu, kazeinu, siikalu olbaltumvielam. Vidgjas barjeras ipasibas pret mitrumu (0,1 / 10
g.m/m?) ir raksturigas pleveém, kas izgatavotas no metilcelulozes, hidroksipropilcelulozes, zeina, natrija alginata, lipekla, kazeina
kombinacija ar bisu vasku. Bet loti labas barjeras Tpasibas pret mitrumu (0,01-0,10 g - m / m?) bija bisu vaska plévém, kuras vél
sastavéja no oksipropilmetilcelulozes-palmitinskabes-vaska [15]. Salidzinasanai: zema blivuma polietiléna mitruma caurlaidiba ir
0,08 g - m/ m?). Tapéc bija piedavats izmantot parklajumus uz zeina bazes, lai novérstu mitruma migraciju no produkta, pieméram
no rozinem. Tadi ir produkti ar zZtmolu Cozeen no kompanijas Zumbro INc. Heifildu izmanto zeina bazes parklajumus riekstu, galas
un konfeksu parklasanai [56]. Riekstu (pekanrieksti) deriguma termins, uzglabajot tos temperatura 25°C un relativaja gaisa mitruma
50%, ar sadu parklajumu pagarinajas triskartigi.

Aizsargbarjeras pret skabekli 1paSibas, kas tika testetas 25°C un 50% relativaja gaisa mitruma, ir labas plévém, kuras
sastav no kolagena, zelatina, lipekla, sojas proteina, kazeina, kazeina maisijuma ar bisu vasku, stikalu olbaltumvielu, barotnes (1—
10 cm3-um / (m? dien. kPa)). Vidgji labas (10-100 cm®-pum / (m? dien. kPa)) &damas pléves ir ar augstu amilozes cieti, zeTnu, natrija
alginatu. Bet sliktas (100-1000 ¢cm®-pum / (m? -dien. kPa)) &amas pléves ir ar sikalu olbaltumvielam, bisu vasku, Sellaku.
Salidzinajumam — €damas pléves, kuras pamata ir etiléna un vinilspirta kopolimérs, skabekla caurlaidiba ieprieks min&tos apstaklos
ir tikai 0,1 cm3-um / (m? - dien.- kPa)).

Labas mehaniskas un barjeras Tpasibas nesen atrastas édamajam pléveém, kuru pamatsastavdala ir gluténs. Tomér aptuveni
0,5-1,0% pasaules iedzivotaju ir konstatéta celiakija jeb gluténa nepanesamiba, kas izpauzas ka gremoSanas trauc&jumi ar hronisku
zarnu trakta iekaisumu, ko izraisa lipekla klatbutne partikas produktos. Gluténu (jeb lipekli kvieSos, rudzos un miezos) ieglist ar
mitras ekstrakcijas metodi no visu proteinus nesaturoSo sastavdalu miltiem. Tas pieder pie lodveida olbaltumvielam, kas neskist
tdent, bet $kist vielas ar augstu pH vertibu. Pieméram, viena no pétijjumiem olas tika parklatas ar gluténa bazes parklajumu, rezultata
olu glabasanas laiks pagarindjas Iidz 30 dienam [57]. Sojas proteini arf ir tadi pasi lodveida proteini ka glutens. Edamas pléves no

sojas un dazadiem citiem protetniem, tadiem ka kazeins, kolagéns, olu baltums, zZelatins, cietes vai celulozes atvasinajumiem, ka arT
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daudzvertigajiem spirtiem (glicerins, sorbitols, mannits, propilénglikols) ir loti populars desu un citu galas produktu iepakoSanas
materials. Pieméram, iepakojot $kinki, to var veiksmigi uzglabat bez mitruma atdaliSanas minus 5°C temperatiira. Bet, pieméram,
lipidu bazes édamajam plévém ir labas mitruma barjeras ipasibas, bet hidrofoba nepoliméra rakstura dél tam ir zemas mehaniskas
izturibas Tpasibas. Parsvara lipidu &damas pléves sastav no dazadiem vaskiem, no kuriem visvairak hidrofobais ir bisu vasks. Bet,
pieméram, &damo plévju razoSana izmantojot karnaubas vasku, kas ir no palmu (Copoernica cerifera) lapam, ka ar7 no Meksikas
kriima (Candelilla schrub) lapam, iegilist plévi ar samazinatu gazes un mitruma caurlaidibu. Tos var izmantot ka parklajums uz
auglu mizam, lai palielinatu virsmas spidumu. Ja parklajumi uz auglu mizas ir biezi, tie nav ja&d, pirms produkta lietosanas tie biitu
janonem. Edamie tada veida iepakojumi ir tikai planie.

Nesen kompanija BASF ir piedavajusi Freshseal CHC &damo parklajumu uz dabiga biopoliméra bazes, lai iepakotu zalos
tomatus, papriku un nogatavinatu tos etiléna vidé. P&tljumos, salidzinajuma ar neapstradatiem, darzeniem kuri bija parklati ar
Freshseal CHC, bojajumi glabasanas laika bija 2,5 reizes zemaki. Savukart darzeniem, kas bija parklati ar sintétisko vasku, bojajumi
bija tikai 1,5 reizes zemaki neka neapstradatiem darzeniem. Rezultata pec divu ned€lu glabasanas paraugi @damaja iepakojuma bija
ne tikai cietaki, bet arT vienmérigak nogatavojas, bija vissuligakie [58]. Parklajumam uz tomatu virsmas tika pievienots hitozans,
kas uz darzenu un auglu virsmas veido elastigas viendabigas pl&ves, kas regul€ gazu apmainu, un ietekmé fitopatogéno mikrofloru,
kavgjot to attistibu[59].

Edamas pléves, kuru pamata ir metilceluloze, hidroksipropilmetilceluloze, hidroksipropiléta ciete, pektins utt., tiek
izmantotas, ka parklajums galas, zivju produktiu, kartupelu, sipolu gredzenu utt. cepSanai, lai uz pusi samazinatu ellas absorbciju
(uzsuksanos). Pieméram, uznémums Beloit ir izstradajis FryShield parklajumu, ko iegiist, sajaucot vaju metoksilétu pektina skidumu
ar maizes drumstalam, kas satur kalcija hloridu [60—61]. Japana lidzigam mérkim saka izmantot mikrobialo polisaharidu Zelana
svekus KELGOGEL, kurus sintéze bakterija Pseudomonas elodea [62-64]. Sis polimérs ir kluvis zinams tikai ped&jos desmit gados,
tacu p&c savam Tpasibam, it ipasi pec sp&jas veidot zelejas salu klatbuitng, tas ir lidzigs alginatam, lai gan, atskiriba no ta, spgj veidot
zelejas ar dazadiem joniem, pieméram, natrija joniem.

Zinatnieki piedava izmantot zelana sveku acilétu un deacilétu formu kopa ar askorbinskabi, lai iegiitu @damu plévi ar
antioksidanta Tpasibam [65]. Ir pieradits, ka deaciléta poliméra un kalcija jonu satura palielinasanas €damaja pléve palielina
askorbinskabes sp&ju nomakt fermentativas briingSanas procesus, kas izraisa briinas krasas veido$anos, pieméram, glabajot
sagrieztus abolus. ST produkta krasas maina neietekm@ gar$u, bet neapmierina pircgjus, saboja produkta izskatu. V&l viena édamo
plévju izmantoSanas joma ir svaigi sagrieztu auglu, kas ir ,,gatavs lietoSanai” produkts (RTE, ready to eat, gatavi lietoSanai partika).
Gataviem lietoSanai partika produktiem édamo plévju lietoSanas nepiecieSamiba galvenokart ir saistita ar parklajumu pretmikrobialo
aizsargfunkciju.

Pievienojot noteiktas sastavdalas édamajam iepakojumam, var rasties baktericidas un fungicidas 1pasibas. Apstradatiem
produktiem jabiit ar ilgu lietoanas deriguma terminu un mikrobiologiski drodiem. Sodien &damas antibakteridlas pléves un
parklajumi piesaista lielu p&tnieku un partikas riipniecibas uznémumu interesi [66].

Edamajam plevem un parklajumiem ar antimikrobialam ipa$ibam ir vairakas priekSrocibas, pieméram, tie kavé
mikroorganismu aug$anu un attistibu uz produktu virsmas. Protams, iepakojuma materials nevar nodro$inat sanitari higiéniskas
prasibas pirms to iepakoSanas, tomér tas var palielinat produktu dro$ibu, jo tas samazina patogéno mikroorganismu augSanu un
attistibu [67].

Paslaik daudzi zinatnieki strada pie dabisku vai sint€tisku partikas piedevu pievienos$anas polisaharidu vai olbaltumvielu
plévés ar mérki maksimali samazinat mikroorganismu augSanu svaigos un parstradatos produktos. Viena no pétjjumiem tika pétits
&damo plévju un parklajumu antimikrobiala aktivitate pret L. monocytogenes, Salmonella sp., E. coli baktérijam, jo tiesi Sie patogéni
visbiezak izraisa bistamu saindéSanos ar partiku un slimibu uzliesmojumus, nepietiekami apstradajot vai apstrades laika piesarnojot
partikas produktus [68—74]. P&tjjumos konstatéts, ka &damas pléves un parklajumi kavé amonificgjosu (pusanas) mikroorganismu
augSanu, radot atmosféru, kas nodro$ina produkta fizikali-kimisko un mikrobiologisko stabilitati, paléninot mitruma, aromatisko
vielu ieklGSanu un regul&jot gazu apmainu. Petijumos labi rezultati tika konstatéti plévém no polisaharida hitozana. To Skidumi dod
viendabigas, elastigas pléves, kuram piemit antibakterialas ipaSibas. Partikas produktos, kuri bija parklati ar hitozana plévém,

mikroorganismi neaug. Profesors Janjans Zao no Oregonas Universitates ASV un Deli universitates specialisti izmanto hitozana
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pléves, lai palielinatu svaigu auglu deriguma laiku un paplasinatu eksportu ar vietgjiem produktiem, tadiem ka mango, sagrieztiem
aboliem un melleném [67].

Edamajam plevéem un parklajumiem pievieno antimkrobialas vielas, pieméram, organiskas skabes (citronskabe,
abolskabe, laurinskabe, propionskabe, vinskabe u.c.), augu ekstraktus, &teriskas ellas (oregano, briins, citrons, sinepes, kiploki utt.).
Atskiriba no augu ellam, &teriskas ellas ietver daudzkomponentu gaisto$o savienojumu (aromatisko, aliciklisko un alifatisko
karbonil savienojumu, spirtu, skabju, &teru u.c.) maisijumus, jaatzimé, ka tiesi &teriskam ellam piemit loti sp&cigas antimikrobialas
pasibas.

Paslaik ir tendence, ka prieksroka vairak tiek dota dabiskiem augu, dzivnieku un mikrobialas izcelsmes antimikrobialiem
komponentiem, jo §is vielas ir nekaitigas cilvéku organismam. P&tijumi paradija, ka ja raZojot &damas pléves tiek pievienots
antimikrobialais komponents virs 4 mg cm?, gatavajas plévés tas biitiski samazindja stiepes izturibas un Young modula
samazinasanos, palielinoties relativajam pagarinajumam. [55]. Viena no pétijumiem bija testéta €damajam plévém, gatavotam no
cietes, amaranta miltiem un hitozana ar &teriskajam e]llam (Meksikas oregano, kan€la mizas un citronzales) antimikrobialas Tpasibas
pret mikroskopiskajam senitém Penicillium digitatum un Aspergillus niger. Edamajam hitozana plévém ar biezumu no 5,33+0,836
lidz 13,26+0,414 pm bija noverotas antibakterialas Ipasibas, bet izteiktas Ipasibas konstatEtas plevém, kas saturja Meksikas oregano
un kangla mizas &terisko ellu [59]. Bet, pieméram, &édamie parklajumi uz hidrofobiz&tas hitozana bazes, kuru sastava bija limonéns
(1-metil-4-izopropenil) penilciklohekséns-1, batiski palielinaja zemenu glabasanas laiku (13. att.) [59]. V&l viena publikacija bija
pétits pullulana parklajums uz zemen&m, kuram pievienoja kanéla &terisko ellu (CEO) un parbaudija to ietekmi uz mikroorganismu
attistibu un ogu glabasanas ilguma pagarinasanu. Ogas apstradaja ar pagatavoto nanoemulsiju CEO (sastavs: pullunans +glicerins+
Tween+ kangla &teriska ella) sagatavosSanai izmantoja ultraskanas apstradi, dalinu izmérs bija mazaks (162,1 nm). Ogas glabaja 20
° C + 2 ° C temperatiira un 70-75% relativaja gaisa mitruma 6 dienas. Rezultata péc sesam dienam pullulan-CEO nanoemulsijas
parklajums ievérojami pazeminaja auglu masas, cietibas, SkistoSas sausnas un kopgja skabuma izmainas. Turklat zemen&m, kas
parklatas ar pullulana bazes nanoemulsiju CEO bija izteiktaka pretmikrobiala aktivitate, salidzinot ar kontroles neapstradato

variantuvariantu ar tira pullulana parklajumu (14. att.) [75].
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13. attéls — Zemenu argjais izskats, parklatam ar hitozanu  14. att€ls — Apstradato ogu izskats, kas tika uzglabatas istabas

ogam kas satur limonénu ka pretmikrobu piedevu temperatara. Kontrole , Pullulans, Pullulans +Kangla &teriska ella CEO
(1-metil-4-izopropenilcik lohekséns-1)

un Tvinu (Tween) 80 ka emulgatoru [59]

Paslaik tiek veikti intensivi p&tijumi par jaunu komponentu mekle$anu, lai nodrosinatu édamo plévju stiepes izturibu,
mitruma un gazes caurlaidibu, antimikrobialo aktivitati, komponentu difiizijas atrumu iepakojuma un arpus ta, izturibu pret
karstumu. Inovativie ir infrasarkano staru un spektrofotometriskie p&tijumi &damo plévju komponentu saderibai. Turklat tiek veikti
plasi pétijumi €édamo plévju virsmas morfologijas un strukttiras ipasibu noteik$anai [76, 77].

Edamo plévju un parklajumu joma ir divi galvenie pétijumu virzieni. Pirmkart, notiek $kidumu reologisko Tpasibu un

stabilitates izpéte, ipasi gadijumos, kad forméSanas Skiduma sastava ir divi vai vairaki poliméri, vai arT dispersas sistémas,
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piemé@ram, suspensija, emulsija, nanoemulsija. Otrkart, mehanisko, optisko, termisko, mitruma un gazu caurlaidibas, $kidibas ident,
ellas izturibas, plévju un parklajumu virsmas morfologijas un mikrostruktiiras, pretmikroorganismu ipasibu izpéte.

Lidz §im izpétito €édamo iepakojuma klasta lielu interesi rada pléves un parklajumi no cietes un hitozana. Tie ir biologiski
noardami, netoksiski, tiek razoti no atjaunojamam izejvielam, ko jau izmanto partikas un farmacijas riipnieciba. Bet, diemzgl, bez
iepriek$mingtajam priekSocibam tam ir arf savi triikumi. Edamajam plévém no cietes ir zema mehaniska izturiba un augsta tidens
tvaiku caurlaidiba, kas ir saistita ar cietes hidrofilitati, ka arT sp&ja retrogradgéties, kas laika gaita izpauzas ka mehanisko Ipasibu
izmainas. Tadel joprojam ir javeic pétijumi cietes bazes plévju Ipasibu uzlabosanai. Lai uzlabotu to Ipasibas, cietes plévém pievieno
vél arf citas sastavdalas - virsmas aktivas vielas un taukskabes, kas saskana ar visparatzito €édamo plévju klasifikaciju tiek ieklautas
lipidu grupa. Viena no pétijumiem, lai uzlabotu cietes plévju hidrofobas un pretmikrobialas ipasibas, tika pagatavota nanoemulsija,
kuras sastava bija oleinskabes, amiloze, acetiléta ciete [78]. IepriekSminétas vielas satur€ja tris dabiskas pretmikroorganismu
sastavdalas: aktonskabi (AA), nizinu (NIZ) un laurilarginatu (LA) (15. attéls). Var secinat, ka €damo plévju ipasibas var butiski
ietekm@t pievienotas vielas un to koncentracijas.

Partika tiek plasi izmantotas pléves no hitozana, pateicoties ta zemajai mitruma caurlaidibai un paaugstinatajam
antioksidativajam un antibakterialajam pasibam. Lai samazinatu hitozana plévju pasizmaksas, to ir izdevigi raZot kopa ar citiem
biopolimériem. Saja gadijuma mainas $kidumu reologiskas ipasibas un no ta izveidoto plévju funkcionalds ipasibas. Viena no
pétijumiem [79] bija parbauditas édamas pléves, kuru pamata ir hitozana un cietes maisijumi, ka piedeva tidens ekstrakts no ugni
jeb Ciles gvajavas (Ugni molinae Turcz) lapam, kuras bagatas ar fenolskabém (gallskabi, miricetinu u.t.t.), ka plastifikators bija
pievienots glicerins. Hitozana sajaukSana ar lapu ekstraktu izraisija strukturalu veidojumu veidoSanos, izveidojas neviendabigs
slanis (16. attéls). Rezultata ekstrakta pievienoSana samazindja €édamo plévju izstiepSanu un izturibu un palielinaja biezumu.

Paslaik loti popularas kliist &damas pléves no auglu biezena. To pagatavosana ir diezgan viegla, jo pamatsastavdala ir

auglu biezenis ar pievienotu plastifikatoru, tos izzave [80]. Sada veida iepakojumi ir ne tikai veseligi, bet arT garsigi.
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15. attéls — L. monocytogenes inhibicijas zonu. 16. attéls —Edamas pleves, hitozana (CH) , hitozana

A - nanoemulsija ar pretmikrobialam piedevam;, +cietes(CH-CS), hitozana + lapu ekstrakts, (CH-PELM),
B - pretmikrobialas piedevas nav, hitozana +ciete+ lapu ekst hitozana + lapu ekstrakts, rakts,
C - pretmikrobialo piedevu maisijums AA,NIZ, LA, (CH-CS-PELM). Mérogs 5 mm, x 5000

D —kontrole.

Pedgjos gados pastiprinata uzmaniba ir pieversta mikrobialas izcelsmes EPS. Tas ir saistits ar So biopolimé&ru unikalajam
Tpasibam - pateicoties lielai molekulmasai tiem ir izteiktas biopolim&ru Ipasibas. EPS Skidumiem ir suspendgjosas, emulggjosas
Tpasibas, tie sp& mainit adens reologiskas ipasibas. Sada veida biopolimérus izmanto partikas, farmacijas, tekstilizstradajumu,
kTmijas, medicinas un lauksaimniecibas nozarés [81,82, 83]. Pasaules tirgii pieprasijums péc mikrobialas izcelsmes EPS nepartraukti
pieaug. To apstiprina ksantana bakterialo biopoliméru (eksopolisaharidu) razoSanas pieaugums, ka ar arvien jaunu mikrobialas

izcelsmes biopoliméru atklasana. Mikrobialais polisaharids (PS) jeb biopolimérs ir kurdlans (producé bakterija Alcaligenes
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faecalis)[84], emulsans (producé Acinetobacter calcoaceticus) [85], dekstrans (produce Leuconostoc dextranicum), levans (produce
L.mesenteroides, Zymomonas mobilis), bioceluloze (producé Komagataeibacter (agrak Gluconacetobacter) spp), zanflo (producé
Erwinia tahitrisica), ksantans (producé Xanthomonas campestris, polimiksans (producé Bacillus polymyxa) [86].

Daudzi mikroorganismi spgj sintezét EPS, tomér, biopoliméru iznakums ir loti atkarigs no baktériju celma un kultivésanas
apstakliem (pH, aeracija, vielu koncentracija, temperatiira, spiediens utt.) [87].

Bakterialas izcelsmes eksopolisaharidi aktivizé kermena aizsardzibu, palielinot izturibu pret virusiem un infekcijam
[88,89]. Efektivs veids ka var uzglabat eksopolisaharidus ir liofilizacija. Tad netiek zaudétas biopoliméra ipasibas un biologiska
aktivitate. Liofilizéti EPS viegli $kist iident, un tos var viegli izgulsnét spirta [90]. Bet, pieméram, 7avé$ana augsta temperatiira
noved pie ta, ka poliméri klist higroskopiski, zaud&jot daudzas 1paSibas - fermenti slikti tos noarda, neskist Gident un zaudé
biologisko aktivitati.

Viena no pétijumiem levana sint€zei izmantoja bakteriju Bacillus subtilis natto CCT 7712, kuru talak izmantoja édamas
pléves razosanai, vel otra pamatsastavdala bija maniokas ciete. Tika izv€letas Cetras receptiiras ar cietes: levana proporcijam attiecigi
100: 0, 90:10, 80:20 un 70:30. Ka plastifikatoru izmantoja glicerinu (20 g / 100 g cietvielu). Cieti ar glicerinu samaisija ar destiléto
tdeni un izturgja 95°C, 10 mindtes, viegli to maisot. Iegiito Skidumu atdzesgja lidz 60°C un talak sajauca to ar levanu (noteikta
koncentracija saskana ar izvéléto receptiru). Skidumu 1&ja silikona formas (0,47 g formésanas §kidums uz cm?). Zavgja (35°C)
zavesanas skapi ar piespiedu ventilaciju, aptuveni 20 stundas. legiitajam édamajam plévem (Cetri veidi) bija labs izskats, bez gaisa
burbuliem un plaisam. Iegtito plévju mikroskopija paradija kompaktu un viendabigu struktiiru, kas norada uz labo saderibu starp
polimériem (17. attéls). Levana pievienosana radija plévi ar lielaku $kidibu, stiepes izturibu un pagaringjumu, bet zemaku aidens
tvaiku caurlaidibu. Secinats, ka, izmantojot levanu ka komponentu €damo plévju razosana, uzlabojas to barjeru un mehaniskas

ipasibas. Turklat izmantot levanu maisTjumos ar zemas izmaksas un augstas pieejamibas materialu tadu, ka ciete, ir rentabli [91].

*"5.0 _59"“ "0\’“‘
* 3
RMS=5.0 nm RMS= 5.57 nm RMS= 7.84 nm RMS= 5.74 nm
17. attéls. Edamas pléves ar maniokas cieti un levanu, ciete:levans 100: 0 (A), ciete:levans 90:10(B), ciete:levans 80:20 (C),
ciete:levans 70:30 (D).

Vel viena pétijuma pétitas €damas pléves uz dekstrana un sorbitola bazes. Dekstrans iegiits, izmantojot baktériju celmu
Leuconostoc mesenteroides T3. Plévju forméSanas $kidumu gatavoja ar 1,5 — 4,5 % dekstranu (tabula 2.). To $kidinaja silta (50°C)
destiléta ideni vienu stundu. P&c tam pievienoja sorbitolu dazadas koncentracijas (tabula 1.) un turpinaja maisit vél vienu stundu
istabas temperatiira. leglito formesanas $kidumu salgja silikona formas un zaveja 25°C, 48 stundas. legiito plévi nonéma no silikona
formas, glabaja 25°C temperatiira un 50 % relativaja gaisa mitruma. Iegtto plévju biezums bija 70 pum.

Iegtitajam @damajam plévém tika p&titas mehaniskas un fidens tvaika barjeras Ipasibas. Secinats, ka dekstrana un sorbitola
koncentracijai bija ievérojama ietekme uz pléves tidens tvaiku caurlaidibu. Dekstrans 3,40% koncentracija un sorbitols 20,43%
koncentracija édamajai plévei radija zemako tidens tvaiku caurlaidibu bet visaugstako stiepes izturibu un elastibu [92].

P&dejos gados édamas pléves saktas plasi izmantot ne tikai partikas razosana, bet arT farmacija terapeitiskas iedarbibas
vielu iepakoSana, pieméram probiotikam. Apstradajot zales ar €damajam plévém, razotajs atrisina vienu no butiskakajam

problémam - pasarga to aktivas sastavdalas no kunga agresivas vides.
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2.tabula

Plévju formésanas skiduma komponentu koncentracijas

Sastavdalu koncentracijas

Paraugs A: dekstrans, % B: sorbitols, %
1 3.00 10.0
2 3.00 25.0
3 1.50 25.0
4 3.00 25.0
5 3.75 325
6 4.50 25.0
7 3.75 175
8 3.00 25.0
9 2.25 175
10 3.00 40.0
11 2.25 325
12 3.00 25.0
13 3.00 25.0

Ir divi veidi, ka apvienot arstniecisko vielu ar €damo plévi - aktivo vielu ieklausana &damo plévju sastava vai ari kapsulu
veidoSana no &damajam plévém, kuras péc tam piepilda ar zalem [93]. Viena no p&tjjumiem aprakstita probiotiku ievadiSana
edamaja pleve, ko izmanto terapeitiskos noliikos. Ar to apstradaja maizi. Pléves sastava ietilpa natrija alginats un piena siikalu
olbaltumvielas ar Lactobacillus rhamnosus GG. Uz maizes tika izsmidzinats parklajums, 10 min. zavéts 60°Ctemperatiira. Tika
konstatéts, ka maizes matrica péc ieklusanas kunga-zarnu trakta neaktivizé probiotikas darbibu. Probiotika klatbiitne neietekméja
maizes novecosanas procesu, fizikali kimiskas, termiskas un strukturalas Ipasibas. Parklajot atseviskas maizes $kéli, kas sver 30—
40 g un apedot vienu §adu $kéli, var nodrosinat organismu ar 7,57-8,98 KVV probiotiskam bakterijam, kas pilniba atbilst Pasaules
Veselibas organizacijas (PVO) ieteikumiem [94].

Zinatnieki ierosina izmantot €damas pléves/parklajumus ka efektivu Iidzekli dzivo probiotisko baktériju $tnu
iekapsul€Sanai un saglabasanai. Pieméram, viena no pétjjumiem [95] plévei pievienoja polisaharidu kefiranu, kurs izdalits no kefira.
Tas spgj veidot elastigas, caurspidigas pléves. Plévém pievienoja Lactiplantibacillus plantarum un raugu Kluyveromyces marxianus.
Rezultata bakteriju un rauga dzivotspgja butiski paaugstinajas.

Edamaas pléves var izmantot ka apvalku zalém, lai efektivi tas nogadatu resnaja zarna, ieprieks nesaskelot kungi [96, 97].
Tadg] tika pétitas pleves, kuru pamatsastavs bija hitozans un ciete. Hitozana pievienoSana cietes plévém ievérojami uzlaboja to
mehaniskas un morfologiskas ipasibas, ka ari termisko stabilitati. Parbaudot ar antibiotiku antofloksacinu, konstatéts, ka
palielinoties hitozana saturam, samazinas zalu difuzijas koeficients un pléves skidiba tident [98].

Tika parbauditas €damas pléves no cietes ar ksantana sveku un natrija tripolifosfata piedevam, lai kontrol&tu tadu zalu, ka
ibuproféna, kofeina, inulina uzsiikSanas sp&ju organisma. Konstatéts, ka $ai plévei ir zema zalu caurlaidiba [99]. Savukart @damajam
plévém no cietes un pektina ir fikséta laba noturiba pret aizkunga dziedzera enzimiem. Tas padara tas piemérotas cieto zalu formu
parklasanai [100].

Paslaik polim@ru un partikas kimijas, ka ari kimiskas tehnologijas joma ir svarigi apvienot gan zinatnisko p&tniecibu, gan
razotdja izm&ginajumus. P&tjjumi Eédama iepakojuma joma ir japaplasina un jadazado. Veicot plasakus pétijumus, $aja virziena var
sasniegt ieveérojamus rezultatus un panakumus. Joprojam ir loti maz informacijas par kimisko, mikrobiologisko, fiziologisko @édamo
iepakojumu komponentu ietekmi uz partikas produktiem, galvenokart uz to uzturveértibu un drosibu cilvékiem. NepiecieSams veikt
sistematiskus pétijumus par vairaku poliméru, pieméram, polisaharidu un olbaltumvielu, kombinaciju §kiduma un cietas fazgs, lai

pétitu to saderibu, fazes stavokli un mijiedarbibas specifiku. Literattira ir pieejami dati par form&Sanas $kidumu ipasibu izpéti,
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pieméram, viskozitates atkariba no formé&Sanas Skidumu sastava, deformacijas, temperatiiras, ka ari reologisko parametru
aprékinasana, bet tie ir nepietickami, fragmentari p&tijumi. P&tjjumiem, kas raksturotu €damas pléves, jabit vérstiem uz mehanisko,
termisko, optisko Tpasibu, mitruma caurlaidibas, e]las izturibas, antibakterialas iedarbibas pret dazadiem mikroorganismiem u.t.t.
izpéti.

Edamais iepakojums pilniba atbilst miisdienas popularajai "zalajai" tendencei, tie ir produkti un tehnologijas, kas ir
nekaitigas cilvékiem un videi. Paslaik var drosi apgalvot, ka @damo plévju un parklajumu razosanas uznémumi palidzes samazinat

atkritumu daudzumu un nodroginat ilglaicigo partikas produktu kvalitates saglabasanos, ka arT nodro§inas &rtibas paterétajiem.
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KOPSAVILKUMS

Pozitivie aspekti:

1.

Gan dabiskas izcelsmes no augiem un dzivniekiem iegiitie biopoliméri (hitozans, biSu vasks, karnaubvasks, Sellaka sveki,
kandelila vasks), gan mikroorganismu sintez&tie biopoliméri (kurdlans, pullulans, skleroglikans, elsinans, levans,
alternans, dekstrans, gellans, BC) nav toksiski, tos paSus vai tos sintez&joSas bakterijas ir atlauts izmantot partikas
ripnieciba;

Konkrétie biopolim@ru izmantoSanas virzieni atkarigi no to fizikali-kimiskajam ipaSibam, kas ir diezgan dazadas.
IzmantoS§ana noteikti neaprobeZojas tikai ar partikas razoSanu, bet tie biezi izmantojami loti daudzveidigi un netradicionali
- arT farmacija, medicina, kosmetologija, trauku razoSana, keramikas glaziiras un vél daudzas citas nozares;
Mikrobiologiskas izcelsmes biopolim@ri parasti ir ar lielaku molmasu un tadel ir ar vairak izteiktam poliméru ipasibam -
parklajuma/plévju veidosanas sp&jam, pleéves izturibas, elastibas, spidiguma, barjeripasibam. Konkrétas ipasibas tomer ir
loti atkarigas no izv€l&to producentu celmiem, no biosintézes substratiem un sintez&sanas, izdaliSanas vides apstakliem;
Biopolimérus var lietot uztura ar vegetariesi un diabéta slimnieki;

Daudziem mikrobiologiskas izcelsmes biopolimériem ir atrastas antimikrobialas, antiviralas Ipasibas. Dala var but ka
antikoagulanti, ar pretvéza iedarbibu, ar holesterinu pazeminosam Ipasibam u.t.t. Daudz kas ir vél petjjumu stadija. Tas
viss loti paplaSina biopolim@ru potencialas izmanto$anas iespgjas un jomas;

Biopoliméru parklajumi ir bez garSas un smarzas, parasti tie neietekmé, nemaina apstradato produktu dabiskas sensoras
pasibas;

Dala biopoliméru var bt ka partikas konservanti;

Tie visi ir dabai draudzigie “zalie” iepakojumi. Dabisko mikrobiologisko procesu ietekmé viegli noardas, nerada bistamus

sadaliSanas produktus, lidz ar to apkart€jo vidi nepiesarno.

Problémas, kas vel butu japéta:

1.

5.

Razo$anas tehnologijas. Lai mikrobiologiskas izcelsmes biopolimérus vargtu izmantot plasak, tos nepiecieSams iegut
Ietak un pietiekami lielos apjomos. Tas nozimé pielagot l&tus ferment€Sanas substratus, atrast jaunus un netradicionalus
substratus - v€lams, partikas razosanas blakusproduktus, partikas razo$anas atkritumus, reiz€ samazinot arT neparstradatu
atkritumu daudzumu, kas nonak apkartgja vidg;
NepiecieSams izdalit iesp&jami produktivakas mikroorganismu sugas un celmus dazadu mikrobiologiskas izcelsmes
biopolimeru sintezei;
Iespgjams atrast vel art citus perspektivus biopolimerus, kuri vargtu biit labi piem&roti izmantoSanai svaigu auglu, ogu
parklajumiem;
Konkrétas auglu un ogu apstrades tehnologijas ar biopolimériem ir japielago individuali katram apstradajama produkta
veidam:

1. dazus var apsmidzinat, daZus iemérkt, dazus var abos veidos;

2. daziem jau pirms parklajumu uzklasanas nepiecie$ami pasakumi mikrobiologisko bojajumu samazinasanai.

3. Sadas nianses ir |oti bitiskas, bet vél joprojam nav pietiekami izpétitas;

4. Ir iesp&ams uzklat arT parak biezu parklajumu. Tas auglos, ogas var izraisit anaerobos procesus, lidz ar to

nelabveligi ietekméjot produkta garSu, aromatu, sabojajot to neatgriezeniski;

Ipasibu mérktieciga izmainiSana un vadisana, lietojot biopolimérus kompleksa ar citam vielam - loti perspektiva joma,

bet daudz kas tehnologiski ir vél japéta.
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2. SADALA: BIOPOLIMERU IEGUSANAS METODOLOGIJA

BAKTERIALAS CELULOZES IEGUSANA — PROTOKOLS

Barotnes

Barotnu sagatavos$ana BC iegiiSanai

Barotnu un kultivacijas trauku sterilizacija.

1.
2.

Autoklava ielej destiletu tideni (1,5 L);

Taja ievieto stativu, uz kura atradisies steriliz€jamie objekti. Ievietojot borosilikata stikla pudeles ar barotném, pudeles
korki aizgriez 1idz galam un tad par 90 gradiem atgriez vala. Steriliz€jamas kolbas aiztaisa ar vates-marles korki un pa
virsu korkim uzliek papiru, to piesien pie kolbas;

Autoklavam uzliek vaku un kartigi to nostiprina;

Ieslédz autoklavu. Autoklavésana notiek 121°C, 1,5 atm, 30 min. (Harrigan et al. 1998);

P&c sterilizacijas un autoklava atdzes€Sanas, iznem sterilus traukus no autoklava. Borosilikata stikla pudelém korkus

aizgriez lidz galam. Traukus uzglaba tam paredz&taja laboratorijas tiraja zona. Talakas manipulacijas ar traukiem un

barotném veic sterilos apstaklos, stradajot laminaras plismas boksa.

Standarta HS barotnes sagatavo$ana

Hestrin-Schramm (HS) barotne tick izmantota eksperimentalos noltikos ka standarta barotne etikskabes baktériju augsanai

un BC sintézes novértésanai.

Barotnes sastavs: glikoze, 20 g/L, (Sigma-Aldrich, ASV), rauga ekstrakts, 5 g/L (Biolife, Italija), liellopu galas

bakteriologiskais peptons, 5 g/L, citronskabe, 1,15 g/L, MgSOs, 0,2 g/L, Na2HPO4, 2,7 g/L.
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11.

12.

Barotnes sagatavoSana:

lesleédz elektroniskus svarus;

Uz svariem nosver augSminétas HS barotnes komponentes (iznemot glikozi);

Nosvértas komponentes ievieto varglaze;

Glikozi ievieto atseviska varglaze. Tas tiek darits, jo autoklavéSanas laika glikoze var noreagét ar citam barotn& eso$am
kimiskam vielam;

Barotnes komponentes iz8kidina destiléta @ident, ideni piepildot Iidz 1 L atzimei mércilindra. Skidums tiek sadalits pa
pusém un parnests atbilstosas varglazes;

Barotnes komponentes izskidina lidz galam, novietojot varglazi uz magnétisko maisitaju;

1z8kidusas komponentes no varglazém parnes borosilikata stikla pudelés (katra varglaze atbilstosa pudel€) (1. att€ls);
Pudeles autoklave 121°C 30 min;

P&c sterilizacijas lauj barotn€s atdzesgties;

Sterilajos apstaklos samaisi glikozi ar pargjiem komponentém (2. attéls). Barotnu pH tiek parbaudits ar pH metru;
Sterilajos apstaklos pH tiek piereguléts, ar pipeti barotném pievienojot 0,1 M HCI skidumu atbilstosi optimalajam
mikroorganismu kultivacijas starta pH 6,0 + 0,1;

Uzglaba barotni ledusskapi.

Siikalu izmanto$ana

Siikalu sagatavoSanas standarta procediira

Eksperimentos tiek parbauditas stkalas ka alternativs un 1&ts substrats etikskabes bakteriju augSanai un to

eksopolisaharidu sintézei. Siera siikalas tika sanemtas no A/S Rankas Piens (3. attéls). Sukalu sastavs ir apkopots 1. tabula.

Neapstradato siikalu sastava analizes tika veiktas SIA J. S. HAMILTON laboratorija. Laktoze, glikozes un galaktozes koncentracija

tika noteikta, izmantojot laktozes un tas monoméru — glikozes un galaktozes enzimatiskas kontroles reagentu komplektus

(Megazyme, Trija).
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1. tabula

Siera stikalu sastavs.

Sastavs Mervieniba Koncentracija

Laktoze g/L 47 - 49
Glikoze g/L 08-11
Galaktoze g/L 0,3-04
Proteini g/L 8

Tauki 9/100 g 0,8

Mg mg/100 g 7,83

K mg/100 g 164

Na mg/100 g 48,1

Ca mg/100 g 38,7

1. att€ls. Sukalas spaini, 15 L. Sanemtas no A/S Rankas Piens.

Barotnes sagatavoS$ana:
Stikalas iznem no saldétavas un lauj izkust;
Stikalas parnes 1 L varglazg;

Karsg 10 miniites +90°C nedaudz maisot, lai panaktu proteina dal&ju izgulsn&sanos;

P w D PE

Péc kasgSanas siikalas centrifugé 8 000 rpm 10 min (FC5816, OHAUS, Vacija), lai atdalitu izgulsn&juSos proteinus
(2. attels). Tas nodrosina proteinu kopkoncentracijas samazinasanu no ~8 g/L lidz ~3 g/L (noteikts eksperimentali), kas
bitiski ietekm@ bakteriju augsanu (augsta proteTnu koncentracija inhib& aug$anu un poliméru sintézi);
5. P&c centrifuggsanas, siikalu supernatantu parlej borosilikata stikla pudel@s un steriliz€ autoklava +121°C 30 min;

P&c sterilizacijas procediiras lauj Skidumam atdzesgties;
7. legitai siikalu barotnei ieverojot sterilitates prasibas regulé pH I1dz 6,0 = 0,1 ar 0,1 M HCI skidumu, lai panaktu optimalo

bakterijas augSanas pH.

51



2. att€ls. Sukalu barotnes centrifugéSana 8 000 rpm 10 min.

3. attéls. Izgulsnéts stikalu proteins péc centrifugésanas.

4. attels. Stikalu barotne péc standarta pirmsapstrades un sterilizacijas (pa kreisi), neapstradatas stikalas péc sterilizacijas (pa labi).

Stikalu enzimatiska hidrolize
Laktoze ir galvenais limitgjosais faktors stikalu barotng, tapéc, lai veicinatu BC sintgzi un mazinatu piesarnojuso vielu
daudzumu sukalas, ir ieteikts veikt sikalu enzimatisko hidrolizi. Hidrolizes laika laktoze tiks $kelta uz glikozi un galaktozi:
1. Pé&c stkalu standarta pirmsapstrades tiek pazeminats stikalu pH lidz pH 5, kas atbilst optimalam limenim enzima aktivitatei
(Das et al. 2015)
2. 250 mL siikalu pievieno 0,83 mL B-galaktozidazes enzima (35 U/mL; Megazyme, Irija), lai panaktu pietickamu enzima
aktivitati (Das et al. 2015).
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3. Inkubg kratitaja 240 min, +35°C temperatiira, pie 120 apgriezieniem miniiteé. Uzkarse lidz +80°C, lai tiktu inaktivéts -

galaktozidazes enzims. Pirms barotnes sterilizésanas pH regulé uz pH 7.

Sukalas ar kukuruzas ekstraktu
Eksperimentu ietvaros tika noteikts, ka KE var kalpot ka laba piedeva siikalu barotnei. KE veicina BC sintézi un ari

stikalas esoSu vielu patérinu. P&c standartas stikalu pirmsapstrades procediiras siikalam pievieno KE 15 g/L un veic sterilizaciju. KE
sastavs apkopots 2. tabula.

2. tabula
KE sastavs
Sastavs Mervieniba Koncentracija
Glikoze g/L 55,2
Saharoze g/L 4,3
Fruktoze g/L 3,3
Proteini % 37

Abolu sulas izmanto$ana BC ieguiSanai
Aboli (Malus domestica) tika iegiiti no vietgjam saimniecibam (Latvija, Bauskas nov.). Abolu sula tika mehaniski
izspiesta ar mehaniskas sulas spiedes palidzibu un tika talak pasterizéta. Izspiesta abolu sula tika sadalita 0,5 L porcijas un sasaldéta
—20°C. Izmantotas abolu sulas cukuru sastavs: 20,10 + 2,14 g/L glikozes, 72,88 + 2,28 g/L fruktozes un 65,73 + 3,73 g/L saharozes.
Pati pa sevi abolu sula nesp€j nodrosinat augstu BC sintézi, bet var kalpot ka labs C avots. Eksperimentu laika bija noteikts,
ka galas ekstrakts ir labaka no izmantotajam N piedevam. Abolu sulas barotnes sagatavosanai izmanto sulu, kas atSkaidita ar fideni

1:2 (sula : tidens) un pievieno 15 g/L galas ekstrakta. Pirms sterilizacijas ir nepiecieSams padarit barotnes pH neitralu ar IM NaOH
Skidumu.

53



BC produkcijai izmantotie mikroorganismu celmi
Eksperimentu ietvaros tika noteikti optimalie celmi BC produkcijai alternativajas barotnés:
e Komagataeibacter rhaeticus P 1463 — stikalu barotne, enzimatiski hidrolizéta stikalu barotne un stikalu barotne ar 15 g/L
KE.
e Novacetimonas hansenii MSCL 1646 (bijusais Komagataeibacter hansenii B22) — abolu sulas barotne (1:2) ar 15 g/L
galas ekstraktu.

Sejmateriala sagatavoSana
1. Laminaraja plismas boksa (BAVnp-01-“Laminar S”-1,2, Lorica, Krievija) ievérojot sterilitati, 50 mL barotnes parnes ar
serologisko pipeti 100 mL koniskaja kolba;
2. Barotnei pievieno 5 mL atbilstosas kultiiras s€jmateriala (10%), kas ieprieks uzglabata —18°C ar 10% glicerina piedevu
(13. attéls);
3. S&jmaterialu turpmakiem eksperimentiem audzgé izmatojot orbitalo kratitaju-inkubatoru (ES-20, Biosan, Latvija) ar

rotacijas intensitati 150 rpm, 24 h, +30°C temperatiira (5. attels).

5. attéls. Inokulata sagatavoSana kratitaja-inkubatora.

pH kontrole
pH vértiba var bitiski ietekmét poliméra producentu augsanu un produkta daudzumu. P&c steriliz€Sanas barotnu pH tiek
piereguléts ar 0,1 M HCI $kidumu atbilstosi optimalajam pH = 6,0 + 0,1 (6. att&ls). Visa eksperimenta laika pH tiek kontroléts p&c

3 mL paraugu nonemsanas (pirmaja, piektaja un 10. diena).

6. attels. pH noteikSana melases parauga, izmantojot pH metru.

BC producentu kultivacija
1. Teverojot sterilitati (laminaras plusmas boksa), 50 mL barotnes tika parnestas ar serologisko pipeti 300 mL koniskajas

kolbas. Lai nodrosinatu pietickamu atkartojumu skaitu, katram p&tamam lielumam tika veikti vismaz sesi atkartojumi.
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2. Eksperimenta gaita, nemot véra eksperimenta izmantotu nelielu barotnes daudzumu (50 mL) un konisku kolbu izméru
(300 mL), tika ievérota optimala barotnes virsmas un tilpuma attieciba 50 mL / 75 cm? (Ruka et al. 2012);
3. Eksperimentos s€jmaterialu pievieno 5% koncentracija (2,5 mL);

4. BC producenti tick kultivéti statiski termostata (BD56, Binder, Sveice) +30°C temperatlira, 10 diennaktis, tas

eksponencialas augsanas fazes posma ietvaros (Harrigan 1998) (7., 8. attéli).

8. attéls. Statiska BC kultivacija termostata +30°C.

Paraugu nonemsana eksperimenta gaita
No kolbam nonem 1 — 3 mL paraugus (atkariba no analiz€m), lai noteiktu pH, ka arT cukuru un organisko skabju. Paraugus

analiz€ pirmaja (eksperimenta sakuma) un 10. kultivacijas diena (9. attéls).

9. attéls. Paraugu nemsana (1 — 3 mL) sterilajos apstaklos eksperimenta laika.

55



BC pécapstrade
BC atmazgaSana un sausa svara noteik§ana
Kultivacijas beigas BC pléves ar pinceti iznem no kolbam un parnes varglazes ar 300 mL +30°C destiléta H20 (10. attéls);
Varglazes ievieto kratitaja uz 15 min ar 150 rpm (12. attéls);

P&c skalosanas cikla beigam tideni nomaina un procesu atkarto vél divas reizes;

PO DdPE

P&c tresas skaloSanas reizes tidens varglaze tika nomainits uz ieprieks sagatavotiem 200 mL 0,1 M NaOH, un BC pléves

tiek kars€tas 20 min +90°C temperatiira, lai atbrivotos no biomasas un barotnes paliekam (13. attéls) (Semjonovs et al.

2017a);

5. 0,1 M NaOH nomaina uz destiléto H20, un atkarto skalo$anas procediiru vél divas reiz€s lidz pH paliek neitrals.
Izmantojot pinceti, BC paraugus iznem no varglazes un nosusina starp filtrpapira loksném 10 min laika (14. attgls);

6. Izmantojot svarus (Kern PLS, Kern, Vacija) nosver svarglazes;

7. Tajas ievieto BC paraugus;

8. levieto svarglazes zavskapi (2B-151,0ZMO, PSRS) +105°C temperatiira uz 24 h, lai pilniba atbrivotos no H20.
Svarglazes vacinus atstaj vala, lai netraucétu tidens iztvaikoSanai;

9. P&c kaltésanas, ar pinceti aiztaisi svarglazes vacinu un iznem tas no zavskapja (15. att€ls);

10. BC sauso svaru nosaka gravimetriski (bez vakiem) izmantojot to aprékinot péc formulas (Harrigan 1998):

BC sausais svars = S1 — So
kur, S1 — svarglazes svars kopa ar izkaltéto BC, g/L;
So — svarglazes svars bez BC, g/L;

BC sausais svars tiek kontroléts visos paraugos.

10. attéls. Mitra BC pléve péc kultivacijas.

11. attels. Mitras BC salidzinajums: augsa — biezaka BC pléve no HS barotnes; apaksa — planaka un caurspidigaka BC pléve no

siikalu barotnes.

56



15. attéls. Izkaltéti BC paraugi svarglazes.
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17. att€ls. Izkaltéta BC pléve.

BC biotehnologisko raditaju noteik§ana

Produktu iznakuma noteik$ana
Produktu iznakums (no substrata vienibas) tika noteikts péc formulas:

Vs = 22210 1000
TS =5 ’

kur, Ypss— iznakums no patéréta substrata;

Po — BC sausais svars eksperimenta sakuma, g/L (tika pienemts par 0);
P1— BC sausais svars eksperimenta beigas, g/L;

So — substrata koncentracija barotné eksperimenta sakuma, g/L;

S1 — substrata koncentracija barotné eksperimenta beigas, g/L.

BC produktivitates noteik§ana

BC produktivitate (dienas) tika noteikta p&c formulas:

X1 —Xo
Qx=—F—

kur, Qx — BC produktivitate dienas;
Xo— BC sausais svars eksperimenta sakuma, g/L (tika pienemts par 0);
X1 — BC sausais svars eksperimenta beigas g/L;

t — kultivacijas ilgums, dienas.
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Metabolitu kontrole

Paraugu un veicamie testi

HS barotnes paraugiem tika noteikta glikoze koncentracija, izmantojot glikozes enzimatiskas noteik$anas reagentu
komplektus (ENRK) — D-glucose assay procedure K-GLUC 08/18 (GOPOD-format, Megazyme, Irija);

Sakalu barotnes paraugiem tika noteiktas laktoze, glikoze un galaktozes koncentracijas. Laktozes un galaktozes
koncentacijas tika noteiktas, izmantojot ENRK péc—Lactose & D-galactose (Rapid) assay procedure K-LACGAR 03/20
(Megazyme, Irija);

Abolu sulas barotnés tika noteiktas glikozes, fruktozes, saharozes. Saharozes koncentracija tika noteikta, izmantojot
ENRK péc — Sucrose, D-fructose and D-glucose assay procedure K-SUFRG 04/18 (Megazyme, Irija);

Etikskabes noteikSana visiem paraugiem, izmantojot ENRK péc — Acetic acid assay procedure K-ACET 04/18
(Megazyme, Trija);

Glikonskabes noteik$ana visiem paraugiem, izmantojot ENRK péc — D-gluconic acid / D-glucono-é-lactone assay
procedure K-GATE 04/20 (Megazyme,Irija).

6.05.2021

18. attels. ENRK laktozes/galaktoze un saharozes/fruktozes/glikozes noteikSanai.
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Glikozes noteik§ana

Glikozes noteikSanai tick izmantots D-glucose assay procedure K_GLUC 08/18 (Megazyme, Irija) enzimatiskas

noteikSanas reagentu komplekts (ENRK).
Darba gaita:

Visas kivetgs iepilda 3 mL GOPOD reagenta;

© N o gk~ wDhde

Blank kivetei pievieno destilétu tideni 0,1 mL;

Nolasa absorbcijas radijumus un veic aprékinus;

AAsample

Absorbcijas lastjumi tiek veikti pie 510 nm vilnu garuma;

Parauga kivetgs pievieno pasu paraugu 0,1 mL atbilstosa atSkaidijuma;

©w

D — glucose (pg/0,1 mL) =

Reakcijas apkopojums.

AAD—Glucase standard (100p1g)

x 100

Tiek sagatavotas kivetes eksperimentam. Tiek atzim&tas blank un standard kivetes;

Kivete, kas atziméta ka standart pievienot 0,1 mL standarta $kidumu (D-Glucose standard);

Visas kivetes samaisa un liek inkubgties 40 — 50°C grados uz 20 mindtém (19. attels);

3. tabula

Reagenti kivete Blank Standarts Paraugs

GOPOD reagents 3,0mL 3,0mL 3,0mL
D-Glucose standarts - 0,1 mL -

Paraugs (ar atbilstosu atSkaidijumu) - - 0,1 mL
Buferis 0,1 mL - -

20 min inkubacija 40 — 50°C, izmerit A1 absorbciju

19. attels. Krasas izmainas reakcijas laika p&c inkubacijas 20 min.
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Laktozes un galaktozes noteikSana

Laktozes un galaktozes noteik$anai tiek izmantots Lactose & D-galactose (Rapid) assay procedure K-LACGAR 02/21

(Megazyme, Trija) enzimatiskas noteik§anas reagentu komplekts (ENRK).

Princips: Reakcijas pamata ir parauga esoSas laktozes hidrolize ar B-galaktozidazes enzimu (no Aspergillus niger).

Reakcijas rezultata tiek veidota galaktoze, kas reaggjot ar B-galaktozes dehidrogenazi veido NADH. NADH, kas ir paraléli

proporcionals laktozes koncentracijai tiek detektéts, izmantojot sepktrofotometru (340 nm). Izmantojot iegiitus datus un atbisltoSas

formulas, tiek noteikta laktozes un galaktozes koncentracija. Reakcijai nepiecieSami reagentu tilpumi ir apkopoti 4. tabula.

4. tabula

Reakcijas apkopojums

Reagenti kieveté Laktoze Galaktoze

Blank Paraugs Blank Paraugs
Paraugs (ar atbilstosu atskaidijumu) - 0,20 mL - 0,20 mL
Solution 4 (B-Galactosidase) 0,20 mL 0,20 mL - -

10 min inkubacija 25°C

Destiletais H20 2,20 mL 2,00 mL 2,40 mL 2,20 mL
Solution 2 (bufferis) 0,20 mL 0,20 mL 0,20 mL 0,20 mL
Solution 3 (NAD+) 0,10 mL 0,10 mL 0,10 mL 0,10 mL

3 min inkubacija 25°C. Izmérit A1 absorbciju

Suspension 5 (B-GalDH/GalM) 0,02 mL 0,02 mL 0,02 mL 0,02 mL

6 min inkubacija istabas 25°C. Izmé&rit Az absorbciju

o o &~ w D P

10.
11.

12.

Darba gaita:

Absorbcijas lasTjumi tiek veikti pie 340nm vilnu garuma;

Tiek sagatavotas kivetes eksperimentam atseviski laktozei un galaktozei. Tiek atzimétas blank un paraugu kivetes;
Gan laktozes, gan galaktozes paraugu kivet€s pievieno pasu paraugu 0,2 mL atbilstosa atSkaidijuma;

Laktozes visas kivetgs pievieno 0,2 mL solution 4 (B-Galactosidase);

Samaisa un liek inkubéties uz 10 minttém 25°C grados;

Talak pievieno destilétu tdeni: laktozes kivetém — blank 2,20 mL un parauga 2 mL, galaktozes kivetem — blank 2,40 mL
un parauga 2,20 mL;

Visam kivetém pievieno 0,20 mL solution 2 (buffer) un 0,10 mL solution 3 (NAD*);

Samaisa un aptuveni péc 3 miniitém nolasa pirmos absorbcijas raditajus (A1)

Sak reakciju pievienojot visam kivetem suspension 5 (B-GalDH/GalM);

Samaisa un aptuveni p&c 5 miniit€m nolasa p&dgjos absorbcijas radijumus (Az);

Tegiitos rezultatus ievieto Megazyme excel kalkulaciju tabula un iegiist paraugos eso$o cukuru koncentraciju g/L;

VMW
c= * AA [g]
exdxv

V = gala tilpums (mL);

MW = vielas molekulmasa (g/mol);

¢ = ekstinkcijas koeficients NADH 340 nm = 6300 (I x mol* x cm™);
d = gaismas cel$ (kivetes platums) (cm);

v = parauga tilpums (mL).
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Saharozes noteikSana
Saharozes/glikozes/fruktozes noteik$anai tiek izmantots Sucrose, D-fructose and D-glucose assay procedure K-SUFRG
04/18 (Megazyme, Irija) enzimatiskas noteikSanas reagentu komplekts (ENRK). Nepieciesami ragentu tilpumi ir apkopoti 5. tabula.
Princips: D-glikozes koncentraciju nosaka pirms un p&c saharozes hidrolizes ar B-fruktozidazi (invertazi). D-fruktoze saturu
nosaka lidzigi ka nosaka D-glikozes saturu tikai péc izomerizacijas ar fosfoglikozes izomerazi (FGI). Pie pH 7,6 heksokinaze (HK)
katalizé D-glikoze ar adenozina-5’-trifosfatu (ATP) lidz glikozes-6-fosfatam (G-6-P) ar vienlaicigu adenozina-5’-difosfata
veidoSanos (ADP). Heksokinaze ar1 kataliz€ D-fruktozes fosforiléSanos 11dz fruktozes-6-fosfats (F-6-P) ar adenozina-5’-trifosfatu

(ATP). Pie pH 4,6 saharozi hidrolizé ar B-fruktozidazi lidz D-glikozei un D-fruktoze.

5. tabula

Reakcijas apkopojums

Reagenti kivete Saharoze D-glikoze/D-fruktoze

Blank Paraugs Blank Paraugs
Solution 6 (B-fructosidase) 0,20 mL 0,20 mL - -
Paraugs (ar atbilstosu atSkaidijumu - 0,10 mL - 0,10 mL
5 min inkubacija 25 — 30°C

Destiléts tidens 2,00 mL 1,90 mL 2,20 mL 2,10 mL
Solution 1 (buferis) 0,10 mL 0,10 mL 0,10 mL 0,10 mL
Solution 2 (NADP*/ATP) 0,10 mL 0,10 mL 0,10 mL 0,10 mL

3 min inkubacija, izmérit A1 absorbciju
Suspension 3 (HK/G6P-DH) ‘ 0,02 mL 0,02 mL ‘ 0,02 mL 0,02 mL

5 min inkubacija, izmerit Az absorbciju
Suspension 4 (PGI) ‘ - - ‘ 0,02 mL 0,02 mL

10 min inkubacija, izmerit Asabsorbciju

Darba gaita:

1. Absorbcijas lastjumi tiek veikti pie 340 nm vilnu garuma,;

2. Tiek sagatavotas kivetes eksperimentam atsevi§ki saharozei un glikozei/fruktozei. Tiek atzim&tas blank un standard
kivetes;

3. Saharozes visas kivetés iepilda 0,20 mL solution 6 (B - fructosidase) un paraugu kivetés pievieno ari pasu paraugu 0,10
mL, atbilstosa atSkaidijuma;

4. Glikozes / fruktozes paraugu kivetés pievieno tikai pasu paraugu 0,10 mL;

5. Samaisa un ievieto termostata inkubéties uz 5 min 25 — 30°C grados;

6. Saharozes blank kivetei pievieno 2 mL destiléta tdens, bet paraugu kivetei pievieno 1,90 mL destiléta tdens.
Glikozes/fruktozes blank kivetei pievieno 2,20 mL destiléta Tidens, bet paraugiem pievieno 2,10 mL destiléta dens;

7. Visas kivetgs pievieno solution 1 (buffer) 0,10 mL un solution 2 (NADP*/ATP) 0,10 mL;

8. Samaisa visas kivetes un aptuveni péc 3 min nolasa pirmos absorbcijas raditajus (A1);

9. Talak tiek sakta reakcija, visam kivetém pievienojot suspension 3 (HK/G6P-DH) 0,02 mL;

10. Samaisa visas kivetes un aptuveni p&c 5 min nolasa otros absorbcijas rezultatus (Az), ja reakcija vél nav beigusies, turpina
nolastt absorbcijas rezultatus ar 2 min intervalu;

11. Saharozes tests ir beidzies $aja posma;

12. Glikozes/fruktozes kivetém vél pievieno suspension 4 (PGI) 0,02 mL, samaisa un aptuveni péc 10 min nolasa tresos
absorbcijas rezultatus (As);

13. Tlegitos rezultatus ievieto Megazyme excel kalkulaciju tabula un iegtist paraugos eso$o cukuru koncentraciju g/L;
14. ¢ =2 p4 [“Ll]
L

exd*v
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V = gala tilpums (mL);

MW = vielas molekulmasa (g/mol);

¢ = ekstinkcijas koeficients NADPH at 340 nm = 6300 (1 x mol™? x cm™);
d = gaismas cel$ (kivetes platums) (cm);

v = parauga tilpums (mL).
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Etikskabes noteikSana

Etikskabes noteik3anai tiek izmantots Acetic acid assay procedure K-ACET 04/18 (Megazyme, Irija) ENRK. NepiecieSami

ragentu tilpumi ir apkopoti 7. tabula.

Princips: Acetil-koenzima A sintetaze (ACS) notiek adenozina-5-trifosfata (ATP) un koenzima A (CoA) klatbiitng

parversot etikskabi (acetatu) acetil-CoA, veidojoties adenozinam-5’- monofosfatam (AMP) un pirofosfatam. Citrata sintaze (CS),

acetil-CoA klatbuitng oksaloacetatu parvers citrata. Reakcija nepiecieSamais oksaloacetats tick veidots no L-malata un nikotinamida-

adenina dinukleotida (NAD+) klatbiitné L-malata dehidrogenaze (L-MDH). Saja reakcija NAD+ ir reducéts [idz NADH.

7. tabula

Reakcijas apkopojums

Reagenti kiveté Blank Paraugs
Destiléts tidens 2,10 mL 2,00 mL
Paraugs (ar atbilstosu atSkaidijumu) - 0,10 mL
Solution 1 (buferis) 0,50 mL 0,50 mL
Solution 2 (NAD*/ATP/PVP/CoA) 0,20 mL 0,20 mL
3 min inkubacija, izm&rit Ao absorbciju
Suspension 3 (L-MDH/CS) ‘ 0,02 mL ‘ 0,02 mL
4 min inkubacija, izmérit A1 absorbciju
Suspension 4 (ACS) ‘ 0,02 mL ‘ 0,02 mL

12 min inkubacija, izm&rit A2 absorbciju

Darba gaita:

a b~ w DN e

© © N o

11.
12.

Absorbcijas radijumus nolasa pie 340 nm vilpu garuma;

Tiek sagatavotas kivetes darbam. Uz kivetém veic blank un paraugu atzimes;

Visas kivet€s iepilda destilétu tdeni: blank kiveté 2,10 mL un paraugu kivetés 2 ml;

Paraugu kivetgs tiek pievienots pats paraugs 0,10 mL;

Tad tiek pievienots solution 1 (buffer) visas kivetés 0,50 mL, ka ar7 solution 2 (NAD*/ATP/PVP/CoA) visas kivetes
0,20 mL;

Samaisa un aptuveni p&c 3 mintit€m nolasa pirmos absorbcijas radijumus (Ao) visam kiveteém;

Tad sak reakciju, pievienojot suspension 3 (L-MDH/CS) visas kivetés 0,02 mL;

Samaisa un aptuveni p&c 4 min@ittm nolasa otro absorbcijas radijumu (A1) visam kivetem;

Talak sak nakamo reakciju, pievienojot suspension 4 (ACS) visas kivetes 0,02 mL.

Samaisa un aptuveni péc 12 miniit€ém nolasa p&dgjo — treso absorbcijas radijumu (Az) visam kiveteém;

Iegiitos rezultatus ievieto Megazyme excel kalkulaciju tabula un iegiist paraugos esosas etikskabes koncentraciju g/L;

VMW
c =

oy * Macetic acia [9/L]
V = gala tilpums (mL);

MW = etikskabes molekulmasa (g/mol);

¢ = ekstinkcijas koeficients NADH 340 nm = 6300 (I x mol-* x cm™);
d = gaismas cel$ (kivetes platums) (cm);

v = parauga tilpums (mL).
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Glikonskabes noteik§ana

Glikonskabes noteikSanai tiek izmantots D-gluconic acid / D-glucono- -lactone assay procedure K-ACET 04/18

(Megazyme, Trija) ENRK. NepiecieSami ragentu tilpumi ir apkopoti 8. tabula.

Princips: D-glikonskabi (D-glikonatu) ar adenozina-5’-trifosfatu (ATP) un fermentu fosforilé par D-glikonata 6-fosfata
glikonata kinazi (GCK), veidojot adenozina-5’- difosfats (ADP). Nikotinamida-adenina dinukleotida fosfata klatbaitngé (NADP+),
D-glikonats-6-fosfats ir oksidativi dekarboksiléts ar 6-fosfoglukonata dehidrogenazi (6-PGDH) lidz ribulozei-5- fosfatu, veidojot

samazinatu nikotinamida-adenina daudzumu dinukleotida fosfats (NADPH).

Reakcijas apkopojums

8. tabula

Reagenti kiveté Blank Paraugs
Destiléts tidens 2,10 mL 2,00 mL
Paraugs (ar atbilstosu atSkaidijumu) - 0,10 mL
Solution 1 (buferis) 0,20 mL 0,20 mL
Solution 2 (NADP*/ATP) 0,20 mL 0,20 mL
Suspension 3 (6-PGDH) 0,02 mL 0,02 mL

5 min inkubacija, izmérit A1 absorbciju
Suspension 4 (GCK) 0,02 mL 0,02 mL

6 min inkubacija, izmé&rit Az absorbciju

Darba gaita:

1. Absorbcijas lastjumi tiek veikti pie 340 nm vilnu garuma,;
Metabolita noteikSanai tiek sagatavotas kivetes. Uz kivetem veic blank un paraugu atzimes;

Visas kivet€s iepilda destilétu tdeni: blank 2,10 mL un paraugu kivetés 2 mL;

2
3
4. Paraugu kivet€s pievieno pasus paraugus 0,10 mL;
5

Pievieno solution 1 (buffer) visas kivetés 0,20 mL, ka art solution 2 (NADP*/ATP) tada pasa daudzuma visas kivetés

Samaisa un reakcijas beigas, aptuveni péc 6 min, nolasa p&€d&jo absorbcijas radijumu (A2);

Pé&c radijumu nolasi$anas tiek uzsakta reakcija, pievienojot suspension 4 (GCK) visam kivetém 0,02 mL;

10. Iegitos rezultatus ievieto Megazyme excel kalkulaciju tabula un iegtist paraugos esosas glikonskabes koncentraciju

0,20 mL;
6. Ka peédgjo pievieno suspension 3 (6-PGDH) visas kivetés 0,02 mL;
7. Samaisa un péc aptuveni 5 minGitém nolasa pirmos absorbcijas radijumus (A1);
8.
9.

a/L;

VMW

11. ¢= erdnn AAD—glucom’c acia [9/L]

V = gala tilpums (mL);
MW = D-glikonskabes molekulmasa (g/mol);

¢ = ekstinkcijas koeficients NADPH 340 nm = 6300 (1 x mol* x cm™1);

d = gaismas cel$ (kivetes platums) (cm);

v = parauga tilpums (mL).
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Proteinu koncentracijas noteiksSana siikalas

Proteinu koncentracija suikalas nosaka, izmantojot Bredforda reagenta krasu reakciju (Kruger 2009), krasu reakcijas
intensitati kontrol§jot ar spektrafotometru (UV5Bio, Mettler Toledo, éveice)‘

Bredforda metode ir atrs un precizs proteinu noteikSanas tests, kas tiek plasi pielietots laboratorijas. Bredforda tests balstas
uz krasvielas Coomassie Blue G250 saistiSanos ar parauga eso$am olbaltumvielam. Detaliz&ti pétijumi liecina, ka briva krasviela
var pastavét etros dazados veidos jonu formas, kuram pKa vértibas ir 1,15, 1,82 un 12,4 (2). No trim uzladétas krasas formas, kas
doming skaba testa reagenta $kiduma, katjoniskakajam sarkanajam un zalajam formam ir absorbcijas maksimums pie 470 un 650
nm attiecigi. Turpreti krasvielas anjoniskaka zila forma, kas saistas ar olbaltumvielam, absorbcijas maksimums pie 590 nm. Tadgjadi
daudzums olbaltumvielu var noteikt, nosakot krasvielu daudzumu zilaja jona forma. To parasti panak, mérot $kiduma absorbciju
pie 595 nm.

Ir zinams, ka krasa visspécigak saistas ar arginina un lizina atlikumiem olbaltumvielas un mazaka meéra ari histidinu un
aromatiskas atliekas (triptofans, tirozins un fenilalanins). ST specifika var izraisit atskiribas testa reakcija uz dazadiem proteiniem,

kas ir galvenais triikums $ai metodei.

Materiali

1. Testa reagenta pagatavosana: 100 mg Coomassie Blue G250 reagenta iz§kidina 50 ml 95% etanola kolba.

2. Pé&c tam skidumu sajauc ar 100 ml 85% fosforskabes un uzpilda lidz 1 L ar destilétu tideni.

3. Reagents filtré caur filtru Whatman Nol un péc tam uzglaba kolba tumsa istabas temperattra. Tas ir stabils 4 — 6 nedélas
(20. attéls). Tomer $aja laika no $kiduma un ta uzglabatais reagents var izgulsnéties krasviela, tap&c pirms lieto$anas ir
nepieciesams atkartoti nofiltrét Skidumu.

4. Olbaltumvielu standarta pagatavosana: liellopu y-globulins koncentracija 1mg / ml (100 pg / ml mikrotestam) destiléta
fideni izmanto ka pamatskidumu. Sis jauzglaba sasaldéti mazas alikvotas —20°C temperatiira.

5. Testa izmantotajiem plastmasas un stikla izstradajumiem jabiit pilnigi tiriem un bez mazgaSanas lidzekliem. Kvarca
(silicija dioksida) spektrofotometra kivetes nedrikst lietot, jo krasviela testa reagents saistas ar §o materialu un butiski

ietekmé reakciju.

21. attels. Stukalu barotnes proteTnu koncentracijas noteikSana ar Bredforda analizi.
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22. att€ls. Paraugu analize ar Bredforda reagentu siikalu barotnés. PRoteinu patérina novertéjums eksperimenta sakuma, vidd un

beigas.

Standarta testa metode

1.

Meégené parnes no 10 lidz 100 pg olbaltumvielu parauga, pievienojot lidz 100 pL kopgja tilpuma. Ja aptuvena
olbaltumvielu koncentracija parauga nav zinama, parbaudiet diapazonu atskaidijumu (1, 1/10, 1/100, 1/1000). Katram
paraugam ir nepacieSams sagatavot atkartojumus;

Kalibrésanas Itknes sagatavosana pipeté 10, 20, 40, 60, 80 un 100 pL tilpumus 1 mg / ml y-globulina standartskiduma
mégenés un katru uzpilda lidz 100 pL ar destilétu Gideni. Pipeté 100 pL destiléta tidens atseviska mégené lai sagatavotu
blank reagentu;

Katra mégené pievieno 5 mL testa reagenta un labi samaisa, apgriezot vai maigi vorteksgjot. Svarigi izvairieties no putam,
kas novedis pie sliktas rezultatu reproducgjamibas;

Parauga absorbciju izm@ra pie 595 nm garuma un olbaltumvielu standartus salidzinajuma ar blank reagentu 5 lidz 60
minites péc sajauksanas. Standarta parbaudei, kas satur 100 pg olbaltumvielu, absorbcijas 595 vértibai jabut apméram
0.,4. Standarta likne nav lineara, un preciza absorbcija mainas atkariba no testa reagenta vecuma;

Olbaltumvielu koncentraciju nosaka, izmantojot statistiskas analizes programmas (JASP vai SPSS), iegustot regresija
vienadojum, un ievietojot ieglitus datus formula:

Absorbcija — y SkersoSanas punkts
slipums

ug proteinu =
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PROBIOTISKO BAKTERIJU STREPTOCOCCUS SALIVARIUS K12, UN LEUCONOSTOC
MESENTEROIDES SUGU IZMANTOSANA FERMENTACIJA EKSOPOLISAHARIDA (EPS)
VEIDOSANAI — PROTOKOLS

1. Metodes pielietojums
Probiotisko bakteriju Streptococcus salivarius K12, Leuconostoc mesenteroides, sugu augSanai un fermentacija EPS

veidoSanai.

2. Analizéjamais paraugs
legitie EPS paraugi: levans un dekstrans, ka arT barotnes substrats péc fermentacijas tika analizéti, izmantojot

Skidruma hromatografijas metodes.

3. Materiali, metodes, reagenti un iekartas:
3.1. NepiecieSamais aprikojums EPS ieguiSanai, mikroorganismi, t0 uzturésanas un kultivacijas apstakli,
barotnes:
e Baktérija EPS producents (Streptococcus salivarius K12, Leuconostoc mesenteroides), var ari izmantot citu
producentu.
e Streptococcus salivarius K12 tika izoléts no dabiskas mutes mikrofloras, un ta identitate tika parbaudita,
izmantojot PCR testu (1). Savukart Leuconostoc mesenteroides suga iegadata no NCTC bakt&riju kolekcijas.t
e Kultaras saglaba sasaldétas. Nem 1 ml baktériju suspensijas MRS Broth (1. tabula) vai Nutrient Broth barotné
un parvieto 2 ml Ependorfa stobrina, pievieno 1 ml 50% sterila glicerola, samaisa vorteksgjot un ievieto
glabasanai — 80°C saldétava. Kultliru aktivé pars€jot atbilstosa barotné (2; 3; 4) un 48 h audzgjot 37°C

temperatura.

1. tabula.

Barotnes sastavs probiotisko bakteriju kultivacijai eksopolisaharidu ieguvei, MRS modificgta barotne (MRS broth)

Komponentes Koncentracija, g/LL

Peptone 10
Beef Extract 10
Yeast Extract 5
Sucrose 20
Di-potassium Hydrogen Phosphate 2
Sodium Acetate 5
Di-amonium Citrate 2
Magnesium Sulphate 0.2
Manganous Sulphate 0.05
Tween® 80 1

L https://www.phe-culturecollections.org.uk/products/bacteria/detail.jsp?refld=NCTC+10817&collection=nctc
68



MRS agara sastavs references kultiiru reaktivéSanai (MRS agar) 2

Komponentes Koncentracija, g/L
Peptone 10
Beef Extract 10
Yeast Extract 5
Glucose 20
Di-potassium Hydrogen Phosphate 2
Sodium Acetate 5
Di-amonium Citrate 2
Magnesium Sulphate 0.2
Manganous Sulphate 0.05
Tween® 80 1
Agar 15

Saldétava -80°C Labfreez instruments (kulturas saglabasanai).

Analitiskie svari ar sveérSanas precizitati 0,0002 ‘Kern EW’ (barotnu sagatavosSanai).
Sterilas cilpas

2ml sterili stobrini

Etanols dehidrétais 99,5%

Sterilas Petri plates (tirkulturu reaktivé$anai).

Autoklavs barotnu steriliz€Sanai, caurplides rezima Sanyo Labo Autoclave (0.5 at,15 min, 121°C).

Autoklavejamas laboratorijas pudeles ar iedalam, ar skrav. PP vaciniem. Tilpums, ml 2000
Laminarais bokss BIO II A/M (Telstar, Spanija)

Optiska blivuma meritajs Densitometrs DEN-1B

McFarland standartu komplekts (0.5; 1.0; 2.0; 3.0; 4.0)

Cirkularais maisitajs Vortex

Sterilie stobrini 50ml

Centrifiga LMC-4200R 7 min, 9500 apgr./min, 0°C

Ledusskapis Whirlpool W5 911E

Sublimésanas kalte - liofilizators - FreeZone -50 °C 0.038.

4.Metodes apraksts

4.1. Tirkultiiru reaktivéSana

3. tabula.

Efektivam fermentacijas procesam izmanto svaigas mikroorganismu kulttiras (Streptococcus salivarius K12,

Leuconostoc mesenteroides), atkausé tirkultiiru un reaktivé uz neselektiva agara (De Man, Rogosa and Sharpe,
MRS agar, tabula 2.) Petri plate. Baktériju tirkultaru inkubg 48h +37°C. (ISO 9332:2003), lai nodrosinatu sterilu

apkartgjo vidi darbu veic laminara boksa. Subkultivétas mikroorganismu kultiras var uzglabat ledusskapi

+2+6 °C temperattira ne ilgak ka 3 dienas un $aja perioda tas var izmantot darba kultiiru iegtiSanai. Tomér

velams biitu izmantot svaigi reaktivétas kultiiras.

2 http://biolifeit.com/public/cartellina-allegati-schede-certificazioni/schede-tecniche-inglese/TS-541728.pdf
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https://www.google.com/search?q=centrifuga&spell=1&sa=X&ved=2ahUKEwif7pnIxJ3sAhVko4sKHY7_DngQkeECKAB6BAgPECw

4.2. Fermentacijas procesa apraksts

Autoklavgjamas laboratorijas pudel&s (ml 2000) ar iedalam, iesver MRS modificéto barotni (koncentracija 27,6
g/L) katra pudelg ielej 0,5 litri Tidens, kartigi samaisa un autoklave, oglekla avotu var palielinat no 2% Iidz 15%
(litra saharozes).

Steriliz€Sanas / autoklavésanas rezims (0.5 at, 15 min, 121°C).

Ar McFarland standartu 3.0 vai 4.0 nokalibré iekartu (Densitometrs DEN-1B).

Reaktivetas mikroorganismu kultiiras péc inkubacijas izmanto testa suspensijas iegfiSanai. Nem m&geni ar 9 ml
sterila fiziologiska skiduma (0,9% NaCl) ieprieks uzsildita termostata 32,5 + 2,5°C temperatiira. Ar sterilo cilpu
nem kultiru no agara virsmas un parnes mégené. Virpinot cilpu pirkstos, panak kultiiras suspendésanos
§kiduma. M&genes saturu sajauc maisitaja Vortex un méra suspensijas optisko blivumu. Sadi rikojas vairakkart
lidz iegiita kultliras suspensija ar optisko blivumu pé&c McFarland standarta 3.0 - 4.0 (108 — 10° KVV/ml).
Paraleli, lai apstiprinatu tirkulttiras suspensijas koncentraciju, veic uzsgjumus (izmantojot MRS agaru).

legtito firkultiiras suspensiju (5 ml) pievieno sterilai MRS barotnei (tilpuma 0.51, vai arT citiem bakteriju
augsSanas substratiem, pieméram, sterilajam piena stikalam atbilstosi protokolam ME.PL.012.2021. Piena sukalu
izmanto$ana fermentacija procesa eksopolisaharida (EPS) veidosanai).

Ferment€ 96 stundas jeb 4 diennaktis temperattira +37 +1°C, substrata maisiSanas atrums (20 apgr. min).

P&c fermentacijas substratu ielej 50 ml stobrinos (pa 45 ml) un atdala bakt€riju Stinas centrifuggjot (7 min, 9500
apgr./min, 0°C).

Nocentrefugétu substratu ielej pudelés 2000 ml (pa 500 ml).

Dalu substrata (10 ml) nem analizei, nosakot tam glikozes, fruktozes, saharozes, glikonskabes, etikskabes un
fruktanu koncentracijas (izmantojot gazu hromatografu (Clarus 580), kas aprikots ar liesmas jonizacijas
detektoru.).

Pie nocentrefugg@ta substrata pielej dehidréto etanolu (99,5%), attieciba 1:3 (1 dala substrata : 3 dalas etanola jeb
100 ml substrata pret 300 ml etanola).

EPS izgulsné 48h +4 °C, lai iegiitu to tiribu, izgulsnéSanu javeic divas, tris reizes (iegilito eksopolisaharidu
izSkaida tideni un atkartoti izgulsné ar dehidréto etanolu).

P&c izgulsnésanas skidro frakciju nolej (lai nezaudétu etanolu, to ietvaic€ ar rotacijas ietvaicétaju), bet cietako
frakciju parlej 50 ml stobrinos un centrifugé (7 min, 9500 apgr./min, 0°C).

Iegiito EPS sublimé/kalte liofilizatora — 50°C 0.038 bar 24 h.

legitam EPS nosaka polimerizacijas pakapi, noteikSanai izmanto ultra augstas izSkirtsp&jas Skidrumu
hromatografu Waters Acquity UPLC H-class, kas aprikots ar kvaternaras darbibas stikni Quaternary Solvent
Manager un degazacijas iekartu, ka arT ar automatisko paraugu ievadiSanas sist€mu, kolonnas termostatu un
fluorescentas gaismas detektoru.

EPS uzglaba hermétiska iepakojuma sausa telpa +2 Iidz +8°C.

70



Atteli no biopoliméra sintézes procesa

Substrats péc 48h +4 °C etanola pievienoSanas
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PIENA SUKALU IZMANTOSANA EKSOPOLISAHARIDU IEGUSANAI FERMENTACIJAS

PROCESA - PROTOKOLS

1. Metodes pielietojums

Stikalu izmantoS$ana fermentacija EPS veidoSanai (1).

2. Analizéjamais paraugs

Piena sukalas. Kimiskais sastavs noteikts, izmantojot $kidruma hromatografijas metodes (1. tabula).

3. Materiali, reagenti un iekartas:

a.

NepiecieSamie materiali un reagenti EPS iegiiSanai:
e  Plits un katls stkalu karseSanai.
e Autoklav&jamas laboratorijas pudeles ar iedalam, ar skriivéjamiem PP vaciniem. Tilpums, ml 2000.
e Filtrpapirs un piltuves.
e Centrifiga LMC-4200R 10 min, 1000 apgr./min, 0°C.
e Analttiskie svari ar svérSanas precizitati 0,0002 ‘Kern EW’ (barotnu sagatavosanai).
e pH metrs.
e Sterili stobrini 50ml.
e Spektrofotometrs.
e Sterilas Petri plates (uzséjumu sagatavosanai).
e 10 ml un 1000 pl pipetes un sterili pipesu uzgali (atSkaidijuma sagatavo$anai).

e Termostats ar kratitaju, (fermentgSanas procesa nodroSinasanai).

NepiecieSamie materiali, iekartas, bakteriju reaktivéSanai un EPS ieguvei, uzglabasanai, sk. protokola ‘“Probiotisko bakteriju

Streptococcus salivarius K12, un Leuconostoc mesenteroides sugu izmantoSana fermentacija EPS veidoSanai”.

4.Metodes apraksts

4.1. Piena siikalu apstrade barotnes sagatavoSanai

Piena stikalas tika iegadatas no uznémuma “Rankas Piens”. Iegadato siikalu kimiskie raditaji atspoguloti tabula 1.
Stikalas kars€ 100°C temperatiira 30 mindites, p&c tam filtr€ caur filtrpapiru (1. att€ls), lai nonemtu redzamas, cietas
piena atliekas un centrifugg pie

10 000 apgriezieniem 10 miniites, lai ieglitu dzidru $kidumu gaisi zalgana krasa (2).

[egtlitajam stikalam pievieno 5% saharozi (var ari vairak lidz pat 15%) izmantojot to ka oglekla avotu, rauga ekstraktu
0.5% un K2HPO4 0,5% (kalija hidrogénfosfatu).

Sakotn&jam pH pirms autoklavésanas jabit 7 (to janormalizé ar NaOH 0,2 M (natrija hidroksids)).

Sagatavoto barotni autoklave rezima: 0.5 at, 15 min, 121°C.

1. tabula
Fermentacijas procesa izmantoto stikalu kimiskie raditaji
Test Method Unit Result
* Protein (N*6,25) PB-116 ed. Il of 11.08.2020 % 08
Acidity PN-75/A-86130 % 0,2
* Lactose (as monchydrate) PB-265 ed. Il of 27.11.2020 % 4,7
* Fat PN-75/A-86130 g/100g 0,80
* Magnesium PB-223/ICP, ed. Il of 12.01.2015 mg/100 g 7,83
* Potassium PB-223/ICP, ed. Il of 12.01.2015 mg/100 g 164
* Sodium PB-223/ICP, ed. Il of 12.01.2015 mg/100 g 48,1
* Calcium PB-223/ICP, ed. Il of 12.01.2015 mg/100 g 38,7
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4.2. Fermentacijas procesa apraksts
Tirkultiras reaktivéSanu javeic saskana ar protokolu “Probiotisko baktériju  Streptococcus salivarius K12, un
Leuconostoc mesenteroides sugu izmantos$ana fermentacija eksopolisaharida (EPS) veidoSanai”.

e Barotni fermentg ar 10 % tirkulttiras s€jmaterialu (OD 1 pie 600 nm), lai parbauditu s€jmateriala aktivitati. Paral&li
veic uzs€jumu izmantojot MRS agaru (ja ferment€Sanas procesa tiek izmantota baktériju suga Leuconostoc
mesenteroides, agaram japievieno 30 pg/mL vankomicinu (CesH7sCl2N9O24), lai to padaritu par selektivo, uzsgjumi
javeic lidz desmitajai pakapei).

e FermentgSana javeic 48 stundas, 30°C (2. attgls).

e EPS izgulsnésanu (3. attéls), ieguvi (4. attéls) un uzglabasanu veic saskana ar protokolu “Probiotisko
bakteriju  Streptococcus salivarius K12, un Leuconostoc  mesenteroides sugu izmanto$ana fermentacija

eksopolisaharida (EPS) veidoSanai”.

4. attéls. Piena sukalu

1. attéls. Piena _ . _
& i ii a 3. attéls. Piena sukalas Co . _
siikalu filtrésana 2. attéls. Piena suka}as“pec 48 o | izveidotais EPS péc
€c karsé$anas stundu fermentacijas pec 48 stundu centrifugésanas
p izgulsnésanas &

Literatuiras saraksts

1.  Vaibhao K Lule, Rameshwar Singh, Sarang D Pophaly, Poonam, Sudhir K Tomar. (2016) Production and structural
characterisation of dextran from an indigenous strain of Leuconostoc mesenteroides BAO8 in Whey. Society of Dairy
Technology. 69, 1-12.

2. Abiodun I, Sanni A A, Onilude S T, Ogunbanwo | F and Fadahunsi R O A (2002) Production of exopolysaccharides
by lactic acid bacteria isolated from traditional fermented foods in Nigeria. European Food Research and Technology.
214, 405-407.

74



KRUMCIDONIJU SIRUPA 1ZVERTESANA, KA POTENCIALU OGLEKLA AVOTU
EKSOPOLISAHARIDA (EPS) SINTEZEI

Projekta realizéSanas laika tika mekl&ti pieméroti blakusprodukti EPS sintgzei. Viens no blakusproduktiem, ka substrats
fermentacijas procesam levana un/vai dektrana biosintézei ir krimcidoniju (Chaenomeles japonica) sirupu, kas veidojas sukazu
razoSana. Loti butiski pirms fermentacijas procesa nodro$inat izejvielas un taras sterilitati. Tadg] tika parbaudita krimcidoniju sirupa
mikrobiologiska drosiba. Tika vertéti Getri krimcidoniju sirupa paraugi (tirs sirups, tirs sirups péc saldé$anas, at$kaidits sirups lidz
20% Brix, atSkaidits strups 1idz 20% Brix p&c saldésanas). Paraugiem noteikta raugu un pel&jumu klatbiitne 1. attéls, ka ar1 baktériju

kopskaita noteikSana 2. attéls.

Netika konstatétas

1. att€ls. Raugu un pel&jumu klatbiitnes noteiksana krimcidoniju sirupa.

Izmantojot kriimcidoniju sirupu par oglhidrata avotu baktériju kultivéSanai, steriliz€Sana nav nepiecie$ama, jo tika secinats,
ka sirups ir loti skabs (pH loti zems — 2,5), turklat $kistoSas sausnas saturs ir 55% Brix. Zems pH un augsts cukura saturs ir vide,

kura nelauj attistities blakus mikroflorai (nelabvéligiem mikroorganismiem).

Baktériju kopskaits MAFAM,
Netika konstatatas

2. attéls —Bakteriju kopskaita noteikSana kriimcidoniju sirupa.
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Ja ir uztraukums par krtimcidoniju sirupa sekundaro piesarnojumu, tad to var arT nosterilizét. Izp&tot svaiga kriimcidoniju
strupa kimisko sastavu konstatéts, ka pamata saturs ir saharoze 3 attéls. Mikrobiologiskas izcelsmes levana un/vai dekstrana sintéze

no substratiem ir iesp&jama tikai tad, ja pamata sastavdala ir saharoze. Lidz ar to svaigs krimcidoniju sTrups lieliski piemérots

biopolim@ru sintézei.

min %, saturs

Glikoze 19.672 0.59

1 Gkikozes pentozids  19.837 0.05
Sirups-tirs,nekarséts Saharoze 38.679 81.90

A A | L LL_,_ e

b .
337 537 | T8T | ST | 1147 | 1337 | 1537 1737 1837 | 2137 2337 | 2537 | 2TAT 2837 | AT | 3337 | 1637 | 4737 | 3537 | 4137 4337 | 4537 | 4747 | 4547 | 137

3. att€ls — Svaiga kriimcidoniju sirupa kimiska sastava izvertésana.

Noskaidrots, ka termiskas apstrades laika, zemas skabes un augstas temperatiiras ietekmes rezultata notiks saharozes

inversija, izveidosies glikoze un fruktoze — invertcukuri, kuri nav pielaujami levana un dekstrana sintézei 4 attels.

min 0%, saturs

Fructoze 19.397 9.0

Fructozes pentozids 19.535 3.0

2 Glikoze 19.81 34.4

Strups-karséts 121-115 °C Glikozes pentozids 20.03 44.9
Cukuri_pirmais,_84 1: SmnEl
1009 e 44;5

8.8 1240 2580
onl . |LI .i.“ - ll e My T e
o 1 Y T

4. attels. Steriliz€ta krimcidoniju strupa kimiska sastava izveértéSana
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Lai izvairTtos no saharozes inversijas, biitiski pirms kriimcidoniju sirupa sterilizéSanas paaugstinat pH Iidz 7,0, 5 attgls.

min %, saturs

Fructoze 19.7 0.6

3 Fructozes pentozids ~ 19.837 0.3

Strups-karséts pH 7 Saharoze 38.789 89.9
cukiri_pirmeis_7d - 1: Scan B
Joo- 879 95;:;

ol
T4 L
5 - ) JM =
337 ! E-.I37 7.‘37 ! B.I37 j 11‘37 ! |3I3? 15‘37 j 17.37 ! |B‘37 j 2|‘37 ! 23‘37 j Z-‘B? ! 27!37 E!B? j 3|I37 ! 33!3? j 35-'37 ! 37!3? j 3/T7T ! 41!37 ! 43‘37 | 45'37 ! 4?‘37 j 4937 5-1!37

5. attéls — Steriliz&ta ar paaugstinato pH krimcidoniju strupa kimiska sastava izveértéSana

Bakterijas EPS producenti nevar dzivot augsta saharozes koncentracija, tai jabuit robezas no 20 vai nedaudz virs 20%. Ja
saturs ir augstaks tas negativi ietekmé S$tinu osmotisko spiedienu rezultata baktérijas iet boja. Lai izvairitos no sekundara
krimcidoniju sirupa piesarnoSanas péc steriliz€Sanas ir ieteicam sterilizét, gatavo fermentacijai substratu. Izvert€jot substrata

kimisko sastavu 6. att€ls noteikts, ka esosas saharozes saturs taja ir pietiekoss EPS sint€zei.

min %, saturs
Saharoze 38.789 85.86
4
Strups-karsgts pH 7.2, Brix%-20.5
Gutari_pimais_4 5 T seenen
i = 118010
%
am
o b e —— e ———————— s e e ————————— Tie
P g O s e

6. att€ls — Steriliz&ta ar paaugstinatu pH, atSkaidita krimcidoniju sirupa kimiska sastava izveértésana.
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EKSPERIMENTALA BIOREAKTORA TEHNISKA RASEJUMA UN PROTOTIPA
[ZSTRADE

Projekta ietvaros tika izstradats biopoliméru (BC) iegti§anas prototips — rotacijas disku bioreaktors (RDBR). Balstoties uz
zinatniskas un tehniskas literatliras izpétes, tika izdarits secinajums, ka Sada reaktora konstrukcija var biitiski uzlabot BC sintgzi.
Savukart, reaktora konstrukcija ir pietickami vienkarsa. RDBR izmé&ginajumi paradija, ka bioreaktors spgj bitiski (aptuveni 3 — 5
reiz€s atkariba no substrata un izmantota baktériju celma) palielinat BC sintézi, salidzinajuma ar statisko kultivaciju, ka ari

samazinat kultivacijas ciklu aptuveni divas reizgs.

Rotacijas disku bioreaktora darbibas princips
Diski

RDBR izmanto horizontali novietotu cilindrveida reaktoru, uz kura ass nostiprinati vairaki diski. Baktgrijas, piestiprinoties
pie diska virsmas, sintez€ BC. RDBR ar perforétiem diskiem pielauj BC pléves augSanu uz abam diska pusém. Diski (Iidz 14 gab.)
atrodas uz rotgjosas ass, kas nodroSina disku parmainus iemérkSanos barotn€ un izcelSanos gaisa vide. Perforéti diski ir efektivaki
par necaurumotiem diskiem, jo tie lauj BC pléves augSanu cauri diskam un sp&cigaku sasaisti ar to. Ir noteikts, ka optimala BC
sint€ze notiek uz diskiem ar sieta izméru 3 mm (caurumu diametrs).

Disku materials: neriisgjo$ais térauds vai plastmasa. Optimalais disku diametrs — 100 mm un biezums — 1,5 mm. Reaktora
korpusu (parasti cilindrs; iek3a atrodas diski un barotne) izgatavo no stikla, kas pielauj caurredzamibu un vieglu tiriSanu. Cilindra
diametru veido tadu, lai attalums no cilindra sienas 1idz rot€joSajam diskam biitu aptuveni 5 mm. Attalums starp diskiem: 25 — 60
mm robezas. Tadgjadi kopgjais reaktora korpusa garums, kura roté 14 diski, var but 400 — 1000 mm un augstums/platums 110 —
120 mm.

Barotnes sterilizacija, pievadiSana bioreaktora un sterilitate
Pirms kultivacijas ir iesp&jams steriliz&t barotni (autoklavet vai pasterizét), lai BC sint€ze notiktu veiksmigi. Jabat sterilas
barotnes pievadiSanas sistémai. Ari jabit iesp€jai sterili pievadit inokulatu (BC sintez&josus mikroorganismus), lai saktu kultivaciju.

Pé&c kultivacijas cikla (5 — 10 dienas), jabit iesp&jai iznemt BC pléves un iztirit reaktoru, lai izvarities no kontaminacijas.

Barotnes homeostaze
Lai homogenizétu skidro barotni un bioreaktora uzturétu nemainigu temperatiiru, ir nepiecieSams peristaltikas stiknis
barotnes cirkulé$anai (70 — 100 mL/min) pa visu bioreaktoru un cauri termostatiskai vannai, kas barotné uztur kultivé$anai

nepiecie$amo +30°C temperatiiru. Barotnes daudzums bioreaktora — lai disku biitu iegremdeéti uz 1/3 (33,5 L).

Rotacija
Disku rotaciju nodrosina motors. KultivéSanas laika disku grieSanas atrums 5 — 30 apgr/min. Jabit iesp&jai kontrolét
rotacijas atrumu, lai noskaidrotu péc iesp&jas optimalaku atrumu. Rotacija nodro§ina aeraciju un vienmerigu fermentacijas barotnes

maisiSanu,
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Inokulata sagatavosana
kolbas. Kultivacija
termostata-inkubatora.

RAZOSANAS LINIJAS SHEMA

| BC sintéze uz diskiem | I Motors |

—_—

Barotnes sterilizacijas
un pievadisanas
sistémas; Inokulata
pievadisanas sistéma

Barotne

Baktériju kultivacija rotéjosa tipa bioreaktora +30°C, 7 — 14 dienu
laika sterilaja vidé. Bakteridlas celulozes (BC) sintéze notiek uz
rotéjosiem diskiem (6 gab.), kas ir iegremdéti uz pusi barotné.
Motora grietanas dtrums ap 10 — 30 apgr/min. Pirms kultivacijas
barotne tiek autoklavéta vai pasterizéta. Jabut barotnes un
inokulata pievadiSanas sistémai. Kad iznem BC, bioreaktoru
jasagatavo jaunajam kultivacijas ciklam.
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Péc kultivacijas BC pléves iznem no
bioreaktora. Tad tas  tiek
atmazgatas stikla/metdla tvertné
H:0 un NaOH. Janodrosina
karsésana.

BC smalcinasana
blender’, lai izveidotu
homogénu BC
(mikroskiedru) masu.

BC mikroskiedru
sterilizacija un
uzglabasana




Eksperimentala bioreaktora prototipa biopoliméru iegiSanai tehniskais raséjums
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1 [ 2 l 3 7

SPECIFIKACIJA:
1. IEKARTA IZMANTOTAS MATERIALI :

e AISI320L

¢ MISINS

«  Gumijas

*  Plastmasi
ELEKTRO APRIKOJUMS:

1. DISSIP. WF151200 25A - DIN ADAPTER SO sérijam, radiators
2. SSrslédzis 25A, 1f, 12-280Vac/7-30Vdc/Led
3. Metdla sadales skapis 1 durvis IP65 H=400 W=300 D=210 mm
4. Sild.Elements 02.631 800W230V
5.  M.reduktors NMRV40 i=60 63B14 , WAT motors 0,12kW 4P 63B14
TB2 + forced cooling
. Potenciometers 2.2 kOhm
. Sledzis On/Off
. Frekvencinieks GA500 200V Single phase. ND 1.9 A 0.37 k, HD 1.6A

6
7
8
0.25 kW, without EMC filter

Neuzraditas pielaides: [T+ 12/2; H12; h12

Materials:

MASA (kg): Neatstat asus storus un atskabargas

Izstradaja |M.Minonoks | MEROGS: 12 | 20052022 [™*™™

Parbaudya | | LAPA 1NO 1 |izMERS: A4
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Atteli — reaktora izmeginajums

1ZSLEGT / IESLEGT

2. attéls. BC veidosanas uz reaktora diskiem kultivacijas laika.
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3. SADALA: OPTIMALU BIOPOLIMERU PARKLAJUMU IZSTRADE UN

PARBAUDE

BAKTERIALAS CELULOZES PALIKTNI OGAM

Apraksts: pétijumu ietvaros tika izstradati BC paliktni$i ogam, kurus ir paredzgéts ievietot ogu iepakojumos mitruma kontrolei.

Paslaik Siem noliikiem tiek izmantoti paliktnisi ar augstu sintStisku materialu saturu.

Sastavs: 2 paliktnu papira paraugu veidi: 1) 100% augu celuloze un 2) 50% augu celuloze +50% BC (1. attels). Par augu celulozes

avotu kalpoja kanepes paliekas.

Pagatavosana:

1.
2.

N o o A

BC sintézei izmanto vienu no augstak min&tam alternativas kultivacijas barotném;

Péc fermentacijas BC pléves ir nepiecieSams 1 stundu varit 0,1 M NaOH $kiduma;

Tris reizé€s noskalot tideni vai destilétaja adeni 20 min laika, lai pilniba izskalotu NaOH. Parbaudit pH, lidz tas
paliek neitrals (pH = 7);

BC ir nepiecieSams sasmalcinat, lai bitu iesp&jams izstradat biokompozitu — 1 st. homogenizacija blenderT;
Komponentes ir nepiecieSams manuali sajaukt péc svara destilétaja tideni, un atliet forma 10 x 20 cm;

7avé 2 dienas +40°C temperatiira;

Tevieto paliktniti ogu iepakojuma.

Mehanisku un fizikalo ipasibu izpéte paradija, ka BC saturosi papiri (2) uzradija augstakas sorbcijas un stipribas-

deformativas ipasibas, jaatzime, abi papiri uzradija loti lidzigas ekspluatacijas ipasibas validgjot paliktnu @idens saistiSanas

funkciju uzglabajot vinogas, zemenes un avenes.

A

1. attels. BC paliktni ogam: A) 100% augu celuloze; B) 50 %Augu celuloze ar 50% BC.
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2 .attels. Homogenizéeta BC.

4. attels. PaliktniSu parbaude — vinogu uzglabasanas eksperimenti.
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5. attéls. BC paliktniSu sorbcijas demonstracija.
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BAKTERIALAS CELULOZES SUSPENSIJA OGU UZGLABASANAS TERMINA

PAGARINASANAI

Apraksts: pétijumu ietvaros tika pagatavota BC suspensija, lai aizsargatu ogas un darzenus un pagarinatu to uzglabasanas laiku.

Parklajumu var drosi st kopa ar ogam.

Sastavs: eksperimentu gaita tika atlasits optimalais suspensijas sastavs: BC 2% un pektins 2%. Dotais sastavs veido vienmérigu

ogu parklajumu, kas uzlabo ogu uzglabasanas terminu un ir dross cilvékam.

PagatavoSana:

1.
2.

N o o A

BC sintézei izmanto vienu no augstak min&tam alternativas kultivacijas barotném;

Péc fermentacijas BC pléves ir nepiecieSsams 1 stundu varit 0,1 M NaOH $kiduma;

Tris reizés noskalot Gideni vai destilétaja iideni 20 min laika, lai pilniba izskalotu NaOH. Parbaudit pH, lidz tas
paliek neitrals (pH = 7);

BC ir nepiecieSams sasmalcinat, lai biitu iespgjams izstradat biokompozitu — 1 st. homogenizacija blenderT;
Udeni samaisi nepiecieSsamas komponentes;

Atstaj kratitaja uz 5 stundam, 120 rpm., vai blenderi — 1 st;

legremd@ ogas pagatavotaja Skiduma uz 5 sek. un var uzreiz likt iepakojuma.

1. attéls. BC Skiduma testi: zemenes eksperimenta sakuma un péc 5 dienam. Biopoliméru parklajums nodrosina ogu aizsardzibu

pret mikroorganismiem (pel€jums), ka ar saglaba mitrumu.
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PROTOKOLS: BAKTERIALAS CELULOZES PLEVJU IZGATAVOSANA SIERA
NOGATAVINASANAS PROCESA

Apraksts: $aja petijuma tiks parbaudita BC spg&ja veidot optimalu parklajumu siera nogatavinasanas procesa. BC pléve potenciali

var nodrosinat optimalu gazu apmainu un aizsardzibu no mikrobiala piesarnojuma.
Izmantotais celms: Komagataeibacter rhaeticus P 1463

BC plévju sagatavo$ana
1. Sagatavo standarta HS un siikalu barotnes atbilstosi standarta sagatavoSanas procediirai;
2. Inokulatu sagatavo 95 mL HS barotnei pievienojot 5% K. rhaeticus P 1463 sgjmaterialu (izmanto 250 mL konisku
kolbu). Inokulatu atstaj uz 24 h kratitaja-inkubatora 150 rpm +30°C;
3. Baktgriju kultivaciju veic sterilajam stikla paplatém (izmérs: 28 x 18 cm) pievienojot 180 mL atbilstosas barotnes
(standarta HS vai stikalu barotne) un 10% K. rhaeticus P 1463 inokulatu;
Paplates ar fermentacijas barotni ievieto sterilajos maisos ar marles korki, lai nodro$inatu aeraciju;
Paplates ievieto termostatos uz piecam diennaktim +30°C;
P&c kultivacijas veic standartu BC plévju atmazgasanas procediiru;

P&c atmazgasanas steriliz€ pléves termoizsturigajos maisos;

© N o 0 M

Noteiktiem paraugiem (1. tabula) pievieno iepriek§ sagatavotu natamicina (pimaricina) $kidumu. Skidumu
pagatavo 0,01 g/L natamicina iz8kidinot 1 L destilétaja ideni (dH20). Natamicins ir dabisks pretsénisu konservants,
kas pasargas sieru nogatavinasanas procesa;

9. Sagatavo BC pléves transportéSanai, ievietojot tas sterilajos konteineros. BC plévi izmanto ka iepakoSanas

materialu siera nogatavinasanas procesa, ieverojot visu razo$anas metodologiju.

1. attels. BC plévju sintéze paplates (28 x 18 cm) ar K. rhaeticus P 1463 celmu, izmantojot HS barotni.
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3. attéls. BC pléve péc piecam kultivacijas dienam ar K. rhaeticus P 1463 celmu.

INFORMACUIA PAR BAKTERIALAS CELULOZES (C) PLEVEW

OC peves i sngaayoan, ek kel Fmmsondiv vy B s
ey, g

(10 pltves) an s (10 pitves). K.-b-mﬁ»imn.dwnm-m.w::

strilis BC pléves (6 gah M-hﬂm‘mmnwlﬂlﬂ-wr

’l.‘vﬁfml‘m-‘vml ol pur grplen i apkepota 1. b, levs ks

e Apeaveni 23 118 . Biczums vienss grpss ieevams var kit %
wpmwh_mmnm Ltoals
4. att€ls. Sagatavotas transportéSanai BC pléves.
Rezultati

Siera kvalitates testi paradija, ka vislabaka pel€juma attistiba bija novérota grupai — BC pléves, kas izveidotas sukalu
barotn€ un apstradatas ar natamicinu (4. grupa). Tas sp&j nodrosinat gan nepiecieS$amu gazes caurlaidibu, gan aizsardzibu pret
nevélamiem mikroorganismiem. Savukart, BC pléves palidz samazinat siera zudumus, salidzinajuma ar kontroles grupam (ietits

marlg). Papildus ir novérots siera sensoro ipasibu uzlabojums.
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Informacija par BC plévém — sadalijums pa grupam.

Grupas Nr. Barotnes veids Natamicins 0,01 g/L,
ir/nav
1. HS Nav
2. HS Ir
3. Stkalas Nav
4, Stkalas Ir

1. attéls — kontrole.

2. attels — 1. gr. BC pléve uz HS barotnes bez natamicina.
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3. attéls — 2. gr. BC pléve uz HS barotnes ar natamicinu.

4. attels — 3. gr. BC pléve uz sakalu barotnes bez natamicina.



5. attels — 4. gr. BC pléve uz stikalu barotnes ar natamicinu.

6. attéls — kultivacijas apstakli

2. tabula
Sieru sensora novertésana
Krasa | Pelgjums Pelgjuma Konsistence Smarza Smarza Garsa Garsa
Parauga . krés.as_
AUMUIS intensitate o o
balta- nav- neraksturiga- miksta- neraksturiga- | neizteikta- | neraksturiga- | neizteikta-
dzeltena | ir/daudz raksturiga cieta raksturiga izteikta raksturiga izteikta
1 2 1 7 8 5 5 2 2
2 6 6 8 6 8 8 6 5
3 2 2 6 7 5 5 2 2
4 7 9 9 5 9 9 9 9
K 5 5 7 7 7 7 8 7
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BAKTERIALAS CELULOZES BIOPOLIMERS — SINTETISKU IEPAKOJUMU VIDEI

DRAUDZIGS ANALOGS

Apraksts: Ar mérki uzlabotu bakterialas celulozes materiala deformativas ipasibas (lokanibu) tika pagatavots biokomozits, kas ir

lidzigs sintétiskiem iepakojumiem. Savukart, jaunais materials ir pilnigi biodegrad€jams, ka ar1 nav pagatavots no bistamam

vielam.

Sastavs: BC 40%, polivinil spirts (PVS) 50% un glicerins 10%,

Pagatavosana:

1.
2.

N o o A

BC sintézei izmanto vienu no augstak min&tam alternativas kultivacijas barotném;

Péc fermentacijas BC pléves ir nepiecieSsams 1 stundu varit 0,1 M NaOH skiduma;

Tris reizés noskalot Gident vai destilétaja ident 20 min laika, lai pilniba izskalotu NaOH. Parbaudit pH, lidz tas
paliek neitrals (pH = 7);

BC ir nepiecieSams sasmalcinat, lai buitu iesp&jams izstradat biokompozitu — 1 st. homogenizacija blenderT;

UdenT samaisi nepiecie$amas komponentes: BC un polivinilspirta PVS;

Skidumu nepieciesams maisit 24 stundas;

Izmantojot lieSanas panémienu, var iegiit vélamas formas iepakojumu.

1. att€ls. Biokompozits ar BC.
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ZEMENU OGU NOVERTESANAS METODIKA

Zemenu novertesana

* Domingjosa auglu krasa:
Viendabigums: (vismaz 10 ogas):

3 =krasa ir neviendabiga

5 =krasa ir pienemami neviendabiga

7 = krasa ir viendabiga

Saja gadijuma 1. un 9. balles; ka ar7 2-4-6-8 nevar izmantot.

* Spidigums:

3 =zems
5 =vidgjs
7 = augsts

Ja nepiecieSams, papildus var izmantot 1 un 9 balles; ka ari 2-4-6-8.

* Ieksgja krasa:
3 = gaisi sarkana
5 = vidgji sarkans

7 = tumsi sarkans

Ja nepiecieSams, papildus var izmantot 1 un 9 balles; ka ari 2-4-6-8.

* Ieksgjas krasas viendabigums:

3 =zems
5 =vidgja
7 = augsts

Ja nepiecieSams, papildus var izmantot 1 un 9 balles; ka ari 2-4-6-8.

* Domingjosa augla forma (razas novaksanas sakuma):

4 - olveida

5 —sirds formas

6 — gari koniska
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7 - kaklveida 8 — gara kilveida 9 —1sa kilveida

* Auglu viendabigums raza (raZas novaksanas vida):

3 = augliem ir dazadas formas

5 = viendabigums ir diezgan labs

7 = salasitie augli ir viendabigi

Saja gadfjuma 1. un 9. balles; ka ar7 2-4-6-8 nevar izmantot.

* Ieksgja dobuma izmeérs:

3 =mazs
5 =vidgjs
7 = liels

Ja nepiecieSams, papildus var izmantot 1 un 9 balles; ka ar7 2-4-6-8.

* Seklu (riekstinu) pozicija:
3 = iegrimusi

5 = liment

7 = izvirzita

Ja nepieciesams, papildus var izmantot tikai 4 un 6 balles.

Ogu uzglabasanas spéja

Lai novertétu ogu uzglabasanas sp&ju, nosacijumiem jabtt sadiem :

* parauga lielums: 500 g
* uzglabasana aukstuma: 4-5 ° C 72 stundu laika;
* istabas temperatiira: 20-25 © C 24 stundu laika (noradit precizu temperatiiru);

* gaisa mitrums: (janorada, ja iesp&jams).

Ogu novertgjums (vertéjums pirms uzglabasanas):

* Mikstuma blivums:

3 = miksts
5 = vidgjs
7 = stingrs

Ja nepiecieSams, papildus var izmantot 1 un 9 balles; ka ar1 2-4-6-8.

* Mizas izturiba:
3=zema

5 =vidgja
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7 = laba

Ja nepieciesams, papildus var izmantot 1 un 9 balles; ka ari 2-4-6-8.

Vert&jums péc uzglabasanas:

* Ogu spidigums:
3 =zems

5 = vidgjs

7 = augsts

Ja nepiecieSams, papildus var izmantot 1 un 9 balles; ka ari 2-4-6-8.

* Izturiba pret iespiedumiem:

3=zema
5 =vidgja
7 = augsta

Ja nepiecieSams, papildus var izmantot 1 un 9 balles; ka arT 2-4-6-8.

* Kauslapu svaigums:

3 =zems
5 = vidgjs
7 = augsts

Ja nepiecieSams, papildus var izmantot 1 un 9 balles; ka ari 2-4-6-8.

* [zturiba pret peleko puvi:

3 =zema
5 =vidgja
7 = augsta

Ja nepiecieSams, papildus var izmantot 1 un 9 balles; ka arT 2-4-6-8.
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AVENU PARAUGU SAGATAVOSANA

Apstradei izvelas skirnes ar lielam, stingram ogam, kuram ir ciesi sastiprinati kauleni. Ogam jabiit izIidzinatam péc
lieluma, sausam, ar vienmérigu krasojumu un tas nedrikst bit pargatavojuSas vai ar kait€klu, slimibu vai mehaniskiem
bojajumiem. Ogas vac 2-3 reizes nedgla, 150-500 g tara. Ogu slana biezums 2-3 kartas, lai noverstu ogu saspieSanos. Ogas péc
novaksanas vai nu nekavgjoties piegada apstradei, vai ari 11dz apstradei uzglaba 6-8°C temperatiira. Uzglabasanas ilgums ne
vairak ka 8-12 stundas.

Izméginajuma ieklautas 3 rudens avenu $kirnes ar augstas kvalitates deserta ogam ‘Polka’, ‘Imara’ un ‘Enrosadira’.

Prieksroka ir Skirném, kuras audzgtas zem segumiem, pieméram, augstajos tunelos, jo tas nodrosina labaku ogu kvalitati.
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LEVANA, DEKSTRANA PARKLAJUMU IZSTRADE UN IZVERTESANA

Pamatojoties uz protokolu: zemenu un avenu ogu apstrades metodika pielietojot EPS tika atlasiti ogu paraugi. Lai
samazinatu mikrobiologisko piesarnojumu, ogas pirms apstrades ar biopolimériem 2 mindtes tika notur&tas sals (0,9%-2% NaCl)

$kiduma 1 attéls, p&c tam notecinatas lai atdalitu lieko $kidumu.

g
-
N
':,‘,;
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1.attéls — Avenu apstrade sals skiduma

Nakosaja posma sekoja ogu apstrade ar biopolimériem levanu (Streptococcus salivarius K12) un dekstranu (Leuconostoc
mesenteroides DSMZ 20343). Lai bipoliméri atrak tiktu izskidinati tie tika iemérkti GidenT un uzglabati ledusskapi 12 stundas.

Literattira dati par ogu apstradi ar levanu un/vai dekstranu netika atrasti, tadél izvélétas koncentracijas pielagotas no lidzvertigo

pievienots plastifikators (glicerins). Izveletas Skiduma koncentracijas: 1% levana skidums+1% dekstrana skidums; 3% levana
Skidums +2% glicerina skidums.
Auglu ogu apstradei ar biopolimériem tika izveléta ogu iemirkSanas metode 2. att€ls. Iemérksana ir piemé&rotaka

neregularam, nelidzenam virsmam. ST metode ir Joti efektiva, jo biopolimérs apklaj visu apstrades laukumu.

2.attéls — Ogu paraugu apstrade biopoliméru skiduma

Iegremd@tas ogas biopoliméra, ogas tika turtas 2 miniites labakai biopolim@ra parklajuma izveidei. P&c biopolim&ru

parklajuma izveides ogas no Skiduma iznemtas ar pinceti 3. attéls, lai nebojatu izveidoto parklajumu.
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3.attéls — Ogu paraugu iznemsana no biopoliméru $kiduma

P&c apstrades ogu paraugi tika zaveti zavéjama skapi 25 °C ar gaisa plasmu~ 2 m/s. Atbilstosi ogu daudzumam paraugi

uzglabati PET kastités ar vaciniem 4. attels.

4.attels — Ogu paraugu uzglabasana PET kastités

Viena parauga svars ir vidgji 0.4 kg. Pirmaja p&tfjuma gada parbauditas divas biopoliméra skiduma koncentracijas (1%
levana $kidums+1% dekstrana $kidums; 3% levana $kidums+2% glicerina $kidums) un divi uzglabasanas veidi zemeném
(uzglabasanas telpas temperatiira +23+1 ° C, RH 50+2%, t=24 st.; uzglabasanas dzes€tava temperatiira +4 £1 ° C, RH 75+2%, t=
lidz bitiskai kvalitates pasliktinasanai), bet aveném tika pétits viens uzglabasanas veids. P&c iegiitajiem datiem tika izvelets
labakais uzglabasanas veids un biopolim&ru skiduma koncentracija. Tade] turpmakajos gados ogu paraugi uzglabati tikai dzesétava
(temperattira +4 £1 °© C, RH 75+2%, t=lidz butiskai kvalitates pasliktinaSanai),ogu apstradei izmantota viena darba Skiduma

koncentracija (3% levana skidums+2% glicerina skidums).

102



JAUNIZVEIDOTA PLEVJU RAKSTUROJOSO (SKIDUMA VISKOZITATE,
PAGARINAJUMS LIDZ PARRAUSANAS BRIDIM, STIEPES IZTURIBA) IPASIBU
NOVERTEJUMS

Edamo plévju izveide ir atkariga no $kiduma viskozitates. Ja plevju veidojosajam §kidrumam viskozitate ir 25-35 mPas.
to izveidei ir japiem&ro smér&Sanas metode. Savukart ja plévju veidojosajam skidrumam viskozitate ir 1.2—15 mPas tiek izmantota
liesanas metode. Plévju veidojosajam Skidrumam viskozitate noteikta ar rotacijas tipa viskozimetru DV Il Ultra Programmable

rheometer (Brookfield Engineering Laboratories Inc., ASV) 1. attgls.

1. att€ls. Rotacijas tipa viskozimetrs

Paraugu radijumi tika nolasiti un apstradati izmantojot programmu Rheocalc V2.6, 2 attgls.

T Mwnli ~
QMIW‘W‘WJE,‘_L I

2. attéls. Datu apstrades un nolasiSanas programmatiira
Rotacijas viskozimetra piederumi un parametri: koncentriska cilindra varpsta modelis SC4 — 18; test€Sanas temperattira

20+1 °C; varpstas rotacijas atrums 30 apgr. min; testéjama parauga tilpums 50 mL 3 attéls., viskozitates mérvieniba (mPas),

katram produkta veidam veikti 4 mérfjumi, katru reizi nemot jaunu paraugu.
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3. att€ls. Rotacijas tipa viskozimetrs darba procesa reZima

P&tijuma testétam édamajam plévém (trTs veidu paraugiem) skidrumam noteikta viskozitate 4. attéls.

4. attels. Viskozitates noteikSana .

50707,93
33133,56

e . : : : ZX A- paraugs Nr.1, B- paraugs Nr.2,

C- Paraugs no abolu biezena

P&c pétijuma ieglitiem rezultatiem var konstatét, ka paraugs Nrl.un 2. ir §kidri un &damo plévju izveidei japielieto
liesanas metode (jo iegiitie dati ir robeza 1.2—15 mPas) tabula 1. iepriek§ min&tie paraugi biitiski neatskiras. Savukart paraugs,
kam pamata receptura ir abolu biezenis ir viskozs (iegitie skaitli pat parsniedza robezu 25-35 mPas) lidz ar to €damo plévju

izveidei japielieto sméréSanas metode.
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1. tabula

Edamo plévju veidojoso Skidrumu viskozitates izvertesanas rezultati.

Paraugs mPas Standartnovirze
NR 1. 2.05 0.30

NR 2. 1.85 0.27

Pamata receptiira abolu biezenis 35624.63 12724.62

Stiepes izturiba un pagarinajums lidz parrausanas bridim

Tests veikts izmantojot universalo testé$anas masinu Zwick/Roell Z020 ar Z-veida dinamometru Zwick 20kN un
pneimatiskam klemem (paraugu turétajiem) ar aizverSanas speku lidz 2,5 kN (0,8 Bar eksperimenta laika). Geometrija mérita
izmantojot bidméru MIB (0-160mm, 0,01 mm), izmantojot mikrometru Mitutoyo (0-25mm, 0,001 mm), garums mérits izmantojot
lineali (0-50 cm, 1mm).Tests veikts atbilstos§i LVS EN ISO 527-1; LVS EN ISO 527-3. Paraugi sanemti sametinata plévé/maisa,
lidz ar to pirms testa paraugi izturéti temperatira 23+/-2 °C bez mitruma kontroles, 24 stundas. Pirms test€$anas paraugi bija
sagriezti strémeles 20 mm platuma, garumu 120-150 mm (100 mm bazes attalums). Katram paraugam tika veikti tris biezuma
méerfjumi. Analiz&ti paraugi atri plisa pie klemes, pat samazinot saspieSanas speku, idz ar to tika pienemts I1émums izmantot pléves
turétajus. Paraugs tika ievietots iekarta un iestiprinats starp parauga turtajiem. Tests veikts ar atrumu 50 mm/min (standarta atrums
ko izmanto polimériem), plévém ar labu pagarinajumu izmanto atrumu 100-200 mm/min) lidz paraugs tiks sagrauts. Sakuma

posma tika parbauditas &damo plévju receptiiras kas minétas vairakas atsauces®. Testéto paraugu iegiitie dati atspoguloti 5. attéla.
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5. attels. Stiepes izturibas liknes analiztiem paraugiem

Kopuma, ka var redzet péc ieglitiem datiem, analizétiem paraugiem konstatéta augsta datu izkliede zema stipriba un
zems vidgjas pagarinajums. Paraugiem no biopoliméra un cassavas cietes® konstatéta labaka datu atkartojamiba, bet stiepes izturiba

bija zema 0.3MPa (polietiléns 30 -35 MPa) 6. attéls.

3 https://doi.org/10.1016/].fpsl.2018.08.003

4 https://doi.org/10.1016/j.carbpol.2017.12.061
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6. attels. Stiepes izturibas liknes paraugiem no biopolim&ra un cassavas cietes

Savukart paraugiem kam pamata receptiira bija biopolimérs un sorbitols? konstatéta zema stiepes izturiba un pagarinajums lidz

parrausanas bridim 3. attgls.
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7. attels. Stiepes izturibas liknes paraugiem no biopoliméra un sorbitola

Iegiito negativo rezultatu dé] tika mekl&tas un pé&titas citas édamas pleves receptiiras® 8. Tika atlasita édamo plevju receptiira,
kam pamata bija abolu biezenis un biopolimérs®. P&c iegiitiem datiem &damai plévei ar abola biezena sastavdalu konstatgta salidzino$i zema

~1 MPa (polietiléns 30 -35 MPa) stiepes izturiba, bet tomér ta bija augstaka salidzinosi ar iepriek$ minétiem paraugiem (5. — 7.
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attels). Savukart, pagarindjums lidz parrausanas bridim bija diezgan labs 20% (polipropelénam sakot no 50%). Paraugam, kuru
sastavdala bija biopolimérs, glicerins sorbitols un zelatins (protokola paraugs Nr.2), konstatéta maza datu izkliede, stiepes izturiba
~11 MPa un pagarinajums lidz parrausanas 30 45%, kas ir raksturots, ka diezgan labi raditaji. Savukart paraugam kam pamata
receptiira bija biopolimérs, glicerins un zelatins (protokola paraugs Nr.1), bija datu izkliede, salidzino$i augsta stiepes izturiba ~7

MPa un augsts pagarindjums lidz parrausanas bridim 90-120%. Lidz ar to secinats, ka iepriek§ minétam paraugam spéka

deformacijas attieciba ir interesanta padzilinato p&tfjjuma veiksanai.
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4. attéla. Stiepes izturibas liknes paraugiem no biopoliméra un abola biezena, ka arT biopoliméra un Zelatina.
Izvertjot ieglitos datus secinats, ka pétijumi ir jaturpina ar tris atlasitam receptiiram, kam pamata ir biopolimérs un

abolu biezenis, ka arT biopolimérs un Zelatins. Detaliz&ti pétijuma atlasito édamo plévju receptiiram var iepazities protokola

Jaunizveidota iepakosanas kompozitmaterialu prototipa receptura, pielietojot EPS.
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JAUNIZVEIDOTO BIOPOLIMERU KVALITATES (ABSOLUTAMOLEKULMASA,
KONCENTRACIJA, SAZAROJUMS, POLIDISPERSITATE) NOTEICOSO
PARAMETRU IZVERTESANA.

Bitisks raditajs, kas nodrosina ogu uzglabasanas ilguma pagarinasanos ir biopoliméru kvalitates raksturojosie parametri.
Tade] veikta sintéze izmantojot tris baktériju sugas Streptococcussalivarius K12, Leuconostocmesenteroides DSMZ 20343,
Zymomonasmobilis ATCC 10988 biopoliméru ieguvei un turpmakai to raksturo$anai.

Iegitajiem biopoliméra paraugiem svarigi raksturot cukura saturu p&c hidrolizes. Ja parauga tiek konstatéti brivie cukuri,

tas liecina par to netibu, tadel bitiski veikt attiriSanu, izgulsngjot spirta. Lai izvertétu biopoliméru paraugu iegiitos rezultatus tos

jasalidzina ar cukura standarta likni 1.attgls.
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Glucose
Galactose

p Sucrose
}m Maltose

5 Mannose
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Minutes

Minutes

1.attéls — Cukura noteikSanas standartvielu likne

Izvertgjot iegiitos rezultatus 2.attéls secinats, ka biopolimers, kas iegiits no baktériju sugas, Leuconostocmesenteroides

DSMZ 20343 ir kvalitativs, brivie cukuri netika konstatéti.
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Minutes
2.attéls — Leuconostocmesenteroides DSMZ 20343 biopoliméra cukura koncentracijas noteik$ana

Levana dekstrana attieciba parauga biitiski neatskiras (fruktoze — levana struktiirvieniba 7.968; glikoze - dekstrana

strukttirvieniba 8.851).
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Izvertejot no Zymomonasmobilis ATCC 10988 iegiitos biopoliméra rezultatus 3.attls. konstatéts, ka paraugs bija

netirs, jo tika atrasti tadi cukuri, ka galaktoze un saharoze.
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3.attéls — Zymomonasmobilis ATCC 10988 biopoliméra cukura koncentracijas noteikSana

Secinajums, iepriek§ min€to paraugu pirms petijuma veikSanas obligati jaattira lai atbrivotos no brivajiem cukuriem.
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JAUNIZVEIDOTA IEPAKOSANAS KOMPOZITMATERIALU PROTOTIPA RECEPTURA

1. Metodes pielietojums

Iepakosanas kompozitmaterialu izveide, pielietojot eksopolisaharidus (EPS) (1).

2. Analizéjamais paraugs
Iepakosanas kompozitmaterialu izp&te. Paraugu mikrostruktiiras noteik$ana, izmantojot skengjoSo elektronisko
mikroskopu (SEM) JEOL JSMP 100 (Japan) (2). Form&$anas $kidruma viskozitates noteik$ana, izmantojot iekartu
Brookfield model DV-E, Engineering Laboratories, Inc., Oakland, NJ, (USA) (3). Stipribas-deformacijas raditaju
noteiks$ana. Stiepes un lieces Tpasibas (elastibas modulis E, tec€Sanas robezspriegums oy, tecéSanas deformacija gy,
sagrauSanas robezspriegums oB, sagrauSanas deformacija €¢B, maksimalo robezspriegumu liece cM) noteica,

izmantojot Zwick Roell firmas universalo materialu testéSanas iekartu BDO-FB020TN (4).

3. Materiali, reagenti un iekartas:
a. NepiecieSamie materiali, iekartas, kompozitmaterialu izveidei:
e Udens vanna-termostats, termoizturiga stikla mérglaze 1000ml, plastmasas lapstina maisisanai,
(edamo plévju formé&Sanas Skiduma pagatavoSanai).
e Svari (€damo plévju sastavdalu svérsanai).
e Silikona formas ar malinam paraugu zaveSanai.
e Dehidrators (paraugu zavéSanai +45+50° C).
e Mitruma svari (iegiito plévju mitruma noteikSanai).

e Vakuuma iepakotajs, iepakojuma maisini partikai (jaunizveidoto plévju uzglabasanai).

3.2. NepiecieSamie reagenti:
o Glicerins (5-6).
e Sorbitols.
o Partikas zelatins.
e Dekstrans vai levans.

e Dzeramais tdens.

4. Metodes apraksts
4.1. Iepakosanas kompozitmaterialu sagatavoSanas apraksts:
) Péc RTU Polimérmaterialu institiita sniegtajiem kvalitati raksturojoSiem datiem tika atlasiti divi vertigakie

paraugi. To receptiira ir atspogulota tabula 1.

Tabula 1. IepakoSanas kompozitmaterialu sakotngjas receptiiras.

Sastavdalas Paraugs Nr.1 Paraugs Nr.2
% %
Glicerins 5 25
Sorbitols - 25
Partikas Zelatins 6.6 5
Dekstrans vai levans 14 3
Dzeramais tidens 87 87
Kopa 100 100
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e  P&c ieglitajiem datiem starp vertétiem paraugiem, paraugam Nr.1 ir augstaks pagarinajums lidz parrau$anas bridim
(VAR - 121%). Savukart paraugam Nr. 2 ir augstaks relativo deformaciju raditajs (7.07 MPa).

e  Lidz ar to pirms iepakoSanas kompozitmaterialu recepturas izvéles ir stingri jasaprot, kads ir mérkis jaunizveidotajam
iepakojumam, vai ir svarigi pievérst uzmanibu materiala elastibai vai ta pagaringjumam.

e  EPS dekstrans tika ieglits fermentacijas celd, izmantojot bakteriju sugu Leuconostoc mesenteroides (7, 8). Bet EPS
levans tika iegiits fermentacijas cela, izmantojot bakteriju sugu Streptococcus salivarius K12 (9).

e  Pamatojoties uz jaunizveidoto plévju kvalitates raksturojosajiem parametriem, ir secinats, ka butiskas atSkiribas nav

novéerotas, vai tiek izmantots EPS levans vai dekstrans. Lidz ar to var izmantot $ini bridi pieejamako (EPS).

4.2. SagatavoSanas procesa apraksts:

e  Uzbriedina zelatinu @ideni (35°C). Periodiski maisot, izkausg Zelatinu Gidens peld€ (45-50°C). P&c pilnigas ta izkusanas
pievieno pargjas sastavdalas. Periodiski maisot, turpina kausét visas sastavdalas tidens peldé (45-50°C), lidz pilnigai to
izkuSanai.

e Ar 70 % spirtu dezinfic€ un attauko silikona formu.

e Iepakosanas kompozitmaterialu $kidums jaizlej silikona forma ar aprékinu 0.47g forméSanas $kiduma /cm?. P&tijuma
tika izmantota silikona forma ar izmeriem 42x35 cm. (1. att€ls).

e 7avéanas skapi ielick silikona formu ar form@sanas $kidumu un 7avé apméram 8 stundas (45-50°C). Lidz jaunizveidoto
plévju mitrums neparsniegs 8-9 %. (2. attls).

e Jaunizveidoto plévi iepako iepakojuma maisinos, izmantojot vakuumiepakosanas ierici.

e  Paraugus uzglaba sausa produktu noliktava, temperatiira +12° - +18 °C, gaisa relativais mitrums 60 — 70 %.

1. attéls. Iepakosanas 2. attéls. [zzavéta jaunizveidota biodegradgjama édama pleve.
kompozitmaterialu  $kidums
silikona forma
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SENSORAS NOVERTESANAS ANKETA PEC LINIJU METODES

Ludzu, novertgjiet paraugiem krasu + argjo izskatu; saldumu; rigtumu; garSu un pe€cgarsu.
Paraugu vértesanai 12 iedalu Itijskala, uz kuras jaatzim& konkr&tas Tpasibas intensitate.

Parauga Sifrs (numurs)

Krasa \III|IIII|\III|IIIll\III|\III|IIIll\III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III\|IIII|III\|III\|IIII|III\|IIII|III\|III\
1 ) 3 3 5 I3 7 '8 'g 10 11
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neizteikts izteikts
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neizteikta loti izteikta
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Smarza \III|IIII|\Illl\III|\III|\III|IIII|\III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III\|III\lIIII|III\|IIII|III\|III\|III\|IIH
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tei tei
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T 2 3 4 5 6 7 '8 'g 10 11
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Cletlba \III|IIII|\Illl\III|\III|\III|IIII|\III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III\|III\lIIII|III\|IIII|III\|III\|III\|IIH
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ZEMENU UN AVENU OGU APSTRADES METODIKA PIELIETOJOT

Zemenu un avenu ogu virsmas apstradei izmantotie preparati:

EKSOPOLISAHARIDUS

1. Eksopolisaharids levans (sintez&ts DI)

Eksopolisaharids dekstrans (Sigma Aldricht CAS:9004-54-0)

2.
3. Glicerins (Lach-Ner CAS: 56-81-5)
4.

Fiziologiskais $kidums (0,9% NaCl)

Iekartas, aprikojums un iepakojums zemenu avenu ogu apstradei un uzglabasanai:

1) Konvencionala tipa Zave$anas skapis ar silta gaisa piepladi ~ 2 m/s un mitra gaisa nostici (Orakas, Marlemi, Somija);

2) Dzese8anas telpa ar automatiski reguléjamu-kontrolgjamu temperatiiru;

3) Plastmasas kastes ogu mazgasanai un apstradei ar sagatavoto Skidumu;

4) Pincete ogu iznemSanai no $kiduma (iznemsana notiek sanemot aiz kauslapam, lai iesp&ami nebojatu izveidojusos

parklajumu uz ogu virsmas);

5) Papira dvielis (tiek uzklats uz zavésanas sietiem, lai mazinatu otrreiz&jas mikroorganismu kontaminacijas iesp&jas);

6) Polipropiléna / polietiléna tereftalata (PP/PET) kastites ogu uzglabasanai (Rumeks, NNZ).

Zemenu_avenu ogu apstrades procediira:

1) Ja zemenes ir neftiras tas iegremdg fideni, nomazga, notecina un veic apstradi fiziologiskaja skiduma

2) Iemeérc zemenu ogas fiziologiskaja Skiduma (ar mérki lai mazinatu ogu virsmas nelabvéligo mikrofloru) un apzavé silta

gaisa ar piepladi ~ 2 m/s;

Divi ieprieksgjie punkti neattiecas uz avenu ogu apstradi tas netika mazgatas, bet tam uzreiz tika veikta apstrade ar EPS.

3) Ogas iemérc sagatavotaja apstrades $kiduma un iztur 2 mindtes;

4) Zemenes ar pinceti (turot aiz kauslapam), iznem no $kiduma, bet avenes ar sietu iznem no darba $kiduma, notecina

liecko mitrumu un novieto uz papira dvieliem, lick Zavéjama skapi temperatiira +20+2 °C ar gaisa cirkulaciju ~ 2 m/s;

5) Sausas ogas pako PP/PET kastités, nosver, marke un nekavgjosi novieto uzglabasanas p&tijumam paredz&tajos apstaklos.

6) Katru zemenu/avenu apstrades variantu sagatavo tris atkartojumos. viena atkartojuma svars zemeném ~ 0.5 kg, bet

aveném ~ 0.4 kg.

Apstrades Skidumu koncentracijas:

Paraugi Levans, % Dekstrans, % Glicerins, %
1. 1 1 -
2. 3 - 2

Paraugu uzglabasanas apstakli

Zemenu uzglabasanas laika pagarinasanas petfjumam izveleti divi dazadi varianti:

1) Uzglabasana telpa, 20 £1 °C temperatiira 24 stundas;

2) Uzglabasana dzesétava, +4 +1 °C, temperatiira 72 stundas.

Zemeném analizes tika veiktas pirms un péc ogas uzglabasanas

Avenu uzglabasanai izvel@tais reZims:

1) Avenes uzglaba dzesétava, +4 £1 °C, temperatiira 72 stundas.

Avenu ogu analizes tika veiktas pirms uzglabasanas un ik p&c 24 stundam.

Zemenu un avenu ogu kvalitates noteik§anai analizé fizikalo, kimisko, mikrobiologisko un sensoro raditaju izmainas:
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No p. k.

Raditaji

Metodes un standarti

1. Auglu masas samazinajums %,. Svara metode, elektroniskie svari (= 0.001 g, Vacija)
2. Ogu cietiba N, Kvikliene et al., 2008
Skistosas sausnas saturs, Brix% LVS EN 12143:2001
3. Auglu un darzenu sulas - Skisto§as sausnas satura noteik3ana -
Refraktometriska metode
4 Kop¢gjo skabju saturs, % LVS EN 12147:2001
Auglu un darzenu sulas - Titréjama skabuma noteik$ana
5. Kopgjo antocianu saturs mg 100 g*
6 Kopégjo fenolu saturs, mg GAE 100 | Spektrofotometriska metode/ (Singleton et al., 1999)
gt/
; Sensoras analizes — Linijskala 1SO 4121:2003 Sensory analysis — Guidelines for the use of quantitative
response scales
8 Paraugu mikroflora noteikta LVS ISO 18593:2007Partikas un dzivnieku baribas mikrobiologija.
atbilstosi standartam
Mezofili aerobo un fakultativi LVS EN ISO 4833-2:2014 ,Partikas kédes mikrobiologija.
anaerobo mikroorganismu Mikroorganismu skaitiSanas horizontala metode. 2. dala: Koloniju
9 (MAFAM) noteiksana atbilstosi skaitiSana ar virsmas noklasanas metodi pie 30 °C temperatiiras” un
standartam izmantojot ,,Scharlau” firmas selektivo barotni ,,Nutrient agar” (Ref. 064—
TA2144).
Raugu un pel&jumu noteikSana LVS ISO 21527-1:2008 ,,Partikas un dzivnieku baribas mikrobiologija.
atbilstosi standartam Horizontala metode rauga séniSu un pelgjumsénisSu skaitiSanai. 1.dala:
10 Koloniju skaitiSanas metode produktiem ar fidens aktivitati virs 0,95 un
izmantojot ,,Scharlau” firmas selektivo barotni ,,Malt Extract Agar ,, (Ref.
01-573).
11 Pienskabes bakterijas noteiktas 1SO 9332:2003 lietojot firmas Scharlau MRS agaru (ref. 01-135).

saskana ar standartu

Levans 194

Levans 3%

Sakotnéji izveleéto koncentraciju testésSana.
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Ar biopoliméru
apstradatas zemenes.

Sakotnéji
izveléto

koncentraciju s
izpéte. ‘

Uzglabasana telpas temperatira (+23+1 2

C, RH 50£2%, t=24 st.)

..

VWi M e e mem e
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Uzglabasana
dzesétava

Zemenu
sensora
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Avenu sensora
vértésana
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4. SADALA: PROJEKTA REZULTATU APKOPOJUMS UN SECINAJUMI

Projekta ietvaros tika sasniegti visi mérki, ka arT tika izdariti sekojosie secinajumi:

Projekta ietvaros tika izstradatas alternativas barotnes vertigu biopoliméru iegtisanai: stikalu, abolu sulas, ka arT kriimcidoniju
sirupa barotnés. Lidz ar to vienlaicigi tik sniegts risinajums $o blakusproduktu utilizé$anai, veicinot aprites ekonomikas

principu ievieSanu;

Starp izvertétajiem BC producgjosiem celmiem Komagataeibacter rhaeticus P-1463 celms ir vislabak piemérots BC

ieglisanai uz siera sukalam;

BC produktivitati sikalu barotné var butiski uzlabot, veicot siikalu pirmsapstradi, tai skaita tas paklaujot enzimatiskajai

apstradei ar B-galaktozidazi, ka arT pievienojot papildus auganas faktorus (piem. kukurtizas ekstraktu u.c.);

Atlasttais celms Novacetimonas hanseni MSCL 1646 nodro§ina vislabako BC sintézi uz abolu sulas (1:2) atSkaidijuma ar

galas ekstrakta (15 g/L) piedevu;

Ir izstradats biopoliméru razoSanas iekartas prototips — rotacijas disku bioreaktors, kas uzlabo BC razu 3 — 5 reizés (atkariba

no barotnes) salidzinajuma ar statisku kultivaciju, ka ari samazina kultivacijas laiku aptuveni divas reizes;

BC pléves spgj btiski uzlabot pelgjuma sieru (rokfora tipa) nogatavinasanas procesu, veicinot ierauga mikrofloras attistibu

un gazu apmainu, vienlaicigi pasargajot produktu no kontaminacijas un samazinot siera zudumus;
Izmantojot BC pléves siera nogatavinasanas procesa, uzlabojas siera sensoras ipasibas;

Biopoliméri tika veiksmigi izmantoti atSkirigu biodegrad€jamo kompozitu izveidei: iepakosanas materialu un aizsargplévest;

Izstradati biopoliméru kompozitmateriali sp&j butiski uzlabot auglu uzglabasanas laiku un veicina siera nogatavinaSanas

procesu;
Biopolimeru apstrade ietekm€ ogu fizikalos un ktmiskos raditajus uzglabasanas laika, bet bitiski neizmaina sensoras pasibas;

Konstatéts, ka péc septinu dienu ogu uzglabasanas mazaki masas zudumi konstat&jami péc to apstrades ar biopolimeru

parklajumu. Tatad, biopoliméru parklajums samazinaja ogu mitruma zudumus (ogu izztisanu);

Ogu virsmas apstradei var izmantot 2% BC $kidumu ar pektina piedevu, ka arT EPS (dekstrana un levana) parklajumus (2%);

Ogam vérojama cietibas palielinasanas tendence péc septinu dienu uzglabasanas, kas norada uz biopoliméru apstrades

pozitivo iedarbibu;
Kopgjo skabju saturs mazak samazinajas apstradatajiem ogu paraugiem, lidz ar to vérojama apstrades ietekmes efektivitate;
Biopoliméru apstrade mazindja antocianinu sastava izmainas, kas var liecinat par paléninatu nogatavinasanas procesu ogas.

Sensoras vertésanas rezultati liecina par to, ka vértétajiem nav iebildumi pret ogu virsmas apstradi ar biopolimériem, jo péc

garsas Sie paraugi ir noverteti lidzvertigi ar neapstradatajam ogam;
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Ogu apstrade un/vai uzglabasana biopoliméru plévé/parklajuma samazindja raugu, mikroskopisko sénu un baktériju, tostarp

pienskabes attistibu;

Ir konstatéts, ka levana $kiduma pievieno$ana ogu virsmas apstrades gaita, ka ar ta ieklauSana absorb&joso paliktnu

kompozitmateriala recepttira butiski uzlabo ogu nemainigas kvalitates saglabasanos un paildzina to deriguma terminu.

Bakterialas celulozes klatbiitne biopoliméru kompozitmaterialu sastava butiski uzlabo iepakosanas plévju, ogu virsmas
parklajumu un absorb&joso paliktnu fizikalas un mehaniskas ipasibas, tad€jadi nodroSinot vislabako ietekmi uz ogu

uzglabasanas ilgumu nemainiga kvalitate.

Izvertgjot tris sezonu uzglabasanas datus (fizikali — kimiskos, sensoros, mikrobiologiskos) konstatéts, ka ir novérota tendence
ar parklajumu un/vai plévi uzglabato ogu deriguma termina paildzinasanai. Tadgl secinats, ka izmantojot apstradi un /vai
uzglabasanu biopoliméru plévé/ parklajuma, ogu (zemenu, avenu) deriguma termin§ varétu sasniegt septinas dienas

dzesétava ( +4 +1 °C, gaisa relativais mitrums 75+2 %).
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5. SADALA — PUBLICITATE

Zinatniskas publikacijas

1.

S. Kolesovs, K. Neiberts, S. Beluns, S. Gaidukovs, P. Semjonovs (2022), Bacterial cellulose production by
Novacetimonas hansenii MSCL 1646 on apple juice. Applied Microbiology and Biotechnology. Pienemts publicéSanai
(SCOPUS).

P. Zikmanis, S. Kolesovs, M. Ruklisha, P. Semjonovs (2021), Production of bacterial cellulose from glycerol: the current
state and perspectives. Bioresources and Bioprocessing, 8:116. https://doi.org/10.1186/s40643-021-00468-1;
(SCOPUS).

P. Zikmanis, K. Juhnevica-Radenkova, V. Radenkovs, D. Seglina, I. Krasnova, S. Kolesovs, Z. Orlovskis, A. Silaks, P.
Semjonovs (2021), Mocrobial polymers in edible films and coatings of garden berry and grape: current and prospective
use. Food and Bioprocess Technology, 14:1432-1445. https://doi.org/10.1007/s11947-021-02666-3 (SCOPUS).

P. Zikmanis, K. Brants, S. Kolesovs, P. Semjonovs (2020), Extracellular polysaccharides produced by bacteria of the
Leuconostoc genus. World J of Microbiol and Biotech, 36:161. https://doi.org/10.1007/s11274-020-02937-9 (SCOPUS).
S. Kolesovs, P. Semjonovs (2020), Production of bacterial cellulose from whey — current state and prospects. Applied
Microbiology and Biotechnology. 104:7723-7730. https://doi.org/10.1007/s00253-020-10803-9; (SCOPUS).

P. Zikmanis, S. Kolesovs, P. Semjonovs (2020), Production of biodegradable microbial polymers from whey (SCOPUS).
Bioresour. Bioprocess, 7:36. https://doi.org/10.1186/s40643-020-00326-6.

Projekta ietvaros izstradatie zinatniskie raksti ir noraditi 1. pielikuma.

Starptautiskas zinatniskas konferences

1.

S. Kolesovs, P. Semjonovs. Microalgae originated biostimulants as a sustainable alternative for agriculture. 80th International
Scientific Conference of the University of Latvia “Innovative and applied research in Biology”, 03.02.2022, Riga, Latvija
stenda referats;

I. Borbale, K. Neiberts, M. Ruklisha, P. Semjonovs, S. Kolesovs. Bacterial cellulose production on apple juice. 80th
International Scientific Conference of the University of Latvia “Innovative and applied research in Biology”, 03.02.2022, Riga,
Latvija, mutisks referats;

K. Neiberts, 1. Borbale S. Kolesovs, P. Semjonovs. Bacterial cellulose production on whey. 80th International Scientific
Conference of the University of Latvia “Innovative and applied research in Biology”, 03.02.2022, Riga, Latvija, mutisks
referats;

S. Kolesovs, K. Neiberts, P. Semjonovs. Bacterial cellulose production on whey — an overview of prospects. 79th International
Scientific Conference of the University of Latvia “Innovative and applied research in Biology”, 05.02.2021, Riga, Latvija,
mutisks referats. Tézes, 20-22. https://doi.org/10.22364/iarh.2021.04;

Karina Juhnevica-Radenkova, Vitalijs Radenkovs, Dalija Seglina, Inta Krasnova, Pavels Semjonovs, Sergejs Kolesovs, Péteris
Zikmanis, Maija Ruklisa.  78th International Scientific Conference of the University of Latvia “Innovative and applied
research in Biology”. ‘Edible coatings for berries: An innovative, perspective and environmentally friendly approach to berry
storage’. 30th January 2020. Riga Latvia.

Juhnevica-Radenkova K., Radenkovs V., Seglina D., Semjonovs P., Kolesovs S., Zikmanis P. Latvijas Agronomu
biedribas un Latvijas Lauksaimniecibas un meza zinatnu akadémijas organizéta zinatniski praktiska konference
,, Lidzsvarota lauksaimniectba 2021 ”. “Petijumi lauksaimnieciba ES zala kursa konteksta” (Partikas pléves jeb édamais
parklajums, ko mes par tam zinam? 16.02.2021. Jelgava, Latvija.

Vitalijs Radenkovs, Karina Juhpevi¢a-Radenkova, Dalija Seglina, Inta Krasnova, Ieva Kalnina, "Sustainable
horticulture from plant to product: Challenges in temperate climate”. Obtaining of bio-degradable polymers from
renewable resources for production of protective coatings and packaging materials for fruits. sesija: Food processing

and chemistry. 26.08.2021. Dobele, Latvia.
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https://llufb.llu.lv/conference/lidzsvar _lauksaim/2021/Tezes 2021 Lidzsvarota-lauksaimnieciba LLU LF.pdf

Vitalijs Radenkovs, Karina Juhpevica-Radenkova, Dalija Seglina, Inta Krasnova, Ieva Kalnina. Obtaining of bio-
degradable polymers from renewable resources for production of protective coatings and packaging materials for fruits.
https://www.darzkopibasinstituts.lv/sites/dobele/files/files/lapas/Dl_Book_of Abstract_2021_1.pdf
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pieeju. https://www.If.llu.Iv/sites/If/files/2022-02/Lidzsvarota_lauksaimnieciba Tezes 2022 0.pdf

Popularzinatniskas publikacijas
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P. Semjonovs, P. Zikmanis, S. Kolesovs (2021) Stukalu parstrade augstas pievienotas vertibas produktos: problémas un
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vertibas-produktos-problemas-un-biotehnologiskie-risinajumi# 8/
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Projekta ietvaros izstradatie popularzinatniskie raksti ir noraditi 2. pielikuma.

Publicitate EIP tikla
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Informacija par projektu publicéta Lauku tikla un atrodama Seit:

http://www.laukutikls.lv/nozares/lauku-telpa/raksti/biopolimeru-parklajumi-ogu-kvalitates-saglabasanai

Daliba tematiskajos darzkopibas pasakumos (APP Darzkopibas institiits)

Karina Juhnevi¢a-Radenkova, Vitalijs Radenkovs, Dalija Seglina, Inta Krasnova: “Edamie parklajumi ogam inovativs,

perspektivs un videi draudzigs uzglabasanas risinajums”. (2020. marts).
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1. PIELIKUMS: PROJEKTA IETVAROS IZSTRADATIE ZINATNISKIE RAKSTI

1. S. Kolesovs, K. Neiberts, S. Beluns, S. Gaidukovs, P. Semjonovs (2022), Bacterial cellulose production by Novacetimonas
hansenii MSCL 1646 on apple juice. Applied Microbiology and Biotechnology. Pienemts publicésanai (SCOPUS).

Applied Microbiology and Elotechnology
https://dal.ong 10.1007/'500253-022-12213-5
BIOTECHNOLOGICAL PRODUCTS AND PROCESS ENGINEERING -.1
Chask far
| mpecates |

Bacterial cellulose production by Novacetimonas hansenii MSCL 1646
on apple juice

Sergels Kolesovs' - Kristaps Melberts' - Sergejs Beluns® - Serga)s Galdukovs® - Pavels Semjonovs'(

Recaived: 13 July 2022 / Revised: 18 Saptember 2022 / Accepted: 12 September 2022
©The Authoris), under exclusive licence to Springer-Verizg GmbH Germany, part of Spnnger Nature 2022

Abstract

Biomaterials and biopolymers, such as bacterial cellulose (BIC), are becoming increasingly important as sustainable mate-
rials with a wide range of potential applications. However, BC industrial production is associated with several difficultics
such as low BC production yields and high production costs; therefore, cheap alternative growth media, e.g. apple juice ane
being studied intensively. The aim of this study is o evaluae BC synthesis under static conditions on apple juice medium
{AJM). The optimal concentration of apple juice in unsupplemented AJM for Novacetimonas hansenii MBCL 1646 was
shown by its dilution [:6 with water, which resulied in 0.89 £001 g/l of dry BC weight after 10 cultivation days. Low BC
synthesis can be associated with insufficient N concentration in apple juice; therefore, different organic and inorganic N
sources were evaluated in combination with AJM. and beef extract (5 g/L.) was found to be the most suitable. Further, ATM
optimisation experiment showed the optimal apple juice and bee fextract concentrations as 1:2 and 13 g/l. mespectively, which
resulied in 17.27 £ 0.07 g/L of dry BC weight, which is significantly higher than in standard Hestrin- Schramm (H5) medium
(4.07 +0.02 g'L.). Analysis of mechanical and physical properties showed that use of AIM mesults in changes in BC propenties
compared with the standard HS medium. Results of the study indicate that apple juice is an effective and cheap C source that
in combination with appropriate N source leads to high BC synthesis and makes it suitable for industrial BC production.

Key points

& Low guality apples can be used as raw material for BC production;

® Beef extrac improves BC synthesis in apple juice medivm;

® Use of apple juice and besf extract affect mechanical properties of BC.

Keywords Bacterial cellulose - Biopolymers - Fruit - Apple juice - Novacetimenas - Acetic acid bacteria

Introduction (Gullo et al. 2018; Rajwade et al. 2015}, BC exhibits unigue

physical and mechanical properties such as high purity,

Biomaterials and biopolymers are gaining increased impor-
tance as potential eco-friendly materials with wide range of
patential applications (Yadav et al. 2013). Bacterial cellulose
(BC)—an exopoly saccharide synthesised mostly by acetic
acid bacteria (AAB) species—is one of these biopoly mers
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high degree of polymerisation (14.000-20,000), high
water holding capacity (= 93%). good mechanical strength
(200-300 MPa), elasticity (15-35 GPa), high crystallinity
(60-90%) and high porosity (Huang et al. 2014; Klemm
et al. 2003; Reddy and Yang 2015; Taham et al. 1997). These
properties ane significantly higher than for plant-origin cel-
lulose, which requires additional expensive steps of cellu-
lose purification from lignin and hemicellulose (Huang et al.
2014; Klemm «t al. 2005). Moreover, BC biotechnological
production reduces the need to destroy forests and ccosys-
temns for plant-origin cellulose production or to overex ploit
agricultural land (Muhamad et al. 2017).

BC has many potential applications starting from food
industry and packaging materials to biomedicine and elec-
tronics (Azeredo et al. 2019; Blanco Parte et al. 2020,
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Gorgieva and Traek 201% Zikmanis et al. 202 1a). However,
BC production and commercialisation are associated with
severdl difficulties, one of which is high BC production costs
(da Gama and Dowrado 2018). Bacterial growth media can
reach up to 30% of total BC production costs (Rivas et al.
2004). Research show that use of aliernative growth media
can be considered to decrease overall production costs and
increase BC productivity significantly, compared with stand-
ard cultivation medium (Jozala et al. 2015; Kolesovs and
Semjonovs 2020; Zikmanis et al. 2021b). However, BC pro-
duction on aliernative media is highly strain specific (Jozala
et al. 2015; Salari et al. 2019). Moreover, it can result in
significant changes of BC physical and mechanical proper-
tics (Potivara and Phisalaphong 2019; Revin et al. 201 8).
Apple juice can be considered one of the alternative bac-
terial growth substrates for BC production. Right now, food
loss and waste is one of the biggest global problems (Giee]
and Akmnar 2020; Santos et al. 2020). Annually, one-third
of all foods produced (approximately 1.3 billion tons/year)
are lost during harvest, post-processing, transporiation,
retail, and distribution. Moreover, approximately 205 of all
fruits ame wasted every year (Plazzotta et al. 2020; Santos
et al. X0). Apple (Malus domestica) is one of the most eco-
nomically important nutrient-rich fruits grown in all temper-
ate zones (Patocka et al. 20200, Nevertheless, approximately
30-40% of the total apple harvest is not sold or used for
other application (Bandyvopadhyay et al. 2018). Apples can
b used to produce apple juice which is rich in sugars such
as glocoze 9.3-32.2 /L, fructose 66.1-96.0 g/, sucrose
8.3-535.1 gL, with total sugars reaching 110.9-164.4 o/
respectively (Keradeniz and Eksi 2002). Morcover, apples
provide a wide range of macro and micronutricnts along
with polyphenols, polysaccharides (pectin), organic acids
and vitamnins {Patocka et al. 2020). Off-market apples can
potentially be used as a cheap substrake for BC synthesis.
In literature, several studies have been dedicated to BC
production using different fruit juices. It has been shown
that different AAB strains can successfully use various
juices as the main C source for BC production, although
BC productivity may significantly vary among fruit juices
{Adebavo-Tayo et al. 2017; Kurosumi et al. 2009). Only a
few studies were dedicated to investigation of BC production
using apple juice (Bandyopadhyay et al. 2018; Kurosumi
et al. 2009; Urbina et al. 2017; Zhang et al. 2020). It was
noted that BC synthesis on raw apple juice medium (ATM)
is relatively low not exceeding 0.36+0.01 g/L (Urbina
et al. 201 7). Despite this, ATM it can be used as a cheap
C source, if the productivity of the process is increased.
The main disadvantage of apple juice is lack of N in the
medium (Kurosumi et al. 20090 Howewver, a combination
of apple juice and a cheap N source, e_g. com sieep liguor
(C5L) or diammonium phosphate (Costa et al. 2017; Sper-
otto et al. M021), as shown, can result in high BC synthesis
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and a significant redoction in total production costs. The aim
of the study was toevaluate raw and modified apple juice as
an alternative medivm for BC production.

Materials and methods
Preparation of medium

Standard Hestrin- Schramm {HS) medium was used for the
preparation of inoculum and for comparizon with AJM under
study. HS medium composition was: glucose, 31000 g/l yeast
extract, 5.0 g/L, bacteriological peptone, 5.0 g/L, disodium
phosphate, 2.7 gf/L., citric acid, 1.15 g/L. distilled water,
1000 mL {Hestrin and Schramm [934). Before sterilisa-
tion, pH in the medium was adjusted to 7.0+0.1 with | M
MaOH and 1 M HCI. All media were autoclaved at 121 T
for 15 min.

For AIM preparation, off-market apples (M. domestica)
from a local household (Bauwska district, Latvia) were used.
Apple juice was obtained by use of a mechanical squesser.
Juice was separated into 0.3-L portions and stored frozen
at— 20 C. The resultant apple juice was used For all the tri-
als. Initial sugar contents in apple juice were determined
using the sucrose/fructose/glucose (K-SUFRG 04/18)
enzymatic kit (Megazyme, Wicklow, [reland) following the
manufacturer’s instructions. The concentrations of sugars
in apple juice wene as follows: glucose 20010 +2.14 oL,
fructose 72.88 +2.28 o/l., sucrose 63.73 +3.73 g/l (ratio
2:7 3:6.5). Before sterilisation at 121 °C for 15 min, the pH
of apple juice preparation was adjusted to 7.0 +0.1 with 1 M
Mz20H and | M HCI solutions.

To obtain different AJM concentrations, the apple juice
was diluied with distil led water. For apple juice media mod-
ifications, different N sources such as yeast extract, pep-
tone, whey protein concentrate (WPC), C5L, diammonium
'phnrsphsl:, casein hydrolysate, and beef extract were used
at 3 g/l concentration (Son et al. 2003; Hungund and Gupta
2010; Costa et al. 2017; Sperotto et al. 3021 ). For combined
apple juice and beef extract media optimisation, different
concentrations of apple juice (with no water addition, 1:2,
14, 1:6) and beef extract (3 g/L. 10 g/L, 15 g/} were used.

Bacterial strains

BC synthesizs on raw apple juice and modified AJM was
tested using three AAB strains: Novacet imonas hansenii
MSCL 1646, Kemagatacibacter rhacticus MSCL 1463,
and N. hansenii DEM 5602, The first two strains were iso-
lated at the Laboratory of Industrial Microbiology and Food
Biotechnology, Institute of Biology, University of Latvia
(Semjonovs et al. 2017) and deposited in the Microbial
Strain Collection of Latvia (MSCL). N. hansenii DSM 5602
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culture was obtained from the German Collection of Micro-
organizms and Cell Cultures (DSMZ).

BC synthesis experiments

Prior to inoculation, all bacterial strains were stored fro-
zen in standard HS medium at— 18 °C with addition of 20%
glycerol. Preparation of inoculum was carried out by add-
ing bacteria for inoculation to 500-mL volume Erlenmeyer
flasks filled with 100 mL standard HS medium and cultiva-
tion under shaking conditions (150 rpm) at 30 °C for 24 h.
After the preparation of inoculum, it was added at 3% con-
centration to main fermentation media (to total of 50 mL in
250-mL wide-neck Erlenmever flasks): standard HS, apple
juice without supplementation and modified ATM. Air sur-
face/media volume ratio was ~33 cm™30 mL, which cor-
responds to optimal ratio for static BC synthesis in 250-mL
flasks (Ruka et al. 2012). Fermentations wen: carried out
under static conditions in thermostats at 30 C for 10 days.

Purification of BC pellicles and dry weight
calculation

After the end of cultivation, BC pellicles produced at the
air-liquid surface were removed from the fermentation
medium, then rinsed in 100 mL of distilled water and placed
for 20 min into an orbital spinner to remove excess media
residues. The procedure was repeated three times. A fler
wards, BC pellicks wem heated to 90 'Cin 100 mL of 0.1 M
NaOH solution for 20 min. After heating, BC pellicles were
purified by rinsing in distilled water until a pH of 7.0 was
reached. Finally, the purified BC was placed in weighting
bottles and dried overnight at 110 C to estimate the dry
weight gravimetrically. The BC production was then cal-
culated as the dry weight of BC per litee of medium (g/L).

Determination of sugars and organic acid
concentrations

Concentrations of the individual sugars—sucrose, [-fruc-
tose and [-glucose in the coltivation media—wen deter
mined using a commercially available enzymatic assay kit
(K-SUFRG 04/ 1 8; Megazyme, Wicklow, Ireland). The pres-
ence of acetic and gluconic acids in the cultivation media
wis also determined by specific enzymatic kits (K-ACET
04/18 and K-GATE 04/20: Megazyme, Wicklow, Ireland).

following the manufacturer’s instructions.
Determination of BC biotechnological parametars
Samples of 0.5 mL wemr collected at the beginning and at

the end of cultivation cycles. Sugar consumption (AS) by the
bacteria during cultivation was calculated as the difference
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between the initial (5,) and final (5;) sugar concentration in
the medium. Using data of the changes in the amount of the
products, e.g. BC dry weight and organic acids (Fp—product
amount at the beginning; P;—amount at the end of cultiva-
tion} and the AS at the respective time points, the yield of
BC production (Y oy g. %) and vield of organic acids (Y p,e.
%) were calculated as follows:

P1_Py % 100%.
5-5

¥ a5 =

The productivity Qe g/liday) of BC was calculated
in a similar way, where f cormesponds to cultivation time

(10 days):

_P-R
=—

Qpe

Mechanical properties of BC

Tensile tests wene performed on BC pellicles using a uni-
versal iesting machine Tinius Olsen model 255T (Horsham,
PA, USA) equipped with a load cell of 5 kN at | mm/min
crosshead speed. BC pellicles wer cut into a rectangular
strip of 10 mm wide and about 40 mm long. The gage length
between grips was 20 mm. Five parallel measurements wens
performed for each film sample at 20 °C.

Wide angle X-ray diffraction analysis

The structural investigations of the freeze-dried BC speci-
mens wen: performed by the wide-angle X-ray diffraction
analysis (WAXDY) (Ruan et al. 2016). The WAXD measure-
ments were carried out on a Panalytical X" Pert PRO (Mal-
vern Panalytical, Malvern, UK) diffractometer at 20 °C. The
monochromatic irradiation of Culx with 2 wavelength of
A=0.154 nm in the range of diffraction angles 28 from 2 to
25 deg was used. The voltage was 40 kV, and the scanning
rate was (. 123 deg/s. Crystallinity index (CI) evaluation was
carried out using OriginPro softwan: (OriginLab, Morthamp-
ton, USA). [twas calculated as Cl from the diffraction peaks
mreceived using Segal method. This method is based on the
empirical equation of Segal et al. (Leung et al. 2013; Segal
et al. 1959):

Cl(%) = (1 - 'ﬂ) x 100
IIIIE

whene Jiz denotes the maximum intensity of the lat-
tice"s diffraction band, which is in the interval 26 around

2% while {_ denotes the minimum intensity for diffraction
band 2# around 18°, corresponding to an amorphous phase.
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Scanning electron microscopy

The BC structure was examined with scanning electron
microscopy (SEM) Tescan, Mira/LMU Schottky (Tescan
Orrsay Holding, Kohoutovice, Czech Republic) at a voltage
of 5 kV. The frecee-dried sample was covered with a 3-nm
gold-palladium (Emitech, Montigny-le-Bretonnews, France,
K350X) using vacuum sputter to reduce charge interrup-
tions. The micrographs were taken up tox 10000 magnifica-
tion (Khan et al. 2020).

Data statistical analysis

Experimental data was analysed using SPSS (BM SPSS
Statistics for Windows, Version 21.0; IBM Corp, Armonk,
ISA) at significance level of p=0.03 and presented as the
mean + standard deviation. BC dry weights were analysed
with one-way and two-way analysis of variance (ANOVA)
test. Changes in sugar and organic acid concentrations were
anatysed by means of a paired-samples ¢ test (p=0.05). In
figures, error bars mpresent data variability with confidence
intervals at 95%.

Results
Production of bacterial cellulose

It is well known that total sugar concentration in the medium
can significantly affect the production of BC (Embuscado
et al. 1994). Therefore, different media dilutions were pre-
pared, and BC production by N. hansenii MSCL 1646 was
evaluaied to determine the optimal apple juice concentra-
tion. As shown in Fig. |, an apple juice concentration of 1:6
(apple juice:distilled waker) showed the highest BC synthesis
(089001 g/l. BC dry weight). Sugar concentration analy-
siz in AJM with concentration 1:6 showed that glucose, fruc-
tose, sucrose concentrations were 4.50+0.21, 1692 +0 .83
and 3.48 +0.24 g/L. respectively. Dilutions lower than 1:6
resulted in significantly lower BC synthesis. Thuos, undi-
luted ATM and AIM [:]1 showed the lowest BC production
(0.45+0.02 and 0.48 +0.04 g/L). There was no statistically
significant difference between these two groups (p= 1)
Furthermore, media dilutions of 1:7 and above significantly
decrzase BC synthesis. Therefore, for further experiments
an apple juice concentration of 1:6 was chosen.

e to BC production being highly strain specific,
three AAB strains (N, hansenii MSCL leda, K. rhaaicus
MSCL 1463 and N. hansenii DDSM 5602) were tested for
BC synthesis in media with two different apple juice con-
centrations—without water addition and AJM (1:6). As
shown in Fig. 2 M. hanseniil MSCL 1646 expressed high-
est BC production on both growth media 0.47 £002 g/l
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Fig.2 Influence of AAB stmain (V. hansenii MSCL 1646, K. rhae-
cus MBCL 1463 and N. hansenii DEM 5602} on BC synthesis (dry
weight) in AJM without added water and AJM (1:6) afier 10 days of
cultivation

and 0.78 +0.04 g/L.. respectively. Other strains showed sig-
nificantly lower BC synthesis—K. rhaeticus M3CL 1463
msulied in 0.27 +0.03 g/l in AJM without added water and
0.67+0.03 gL in AJM (1:6), and N. hansenii DSM 3602
msulted in 0.15+002 and 0.26+0.23 g/L., respectively,
which indicates that the given strains are less suitable for
BC production using apple juice. Based on the resulis, N.
hansenii MSCL 1646 was used for further ex periments.

Az mentioned previously, a lack of N source in the fer-
mentation media may msolt in decreazed BC production
(Kurosumi et al. 2009). In this study, yeast extract, casein
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Fig.3 Inftuence of different N sources (yeast eximact, casein hydro-
by saie, 5L, diammonium phosphate, beef exiract, WPC, peptone) at
5 gL concentration on BC synthesis (dry weight) in AJM (1:6) com-
pared with the standard HS medium and unsupplementied AIM* after
10 days of caltivation of N. hansenil M3CL 1648

hydrolysate, CSL, diammonium phosphate, beef extract,
WPC and peptone were evaluated as an N source for ATM
(1:6) for BC production with N. hansenii MSCL 1646, A=
shown in Fig. 3, different N sources showed different effects
on BC production. Beef extract resulted in the highest BC
production (2.38 +0.21 g/l.) among tested N sources. How-
ever, BC production was still significantly (p-<0.001) lower
compared to the standard HS mediom (4.22 +0.04 g/L).
Additionally, addition of peptone resulted in a significant
improvement in BC synthesis (1.95+ 0,09 g/l.). However,
this was significantly lower than on HS (p <0.001) and apple
juice (1:6) with beef extract (p<0.001). Addition of WPC
and yeast extract to the fermentation media also resulted
in a significant incrzase in BC synthesis (1.00+0.05 and
1.01 £0.12 g/L. respectively) compared with unsupple-
mented AJM (1:6). There was no significant increase in
BC synthesis (p=1) in AJM with casein hydrolysate when
compared to unsupplemented AJM (1:6). On the other hand,
C5L and diammonium phosphate resulted in significant
(<0001} decrease in BC synthesis when compared to AJM
(control group). Bazed on the results, AJM supplemented
with beef extract was used further for media optimization o
achieve higher BC production.

Different concentrations of apple juice (with no water
addition, -2, 1:4, 1:6) and beef extract (3 g/L, 10 g/L.
15 g/L) were tested to establish optimal concentrations of
medium components. As shown in Fig. 4, highest BC syn-
thesis was observed in apple juice (1:2) with 13 g/l beef
extract (17.27 +0.07 g/L). In this media, BC dry weight was
significantly higher (p-< 0.001) compared to the standard HS
media (4.07 £0.02 g/L.). Higher apple juice dilutions {16
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Ag.4 Influence of apple juice concentration (apple jwice distillad
water—with no added waier*. 1:2, 1:4 and 1:6) and beaf extract
(5 &L 1 g/, 15 'L} in combined apple juice/besf e ract mediom
on B synthesis (dry weight), compared with AJM (1:6) and HS
medium after 10 days of cultivation (V. hansenii MS3CL 1646)

and [:4) did not provide enough C to ensure high BC svn-
thesis during the fermentation process, while concentration
of sugars in undiluted AJM exceeded the optimal concen-
tration of C and inhibited BC production. It was shown that
increase in beef extract concentration up to 13 g/L signifi-
cantly increased BC synthesis compared with groups with
Sor 10 g/l beef extract (Fig. 4).

In this study, three media (standard HS, unsupplemented
AIM (1:6) and AJM (1:2) with 15 g/l beef extract) were
selected for detailed sugar and organic acid analysis. Sugars
(glucose, fructose, sucrose) and organic acids (gluconic and
acetic acid) concentrations wenz evaluated (Table 1) at the
beginning of the cultivation cycle (5;) and at the end (5 ) of
the experiment (107 day).

As shown in Table 1, glucose was fully consumed by the
end of the experiment in all three growth media. Moreover,
it was shown that during growth N. hansenii MSCL 1646
utilises all three C sources—glucose, fructose and sucrose.
However, in both ATM groups fructose and sucrose wene not
fully depleted. In case of unsupplemented AIM., a lack of N
may lzad to inhibition of bacterial growth and BC produc-
tion leaving fructose and sucrose unmetabolized. In AJM
(1:23with 13 g/L. beefextract sugar was not consumed com-
pletety, probably due to the chosen time limitations of the
given experiment.

Moreover, it was also noted that despite regulation
of pH before sterilisation, it cansed partial hydroly-
sis of sucrose in undiluted AJM resulting in an average
decrease in the concentration of sucrose from 63.73+£3.73
to 28.37 £0.38 g/l. and an increase in glucose and fruc-
tose concentrations from 20,10+ 2.14 to 32.57 +4.446,
and from 7288 +2.28 to 101.89 £ B.23 g/l mspectively.

& Springer



Applied Microblology and Bictechnology

Table 1 Changes of sugar {glucose, frucinse, sucrose ), pH and orpamic acids (acetic acid, gluconic acid) concentrations

Medium Csoure 502fl) 5 (efl) AS(yL) FinalpH Orzanicacids 5 (mzl) 5 (mgl)  AS(mg/L)
Standard HS Ghucose  M95+£077 004+001 2934022 5024025 Aceticacid 19422445 36122527 1670£5.10
Cieconicacd  31E1+077 53704021 21814055
Applejuice (1:6)  Ghlucose  460+072 0061004 4633024 £9240.14 Acetic acid 7334402 1679:407 9454404
"‘"ﬂ"’“;emﬁm Fructose  17.30£1.19 535019 11954100 Gloconicacd 42874501 62485040 10614545
suppé Sucrose 3654020 0454000 3.0+034
Applejme (1:2)  Ghlcoss 09293189 0004004 9194185 5614018 Aceicasd  37.02:0.50 46341363 EA236.24
&ﬂ: ;ftgi‘t Fructose 3587111 7.19£0.04 3868+ 1.13 Gluconicacid 44004182 30772140 5371133
Sucrose 13424038 408+004 9354038

This can be attributed to the instability of sucrose and
other compound sugars in response to heat treatment.
Therefore, the overall sugar ratio changed from 2:7.3:6.5
(glucose-fructose:sucrose ) before sterilisation to 3.3:10:2
after the procedure.

Synthesis of organic acids was observed during the fer-
mentation process. As shown in Table 1, the pH for all
media decreased from initial 7.0+0.1, due to production
of organic acids. The highest acid production was observed
in the standard HS medium, whereas the lowest was in
optimised ATM (1:2) with 15 g/l beef extract. Overall pro-
duction of acetic and gluconic acid by N. hansenii M3CL
1646 was relatively low, and in the case of ATM (1:2) with
15 g/L. beef extract—statistically insignificant (p = 0.05).

In addition, biotechnological parameters were deter-
mined for standard HS. unsupplemented AIM (1:6)
and ATM (1:2) with 15 g/l. beef extract (Table 2). AIJM
(1:2) with 15 g/l beef extract provided relatively high
Yaops (%) (36.52%). which is significantly higher than
in other groups—HS and AJM (1:6) with no supplemen-
tation— 19.92 + 1.02% and 3.93 + 1.34% respectively.
Moreover, organic acid yield was significantly lower in
ATM (1:2) with 15 g/L beef extract (0.05 +0.01%) com-
pared with the standard HS (0.18 +0.06%) and AJM
(1:6)(0.14 +£0.02%). The productivity of AIM (1:2) with
beef extract was alse significantly higher 1.73 gfLiday
compared with HS (0.41 +0.01 g/L/day) and ATM (1:6)
(0.09£0.01 gl /day).

Changes in BC physical and mechanical properties

Analyses of BC mechanical changes were performed in
order to determine how cultivation on different alermative
substrates affects BC mechanical properties. The obtained
frecze-dried BC samples” SEM images at different magnifi-
cations an: shown on Fig. 5. The structure of the BC samples
differs strongly from the cultivation media used.

Use of different media did not result in significant changes
in fibre dismeiers. For standard HS, unsupplemented AJM
(1:6) and AJM (1:2) with 15 g/L. beef extract, the individual
fibre diameters that can be seen in SEM micrographs are
39+ 1.5 pm, 2.9+ 1.2 pm and 3.0+ 1.3 pm mespectively.
Individual fibres differ little; rather, the overall morphologi-
cal structure was affected by the cultivation medium used
and fibre densification when BC pellicles wene produced. It
is worth noting that the addition of beef extract has resulted
in the formation of very porous BC pellicles.

The WAXD analysis results of freeze-dried BC samples
am shown in Fig. 6. The quality of the diffraction pattern, as
shown by peak intensity and shape. was found to be highly
dependent on the media used in the BC cultivation process.
The crystallinity of the BC was used to evaluate the crystal
and amorphous structure of the BC.

The physical and mechanical characteristics of differ-
ent BC samples are summarised in Table 3. It is evident
that the BC sample obtained via the HS medium shows
the highest crystallinity of about 94 3%. Alternative

Table 2 Hiotechnological

Medi BC ight (gL} BC yield, Ygas (% ic acad Productivity,
parameers of B synthesis on e dry weigh ye acas (%) ;Ef; % Qg gf]..fg
umsupplementad and modined s -

AJM Standard HS 41 +002 1992+ 102 (L18 £0.06 0.41+0.01

Apple juice (1:6) 08910001 3933134 01420002 0094001

without sup-
plementation

Apple juice (1:2) 1727+ 0010 36.5240.97 000G 0001 17340001

with 15 o/L. beef
exiract
) Springer
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Fig.5 SEM images of BC
samples after 10 days of cultiva-
tion (N. hansenii MSCL 1646)
undarx 10,000 and x 1000
magnification: a) standard HS
medium; b) AJM (1:6) without
supplementation: ¢) AJM with

&)

15 /L. beef extract
w— S
— RO (uicH (16)
——Appio |ulce (1:2) with 15 gL boef extract
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Fig.6 WAXD of BC samples (standard HS, AJM (1:6) without sup-

plementation and AJM (1:2) with 15 o/1. beef extract) atier 10 days of
cultivation (V. hansenii MSCL 1646)
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X10 000

media—unsupplemented AJM (1:6) and AJM (1:2) with
I5 g/L. beef extract—produced BC with the 92.3% and
85.1% CI values respectively. The received Cl values are
essential, because they affect the tensile properties of the
materials.

The sample HS showed the highest elastic modulus com-
pared to other cultivation media. Use of unsupplemented
AJM (1:6) and AJM (1:2) with 15 g/L beef extract resulted
in an almost twofold decrease in the elastic modulus valoes.
This observation relates to the lower CI for BC obtained
using AJM (1:6) and AJM (1:2) cultivation environments.
In contrast, the tensile strength depends on the homogene-
ous BC fibrillar network structure developed during the syn-
thesis. The highest BC strength value was obtained for the
unsupplemented AJM (1:6) sample, while the standard HS
sample showed a twofold decrease in strength and the BC
sample produced in AJM (1:2) with 15 g/ beef extract—a
fourfold drop in strength. This result can also be associated
with higher porosity of the BC sample obtained in AJM

&) Springer
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Table 3 B{ physical and mechanical properties upon cultivation on different media

Sample Cl.% Waterholding  Swelling, % Density, glem”  Specific elas Specific Strain at break, %
capacity, % tic modulus, strength,
MPa*cm e MPa*cmp
Standard HS 043 9951 2033 096005 25174334 470+88 31.8xle
Apple juice (1:6) b3 9940 2162 1.33+0.92 1586+264 ER 44287 385x114
Apple juice (1:Z)with 85 QR0 1328 1060011 12494 19.1 I.7+51 6124215
15 2L heef ex tract

(1:2) with beef extract as observed in SEM (Fig. 5). Strain at
break was the lowest for the BC sample in standard medium
and approximately doubled for the BC sample produced on
AIM (1:2) with 15 g/l beef extract, which is associated with
a significant increase in the amorphous phase content in cel-
lulose obtained on the alternative media. Moreover, hecause
of the larger pore formation, the sample obtained in AJM
(1:2ywith 15 g/l beef extract had the lowest swelling capa-
bility. Other samples have smaller pores and, as a result, can
hold mome water in the film structure.

Discussion

As was ascertained during the experiments, that the optimal
apple juice dilution was |:6 which resulted in 0.89+0.01 /L
of dry BC weight production. This apple juice concentration
cormrzsponds to 4.50 +0.21 g/l of glucose, 1692 +£0.83 g/l
of fructose, 3.48 +0.24 gl of sucrose in the medium. It
has been reported that high sugar concentrations inhibit BC
synthesis as a result of which the excess glucose is usually
converted to organic acids, shifting the metabolism from
BC synthesis. and further decreasing the pH below opti-
mal levels, thus inhibiting the bacterial growth (Vandamme
etal. 19%98). Morzover, 17 and higher dilutions of AJM also
decrease BC production due to the insufficiency of available
sugars and various macro and micronutrients in the fermen-
tation media.

Experiments showed that N. hansenii MSCL 1646
expressed greater ability to synthesise BC in unmodi-
fied AJM compared with K. rhaeticus MSCL 1463 and
N hansenii DSM 5602 strains. Therefore, N. hansenii
MSCL 1646 strain was sclected for further experiments.
This is associated with AAB strain high specificity to
certain C substrates (Kolesovs and Semjonovs 2020,
Zikmanis et al. 2021 k).

A s mentioned above, only a few studies have been dedi-
cated to BC production using apple juice. BC synthesis
using apple juice or apple-originated substrates is summa-
rised in Table 4.

As shown in Table 4, low BC vields on unmodified
AJM are not associated with apple juice itself, but rather
with an insufficient amount of N in the juice. N. hansenii
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MSECL 1646 was able to show the highest BC productivity
0,09 +0.01 gl/day) on unmodified ATM compared with strains
from other studies (Korosumi et al. 2009; Bandyopadhyay et al.
2018}, which indicates that N. hansenil M3CL 1646 is betier
suited for BC synthesis in AIM. However, it has been stated in
all the studizs refermed to that apple juice does not provide the
required nuirients due to low N conoentration in the medium. To
ensure high BC synthesis, an appropriate N source is requinsd in
the medium to ensure AAB growth and effective BC production.

Az a solution, varied N supplements were tested in the
experiments, which resulted in a significant increase in BC
production (Fig. 3). In the current study, AJM modifica-
tion with a wide range of N sources including both organic
and inorganic ones was evaluaed for BC synthesis (Fig. 3)
Results showed that addition of 5 g/l beef extract ensured
highest BC production {2.38 +0.21 g/} compared to other
chosen N sources at similar concentrations.

AIM supplementation with 15 g/l beef extract resulted
in a significant increase in BC productivity (1.73+0.01 g/LJ
day) when compard to other media compositions (Table 4).
This shows that beef extract was an efficient organic supple-
ment for ATM when compared to supplements evaluaked in
other studies—organic (yeast extract, peptone, acetic acid,
citric acid, sugar cane) and inorganic (dipotassium phos-
phate, ammonium sulphate). Therefore, it is evident that
apple juice in combination with effective N source can serve
a5 an effective BC production medium.

Literature analysis shows that beef extract is considensd
to be an effective supplement for enhancing BC production
(Hungund and Gupta 2010). Research shows that organic
supplements such as beef extract are more suitable than inor-
ganic compounds (Embuscado et al. 1994; Sperotto et al.
2021) for AAB growth and BC production. Beef extract
provides not only easily assimilated N, but also an optimal
amount of certain macro and micro elements, thus enhanc-
ing the BC synthesis. Micronutrients from beef extract are
essential for enzymes and cofactors of AAB that are requined
for BC synthesis (Sperotto et al. 20210, It is important to
note that beef extract can potentially be replaced with more
sustainablke and cheaper N sources originated from agricul-
ture and industry by-products, for example, whey derivates
(Kolesovs and Semjonovs 2020) which is beyvond the frame-
wark of this study.
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Optimized AJM with beef extract showed significantly
higher Yyoag (36.52+£0.97%) compared to other experi-
mental media (Table 2). Thus, in the optimised media, C
is more effectively converted to BC when compared with
BC production in HS and unsupplemented ATM (1:6). This
can also be attriboted to significantly lower yield of organic
acids in AJM beef extract media which prevents inhibition
of bacteria growth and BC production due to accumulation
of acidic metabolites in the media. It can be assumed that N
hansenii MSCL 1646 metabolism in optimised ATM media
with beef extract is shified more from organic acid produc-
tion towards BC synthesis due to optimised C and N con-
centrations and other nutricnts.

Apple juice (1:2) obtained with 15 g/l beef extract
medium has produced one of the highest BC production
(dry weight) msults among different BC production media
mported in the literature wsoally reaching 1520 g/L dry BC
weight at the end of cultivation cycle (Andriani et al. 2020,
Kolesovs and Semjonovs 2020; Sperotto et al. 2021). More-
over, static cultivation was used during this trials, which
i the least effective of BC production types (Blanco Pare
et al. 2020}, Use of agitated cultivation would potentially
improve aeration and nutrient distribution in the media as o
mesult increasing BC productivity. However, it is necessary
to note that asration may also result in formation of BC-
negative mutants decreasing or disrupting BC production
process, and therefore it is required to be controlled (Wang
et al. 2016). To sum wp, apple juice (1:2) with 13 gL beef
extract {or potentialty other N source) is a promising alterma-
tive media for BC production.

Use of alternative growth mediom can result in a signifi-
cant change in the physical and mechanical properties of BC
pellicles (Jozala et al. 2015; Urbinactal. 2017). This change
can significantly influence the final application of BC where
different properties of the material are necessary to create
certain products. Although use of alternative media resulted
in a decrease in Cl. our results show that main crystalline
megions of all tested media can be ohserved in the 147 and
22* positions (Fig. 5), and CI varies from 83.1 to 94.3, which
iz in accordance with data presented in other studies (Jozala
et al. 20135; Mikkelsen et al. 2009). Other physical and
mechanical properties wens significantly affected (Table 3).
For example, use of unsupplemented ATM (1:6) resulted
in increased specific strength compared to standard media.
This property, in combination with lower swelling than HS
samples, may be useful for using such BC samples in an
innovative packaging material. On the other hand, addition
of beef extract to the AIM resulted in a significant decrease
in specific elasticity modulus and specific strength which is
not conducive to use in a packaging materials. However, tak-
ing into account high BC productivity on the given media,
it can be used in the food indostry as an emulsifier, or as
an immobiliser for enzymes or probiotics (Azeredo ot al.
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2019, Given its highly porous structure (Fig. 3), it can be
used in biomedicine as a scaffold in tissue enginecring that
allows cell penetration and growth or in a filtration devices
(Gorgieva and Tréek 2019). Overall, ressarch shows that N,
hansenii MSCL 1646 is capable of producing high quality
BC using both the standard HS me dium and AJM.

Little data is available in literature regarding how apple
juice affects BC physical and mechanical properties. In one
study. it has been reported that the BC obtained on apple
pomace and sugar cane mixture exhibited even higher CI,
elasticity and maximum tensile strength compared to the
standard HS medium {Urbina ¢t al. 2017). However, in
another study it was noted that BC physical and mechani-
cal properties were not affected significantly by changes
in compositions of the ATM (Zhang et al. 20200, probably
due to the differences in experimental design or cultivation
conditions and strain-specific properties of BC producing
culturzs. Further work is required to defermine changes mone
specifically and to propose a specific industrial application
of ohtained BC pellicles.

Further studies dedicated to BC production using apple
juice and other agricultural waste substraies or by products
would benefit from inclusion of wider variety of tested BC
producing strains in the trials. Although N hansenii MSCL
646 showed its better ability to utilise C from apple juice,
obviously other strains of AAB stayed bevond the scope of
this study may show significant BC productivity. Further-
more, use of different cultivation methods, for example fed
batch or agitated cultivation for BC production on ATM, can
be evaluated. Decrease in cultivation time may also be con-
sidemzd in further experiments, because it was shown that N,
hansenii MSCL 1646 is able to deplete available C fully or
partially in the fermentation media (Table 1), Notwithstand-
ing that beef extract provides highest BC synthesis among
different assessed N sources (Fig. 3) in o supplemented ATM,
other organic N-sources, for example, such whey derivates
as WPC, can be tested at different concentrations in order
to ensun: more sustainable BC production on AIM. Addi-
tionally, further research can be conducted on changes of
BC physical and mechanical properties taking into account
intended application of the BC or relevant material.

Thus, apple juice can be considered as a promising alter-
native growth substrate for BC production. It was shown
that N. hansenii MSCL 1646 is the most suitable BC pro-
ducer strain on the unsupplemented ATM 0.89+0.01 com-
pared to other evaluated strains K. rhaeticus MSCL 1463
and N. hansenii DSM 3602, which produced 0.67 +0.03 g/l
and 0.26 +0.03 gl of BC respectively. Low BC yiclds on
unmodificd AJM are not associated with apple juice itself,
but rather with an insufficient amount of N in the juice;
them fore, different N sources were evaluated in 2 combina-
tion of apple juice and beef extract (5 g/L) that was found
to be the most suitable N additive. Further, apple juice and

€1 Springer
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beef extract media optimisation showed that the optimal
apple juice and beef extract concentrations were 1:2 and
15 g/l respectively. which resalted in 17.27 £0.07 /L. of
dry BC, which is significantly higher than in the standard
HS medium (4.07 £002 g/L). Use of apple juice resulted
in significant changes in physical and mechanical proper-
ties of BC samples, which most be taken into account when
considering a specific industrial application of BC. Further
msearch is required to improve BC productivity bearing in
mind its prospected application.
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Abstract

Current research in industrial microbiclogy and biotechnology focuses on the production of biodegradable microbial
polymers as an environmentally friendly alternative to the still dominant fossil hydrocarbon-based plastics. Bacteria
callulose (BC) is important among microbial polymers due to its valuable properties and broad applications in variety
of fields from medical to industrial technologies. However, the increase in BC production and its wider deployment

is still limited by high costs of traditionally used raw materials. It is therefore necessary to focus on less expensive
inputs, such as agricultural and industrial by-products or waste including the maore extended use of ghycerol It is the
environmentally harmful by-product of biofuel production and reducing it will also reduce the risk of environmental
pollution. The experimental data obtained so far confirm that glycerol can be used as the renewable carbon source
to produce BC throwgh more efficient and environmentally friendly bioprocesses. This review summarizes current
knowledge on the use of glycerol for the production of commercially prospective BC, including information on
producer cultures, fermentation modes and methods usad, nutrient medium composition, cultivation conditions,
and bioprocess productivity. Data on the use of some related sugar alcohols, such as mannitol, arabital, xylitol, for the
microbial synthesis of cellulose are also considered, as well as the main methods and applications of glycerol pre-

treatment briefly described.

Keywords: Bacterial cellulose, Acetic acid bacteria, Komagatoeibacter spp., Ghyoerol, Sugar alcohols

Introduction

With the current development of microbial biotech-
nology, more attention is focused on the expanded use
of renewable resources, which is in line with the gen-
eral concept of a dreular economy and means that the
waste products of one industry should serve as the raw
material for another (Ravindran and Jaiswal 2016; Schil-
ling and Weiss 2021). Such an approach is of particular
importance in regard to inexpensive carbon sources for
commercially relevant strains of microbes-producers,
since the costs of nutrient media largely determine the
overall economic efficiency of bioprocesses (Gahlawat
and Srivastava 2017; Sperotto et al2021). For this pur-
pose, numercus by-products, residues and waste of

"Comespondence pevelssemjonovsaiuly
Labioratory of Industrial Microbiology and Food Blotechnology, instiute
of Bloliogy, University of Latvia, 4, Ofara Vaclesa Str, Riga LV-1004, Latviz

@ Springer Open

agricultural, food or biofuel industries are proposed and
actually applied (Arancon et al. 2013; Sadh et al 2018;
Tsang et al 2019; Sperotto et al. 2021), which, in addi-
tion to the real economic benefits, also create a very posi-
tive impact on the environment. Among them, glyceral,
the simplest 3-C polyol, as a sufficiently widely available
and relatively cheap compound, is already of significant
value and is quite promising in this regard. This is largely
due to the fact that the production of biodiesel as well
as other products (soap, fatty acid, fatty ester industries)
whose technologies involve the triglyceride trans-esterifi-
cation reaction produces significant amounts of ghycerol
as a by-product (Kumar et al. 2019). It is also important
that many microbial cultures are able to utilize it efh-
ciently for the growth and biosynthesis of high added
value compounds (Kenar 2007; da Silva et al. 2009; Wen-
disch et al. 2011; Trindade et al 2015). These reasons, as
well as the ability of a number of producing strains for
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the use of crude glycerol help to reduce the cost of both
the nutrient compaosition and the end product of micro-
bial synthesis. These products, the biosynthesis of which
is based on glycerol as the sole carbon source, represent
a fairly wide and versatile set of commercially important
compounds such as 1,3-propanediol, ethanol, D-lactic,
citric, succinic, propionic acids, glycolipid-type bio-
surfactants, carotenoids, amino acids and others {Wen-
disch et al. 2011; Posada et al. 2012; Yang et al. 2012).
Thus, among the glycerol-based products of bicsynthe-
sis, there are mainly monomers with a relatively simple
structure, but the possibilities of obtaining more com-
plex compounds with a high technological potential are
reported much less frequently. In particular, it should
be noted that the use of renewable sources is especially
important for the biosynthesis of microbial polymers,
including extracellular polysaccharides, since reducing
overall costs is the main precondition for expanding their
production and commercial use (Gahlawat and Srivas-
tava 2017; Sperotto et al. 2021). Microbial polymers are
an established environmentally friendly alternative to
still dominant fossil-based plastics, possess an extensive
biotechnological potential and are already widely used in
a variety of fields ranging from medicine to technology
{Rehm 2010; Narancic and ('Connor 2019; Shanmugam
and Abirami 2019 Zikmanis et al. 2030a, b). However,
the scope of research, as well as the number of micro-
bial polymers synthesized on glycerol, is more limited
than for monomeric compounds, and in addition they
are rather unevenly distributed. Thus, the most compre-
hensive in this regard are studies on the microbial syn-
thesis of polyhydroxyalkanoates (PHA), and in particular
polyhydroxybutyrate (PHB) which are the commercially
important biodegradable polymers with a wide range of
applications. The key issues of conducting and techno-
logical implementation for the relevant bioprocesses have
been summarized and assessed in a number of reviews,
including those in recent years (Licciardello 2017; Adel-
eye et al. 2020; El-Malek et al 2020; Sen and Baidurah
2021; Sirohi et al. 2021). Unlike the formation of micro-
bial exopolysaccharides, using glycerol as the sole carbon
source still remains less documented. So there are only
sporadic reports on the biosynthesis of gellan (Raghu-
nandan et al. 2018) xanthan (Trindade et al. 2015) and
some partially identified heteropolysaccharides (Frei-
tas et al. 2011). Bacterial cellulose {BC) is the only com-
mercially important exopolysaccharide (Gorgieva and
Tréek 2019), whose microbial synthesis on glycerol has
been performed for a relatively long time (Masaoka et al.
1993), and therefore a certain amount of data have been
accumulated. However, in spedalized reviews on bacte-
rial cellulose, such the employment of glycerol is only
noted (Cacicedo et al. 2016; Jang et al. 2017; Reiniati et al.
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2017; Ul-Islam et al. 2020) or not mentioned at all (Gullo
et al. 2018; Salihu et al. 2019; Zhong 2020}, and the avail-
able data remain not summarized as well as not evalu-
ated in comparison. However, there is a certain desire for
this, albeit to a limited extent (Adnan 2015; Hussain et al.
2019; Mangayil et al. 2021). This review summarizes the
current knowledge on the use of glycerol to obtain bac-
terial cellulose, including information about producer
cultures, composition of culture media, cultivation con-
ditions and productivity of bioprocesses. The synthesis of
BC from some other sugar aleohols (mannitol, arabitol,
xylitol) is briefly overviewed. The basic data on the rele-
vant pathways of biosynthesis and their regulation, prop-
erties and applications of BC also are considered.

Basic features and applications of bacterial
cellulose

BC makes up a significant part among other bacterial
exopolysaccharides and represents a polymer of D-glu-
cose, that is, a homopolysaccharide formed mainly by
B-(14) glycosidic bonds from precursors (UDP-D-glu-
cose) (Gorgieva and Tréek 2019) through the membrane-
incorporated  glycosyliransferase  (cellulose  synthase
BesA: EC 2.4.1.29) (Azuma et al. 2009 Lu et al. 2020).
Due to their unique three-dimensional network struc-
ture, BC has a combination of exclusive properties such
as high crystallinity and degree of polymerization, large
surface area, high elasticity, tensile strength and water
retention {Wang et al. 2018; Raghavendran et al. 2020,
Cazon and Vazquez 2021). BC represents a high-quality
and biocompatible material, since it does not contain
lignin, hemicellulose, pectin and other biogenic sub-
stances, is not cytotoxic and genotoxic. This is particu-
larly important for BC biomedical applications (Ul-1slam
et al. 2015; de Oliveira Barud et al. 2016; Moniri et al.
2017; Andriani et al. 2020) in high value-added prod-
uets (functionalized wound dressings, tissue, heart valves
and blood vessels replacement materials, vascular grafts,
dental implants, pharmaceutical transfer agents, biosen-
sor elements, etc.). It also appeared to be very promising
for use in cosmetics and personal care products (Pacheco
et al. 20018; Morais et al. 2019; Bianchet et al. 2020). BC
has a multifaceted technological potential {Andriani et al.
2020) and is already used in various industries and pro-
duction areas, such as textile and paper (Chawla et al.
2009; Pathak and Prasad 2014), mining and refinery
(Chawla et al. 2009, Jozala et al. 2016), electronics, energy
and communication (Chawla et al. 2009; Baptista et al.
2013; Cacicedo et al. 2016; Li et al. 2019) and waste treat-
ment (Brandes et al. 2018), and espedially in food pro-
duction. BC is used (Shi et al. 2014; Azeredo et al. 2019:
Ul-Islam et al. 2020) as an additional thickening, sus-
pending or stabilizing agent to affect the food properties
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in the desired way or used directly for food (traditional
dessert, vegetarian meat, food/beverage additives, ete.)
as an ingredient in fiber-enriched low-calorie and low-
cholesterol diets. It is also very important that the effec-
tiveness of such a variety of applications can be enhanced
by targeted modification of the bacterial cellulose prop-
erties. This, in turn, can be achieved through a number
of different approaches and techniques. Thus, the high
hydroxyl content facilitates the formation of multiple
BC derivatives using appropriate chemical (esterifica-
tion, etherification, amination, oxidation, crosslinking,
etc.) reactions (Cock 2013; Reiniati et al. 2017; Gorgieva
and Tréek 2019) or physical (ultrasonic, rotary magnetic
field, UV or y-irradiation) treatments (Huang et al. 2014
Campano et al. 2016; Blanco Parte et al. 2020). Extensive
possibilities also arise when the features of BC are modi-
fied and improved by using composite materials of two or
more ingredients, which leads to their synergistic inter-
action and enhancement of the resulting properties (Rosa
and Lenz 2013). The need for composites is determined
by the fact that certain properties of BC are limited for
certain application and must be fine-tuned to match the
necessary requirements, particularly for biomedical use
{Fu et al. 2013; Feldman 2015). Composites consisting of
BC and other compounds including microbial EPS can be
obtained by different processing techniques over a wide
range of homogenization conditions up to high pressures
and elevated temperatures. However, milder conditions
are preferable to avoid any possible destruction (Siro and
Plackett 2010 Rosa and Lenz 2013). A relative simple
and quite efficient method is an augmentation of BC by
immersion in solutions of various, preferably water-sol-
uble, compounds including microbial EPS. The solutions
after mixing with the suspension of cellulosic particles
and evaporation or freeze-drying yield composites with
a wide range of modified properties (Yasuda et al. 2005;
Millon and Wan 2006; Kim et al. 2011). In this case, mol-
ecules of soluble compound not only cover the BC fibrils
surface, but also penetrate into the fiker network and
bind to BC with hydrogen bonds (Fu et al. 2013). As a
result, ex situ post-modifications of the BC to obtain cor-
responding composites (Klemm et al. 2006) are carried
out. Other very promising approach involves the altera-
tion of BC morphology during its biogenesis. Through
this approach bacterial cellulose is modified in situ, ie,
during its biosynthesis, due to the competitive adsorption
of a compatible host polymer from the growth medium.
Therefore, subsequent to BC polymerization, the com-
pounds added to the medium associate and co-crystal-
lize with BC, creating the intimately blended composite
materials which can offer a wide range of morphologi-
cal, compositional and functional properties for specific
applications (Brown and Laborie 2007: Rosa and Lenz
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2013). Importantly the addition of water-soluble poly-
saccharides to the cultivation medium itself can appear
as the BC synthesis stimulating factor (Chao et al 2001;
Ishida et al. 2003). Alike for other microbial polysaccha-
rides, the structure and properties of BC depend on the
cultivation conditions and particular characteristics of
the producer culture. Although the ability to synthesize
BC is relatively widespread (the species of Agrobacterium,
Aerobacter, Achromobacter, Azotobacter, Rhizobium,
Sarcina and others), the most important and industri-
ally employed producer cultures are AAB from the genus
Komagataeibacter (formerly known as Gluconacetobac-
ter spp. and Acetobacter spp.), mainly the K xylinus and
K. rheticus strains {Ummartyotin and Sain 2016; Reiniati
et al. 2017; Semjonovs et al. 2017a; Gorgieva and Tréek
201%; Raghavendran et al 2020). In addition, producers
from different genera and species form BC with elements
(pellicles, fibrils, ribbons) of different shapes and sizes
(Ummeartyotin and Sain 2016). The BC biosynthesis is a
rather complex process, which depends on the full com-
position of the cultivation medium (carbon, nitrogen,
micronutrient sources and concentrations), as well as on
the culture {temperature, pH, agitation, zeration, growth
phase) and operational (bioreactor type and mode of
operation) (Mohite et al. 2017; Ul-Islam et al. 2017; Wang
et al. 2018; Barcelos et al. 201%; Raghavendran et al. 2020;
Tiwari et al. 2020]. In general, the bioprocess is also com-
plicated by the strong evidence that the yield and phys-
ico-chemical characteristics of produced BC not only
depend on the aforementioned factors, but also the mag-
nitude and direction of their complex effects are highly
strain-dependent. This, in turm, creates the need to find
and define the most appropriste cultivation conditions
for each individual producer strain (Olivas and Barbos-
Canovas 2005 Nwodo et al. 2012 Devi and Alamu 2013
Semjonovs et al. 2017k, even if the same microbial spe-
cies synthesizes the same EP5S. However, a number of
generalized features and conditions promoting

Sugar alcohols as nutrients for acetic acid bacteria

AAB are characterized by their ability to oxidize not
only carbohydrates and aleohols, including glycerol, but
also sugar aleohols (polyhydric aleohols or polyols) into
organic acids, aldehydes or ketones to gain energy in a
process termed “oxidative fermentation’, with some of the
genera forming BC (Taban and Saichana 2017; La China
et al. 201%; Lynch et al. 2019). The most important of
these are the 6-carbon (6-C) mannitol and the 5-C stere-
oisomers arabitol, xylitol and ribitol. In this respect, man-
nitol has long been used relatively more frequently and
successfully (Minor et al. 1954), when the formation of
Cl4-labeled BC from D-mannitol-1-C14 by A. xylinwm
gp. was confirmed. The productivity of BC formation
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from mannitol varies over a fairly wide ramge and
depends on the specific characteristics of the producing
culture, in many cases exceeding the levels achieved on
mostly used carbon sources (glucose or fructose). Thus,
when cultivated under static conditions with 1.5% manni-
tol as the sole carbon source, A xylinum KU-1 achieved
relatively high BC concentration and specific productivity
of 4.6 g/L. and 0.027 g/L/h, respectively. Under the same
conditions, these indices were significantly lower (1.2 g/L
and 0,007 g/L/h) for 1.5% glucose (Oikawa et al 1995a).
In addition, no gluconic acid accumulates in the mannitol
medium, thus maintaining a pH value about 6.0 favorable
for BC synthesis, while unwanted acidification (pH 3.4) is
observed on the glucose (Oikawa et al. 1995a). Moreover
in another study with A. xylimue sp. it was shown that
the use of mannitol (50 /L) in a longer-time cultivation
under static conditions makes it possible to achieve a
relatively high BC yield (about 475 g/L), but with lower
specific productivity (0.014 g/L/h), which still exceeds
the values for glucose as the carbon source, but are com-
mensurate with or slightly below the indices for sucrose
medium ako depending on the nitrogen sources used
{Ramana et al. 2000). In addition, when growing Glucon-
acetobacter hansenii ATCC 10821 on 2% mannitol the
BC yield and productivity were 20-25% above that in the
glucose medium but remained rather low (1.13+014 g/1;
0.0021 gfL/h) under selected (20 °C; pH 5.5) static cul-
ture conditions (Hutchens et al. 2007). Similar data on
the use of mannitol for BC synthesis with a higher pro-
dud_iﬁty as compared to Elucnse. fructose or sucrose
were also obtained with other producer cultures such as
G. xylinus ATCC10245 (El-Saied et al. 2008), G. xylinus
K3 (Nguen et al. 2008), wild-type isolates &, xplinus sp.
5 and G. xylinus sp. A2 (Jalili Tabaii and Emitiazi 2016),
Gluconacetobacter sp. isolate PAP] (Suwanposri et al.
2013}, as well as G xplinus ATCC 53524 (Mikkelsen et al
2009), but in this case only for short (48 h) cultivation
and later (96 h) slightly lagging behind the productiv-
ity of sucrose. & somewhat higher BC yield and specific
productivity (3.9 g/L; 0.163 g/L/h) in the 24-h cultivation
in shaking flasks (140 rpm) on mannitol as compared to
glucose (3.2 g/L; 0.133 g/L/h) were also confirmed for the
producer strain A. aceti MTCC2623 (Dayal et al. 2013).
However, differing effects of mannitol on BC yield and
productivity have also been reported (Son et al. 2001;
Jung et al. 2010). Thus, when Acetobacter sp. A9 was used
as a producer (Son et al 2001), the yield of BC on 2%
mannitol (064 g/L) proved to be substantially below that
for glucose (270 g/L), fructose (253 g/L) and sucrose
(0,83 g/L), as well as specific productivity (0,013 g/L'h,
0.056 g/L'h, 0.052 g/L'h and 0.017 g/Lh, respectively).
Similar characteristics were also observed for Aceto-
bacter sp. V6 (Jung et al. 2010) when only 0.45 g/L BC
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was obtained in the 7-day cultivation on mannitol, sig-
nificantly lagging behind glucose (1.13 g/L), although
well above the yield for sucrose (0.14 g/1). Substantially
higher yields of BC from glucose, fructose, and sucrose
compared to mannitol were observed using the producer
strain G, aplimus PTTC 1734 (Jalili Tabaii and Emtiazi
2016}, as well as from fructose in the case of Komagataei-
bacter spN'1 (Wang et al. 2018) or from glucose using G.
sacchari sp. isolated from Kombucha tea (Trovatti et al.
2011). Some recent studies on the use of mannitol in
the production of BC have shown fairly good yield and
productivity characteristics using the producers K. xyli-
mus SB3.1 (Alemam et al. 2021) and K xplinus K2G30
(UMCC 2756) (Gulle et al 2019). Their levels, especially
in the case of K2G20 (877 g/L; 0.041 g/L/h), indicate
some potential for the industrial scale-up of BC produc-
tion using vegetable waste feedstocks rich in mannitol
and other sugar alcohols (Gullo et al. 2019). In addition,
during cultivation these carbon sources prevent the for-
mation of gluconic acid, which decrease the pH far below
the optimum wvalue for BC production (Oikawa et al
19953; Gullo et al. 2019). Compared to mannitol, other
sugar alcohols, such as arabito]l and xylite]l were used
much less frequently as carbon sources for BC synthesis,
and the yields and productivity obtained were rather low
or moderate (Son et al. 2001; Singhsa et al. 2018; Gullo
et al. 2019).

The fact that generally the yield and productivity of
BC on arabitol and xylitol remain below that on man-
nitol is due to the differences in respective metabaolic
pathways. Thus, 2 soluble and highly substrate-spe-
cific D-mannitol dehydrogenase (Oikawa et al. 1997)
realizes a direct enzymatic conversion of mannitol
to fructose, which is subsequently phosphorylated to
fructose-6-P to be involved in the further metabolic
pathway to BC (Fig. 1). Contrary to D-mannitol, the
production of BC from arabitol or sylitel is a more
complex pathway, involving additional steps, such as
the intermediate formation and phosphorylation of
xylulose, followed by conversion to glyceraldehyde-3-P
to enter the main stream (Fig. 1) of biosynthesis (Bet-
tiga et al. 2008; Laslo et al. 2012; Glenn et al. 2014),
whose result is less advantageous energetically for the
cell (Gullo et al. 2019). Although using the producer
A. eylingm KU-1, a very high BC yield and productivity
(12.4 g/1; 0.129 g/L/h) were achieved on arabitol, which
is higher than that for mannitol, and even six times
more (2.0 g/L; 0,021 g/L/h) than for glucose [Oikawa
et al. 1995z, b; Oikawa et al. 1997), also suggesting the
possibility of activation for this pathway under certain
conditions and, mnsequenﬂ]r, the full use of 5-C sugar
aleohols from vegetable raw materials (Laslo et al. 2012;
Gullo et al. 2019).
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Glycerol as an appropriate feadstock

for the synthesis of bacterial cellulose

However, despite such manifestations of individual pol-
'y'u]s, it is gl}u:eml that has a clear a-:lvsntsge for the use
as a raw material in the production of bacterial cellulose.
Thus, in view of the large volume of glycerol that accom-
panies the ever-increasing production of diesel fuel from
renewable fats and oils (da Silva et al. 2009%; Wendisch
et al. 2011; Trindade et al. 2015), almost all restrictions
on the availability and prices of carbon sources for BC
biosynthesis have been removed (Vazquez et al. 2013). In

142

addition, glycerol easily enters the metabolic network of
producing cells (da Silva et al. 2009), by facilitated diffu-
sion (Fig. 1), while other also renewable and cost-efficient
feedstocks, such as molasses or cheese whey, require
for this an enzymatic or chemical hydrolysis of relevant
disaccharides (sucrose and lactose, respectively). This
need is due to the fact that, for example, the activity of
B-galactosidase in AAB is often too small for efficient
hydrolysis of lactose to obtain glucose for BC synthe-
sis (Lappa et al. 2019; Zikmanis et al. 2020a, b). In turn,
sucrose cannot be transported across the cell membrane
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and is hydrolyzed in the periplasm to glucose and fructose
I:"." u-g,lucnsidase. which has very varied and often insuf-
ficient activities for different producer strains (Velasco-
Bedrin and Lopez-lsunza 2007; Mikkelsen et al. 2009
Jalili Tabaii and Emtiazi 2016; Raghavendran et al. 2020).
Therefore, these substrates should be sul:ljected to pre-
liminary hydrolytic treatment using appropriate enzymes
or less expensive chemical hydrolysis with mineral acids
{Marangoni et al. 2002; Bae and Shoda 2004; Torres et al.
2000; Kucera et al. 2018). The elﬁdem:}' of using E]y‘ceru]
is also determined by the fact that the necessary enzy-
matic stages of its catabolism are well-represented in
the metabolic network of BC producers (Azuma et al
200%; Lu et al. 2020). For this, alternative WEYS are pos-
sible (Fig. 1), such as inclusion in the biosynthesis chain
at the level of glyceraldehyde-3-P after phosphorylation
of glycerol with glycerol kinase (glpK) and subsequent
transformation by glycerol-3-P dehydrogenase (gpsA/
odhiglpA)] or through the intermediate formation of
dihydroacetone (DHA) by glycerol dehydrogenase (Gdh)
phosphorylation to DHA-P with dihydroacetone kinase
(dhaK) and isomerization by triose-P-isomerase (tPi),
DHA-P can also enter at the fructose-1.6-2P level (Fig. 1)
after transformation by fructose-biphosphate  aldo-
lase {fba). Further enzymatic transformations, as for all
other substrates, pass 'I‘J'IHJ'IJ.E]'I the formation of 5'1.1.1’.‘|JSE“-
6-phosphate, which is converted to glucose-1-phosphate
and subsequently metabolized to uridine diphosphoglu-
cose (UDP-glucose), a direct precursor of BC. UDP bio-
synthesis is controlled by phosphoglucomutase (pgm)
and UTPG-1-P uridylyl transferase (galU) also referred
as UDPG pyrophosphorylase (Thoden and Holden 2007,
Lynch et al 2019). After the formation of UDP-glucose,
the polymerization of glucose into BC is mediated by
cellulose synthase (CS), a complex of proteins spanning
the periplasmic space between the bacterial cytoplasmic
and outer membranes. The C% complex promotes UDP-
glucose polymerization, polymer translocation across
bacterial membranes, and extracellular sssmbly of E]“'
can chains (Tonouchi 2016; Lynch et al. 2019). The activi-
ties and structure of C5 in detail have been discussed in
several reviews (Adnan 2015; McNamara et al. 2015; Jang
et al. 2017; Gullo et al. 2018; Raghavendran et al. 2020). It
is important to note that the C8 complex is encoded by
a four-gene (besd, besB, besC, and besD)) operon which
determines the formation and activity of the correspond-
ing elements, including the catalytic (AcsA) and regula-
tory (BesB) subunits. In turn, their activity and, therefore,
the entire complex is under allosteric regulatory con-
trol by means of the cyclic diguanosine monophosphate
(c-di-GMP), the binding of which to the BesB regulatory
subunit activates the AcsA catalytic subunit via its C-ter-
minal transmembrane helix (Lu et al. 2020: Buldum et al.
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201%; Romling and Galperin 2015). The degree of activa-
tion depends on the level of cellular c-di-GMP, which is
determined by several external and internal factors such
as oxygen availability, intracellular potassium concentra-
tion, diguanylate cyclase and phosphodiesterase activities
(Gullo et al. 2018; Raghavendran et al. 2020) Assessing
the above problems as a whole, it becomes quite clear
why the studies on the use of glycerol for the production
of BC, s]tl'mugh not very numerous, 5i5niﬁcsmﬂ]r exceed
the current volume of relevant studies using molas-
ses (Adnan 2015; Campano et al. 2006; Zhong 2020) or
cheese w’]‘IE'}’ (Kolesovs and Semjonovs 2020, Zikmanis
et al. 2020a, b). The main results on the use of E]yceml for
BC synthesis are summarized in Table 1.

Producer cultures, whose ability to synthesize bacterial
cellulose from glycerol have been documented, repre-
sent exclusively acetic acid bacteria (Table 1) of the genus
Eomagataeibacter (formerly Acetobacter, Gluconaceto-
bacter) with only one exception for conditionally patho-
genic Enterobacter amnigenns (Hungund and Gupta
2010k). Although these studies were mainly performed
with organisms of the same species (K xplinus or K rhae-
ticus), in all cases different strains of producers were used,
both from representative collections (ATCC, DSMEZ,
NRRL, etc.) of microorganisms and from relatively less
characterized isolates of different origins. This character-
izes both the widespread ability of AAB to biosynthesize
BC from glycerol and makes it difficult to compare the
data to select the most promising producer based on its
productivity. It can be seen (Table 1) that relevant indi-
cators such as the yield and specific productivity vary
over a very wide range, from the relatively insignificant
[Carreira et al. 2011; Lins et al. 2019) to quite high levels,
confirming the biotechnological potential of such pro-
ducers (Vazquez et al. 2013; Volova et al. 2018; Soemphol
et al. 2018; Vigentini et al. 2019). These data are in line
with the oft-confirmed finding that microbial synthesis of
extracellular polysaccharides is highly strain-dependent
(Olivas and Barbos-Canovas 2005; Nwodo et al. 20012;
Drevi and Alamu 2013; Semjonovs et al. 2017h), including
the formation of BC from glycerol, and thus suggest that
further in-depth comparative studies of relevant geno-
typic and phenotypic traits of potential producers are
urgently needed. This is especially evident in the fact that
bacterial sub-clones with persistent phenotypic proper-
ties and markedly different productivity of BC synthesis
can be isolated even from a supposedly homogeneous
producer strain, such as K. rhaeticus LMG 22126 (Vigen-
timi et al. 2019). Besides, the composition of the cultiva-
tion medium and the chosen operational conditions also
are very important to promote the BC biosynthesis. Pro-
ducer cultures were predominantly cultivated in a stand-
ard (Mikkelsen et al. 2009; Tsouko et al. 2005; Thorat and
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Table 1 Production of bacterial cellulose by acetic acid bacteria from pure or crude glycerol as the sole carbon source

Bacterial strain Growth medium Cultivation mode  Medlum compasition  Production metrics®  Referencas
Komagatoethacter H5 Static gl pGlCor20g1 pEC1901 Leg atal. (2021}
sucTofermentans oGl¥C5g1YE Sl ooegLh)
DEM15373 Pep 10 gfldticackd chlYC&4gl
(0027 gLy
K hansenit ATCC 53582 HS Static 29 pll YT, 05 YE, 453 g/l (0068 g'lih) Lt al. {2021)
058 Pap
I ringeticus EMS3a M Static 209/l pGLYC 26 g/ 01 gl Mangayil et al. (2021}
209/l oGl 25991 [0 gl
Asenagalensis MA1 Hs Static 63g/lpGlYl, 750/l  468B3gl 06529/ Aswind at al. {2030)
VE 77600 PEGEI00  h)T
(G xyplinus sp H5 Static gL GG 501 YE 15 Lo gk Duicshit and Kimi (2020)
59 Pep 1991 (02 gL
40 g/l oGLYC, 59/ YE,
59 Pep
Komagatostbaaer AE Static 209/l pGlYC, 9g1YE 4504 (005 gLk Luatal (20200
SO0V 5ol Pep 30gl TR, 6o/ (006 o'l
OGMOC 17,378 038 AA, 150 Eth;
40 g/l oGLYC 59/ YE,
5ol Pep 3091 5L,
0% A, 030 Eth
K hansenit JR-02 H5 Static 0glpGlYC 2501 249l (00 gillih) Uatal {2019
modified YE 259/ Pep
Goaplnus ATCC 73763 HS Statk gl cGLYC 160 YE, 0240l 04mylh Linsetal (2015
49 Na;HPO, 3501
succinic acid
A wyfinum sp H5 Static 40gL GG 5g1YE 1500 [@mgilih) Wu et al. (2019
59 Pep
Goaplnus KOOM 41431 HS Static 209/l oGIYC, 991 YE 749l (0041 oL/} Yang at al. (2019}
ool Pep 77 gL (044 g/L'hb
209/l pGLYC, 391 YE,
991 Fep
Komagatoethoctersoc-  HS Static gl oGYC, 59/ YE, 1260/ (008 o/l Gayathrl and Srinlkathan
charvorars sp. 5o Pep (3018}
(G xplinus BNKC19 H5 Static 10g/LcGLYC 5g1YE 12390 (007 o/l'h) Soemphol et al (2018)
59 Pep
I rigethcus PG2 H5 Static 209/l pGlYC, 591 YE 600l (002 gl Thoeat and Destager
5o/l Pep &7 gl (002 g'lh (2018}
309/l pGLYC, 5 gL YE.
59/l Pep
I mylinus B-12068 H5 Static g/l pGlYC 5g1YE  B2gl 4 olh Violova et al. (2018}
maodified 5ol Pep, 3% Eth
Komagatostbocersp. HS Static 09l pGlYC5g1YE 1200 @mgilh) Wang et al. (2018}
W1 5o/l Pep
Gluconoacefobacter Dafined, YE containing  Shake flasks g/ pGlYC 59 YE 14301 (020N Adnan et al. (3015}
xyfinus DEMA6604 aghated 5L (NH 550, 1E7 g/l (0024 g/M)  Adnan (2015)
Bioreactor 3L, 3L KHPO, 00591
aghtated aerated Mghly
Gluoonoocetobacter H5 Static gl pGlYCs5glYE 1859 (0027 g/LM) laliiTaball and Emibian
sp. A2 5ol Pep (3016}
K sucrofermentans D5M - HS Static W0gldGYC5gLYE 32000 gk Tsouko at al (2015)
15573 sl Pep
Acetobacterxylinum Ak, Defined YE paptona Static 15 g/l pGLYC, 10941 B52g/l (044 g/ Al-Shamary and Al-
containing YE, 750/ Pep 10 oL Darwash (2013}
Na;HPO,, 1041 AA
A myiinem DSMZ-200d - Sermidefined, YE, apple  Static 2% pGLYC, 2.5% ghu- B6 g/l (0026 g''h Casarlca et al (2013)
axtract containing oose (Fpphas) 0055 YE,
0,30 (NH,1,50,, 0.5%
citric ackd
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Table 1 (continued)
Bacterial strain Growth medium Culttvation mode  Medium composition  Production metrics®  Referances
G, infermedius MEDC-01 - HS Shake flasks rotating 2091 cGLYCSQLYE, 1390 (007 gilih) Kosa et al. (2013)
Bioreactor 5L, 5ol Pep, 2591 CMC 3401 (0034 o/L/h)
agitated aerated
(. sucrofermentans H5 Static 209/l pGLYC, 591 20 g 00064 g/lh)  Santos et al. (2013)
CECT 7290 YE, 5 g/l Pap, 27 /L
NE;HP‘:'_.. 1.159g AL diric
add
Gaplinus CGMOC 2955 Defined Shake flasks 259/ pGhe, 39/ &05gL 0050905 Fhongetal (20013
aghated MaZHPOM, 1 gL
KH2POM, 5 g1
{NH412504, D02 g/l
Mgz, 002 g/lCa02,
00015 g/l paraamin-
obenzoic acid
(. sacchan sp H5 Stathc g/l aGlYC 5gLYE 00 ol (0 mogdlh) Camedra at al (2011)
5ol Pep
(. persimmaonis GH-2 H5 Bloreactor 5L, gl pGlYCs5glYE 2479l (0013g/L%M)  Hungund and Gupta
aghtated aesated 5ol Pep (3010a)
Enterobacter amnigenus HS Static 20glpGlYCs5gLYE 12 ol (0004 of'L'h) Hungund and Gupta
GH-1 5ol Pep {3010k}
Acetobacter sp Ve H5 Shake flasks agitated 296 pGLYC, 1.6% YE, 453 g/l (00309 Jungatal (2010)
maodified 0L4%: Na;HPO4, 0.35%
succinic acid
Gopnus ATOC 53524 HS Static gl pGLYC, 59/ 3759/ 003 gM)  Mikkelsan et al (2009
YE, 5 g/l Pap, 27 g/l
Na;HPO,,
1.15g /L dtric acid
Gluconocetobocter spe. HS Static 159/ pGlYC, 8gYE, 459g/liooizglhy  Kmetal (2006)
REYS optimized Shake flasks agitated 3o IGHPO, 301 AA 563 9/ (0033 g/L'M)
Goaplknus ATOC 10245 HS Static 1091 pGLYCS gL Eeshk and Shameshima
YE, 59/ Pap, 27 g/l {3005)
Ma;HPO,, 115 gL aric
add
A xyfinem D YPD Static 20900 pGLYC, 59/ IE3glinMeglh) Todaetal (1999
YE, 59/ Pep, 27 gL
MagHPOy
L 115/ citvic acd,
gl AA
Axylinum FO 13653 H5 Shake flasks agitated  05% pGLYC05% YE, 206 4849/ (0067 gL/ Masaoka at al. (1983)
modified Pap,0.1% MaSy,0.20:
Eth

CMC carbocymethyl celluloss, HS Hestrin-Schramm medium, FAD yeast extract-peptone—ghuoose medivm, AE acstate sthanol medium, MAS unoptimized miramal
medium, palC pure giycend, oGLYC crude ghycerol, TE yeast extract, Pep peptone, Eth ethanol, A4 acetic acid, (51 comn steep liquor
" BC concentraticn at the end of cubtivation [spedfic productivity: increase in concentration on average per hour)

b Both expressed in wet weight

Dastager 2018; Soemphol et al. 2018} or modified (Jung
etal. 2010 Violova et al. 2018; Li et al. 2019) Hestrin-Sch-
ramm (H5] medium commonly used for acetic acid bac-

teria, replacing conventional carbon sources (mono- or

di-saccharides) with glycerol. In some cases, other nutri-
ent media of defined (Al-Shamary and Al-Darwash 2013
Lu et al. 2020; Vigentini et al. 2019; Mangayil et al. 2021),
semi-defined (Casarica et al. 2013) or complex (Vazquez
et al 2013) compositions were also employed. In a num-

ber of studies, a positive effect of increased glycerol
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concentrations on cellulose yield and specific produc-
tavity of the bioprocess as a whole was noted. Besides,
the addition of various additives such as organic acids
(Toda et al. 1997; Kim et al. 2006; Jung et al 2010; Lins
et al. 2019), ethanol (Masacka et al. 1993; Volova et al.
2018; Lu et al 2020), water-soluble polymers (Kose et al.
2013) to the culture medium can also significantly pro-
mote the formation of BC. By this time, purified glyc-
erol is predominantly included in the composition of
nutrient media, although a fairly high productivity for
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BC is also achieved when this source is used in a crude,
i.e., not purified, form (Vazquez al. 2013; Gayathri and
Srinikethan 2018; Yang et al. 2019; Lu et al. 2020). Quite
comparable levels of BC yields are also shown for some
producers when using both types of glycerol, which can
be facilitated by the more appropriate composition of
nitrogen sources (Lu et al. 2020). It should be noted that
nutrient formulations currently use almost exclusively
traditional nitrogen sources, such as yeast extract (YE)
andfor peptone (Pep), although good potential has also
been shown (Vazquez et al 2013) for corn steep liguor
{CSL). Replacing traditional nitrogen sources not only
with the less expensive CSL, but also with other nitrogen-
rich extracts, concentrates and hydrolysates of natural
origin is crucial for any further scaling of BC biosynthesis
processes, as this would significantly reduce their over-
all costs. Such attempts using fish powder, soybean meal,
malt extract, casein or fish hydrolysates in combination
with glycerol have been performed with some success
(Hungund and Gupta 2010k; Adnan 2015; Aswini et al.
2020). However, further in-depth studies of their optimal
levels are required to maximize BC formation for differ-
ent producers, at least commensurate with the productiv-
ity achieved by traditional sources. The situation is quite
similar to the use of crude glycerol for the production of
BC. It is well known that not purified glycerol contains a
number of by-products (methanol, soap, inorganic salts,
free fatty acid, unreacted acyl glycerols, ete.] whose com-
position and amounts are affected by possible differences
in the biodiesel technologies used (Samul et al 2013;
Mangayil et al 2021). Although crude glycerol (Wen-
disch et al. 2011; Posada et al. 2012}, like purified glyc-
erol (Kenar 2007; da Silva et al. 2008), is successfully used
to ohtain many value-added products, including BC, by
microbial conversion, such impurities can also adversely
affect the activity of producer cells and the overall bio-
synthetic pathway. Such effects can be eliminated by
some pre-treatment of crude glyceral, for which various
partial or more complete purification methods have been
developed (Posada et al. 2012; Yang et al 2012). How-
ever, this can significantly increase the overall cost and
should therefore be avoided. Thus, in order to ensure a
high yield of BC, which is undoubtedly achievable on a
crude glycerol (Vazquez al. 2013; Gayathri and Srinike-
than 2018; Yang et al. 2019; Lu et al. 2020, it is necessary
to balance the physiclogical requirements of different
producers for the substrate qualities with its composi-
tion at different origins through appropriate focused
research for the accumulation and comparative analysis
of more data (Samul et al. 2013). This would provide still
absent, more general recommendations for the use of
crude glycerol, thereby contributing to the cost efficiency
of BC production. Compared with the mode of static
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cultivation (Table 1), BC production under aeration/agi-
tation conditions has been studied much less frequently
(Kim et al. 2006; Jung et al. 2010; Kose et al. 2013; Adnan
et al. 2015), especially when using bioreactors {Hungund
and Gupta 2010k; Adnan 2015). The yield and produc-
tivity achieved by BC are also quite moderate (Kim et al.
2006) not exceeding 5.63 g/L (0,039 g/L/h), thus lower
compared to the several static cultivation data (Table 1).
However, further research is needed in this direction, as
it is well known that higher oxygen supply and volumet-
ric agitation could promote increasing yields and specific
productivity for producer strains, thus amplifying the
bioprocess towards the large-scale industrial production

Conclusions

Glycerol as an undesirable and polluting by-product, ie.,
waste generated in significant quantities in combination
with biodiesel production requires greater re-use, includ-
ing the production of valuable products through micro-
biological conversion

This polyol, even in a crude unrefined form, can be
used as a renewable carbon source for the production
of BC, which could stimulate the development of cost-
efficient and environmentally friendly technologies to
achieve an expanded vse of this biopolymer within a
broad and versatile range of practical applications. Since
the data obtained so far remain somewhat one-sided
and largely limited, the relevant research needs further
development.

As with other carbon sources, the microbial synthesis
of BC from glycerol is highly strain-dependent, that is,
the yield, specific productivity and structural features of
a biopolymer are determined by specific properties, both
genotypic and phenotypic, of the producer. In turn, this
creates the need for Lh.urougl\ studies and assessment
of these properties, even for seemingly homogeneous
strains for their appropriate full-fledged selection.

A much wider use of appropriate optimization tech-
niques is required to identify and determine the optimal
levels of the relevant factors for maximum BC formation
by selected producers.

The inclusion of various nitrogen-rich extracts and
hydrolysates of natural origin, which is still a rather rare,
is particularly important in the development and optimi-
zation of cultivation media compositions, as this would
significantly reduce the overall cost of BC synthesis.

There is a need to significantly expand the research
on BC production from glycerol under aerated/agitated
conditions, which are still natice-ab]]r less used than static
cultivation, although they could promote increasing
yields and specific productivity. However, the effect of
such conditions should be additionally assessed in terms
of their potential impact on the structural properties of
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BC and, consequently, on the suitability of the polymer
for specific applications.
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Abstract

Garden berries and grapes constitute an integral part of a healthy and functional diet. Reduction of post-harvest losses can
maximize the shelf life of berry fruits, increasing their market value and promoting consumption. Among current storage
techniques, the use of edible films is an emerging strategy for packaging and protecting the surface of small fruits. They
provide the necessary barrier for berries against adverse external biotic or abiotic factors while supporting the nece ssary
physiological processes such as moisture and gas exchange. Carbohydrate polymers are an important component of edible
films. The desired mechanical strength as well as barrier properties are achieved by combining carbohydrate polymers with
other bio-based compounds, such as lipids, proteins, and functional additives. Unlike plant polysaccharides. the studies and
use of microbial extracellular polysaccharides (EPSs) remain scarce, especially for films and coatings of garden berries and
grapes. This review summarizes the available data for currently used (xanthan, pullulan, gellan, dextran, bacterial cellulose)
and prospective microbial EPSs (levan, curdlan, kefiran, bacterial alginate). Directions in future research to achieve more
widespread, cost-effective, environmentally friendly production and applications of edible microbial EPS films are discussed.

Keywords Microbial exopolysaccharides - Garden berries - Storage - Edible films - Coatings - Shelf life - Post-harvest
losses

Introduction

There is a widely accepted link between the consumption of
diets rich in fruits and vegetables and a lower risk for various
chronic health ailments including cardiovascular diseases
and malignancies (Hannum, 2004). A wide variety of gar-
den berries (including straw berries, raspberries, blueberries,
blackberries, and grapes) is an important part of a func-
tional and healthy diet. This is due to the fact that berries
are very rich in bioactive compounds which are considered
essential ingredients in functional foods (Skrovankovaet al.,
2015). Among them, in addition to a wide range of vitamins,
are minerals and dietary fibers. Flavonoids (anthocyanins,
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flavonols, and flavanols), phenolic acids, and hydrolyzable
tannins have pronounced physiological effects and health-
promoting properties. These phenolic phytochemicals con-
tribute to the prevention of inflammatory and oxidative stress
associated with many organic pathologies (Giampieri et al.,
2012). However, berries have relatively short post-harvest
shelf life, especially if they are exposed to inappropriate
storage conditions (excessive moisture, variable tempera-
ture} which may facilitate microbiological contamination.
In addition, unsuitable storage conditions may negatively
affect the nutritional value of berries and the potential health
benefits (Gil-Giraldoe et al., 2018). Therefore, more effective
storage methods are needed to prevent undesirable compo-
sitional changes, reduce product loss, and increase the pres-
ence of berries in the functional foods market.

Various storage methods and techniques have been devel-
oped and successfully utilized (refrigeration, controlled
atmosphere storage, ultrasound treatment, sterilization by
both UV and y-radiation) for this purpose (El-Ramady et al.,
2015; De Sowza et al., 2019). However, there is an increasing
focus on the use of edible coatings and packaging for efficient
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storage of garden berries and grapes (Dhaka & Upadhyay,
2018; Hing et al., 2019; Tahir et al., 2019; Maringgal et al.,
2020; Galus et al., 2020; Radev & Pashova, 2020; Sakhi,
2020). Similar to synthetic polymer packaging, the main
function of food-grade biopolymer solutions, such as poly-
saccharides, proteins, and lipids (or their combinations), is o
creale a physical barrier between the food surface and external
spoilage factors, thus improving the shelf life of the coated
product. Traditional polymeric films (polyethylene, polypro-
pylkene, polystyrene, etc.) are often used for packaging of fresh
produce due to their low cost as well as excellent gas barrier
properties. However, the use of such materials is a serious
environmental concern because of their non-biode gradable
nature. In addition, political incentives to reduce single-use
plastics, such as European Commission’s (EC) directive EU
2019/904, puts additional demand on developing sustainable
alternatives in food packaging. Therefore, edible films and
coatings obtained from enewable biological and agricultural
sources attract considerable attention (starch, gelatin, chi-
tosan, alginake, proteins, etc.). These materials are recyclable
and degradable, possess good barrier properties for moisture
and gases, and can even possess antimicrobial properties (e.g.,
chitosan). However, degradable edible films and coatings still
represent a niche market due to higher manufacturing costs,
difficult processing, and worse mechanical performance of
certain (2.g., starch based) materials compared to traditional
plastic packaging (Galgano et al., 2015). Like traditional plas-
tics, edible films are suitable for all kinds of perishable foods:
fruits, vegetables, and meat. Biodegradable films help food
maintain its original appe arance, thus making it more appeal-
ing to customers (Abdallah et al., 201 8). Moreover, benefits of
a protective layer made from edible biopolymers may include
(1) efficient exchange of gas and moisture, (2) mechanical
strength and durability in a range of materials (e.g., galac-
tomannans, chitosan), (3) pleasant sensory gualities for cus-
tomer appeal, (4) potential improvements in the nutritional
value or taste of the coated product, and (3) bicdegradability
for disposed products.

Polysaccharides are bincompatible and biodegradable car-
bohydrate polymers that are non-toxic to living organisms,
making them suitable for application in food packaging in
the form of edible coatings and films (NeSi¢ et al., 2019). In
addition, their use can significantly reduce the consumption
of conventional fossil-based plastics which cause damage to
the environment but are still widely used to this day (Luzi
et al., 2019). The main source of polysaccharides currently
used for biocoating is the biomass of plants and marine
organisms, as extensively discussed in specialized reviews
(Hassan et al., 2018; Tabasum et al., 2018; Alizadeh-Sani
et al., 2019; Azeredo et al., 2019; Mohamed et al., 2020;
Medic et al., 2019; Ramesh & Tharanathan, 2003; Salehi,
2020). Nevertheless, there is a growing interest in the produc-
tion of extracellular polysaccharides (EPSs) using microbizal
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fermentation for their film-forming potential. While biotech-
nological production of microbial polymers (mainly EPSs)
offers several advantages compared to the production of
plant-derived polysaccharides (Angelina & Vijayendra, 2015;
Jindal & Khattar, 2018; Barcelos et al., 2019; Nedic et al.,
2019), there are a number of current limitations in their use
and cost-effective production (Barcelos et al., 2019). Exam-
ples of actual uses of microbial EPSs in edible food coatings,
especially studies on their use for garden berries and grapes,
are still not numerous. This article aims to discuss the cur-
rent and prospective uses for microbial EPSs, focusing on
their application in bincoatings and films of garden berries
and grapes and highlighting the strategies for optimizing the
cost-effectiveness of microbial EPS production.

Required Properties, Ingredients and Evaluation
Methods of Fruit Coatings

General Characteristics and Composition of Microbial
Polymer-Based Fruit Coatings

While the terms “food films™ and “food coatings™ are often
used interchangeably, we refer to the following distine-
tion between the two throughout this review. A “film” is
as a thin structure which has been pre-formed by casting
a biopolymer solution separately from the product. Thus,
the pre-manufactured film can be later used for packaging
food (wrapping material, pouches, bags, etc.). In contrast,
the “coating™ is an unmolded product in the form of suspen-
sion or emulsion which is applied directly to the food surface
by means of spray-coating, brushing, or dipping before it
transforms into a solid film (Souza et al., 2010). Proteins,
lipids, and polysaccharides are commonly used as ingre-
dients in edible coatings, with plant cellulose derivatives,
chitosan, pectin, (modified) starch, alginate carrageenan, and
some plant exudate gums being the main carbohydrate poly-
mers currently in use (Kumar & MNeeraj. 20019, Avramescu
et al., 2020). The main function of food films and coatings
is to control the mass transfer between food and the ambi-
ent atmosphere. Depending on the selection of individual
biopolymer coating ingredients, different levels of selective
permeability and film properties can be achieved (Table 1).

Single biopolymer coatings (polysaccharide, protein, or
lipid) often do not provide sufficient properties to be effec-
tive edible packaging. Instead, a combination of individual
polymer types and the addition of other components are
required to achieve greater product protection and market
value. Thus, composite biopolymer films have combine
the functional properties of individual polymers and over-
come their respective flaws (Janjarasskul & Krochta, 2010;
Kumar & Neeraj, 2019; Pascall & Lin, 2013). For instance,
polysaccharides have good oxygen and carbon dioxide bar-
rier properties but are permeable to moisture. Lipid-based
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Table 1 Potentials and
requirements foredible coatings
and packaging®

Potential uses of edible coatings

Requirements for edible coatings

Produce & modified atmosphsene in the froit
Rieduce water loss and decay

Protect against microbial contamination

Deelay ripening of climacteric (ethylene related) fruits
Delay color changes

Improwe appearance

Reduce aroma loss

Reduce exchange of humidity between fruit pieces
Carriers of antioxidants and texture enhancers
Carniers of volatile precursors

Impart color and fAzvor

Carmiers of nutraceuticals

Food-gradaGRAS (generally recognized as safie) compone nts
Stability under high relative humidity

Good water vapor barrier

Efficient gas (oxygen, carbon dioxide, ethylene ) barmier

Good mechanical properties

Bindegradability

Adhesion to the fruit

Pleasant in tasiefiasteless and colorless

Physico-chemical and microbial stability

Reasonable cost

!Adapted from from Olivas and Barbosa-Clénovas (2005), Janjarasskul and Krmochta (20100, and Saklani

etal (2019

materials, in turn, are great moisture barriers but with poor
mechanical properties due to their hydrophobic nature.
Proteins are hydrophilic but they possess good mechanical
strength (Pascall & Lin, 2013; Ne§ic et al., 2019). There-
fore, control over precise proportions of combined ingre-
dients may ensure satisfactory mechanical strength as well
as selective permeability for edible coatings and films.
This is particularly important for fruit, berry, and ve getable
packaging since the materials used must maintain a certain
degree of respiration and cannot be absolutely water, gas,
and ethylene-proof (Medic et al., 2019). The blending of
biopolymers with plasticizers (especially polyols like glyc-
erol, sorbitol, propylene glycol, sucrose, fatty acids, poly-
ethylene glycol, and monoglycerides) and emulsifiers/sur-
factants (such as Tween, spans, fatty acid salts, and lecithins)
is also important for modifying the properties (especially
increasing mechanical stability) of edible coatings and films.
The addition of antioxidants and antimicrobial compounds
provides the necessary functional properties of the coating
which, in turn, improves the guality, stability, and safety of
the food. A wide range of such additives and their applica-
tions wers summarized in several recent reviews (Senturk
Parreidt et al., 2018a; Hassan et al., 2018; Stroescu et al..
2018; Sharma et al., 2019; Hing et al., 2019; Maringgal
et al., 2020; Ribeire et al., 2020).

To ensure that the newly developed food coatings and
packaging meet the requirements and are effective in main-
taining the quality of fruits and berries (Table 1), a compre-
hensive evaluation of both physical and functional properties
is necessary (Avramescu et al., 2020; Galus et al., 2020;
Gonzdlez Sandoval et al., 2019; Krasniewska et al., 2020).
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Since most physical properties, such as gas permeability
and mechanical characteristics, are difficult to measure after
coating the products, the evaluation is often performed by
testing standalone films under the conditions (humidity, tem-
perature) that are appropriate for product storage (Olivas &
Barbosa-Cénovas, 2003; Saklani et al., 2019). The physical
properties of novel biopolymer films and coatings depend on
the properties of their main ingredients. For multicomponent
formulations, the chemical composition and miscibility of
all ingredients is crucial and affects the physical properties
of most biopolymer materials, as well as the origin/source
of the polymers, their structural organization, processing
technologies, degree of crystallinity, and crosslinking (Galus
et al., 2020).

Evaluation Methods

The most common physical properties measured are water
vapor permeability (WVP). oxygen permeability (OP) and
mechanical esistance (tensile strength, Young's modulus and
elongation at break). The tensile strength (TS) describes the
maximum stress (force/cross-sectional area) required to break
the film. the elongation at break (EB) quantifies the degree
(%) to which the film specimen can be stretched before break-
ing, and the elasticity or Young's modulus (EM or Y M) as the
stiffness index which indicates the resistance of the material
towards elastic deformation (Janjarasskul & Krochta, 2010).
These characteristics were universally used in studies on the
development of edible films, their numerical values for dif-
ferent formulations under varied external conditions and the
methods used for measurements have been summarized in
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severdl reviews (Aguirme-Joya et al., 2018; Cazon et al., 2017:
Galus et al., 2020; Senturk Parreidt et al.. 20018a. b: Wang
et al., 2019). The standard measurement methods according
the ASTM (American Society for Testing and Materials) pro-
tocols are mainly used for these purposes (Cazon et al., 2017;
Janjarasskul & Krochta, 20 10; Ramos et al., 2013; Siracusa
et al., 2008; Wang et al., 2019). It is also important to assess,
especially in the case of fruits and berries, the barrier func-
tions of edible coatings in terms of moisture and gas (oxy-
gen, carbon dioxide) permeability, as these parameters have a
significant impact on water loss, respiration, and the internal
atmospher of fruits and thus on their shelf life (Tahir et al..
2019; Maringgal et al., 2020; Neic et al., 2019). Like the
mechanical properties, these parameters are evaluated in most
experimental studies and the relevant data are summarized in
several reviews (Caronet al., 2017; Galus et al., 2020; Lacroix
& Le Tien, 2005; Senturk Parreidt et al., 20184, b; Sharma
et al., 2019). Methods for determining the permeability of
food films based on gravimetric, manometric, volumetric,
or optical measurements of water vapor or gas flows have
been comprehensively summarized described and evaluated
in specialized reviews by Fereydoon and Ebnesajjad (2013),
Muller et al. (2017).

In addition to the barrier functions and mechanical prop-
erties, there are some other important characteristics of edi-
ble films that are ofien used for their evaluation and selection
in relevant studies, such as thickness, solubility, wettability,
sorption isotherms, color, flavor, and microbiological sta-
bility (Gonzdlez Sandoval et al., 2019; Olivas & Barbosa-
Cinovas, 2005). Afier an appropriate selection by testing the
film alone, the performance and effectiveness of the edible
coating/packaging of choice should be evaluated accord-
ing to its effect on the product quality and customer appeal
{Table 1). Given the fact that the edible coatings solidify
after application to the product, the effect of fruit shape and
texture on the formation and final properties of the film may
differ from the properties of standalone film. In the case of
fresh or minimally processed fruits or berries. the following
parameters should be considered: oxygen and carbon diox-
ide concentrations, water loss, evolution of organic volatiles
(ethanol, ethylene and acetate esters), changes in titratable
acidity, color and texture changes, microbial growth, soluble
solids, and sensory properties. It is generally acknowledged
that these parameters can demonstrate the effects of the
selected composite formulations and advise the composition
of edible coatings (Avramescu et al., 2020; Guerreiro, 2015;
Kumar & Sethi. 2018; Olivas & Barbosa-Cinovas, 2005). A
wide range of measurement methods are used for this pur-
pose, many of which represent the official ADAC (Associa-
tion of Official Analytical Chemists) methods. A consider-
able number of recent studies have reported on the efficacy
of various edible coatings when measuring overall quality
parameters of coated fruit which have been thoroughly

€ Springer

155

summarized and discussed in a specialized review by de
Souzaet al. (2019). It is well known that microbial polysac-
charides are tasteless. odorless, and colorless (NeSic et al..
2019; Shit & Shah, 2014; Widyaningrum & Meindrawan,
2020), so the coatings formed from them do not directly
affect, positively or negatively, the sensory characteristics of
the fruit during storage, strongly confirmed by evaluations
of relevant changes in appearance, odor, taske, color, texture,
and overall acceptance (de Souza et al., 2019). However,
if coatings contain ingredients with pronounced sensory
properties such as geraniol (G) or pome granate extract (PE)
in addition to bacterial EP3 such as gellan, an appropriate
in-depth assessment (2.g., sweetness, acidity, odor) of both
the coating composition and coated fruit will help to avoid
undesirable deviations in product properties such as straw-
berries (Tomadoni at al., 201 8).

Production of Extracellular Polysaccharides
by Microblal Blosynthesis

Procass Benefits

Polysaccharides and bioactive compounds from plants and
animals (beeswax, propolis) are widely used in edible coat-
ing or film production. Microbial exopolysaccharides (EPSs)
further extend the range of prospective ingredients for edible
coatings and packaging and may be combined with bioactive
components of plant or animal origin (Table 2). Microbial
EPS also offer several advantages. First, microbial EPS syn-
thesis can be genetically engineered to provide metabolic
products with desired properties and functionality {Nielsen
& Keasling, 2016). Second, EPSs ame also easier to produce
on an industrial scale because the growth of microorgan-
isms does not depend on regional and climatic conditions
or marine pollution, and microorganisms exhibit a fast
growth rate compared to plant biomass. In addition, EPSs
are secreted in the external environment, thus facilitating the
recovery of the final product and the use of industrial and
agricultural waste as a fermentation substrate (Angelina &
Vijayendra, 2015; Barcelos et al., 2019; Nedic et al., 2019).
Both eukaryotic and prokaryotic microorganisms produce a
diverse range of structural and functional polysaccharides,
which may be homopolymers or heteropolymers. Homopaoly-
meric EPS molecules consist of repeating monosaccharide
units, mostly glucose or fructose, whereas heteropolysac-
charides are usually branched and composed of units of sev-
eral different monosaccharides, mainly galactose, glucose,
fructose, etc., as well as other carbohydrate groups (Mohite
etal., 2007 ; Tiwari et al., 2020). EPS biosynthesis can occur
through different mechanisms and is influenced by a variety
of environmental factors, but the general biotechnological
route of production is similar for different organisms and
types of exopolysaccharides (Fig. 1).
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Table2 Advantages and challenges in utilization of microbial EPS or plant/animal substances foredible films and coatings of small berry fruits

Edible microbial EFS coatings

Edible coatings of plant and animal origin

Advantages:

# Microbial EPS coatings offer good physical barrier properties and
expected positive effects on fruit shelf-life similar to plant-derived
polymers. bee-wax or propolis.

# (Given the variability and fruit-specific post-harvest storage proper
ties of traditionzl coatings from plant and animal origin, microbial
EPS holds the potential to offer an extended range of edible polymer
coatings for wider variety of small berry fruits.

# Biological engineering and manipulation of the EFS composition in
microbes is comparatively easier and faster than plants or animals to
develop previously defined fruit-specific coating properties.

» Possibilities to use renewable substrates and food-industry by-prod-
ucts fior microbial EPS biosynthesis.

# Microbial EPS may be optimized to function as a scaffold or carrier
of active antimicrobial components or additional nutraceuticals in
edible coatings.

Challenges in future wse:

= Mized for efficient multifactorial screening (RSM methods) of novel
EPS compositions and microbial cultivation strategies.

# Future studies required to evaluate the combined effects of micmobial
EPS coatings and active plant antimicrobial components on physical
and biological protection of small berry fruits.

Advantages:

# Propolis and wax coating have increzsed sensory acceptability
and decrezased decay of centain small berry fruits (strawberries and
raspherries) and additional positive effect on firmness, chilling injury
mesistance, soluble solids concentration & nutritional content (ascorbic
acid, phenolics. antioxidants) in larger froits such as papaya, mango,
omnges, and cucumber (Kahramanoghu et al_, 2020; E-B adway et al.,
20012

» Plant-derived extracts and essential oils may serve as antimicrobial
additives to the microbial EPS coatings and alternatives to synthetic
pesticides (Palou et al_, 2015

Challenges in current use:

# The positive effects on post-harvest storage and product quality appear
to be species-specific (Kahramanoglu et al., 2020). More research
needed on applicability to wide diversity of small berries.

» Preservation of synthetic fungicide residuals when applied together
with wax coatings.

# Litile research on the molecular mechanisms of antimicrobizal effects
of plant extracts within edible coatings: direct antimicrobial toxicity or
stimulation of plant defense responses within the fruit.

# More research needed on the effects of active ingredients of edible
antimicrobial coatings on human gut microbiome and nutrient uptake
by consumer.

Implementation of EPS Biosynthesis and Optimization
Possibilities

The biosynthesis of EPSs can be divided into three main
stages, namely carbon substrate assimilation, intracellu-
lar polysaccharide synthesis, and polymer release from
cells (Becker, 20013). The assimilation of a carbon sub-
strate depends on composition of the medium (carbon

Fig.1 General production MICROORGANISMS
scheme of the microbial exopol- + Isolation or medificasion
ysaccharide (EPS) biotechno- {penstic/metabalic
logical production. Adapted engineering) of producer
from Barcelos et al. (2019 siraims

—

and nitrogen content, sources of micronutrients and their
concentrations), as well as on the operational (bioreactor
type and mode of operation) and culture conditions (tem-
perature, pH, agitation rate, aeration rate, growth phase)
{Ahmad et al., 2014; Barcelos et al., 2019; Mohite et al.,
2017; Tiwari et al., 2020). Notably, the magnitude and
direction of these effects are highly strain-specific and
have significant effect on the yield and characteristics of

MEDIUM COMPOSITION

« Carbon and nitmogen sources, TN
ratio, metal ions, micronutrients

OPERATIONAL CONDITIONS
= Carhon and mrogen sources, TN
ratia, metal ions, micromutrients

-

PROCESS OPTIMIZATION
= Statisttcal wols (OFAT, REM)

=)

EXTRACTION AND PURIFICATION

= Chemical and physical methods: cell remaoval,
polymer precipilation,

+ Dialysis, drying. athers

MAIN EPS AND APPLICATIONS

= Diextran, xanthan, alginate, pullulan, curdkan,
becterial celluloss, kevan, kefiren:

= Fooul, medical, pharmaceutical and chemical
indusiries
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EPS produced. Therefore, it is necessary to find and define
the most appropriate cultivation conditions for each pro-
ducer strain (Devi & Alamu, 2013; Nwodo et al., 2012;
Olivas & Barbosa-Cénovas, 2005; Semjonovs et al., 2017).
EPS can be produced by four different pathways: (1) the
W/ Wzy-dependent pathway, (2) the ATP-binding cas-
sette (ABC) carrier-dependent pathway, (3) the synthase-
dependent pathway, and (4) extracellular synthesis using a
single sucrase protein (Tiwari et al., 2020; Whitfield et al.,
2020). A number of generalized features and conditions
have been proposed to promote EPS biosynthesis. These
include increased C/M ratio in the medium {about 10:1),
below optimal cell growth temperature, harvest during the
early stationary growth phase for maximum product yield,
and positive effects of some cell stressors (e.g., the pres-
ence of heavy metal ions) (Barcelos et al., 2019; Kumar
et al., 2007; Lule et al., 2016; Mohite et al., 2017; Onilude
et al., 2013; Zikmanis et al., 2020a, b). Nevertheless, opti-
mal cultivation conditions have not yet been sufficiently
defined for most EPS producing strains, and due to the
diversity of EPS synthesis pathways, the process optimi-
zation should be performed to maximize the yield of EPS
for each selected producer strain. Optimization technigues,
such as response surface methodology (RSM), should be
considered as a favorable, more powerful, and convenient
strategy compared to one-factor-at-a-time (OFAT) tech-
nigue. RSM allows simultaneous selection of a wide range
of relevant factors and determination of their optimal lev-
els for EPS production (Kolesovs & Semjonovs, 2020;
Semjonovs et al., 2017; Zikmanis et al., 2020a, b).

In order to enhance the production of microbial EPSs
and make it more cost-efficient, it is important not only to
search for efficient producers and optimize their cultivation
conditions (Barcelos et al., 2019; Sengupta et al., 2018),
but also to evaluate the use of untraditional and renewable
substrates. The main factor responsible for the high biotech-
nological production expenses is the cost of substrate and
downstream processing. For example, raw materials account
for at least 40-50% of the total production costs, whereas a
carbon source contributes to 70-80% of the total expenses
(Gahlawat & Srivastava, 2017 ). As a result, various by-prod-
ucts and waste products from agriculture and food industry
(Arancon et al., 2013; Sadh et al., 2018; Tsang et al., 2019;
Fikmanis et al., 2020a) are utilized as a low-cost and envi-
ronmentally friendly carbon and nitrogen source alterna-
tive for microbial growth and polymer production. It is also
essential to continuously improve downstream processing
procedures (Fig. 1) which include a variety of techniques for
precipitation and purification of synthesized EPSs (Barcelos
et al., 2019; Kambourova et al., 2015; Roca et al., 2015).
Such improvements will contribute to economically feasible
production of microbial EPSs in the future (Kambourova
et al., 2015}
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Microbilal Extracellular Polysaccharides in Berry
Edible Coatings

Currently Used Polysaccharides

Formulations which contain polysaccharides are well suited
for edible coatings to extend the shelf life and preserve the
quality of garden berries and grapes (Maringgal et al., 2020;
De Souza et al., 2019; Nair et al., 2020). Strawberry (Fra-
garia spp.) is used as a model in several studies (Gaston
et al., 2020; Liston et al., 2014) to assess of the properties
of different components in edible fruit coatings/packaging
(Baicu & Popa, 2018; Niu et al., 2019; Shao et al., 2018).
However, the range of different berry species as well as
EPSs, especially microbial EPS, used for producing edible
coatings remains limited (Table 3).

Pullulan Pullulzn is the most widely used polysaccharide
{Table 3). It is a homopolysaccharide synthesized by the
yeast-like fungus Awreobasidivm pullulans and consists
of maltotriose units connected to each other by an a-(1.6)-
glycosidic bond and is capable of forming edible films with
several advantages over other polysaccharides. Pullulan
is considered a relatively expensive EPS. Therefore, it is
necessary to use a wide variety of alternative and renew-
able carbon/nitrogen sources to produce pullulan in more
cost-effective manner (Barcelos et al.. 20019; Zikmanis et al.,
2020a). In addition to their low caloric value, pullulan films
are tasteless, colorless, oil-resistant. and heat-sealable, have
low oxygen permeability, and can change their mechanical
and gas barrier properties in a controlled way when blended
with other biopolymers and plasticizers (Barcelos et al.,
2019; Diab et al., 2001; Niuet al., 2019). The film-forming
solutions of edible coatings are quite variable, ranging from
pure pullulan in distilled water (Li et al.. 2017} to mixtures
that contain plasticizers (glycerol, sorbitol), other biopoly-
mers (chitosan, gelatin), their derivatives (carbox ymethyl
cellulose), and antimicrobial compounds (Shao et al., 2018;
Trevifio-Garza et al., 2015; Zhang et al., 2014). Thus, a tar-
geted and comparative study showed (Li et al., 2017) that
the efficacy of pullulan as an edible coating for straw berries
is quite comparable to that of alginate, widely used in the
field (Mair et al., 2020; Shit & Shah, 2014), although it lags
behind chitosan, which is also well-known in this regard
(Radev & Pashova, 2020; Shit & Shah. 2014).

It should be noted that several pullulan esters (acetate,
propionate, butyrate )y, which are obtained by reacting the
polysaccharide with the corresponding acid anhydrides,
can also be useful {especially butyrate). As edible coatings
for strawberries, they outperform the non-derivative EPSs
(Miu et al., 2019). Pullulan has also been used as a basic
component in a multi-component system of edible coating



Food and Bioprocess Technology

Table 3 Usage of microbial polysaccharides in garden berry and grape coatings

Microbial polysaccharide used (monomers Coated berries Coating formulation Referenoes
to form)
Xanthan Strawberries XA (3 g'L), beeswax, propylene glycol Fambrano-Faragora et al. (2020)
(glucose, mannose, and glucuronate ) XA (0.5%), glycerol, oleic acid. CaCl, Leite et al. {3015)
Grapes XA (100 /L), ghyoerol, Tween- 20, citric Golly et al. {3019)
acid and ascorbic acids
XA (0.3%),olive odl, Baraiya et al. (20 16)
gallic, feralic, ascorhic acids
Blueherries XA (0.3%) Totad et al. (2019
Pullulan Strawberries  PL (150 g/L), carboxymethyl cellulose, tea  Shao et al. (20 18)
(glucose) phenols
PL {6.5%); distilled waier Lietal (2017}
PL {65 gL}, glycerol, Ma-bemroate, Trevino-Garza et al. (2015)
K-sorhate
PL (B0 100 2L}, ghycerol, Tween-50 Emgluet al. {2014)
PL {25 g/L), gelatin, chitosan, acetic acid Zhang et al. {2014)
PL {50 g/L)sorbitol, sucrose fatty acid ester  Diab et al. {2001)
Blueherries PL (10 gfL), ghycaral {10 2/L), propolis Pobiega et al. (2020
EoDH extract {30 or 100 g/L)
Grapes PL {1.5% ), essentizl oils (o-cymene. thymol, Pifis- Barnera et al. (2019)
y-terpinene in FY A nanocapsules)
Pullulan esters acetate, propionaie or Strawberries  PLAc, PLPr. or PLBo {15 gl.). ethy] acetate  Niu et al. (2019)
butyraie
Gellan Strawberries  GE (0.5%). ghycerol, geraniol, pomegrangie  Tomadoni et al. (2018)
(glucose, rhamnose, and glucuronate) extract
Bacterial cellulosa Strawberries  BC nanofibers (0.5 1%, okra (Abelmios- Shahbazi et al. (2020)
(glucose) chuis exculenfis) fruit mucilage, Eryngiim
o extract
Diex tran Strawberries  DE (2-5%), glycerol, pectin, polysorbaie Muoncayo-Martiner (2013)
(glucose) Blueberries

for grapes which includes polyvinyl alcohol nanocapsules
loaded with spice plant (Thymus vulgaris L.) and essential
oils (EO) containing o-cymene, thymol, and y-lerpinene.
Such a composition provides strong antibacterial, antifun-
gal, and antioxidant activities and preserves the quality of
stored grapes for a longer time than without treatment (Pina-
Barrera et al., 2019). Likewise, a pullulan coating combined
with an ethanol extract of bee propolis delayed the ripening
and weight loss, reduced the microbial contamination, and
extended the shelf life of blueberries (Pobiega et al., 2020).

Xanthan The heteropolymer xanthan has also been used in
edible coatings on both garden berries and grapes (Table 3).
This industrially important EPS is produced by phytopatho-
genic bacteria of the genus Xanthomomas (mainly X. camp-
estris pv. campestris) from different monomers { glucose,
mannose, and glucuronic acid with acetate or pyruvate
group) and has gained wide recognition due to its excel-
lent solubility, theological properties, and stability over a
wide range of external conditions (Sengupta et al., 2018).
Like pullulan (Li et al., 2017}, xanthan alone has been used

as an edible coating not only for strawberries but also for
blueberries, extending the shelf life of the coated product.
A targeted study comparing xanthan with other compounds
as edible coatings for blueberries (Totad et al.. 2019) found
a significant advantage of this exopolysaccharide over the
plant origin guar gum and gum Arabic, which are substan-
tial ingredients in rlated fruit coatings (Shit & Shah, 2014;
Salehi, 2020; Saleem et al., 2020). Although it remains
slightly behind to synthetic carboxymethyl cellulose, which
also is often used in edible coatings for fruits and vegetables
(Panahirad et al., 2021), xanthan not only reduced water loss
and retained fruit firmness, but also maintained levels of
ascorbic acid, antioxidant activity, total phenolic and antho-
cyanin content {Totad et al., 2019). The gel-like and film-
forming properties of xanthan can be improved by adding a
lipid component to the mixture (Baraiya et al., 2016). Thus,
oleic acid or peppermint EO ({Leite et al., 2015) or bee wax
lipid nanoparticles (Zambrano-Zaragoza et al., 2020) wene
included in the strawberry coating along with xanthan and
plasticizers {glycerol and propylene glycol, respectively).
Bee wax contains a complex mixture of hydrocarbons, free
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fatty acids, fatty alcohols, and saturated and unsatursted
linear and complex mono-esters. Beeswax particle addition
to xanthan proved to be effective for increasing straw berry
shelf life when refrigerated. The mixture of xanthan, anti-
oxidants {ascorbic acid, gallic, ferulic acids). plasticizer
(glycerol), and olive oil also forms an edible coating for
grapes which enhanced their nutritional value and extended
shelf life up to 24 days (Baraiyaet al., 2016). The use of sur-
factants (Tween 20) instead of oil provided almost the same
shelf life for grapes coated with xanthan that is enriched
with ascorbic acid and citric acid (Golly et al., 2019). In
addition to pullulan and xanthan, other microbial EPSs —
gellan, bacterial cellulose, and dextran — also possess the
properties required for production of edible food coatings/
packaging. Hitherto, their use in vegetable coating or other
products has been more widespread than applications to
edible coatings in garden berries or grapes (Alizadeh-Sani
et al., 2019; Azerado et al.. 2019, b; Zikmanis et al., 2020a).

Gellan Gellan, like xanthan, is an extracellular heteropoly-
saccharide produced by bacteria of the genus Sphingomonas.
It consists of repeating etrasaccharide units, each containing
two residues of glucose, one of thamnose, and one of glucu-
ronic cid, the hydroxyl groups of which in the native gellan
are partially esterified with acyl (glycerate and acetate) sub-
stituents. Gellan is soluble in water, is insoluble in ethanol,
and possesses excellent colloidal and gelling properties, so
it has a good film-forming capacity. While gellan including
coatings have been applied to various fruits and vegetables,
it has rarely been used for garden berries or grapes. How-
ever, it has been reported that the edible coating for straw-
berries, consisting of gellan with glycerol as a plasticizer and
enriched with natural antimicrobials (particularly geraniol),
significantly reduced microbial counts (mesophilic and psy-
chrophilic bacteria, yeasts and molds), thus improving the
microbiological stability of berries compared to untreated
sample (Tomadoni et al., 2018). Besides the pathogen pro-
tection, gellan-containing coating did not demonstrate any
other beneficial effects on berry storage.

Bacterial Cellulose and Dextran The situation is simi-
lar for two extracellular homopolysaccharides, bacterial
cellulose (BC) and dextran, which are synthesized from
glucose. BC is a D-glucose polymer composed mainly of
p-(1.4)glycosidic bonds, and its main producers are ace-
tic acid bacteria of the genus Kemagaraeibacter. It also
possesses exclusive structural, mechanical, and functional
properties and has gained considerable attention in the
biomedicine and food industries. Particularly important
and prospective is the increasing use of BC in biocom-
posites. As with other EPSs, microbiological synthesis of
BC is very expensive and altzrnatives are being sought
to obtain economically viable culture media that will
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promote production and develop more applications for BC.
Although there are a number of studies in which BC or its
composites are involved in the formulations of edible coat-
ings'packaging for various foods (Azeredo et al., 2019), only
one of them is being tested for garden berries (Shahbazi
et al., 2020). BC nanofibers together with okra (A belmos-
chus esculentus) fruit mucilage, guince seed mucilage, and
Eryngium planum extract (Shahbazi et al., 2020) can form an
edible coating for straw berries, which provides good antimi-
crobial protection, preservation of physicochemical proper-
ties, and sensory attributes in line with data on the positive
effects of BC nanofibers on the diverse properties of coatings
for other products (Shahbazi et al., 2020). Dextran is also
an extracellular homopolymer of glucose, but with a differ-
ent structure characterized by c-(1,6) linkages in the main
chain and a variable amount of o-(1,2), a-(1.3), and o-(1, 4)
branched linkages, and it is synthesized from sucrose by sev-
eral bacterial genera among which Lewconostoc spp. are the
industrially important producers (Zikmanis et al., 2020a, b).
Dexitran is not only a biocompatible and biode gradable, but
also a water-soluble polymer which has versatile potential
for commercial use, mainly in the food and medical fields.
However, only a few studies to date have considered the
film forming potential and use of dextran in edible coat-
ings (Davidovi€ et al., 2018; Lakshmi Bhavani & Nisha,
2010; Moncayo-Martinez, 2013; Quezada Gallo et al.,
2005). Dextran film has been reported to protect various
foods from oxidation and other unwanted changes (Lakshmi
Bhavani & Nisha, 2010) Dextran-based films, plasticized
by sorbitol in an optimized ratio, can be potentially used
as an edible food packaging material (Davidovic et al.,
2018). Dextran plasticzed with glycerol has been shown
to form effective edible coatings for fruits such as guavas
and apricots (Quezada Gallo et al., 2005), which provide
better protection than other polymers (potato starch, algi-
nate, xanthan, carboxy methyleellulose). The formulation
of dextran, pectin, polysorbate, and glycerol as a plasti-
cizer has significantly extended the shelf life of garden
berries, strawherries, and blueberries and preserved their
physicochemical, textural, and sensory properties and
microbiological quality (Moncayo-Martinez, 2013).

Promising Polysaccharides

It is obvious that currently not all microbial exopolysac-
charides, even those considered commercially and industri-
ally important, are used in formulations of edible coatings
{Mohite et al., 2017; Sengupta et al., 2018). Moreover, it
should be noted that among them, there are compounds that
fully meet the requirements (Table 1) for edible coatings,
including the film-forming ability. Such EP3s includz levan,
curdlan, kefiran, and alginate synthesized by bacteria.
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Lavan Levan is a homopolysaccharide formed from sucrose
by polymerization of D-fructosyl units with p-2.6 linkages
in linear chains and p-2.1 linkages at branching points. Its
extracellular synthesis can be performed by bacteria from
many genera (Halomonas, Bacillus, Zymomonas, Pseu-
domeonas, Erwinia, Xanthomonas, Pseudomonas) and thus
considered to be the most widely represented and important
bacterial fructan (Combie & Oner, 2018; Tomulescu et al.,
2016; Zikmanis et al., 2020b). Levan is characterized by a
unique combination of properties, in which its adhesivity is
particularly important, as it opens wide prospects in both
the biomedical and technical fields (Combie & Oner, 2018).
The adhesive properties of levan are essential for the film-
forming ability, although plasticizers are needed 1o mitigate
the brittleness of the levan film itself (Chen et al., 2014).
Thus, blending levan with a plasticizer such as glycerol can
form flexible and extrudable films (Barone & Medynets,
2007; Kwon et al., 2018). Nanocomposites with improved
thermal and mechanical properties consisting of montmoril-
lonite clay blended with levan can also be obtained (Chen
et al., 2014). Similarly, edible films were produced by a
casting procedure using aguecus solutions of levan, cas-
sava starch, and glycerol as the plasticizer {Mantovan et al.,
2018). However, levan films suitable for food coatings and
packaging materials can also be prepared without such plas-
ticizers using aqueous solutions of levan with the optimal
proportion of cornstarch as the filler (Huber et al., 1994). It
is also possible to credte more complex ternary blend films,
suich as those consisting of levan, chitosan, and polyethylene
oxide, suggested for active food packaging or biomedical
applications (Bostan et al., 200014).

Curdlan In recent years, the abilities of curdlan have also
been repeatedly tested. It is an extracellular polysaccharide
with a linear structure composed of [-(1,3)-linked glucose
residues, produced under nitrogen-limiting conditions by the
non-pathogenic strains of Agrobacterium and Alcaligenes
spp. Although directly insoluble in water or ethanol, it can
be dissolved in alkaline solutions and has thermo-induced
gelling properties that also promote film formation, espe-
cially when blended with other polymers. Thus, novel fish
gelatinfcurdlan blended films with different proportions
of ingredients and good mechanical and barrier proper-
ties were developed. This suggests that these films might
become a prospective packaging material (Ahmad et al.,
2015). Similarly, films that meet food-packaging require-
ments are obtained by mixing xanthan and curdlan which
also improves their overall water solubility (Mohsin et al..
2020). Packaging films with suitable mechanical and barrier
properties can also be formed using curdlan and caprolac-
tam as ingredients, although the latter is not considersd to
be a food-grade polymer (Zhu et al., 2021). It has also been
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shown that ternary composite formulations, such as chitosan/
curdlan/carboxymethy] cellulose (Wang et al., 2019) and
curdlan/polyvinyl alcchol/thyme essential oil (Zhang et al.,
20207 biodegradable packaging films, can be employed for
the preservation of perishable foods.

Kefiran Edible films and coatings with a wide range of
required properties can be developed if kefiran is included
in the compaosition. This water-soluble EPS is separated
from the kefir grains and produced by a consortium of lac-
tic acid bacteria, mainly Lactobacillus spp. and yeast (Tan
et al., 2020). Kefiran is a heteropolysaccharide consisting of
hexa- or heptasaccharide repeating units with approximately
equal amounts of glucose and galactose and variations in
both the o- and p-configurations and the glycosidic linkages
(Ghasemlou et al., 200 1; Piermariaet al.. 201 1). Such struc-
tural diversity ensures that kefiran is well compatible with
other ingredients (proteins, lipids, other polysaccharides) and
plasticizers (polyols, sugars) in the formation of edible film
composites and thus provides a wide range of possibilities to
miodify their properties and adapt to the requirements for dif-
frent foods (Marangoni Junior et al., 2000; Tan et al., 2020).

Alginates Alginates and the possibility of their use as edi-
bl films ar: a somewhat specific case and deserve 2 more
detailed consideration. These are heteropolysaccharides
made of unbranched, linear binary copolymers of p-D-
mannuronic acid (M) and a-L-guluronic acid (G) residues
linked by (1) glycosidic linkages (Senturk Parreidt et al.,
2018a, by and commonly produced by and refined from vari-
ous genera of brown algae. However, their microbiological
production by several Azotobacter and Pseudomonas species
has also become increasingly important, including the use
of renewable rezources (Senturk Parreidt et al., 2018a, b;
Urtuviaet al., 2017; Zikmanis et al.. 2020a, b). Due to very
good rheological properties, alginaies are widely used in the
development of edible films and coatings, including fruits,
garden berries, and grapes (De Souza et al., 2019; Maringgal
et al., 2020; Nair et al., 2020; Salehi, 2020; Sharma et al.,
2019). However, it should be noted that only algal-derived
polysaccharides (but not bacterial ones) were used in such
studies. The point is that alginates of algas and bacterial
origin cannot be considered interchangeable due to signifi-
cant differences in the structure and hence in the properties
of both polymers. Thus, alginates of bacterial origin can be
characterized by a lower proportion of guluronates (G) lead-
ing to higher M/G ratio as well as higher levels of acetylated
mannouronate (M) residues (Senturk Parreidt et al., 2018a,
b}, which significantly affect their rheology. In other words,
if 2 different source of alginates is used, it may be necessary
to change both the composition of the coating and the object
that is going to be coated.
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Specifics of Fruit Coatings

Garden berries and grapes, as one of the most highly con-
sumed perishable fruits, require special attention when
developing new materials for edible coatings (Avramescu
et al., 2020). Given the fact that different coatings have
different effects on the quality of coated fruits/berries, the
choice of coating ingredients (microbial EPSs, their com-
binations and additives) depends on both the physiclogical
properties of the fruit, such as transpiration and respira-
tion rates after harvesting, and the intended berry storage
conditions. The coatings developed for one fruit variety
may not be appropriate for another, as each is character-
ized by different gas diffusion and respiration rates, skin
resistance, and other features (Park, 1999; Hagenmaier,
2005; Olivas et al. 2008). The differences in coating thick-
ness, application technique, as well as storage conditions
have significant effect on coating properties (Banks et al.,
1993). Therefore, due to highly specific features of both
EP3 microbial synthesis and edible coatings, functionality
targeted comparative studies (Li et al., 2017; Totad et al.,
2019} are further required to obtain technologically and
economically viable solutions to extend the shelf life of
garden berries and grapes as well as objectively choose the
most promising of them. In addition, this creates the basis
for a technical and economic assessment, including the
risk—benefit analysis of the proposed coatings and tech-
nologies for their production, which is absolutely required
when scaling bioprocesses up to an industrial level (Crater
& Lievense, 2018). The development of novel coating and
film compositions is complex and requires careful choice
of EPS coating ingredients, as demonstrated by prospective
use of alginates (de Souza et al., 2019; Nair et al., 2020;
Sakehi, 20200, Besides, an additional research is needed to
characterize and evaluate the properties of novel microbial
EP3Ss such as levan, curdlan, kefiran, or bacterial alginate.
Furthermore, any large-scale use of novel microbial EPSs
requires more environmentally friendly and cost-e ffective
production techniques to make this an economically viable
alternative to plant origin polysaccharides.

Conclusions

The use of edible films and coatings is a rapidly develop-
ing method of food storage with atiractive prospects to
effectively maintain the gualities and extend the shelf time
for garden berries and grapes.

Carbohydrate polymers are very important compone nts
for such protective coatings since they provide physical bar-
rier to unwanted biogenic contaminants while maintaining
desirable properties such as selective permeability to oxy-
gen and carbon dioxide which provides the required level of
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fruit respiration. Additional modification of poly saccharide
properties can be achieved by adding other bio-based com-
pounds, such as lipids, proteins, and functional additives.

Unlike plant polysaccharides, which are widely known
and thoroughly researched, the use of microbial extracellu-
lar polysaccharides (EPSs) remains very limited. especially
for films and coatings of garden berries and grapes. mainly
due to the expensive raw materials and high production
costs associated with microbiological fermentation.

The current limitations in this area can be overcome
by using by-products and wastes of the agro-industrial
complex as renewable sources of carbon and nitrogen in
fermentation media formulations, as well as by extensive
optimization of operational and process conditions at all
stages of EPS production.

Targeted and well-designed comparative studies need
to be further developed to obtain both technologically and
economically viable EPS-based edible coatings for garden
berries and grapes.

The limited range of EPS already used in edible films
and coatings for garden berries and grapes can be extended
to other polysaccharides, such as levan, curdlan, kefiran, or
bacterial alginate, which possess comparable film-forming
and other functionally important properties.

Funding This study was supported by the Ministry of Agricoliure
and Ruoral Support Service of the Republic of Latvia (grant nomber
19-00-A 0161 2-D00004).

Availability of Data and Material The datasets used andior analy zed
during the current study are @vailable from the first author on eason-
able request and/or are freely accessible via the Inemet.

Declarations

Competing Interests The authors declare no competing interests.

References

Abdallah, M. ., Mohamed, M. A, Mohamed, H., & Emara, T. M.
(2018). Application of alginate and gelatin-based edible coat-
ing materials as alternatives to traditional coating for improy-
ing the quality of pastirma. Food Science and Biofechnology.,
27, 1589-1597 . https2doi.org! 10_1007/5 10 GE-0] B-0393-2

Aguire-loya, 1, De Leon-Fapata, M. A, Alvarer-Perez. (. B., Tormes-
Ladn, C., Mieto-Oropeza, D. E., Ventura-Sobrevila, 1. M., et al.
(2018). Basic and applied concepts of edible packaging for foods.
In: A M Grumezesku & A M Holban (Eds.), Food packaging and
preservation (pp. 1-61). Elsevier. hitps2\doi.ong/ 10.10 16/B9T §-
O-12-B 1151690000 1 -4

Ahmad, M., Nirmal, M. P., & Chuprom, 1. (2015). Blend film based
on fish gelatine/curdlan for packaging applications: spectral,
microstructural and thermal characteristics. RSC Advances,
5120}, 990449957 httpsdoiorg/ 10_103WCSRANG2SK

161



Food and Bioprocess Technology

Ahmad, M. H., Mustafa, 5., & Che Man, Y. B. (2014). Microbial
polysaccharides and their modification approaches: a eview.
Tnrernational Jowrnal of Food Properfies, 18(2), 332-347.
https #f doi.org! 10. 1080 1094291 2. 2012693561

Angelina, & Vijayendra, 5. V. N. (201 5). Microbial biopolymers: the
exopolysaccharides. In: V. Kalia (Ed.), Microbial foctories (pp.
113-125). Mew Delhi: Springer.

Alizadeh-Sani, M., Ehsani, A., Moghaddas, K.E., & Khezerloo, A.
(2019). Microbial gums: introducing a novel functional com-
ponent of edible coatings and packaging. Applied Microbiol-
opy and Biotechnology, 103(1T), 68536866, hitps2/doi.org/
101007/ 500253-019-09966-x

Arancon, R. A. D Lin, C. 5. K, Chan, K. M., Kwan, T. H., &
Luogue, B. (2013). Advances on waste valorization: new hori-
zons for 8 more sustainable sockety. Energy Science & Engi-
nmeering, 1(2), 53-T1. https2doi.org/10.1002/ese 3.9

Aymamescu, 5. M. Butean, C., Popa, C. V., Ortan, A_, Moraru, [, &
Temocico, G. (2020). Edible and functionalized films/coatings—
performances and perspectives. Cowrings, 1O0T), 687, hitps2Vdoi.
org/10. 1080 1094291 2. 201 2693561

Areredo, M. C., Barud, H.. Farinas, C_ 5., Vasconcellos, ¥. M., &
Claro, &. M. (2019). Bacterial cellulose as a raw material for
food and food packaging applications. Froners in Susainalle
Food Systems, 3, 7. https?¥doi.org/ 10.338% fsufs. 201900007

Baicu, A A, & Popa. M. E. (2018). Trends in prolonging the post-harwest
life of strawberries — a review. Food Technology, $2(1), 9-16.

Banks, M. H.. Dadrie, B. K_, & Cleland, D_J. {1993). Reducing gas
exchange of fruits with surface coatings. Posthar vest Biology
and Technology, 7(3), 260-284_

Barcelos, M. C_ 5., Vespermann, K. A.C., Pelissari, F. M. & Molina,
G, (2019). Current status of biotechnological production and
applications of microbial exopolysaccharides. Crifical Reviews
in Food Science and Netrittor, S009), 1475 1495, https2/doi.
org/ 101080/ 10408398 2019.1575791

Barone. 1. R, & Medynets. M. (2007). Thermally processed levan
polymers. Carbolydrarte Polyimers, 69(3). 554-561. https:¥doi.
org/10_1016/j.carbpol 200701017

Baraiya, N. 5., Ramana, B. T. ¥_, & Thakkar, ¥. . (2016). com-
posite coating s a carrier of antioxidants improves the post-
harvest shelf life and guality of table grapes { Virls vinifera 1.
war. Thompson seedless). Jowrnal of Agricultural Science and
Technology, 18(1), 93107

Becker, A. (2015). Challenges and perspectives in combinatorial assem-
by of novel exopolbysaccharide biosynthesis pathways. Frowtiers in
Microbiclogy, 6, 687 hitpsJ/idoiorg/10 3389 mich 20 1500687

Bostan, M. 5., Mutlo, E. C.. Karak, H_, Keskin, 5., Oner. E. T., &
Eroglu, M. 5. (2014). Comprehensive characterization of chi-
tosan'PE(Vlevan ternary blend flms. Carbolydrare Polvirers,
102, 993 1000. hitps2/ doi.org/10. 1016/ j_carbpol 201309096

Cazon, P, Velarguez, G.. Ramimez, J. A_ & Varguez, M. (2017).
Polysaccharide-based films and coatings for food packaging:
A meview. Food Hydrocollodds, 68, 136-148. https2/ doi.org/
10_1016/). foodhy d. 201 609,009

Chen, X., Gao, H., & Ploehn, H. 1. (2014). Montmorillonite-levan
nanocomposites with improved thermal and mechanical prop-
erties. Carbohydrate Polymers, 101, 565-573. https2/doi.org/
10_10164).carbpol 201309073

Combie. 1., & Oner, E. T. {201 8). From healing wounds to resorh-
able electronics, levan can fill bioadhesive roles in scomes of
markets. Ricinspiration & Blomimerics, 14, 011001, hitps2/
doi_org/ 10_1088/1 1T48-319

Crater, J. 5., & Lievense, J. C_(2018). Scale-up of indostrial micro-
bizl processes. FEMS microbiology lefters, 365(13), foy 138,
https o/ doi.orgl 10. 1093 emslesfoy 138

Davidovié. 5., Miljkovic, M., Tomié, M., Gordié, M., NeZic, A.,
& Dimitrievic, 5. (3018). Response surface methodology for

162

optimisation of edible coatings based on dextran from Lew-
conostoc mesenteroides T3, Carbohydrare Polymers, 184,
W07-213. https=doi_org/ 10_1016/).carbpol 2017_12.061

De Souza, E. L. Lundgren, G. A, Oliveira, K. A R, Berger. L. R R &
Magnani, M. (2019). An analysis of the published lierature on the
effects of edible coatings formed by polysaccharides and essential
nils on postharvest microbizl control and overall quality of frit
Comprehensive Reviews in Food Science and Food Safery, 18(6),
1947-1967. hitpsy/doi.org/ 10.1111/1541-4337. 12498

Devi, G. K., & Alamu, A. {2013). Production of biopolymer levan
by Bacillus subrilis using non-ionic surfactants. A sian Jowrnal
of Pharmacy and Techrology, 3(4), 149-154,

Dhaka, B, & Upadhyay, A. {2018). Edible films and coatings: a brief
overview. The Pharma Innovarion, 7(7), 331-333.

Diab, T., Biliaderis, C. G., Gerasopoulos, D)., & Sfakiotakis, E.
(2001 ). Physicochemical properties and application of pallolan
edible films and coatings in fruit preservation. The Journal of
the Science of Food and A griculture, 87100, 988 1000. https/
doi.org/ 10,1002 jsfa BE3

El-Badawy, H.E. M., Balea. M.H. M., Eman, A_A_ & EFMoneim, A
(2012). Efficacy of propolis and wax coatings in improving froit
quality of "Washington” nave] orange under cold stotage. Research
Jonr vl oof Agricakivire and Biological Sciences, 8(5). 420-428.

ElRamady, H. R.. Domokos- Szabolesy, E., Abdalla, N. A.. Taha,
H. 8. & Firi, M. (2015). Postharvest management of froits
and vegetables storage. In: E. Lichtfouse (Eds.). Susrainable
Agriculiure Reviews Volume 15 (pp. 65-152). Springer. https:/
doi.org/ 10.100TATE-3-319-09132-7_2

Eroglu, E., Torun, M., Dincer, C., & Topuz, A. (2014). Influence
of pullulan-hased edible coating on some quality properties
of strawberry during cold storage. Packaging Technology and
Science, 27(10), 831-838. https:¥'doi.org! 10,1002 pts 2077

Fereydoon, M., & Ebnesajjad, 5. (2013). Development of high bar
rier films for food packaging. In 5. Ebnesajjad (Ed.), Plasic
Jilms in food padkaging (pp. 67 1-692)_ Elsevier.

Gahlawat, G., & Srivastava, A. K. (2017). Model-based notrient fed-
ing strategies for the increased production of polyhydroxy-
butyrate (FHE ) by Alcaligenes latus. Applied Biochemisiry
and Bistechrology, 183(2), 530-542. https://doi.org! 10. 10077
s12010-017-2483-8

Ghasemlou, M., Khodaiyan, F.. Oromiehie, A., & Yarmand, M. 5.
(2011). Development and characterisation of 2 new biode gradable
edible film made from kefiran, an exopolysaccharide obiained
from kefir grains. Food Chemistry, 127(4), 1496-1502.

Galgano, F., Condelli, M., Favati, F., i Bianco V.. Perretti G., &
Caruso M. C. (2015). Biodegradable packaging and edible coat-
ing for fresh-cut fruits and vegetables. ffalian Jowrnal of Food
Science, 27, 1-20. hitps:#fdoi_org/ 1014674 1120- 1TTO R 2Fijfs.
vITil.T0

Galus, 5., Arik, K., Emine, A., Gniewosz, M., & Krasniewska, K_
(2012{1). Movel materials in the preparation of edible films and
coatings—aA mview. Coarings, J(T), 674-688. hitpsVdoi.org!
10,33V eoatings | OTOG6TS

Gaston, A, Osorio, 5., Denoyes, B.. & Rothan, C. (X020 Applying the
Solanacese strategies o stawbermy crop improvement. Trends in
Plant Seience, 25(2), 130- 140, hitps=fdoi.org/ 10.1016/].iplants.
2019.10003

Giampieri, F.. Tulipanim 5., A lvarez-Soasez, 1. M., Quiles, 1. L, Memetti,
B_, & Battino, M. (2012). The strawhermy: Composition, nutritional
quality, and impact on humnan health, Nurition, 28(1), 919, hitpsd/
doi.org/ 10,1016/ not 201 LOE009

GilHGiraldo, E. Y., Dugue-Cifuentes. A. L., & Quintero-Castafio, ¥. .
(20 18). Obtaining minimally processed strawberry (Frogaria x
ananasta) products and their physicochemical, microbiological,
and sensory characterization by using edible coatings. Dhyaa, 85,
183-191.



Food and Bioprocess Technology

Golly, M. K_. Ma, H_, Sarpong, F., Dotse, B. P.Oteng-Darko, P., &
Dong. Y. (20 19). Shelf-life extension of grape (Piner noir) by
xanthan gum enriched with ascorbic and citric acid during cold
temperature storage. Jowrnal of Food Science and Technology,
Sa6(11), AB6T-4ETE. hitps:¥doi.org/ 10, 1007/213197-019-03956- 7

Gomzdlez Sandoval, D. C., Luna Sosz, B, Martinez- Avila, G. C. G..
Rodriguer Fuentes. H.. Avendafio Abarca. V. H., & Rojas, R.
(2019). Formulation and characterization of edible films based on
organic mucilage from Mexican Qeartia fcus-indica. Coafings,
W&, 506. hitpsidoiorg’ 10 3390 coating=90R0506

Guerreiro, &, C. (2013). Inrovarive edible coarings fo improve slor
age of small fruits and fresh cnr. Ph D Thesis, Universidade do
Algarve. hitpsicone ac.uldownload'pdi' 84111522 pdf

Hage nmaier, B. D, (2005). A comparison of ethane, ethylene and 002
peel permeance for fruit with different coatings. Posthar vess
Biology and Technology, 37(6), 56-64. https:doi.org/ 10,10 16&j.
postharybio 200502012

Hanmum, 5. M. (2004). Potential impact of strawbermies on human health:
A meview of the sciene. Crifical Reviews in Food Science and Nufri-
tion, 44{1), 1-17_ https2/doi.org/ 101080 1 040RGI04NI6TT 56

Hassan, B, Chatha, 5. A_ 5., Hussain, A. [ Fia, K. M., & Akhtar, N_
(A 18). Recent advances on pobysaccharides, lipids and prodein
based edible films and coatings: A review. Inrernational Jourmal
of Bisdogical Macromolecaules, 109, 1095-1107. https:# doi.org/
101016/ ijjbiomac 201711 097

Hing, ¥.. Li, W, Wang, Q_, Li, X., Xu, (., Guo. X, Bi, X_, et al. (2019).
Antimicrobizl nanoparticles incorporated inedible coatings and
films for the preservation of fruits and vegetables. Meolecules,
2409, 1695-1725. hitps2/doi.org/ 10,339 molecules 24001695

Huber, A_E_. Kaplan, D_ L., & ¥iney, C. (1994). Liguid crystallin-
ity of levan‘water’starch solutions. Jostrnel of Pudymers and the
Enviromment, 3(4). 195-199_ hitps/doi.org/ 10, 1007/b@ 2067445

Janjarasskul, T., & Krochta, .M. (2010). Edible packaging materials.
Annual Review of Food Science and Technology, 1(1). 415448,
https:d doi_ong! 10_1 146/ annurey food DEOTOA 10836

Jindal, M., & Khattar, 5_ (2018). Microbial polysaccharides in food
induostry In: A M Grumezesku & A MHolban (Eds.) Biopaly-
mers for Food Design (pp. 95-123). Elsevier. https2¥doi.org/
10,10 16&/B9TE-0-12- 81 14490 00004-94 1 5448

Kehramanogiy, [, Okatan, V., & Wan, C. (X200, Biochemical composition
of propalis and its efficacy in maintaining postharvest sombility of
fresh fruits and vegetables. Jourmal of Food Quality, 2020, e 8869624,

Kambourova, M., Oner, E.T.. & Poli, A. {2015). Exopolysaccharides
from prokaryotic microorganisms — promising sources for while
biotechnology, In: A Pandey, B. Hifer. Ch. Larroche M. Taher
zadeh & M. Mampoothiri (Eds. ), Tndiid rial biorefineries & white
biotechrology (pp. 523-554). Elsevier. https:/fdoi.org/ 101080/
1094291220 12.693561

Kolesovs, 5., & Semjonovs, P {2020). Production of bacterial cellulose
from whey - current state and prospects. A pplied Microbiology
and Biotechnology, 104(18):T723-T730. https/doi.org/ 10 1007/
sD0253-020- 10803-9

Kmsniewska, K_, Galus, S_, & Gniewosz, M. (2020). Biopolymers-hasad
maierials containing silver nanoparticles as active packaging for food
applications—a review. farermuriona Sournal of Molecular Sciences,
2]{3), 698,

Kumar, A. 5., Mody, K., & Jha, B. (2007). Bacterial exopolysac-
charides — a perception. Jour el of Basic Microbiology, $7(2),
103-117. https=doi.org/1 0. 1002 jobm. 7006 10203

Kumar, ., & Sathi, 5. (2018). Edible coating for fresh fruit: A review.
Trater et fiosracal Sonirmiaal of Crarrent Microbiodogy ard A pplied Sciences,
7(5), 26192626, hitpsydoi.ore/ 10 20546/ cmas 2018705303

Kumar, M., & Neersj (2019). Polysaccharide-based component
and their relevance in edible film/coating: A review. Nufri-
tion & Food Science, $95), T953-813. https2/doi.org/10.1 108/
nfs- [0-2018-0294

€] Springer

163

Ewon, K. Y., Lee, 1. 5., Ko, G. 1., Sunwoo, 5. H., Lee, 5., Jo, Y. 1.,
et al. (2018). Biosafe, eco-friendly levan polysaccharide toward
transient electronics. Small, 32, e 1801332 https 2V doi.org/ 10,
1002 smil. 201801332

Lacroix, M. L., & Tien, C. L. (3005). Edible films and coatings from
nonstarch poly saccharides. In: H. Jung (Ed.) Innovarions in Food
Packaging (pp. 338-361). Elsevier. hitps:/idoi.org/ 10. 1016/
BOTE-D12311632-1/50052-8

Lakshmi Bhavani, A_, & Misha, J. (2010). Dextran—the polysaccharide
with versatile uses. Infertiationa! JTowrnal of Pharma and Bio
Sciences, 1(4), 569-5373.

Leite, B. 5. F., Borges. C. D, Carvalho, P.G_B ., & Botrel. N_(2015).
Revestimento comestivel & base de goma xantana, compostos
lipofilicos efou cloreto de cilcio na conservagio de morangos.
Revisga Brasileira De Fraticultura, 37(4), 1027-1036. https2y/
doi.org/10.1590/0100-2945 22814

Li, L., Sun, ., Gao, H_, Shen, Y., Li,Ch., Yi, P., He, X.. et al. (2017).
Effects of polysaccharide-based edible coatings on quality and
antiow idant enzyme system of srawberry during cold storage.
Tt ermational Jour nal of Polymer Science, 2007(3), 1-8. hitps2/
doi.org/10.1 155/ 201 7746174

Liston, &., Cronn, B, & Ashman, T. L. (20140 Fragaria: A genus with
deep historical roots and ripe for evolutionary and ecological
insights. American Journal of Botany, 1010100, 1686-99_ hitpsy/
doi.org/10.37 32/ajb. 1400140

Lule, ¥. K., Singh, B., Pophaly. 5. D., Poonam, 5. K., & Tomar, 5.

K. (2016). Production and stroctural characterisation of dextran

from &n indigenous strain of Lewconostoc mesenteroides BAOE

in whey. lnternational Journal of Dairy Techrology, 89(4), 520-

531. hitpszfdoiorg/ 101111147 1-0307.12271

F., Torre, L., Kenny, 1., & Puglia, D. (20019). Bio - and fossil-

based polymeric blends and nanocomposites for packaging:

structure—property relationship. Marerials, 12(3), 4T1-520.

https:# doi_org/ 10. 3390 mal 2030471

Mantovan, J., Bersaneti, G. T., Faria-Tischer, P. C., Celligoi, M. A, &
Mali, 5. {(2018). Use of microbizl levan in edible films based on
cassava starch. Food Pocbaging and ShelfLife, 18, 31-36. hitps2/
doi.org/10.10 16/ FPSL.201 808003

Marangoni Junior, L., Vieira, R. P.. & Anjos. C. A. R (2020). Kefiran-
based films: fundamental concepts, formulation strategies and
properties. Carbodtydrare Polwmers, 246, 116600 hitpsJidoi_org/
10.1016/.carbpol 20201 16609,

Maringgal, B_. Hashim, N., Mohamed Amin Tawakkal, I 5., & Muda
Mohamed. M. T. (3020). Recent advance in edible coating and its
effect on fresh/fresh-cut fruits quality. Trends in Food Science &
Technology, 96, 253267 hitps#dolorg/10. 1016/ tifs 2019.12.024

Mohamed, 5. A. A, El-Sakhawy, M., & El5akhawy, M. A. Monem.
(2020, Polysaccharides, protein and lipid - based natural edible
films in food packaging: A eview. Carbeoliydrare Podviners, 238,
116178, hitps2¥doi.org! 10.1016).carbpol 2020_116178

Muohite, B. ¥_, Koli, 5. H_, Markhede, C. P, Patil, 5. M.. & Patil, 5. ¥
(2017). Prospective of microbial exopolysaccharide for heavy
metal exclusion. Applied Biochemistry and Biotechnology,
TE3(3), 582-600. hitps2"doi.org/ 1001007/ 5120 10-017-2591-4

Muohsin, A., Zaman, W. (., Guo, M., Ahmed. W_, Khan, I. M_, Niazi 5.,
et al. (A020). Xanthan-Curdlan nexus for synthe sizing edible food
packaging films. farer norional Jowrnol of Biological Macromole
culex, 162, 43-49. hitpsydoi org/10.10 1&).jbicmac. 202006008

Muoncayo- Martinez, [, (2013 Desarrollo de an recubrinisnfo comesi-
Ble o parir de wn biopeodimero parg prolongar b vids Gol de frdos
Jrescas. Tesis de maestria, Universidad Nacionzl de Colombia.
httpz/iwww bdigital unal edu.cof/ 448647 1/24336979.201 3_pdf.

Mitller, K., Scheverer. Z., Florian, V., Skutschik. T.. & Singeraub, 5.
(2017). Comparison of st methods for oxygen permeability:
Optical method versus carrier gas method. Polymer Testing, 63,
126-132. hitps2/doiorg/10.10 16 j. poly mertesting 2017 08 006

Lui,



Food and Bioprocess Technology

Mair, M. 5.. Tomar, M., Punia, 5.. Kokula-Koch, W, & Komar M.(20020).
Enhancing the functionality of chitosan - and alginate- based active
edible coatings/films for the preservation of fruits and ve getables:
A meview. Tarermarionad Journal of Biologice] Maoomolecules,
D64, 304-3200 hetps2doi.org! 1010165 ijbiomac. 202007 D83

Mefié, A.. Cabrern- Barjas, G_, Dimitripvié- Brankovic, 5., Davidovic, 5.,
Radovanovic, M., & Delattre, C. (2019). Prmospect of polysaccha-
ride-based materials a5 advanced food packasing. Moleades, 25(1),
135-170. hitps2doi.org/ 10 3390 molecules25010 135

Mielsen, ], & Keasling, ]. D. (2016). Engineering cellular metabolism.
Cell, Tesf(6), https:f dod.org’ 10.1016/.cell. 20 16.02.004

Nig, B., Shao, P., Chen, H., & Sun, P. {2019). Structural and physi-
ochemical characterization of novel hydrmophobic packaging
films based on pullulan derivatives for fruits preservation. Car
Bediydrarte Polymers, 208, ZT6-284. hitps:doi.org! 10,1016
carbpol. 2018.12.070

MNwodo, U., Green, E., & Okoh, A. (2012). Bacterial exopolysac-
charides: functionality and prospects. farernarionad Jowrnal of
Molecular Sciences, 13(11), 14002-14015. hitps/doi.org/ 10,
F300Vijms1311 14002

Olivas, G. 1., & Barbosa-Cinovas, (5. V. (2005). Edible coatings for
fresh-cut froits. Critical Reviews in Food Science and Nufririon,
#5(7T-8). 657670, hitps:idoiorg!10. 1080 100869049091 1837

Olivas, G. .. Davila-Avifia, J., Salas-Salarar, N. AL, & Molina, F. 1.
(2008). Use of edible coatings to preserve the quality of fruits
and vegetables during storage. Srewart Postharves Beview, $(3),
1-10. hitpsaidoi.org’ 10.2212'5pr. 2008.3.6

Onilude, A. A, Olaoye, 0., Fadahunsi. [. F.. Owoseni. A., Garuba,
E. 0., & Atoyebi, T. (2013). Effects of cultural conditions on
dextran production by Lenconosfoc spp. Tnfernational Food
Research Jowrnal, 2004), 1645-1651.

Palow, L., ¥alencig-Chamormo, 5. AL, & Pérer-Gago, M. B. (2015).
Antifungal edible coatings for fresh citrus fruit: A review. Coor-
ings, 5, 962-986.

Panahirad. 5.. Dadpour, M_, Peighambardoust. 5. H_. Soltanzadeh, M.,
Gullén, B, Alireralu, K_, & Lorenzo, J. M. (2021). Applications
of carbaxymethy] cellulose — and pectin-based active edible coat-
ings in preservation of fruits and ve getables: A review. Trends
in Food Science & Technology, 110, 663-673. hitps:¥doi.org/10.
1016/j.fE2021 02025

Park. H. 1. {19%9). Development of advanced edible coatings for fruits.
Trends in Fowd Science & Technology, TO0R), 254-260.

Pascall. M. A__ & Lin, 5.1. (2013). The application of edible polymeric
films and coatings in the food industry. Sournal of Food Process-
ing and Technology, 4, el 16. hitps2doiorg/ 1041 TE2157-T1I0.
1000e1 16

Fiermaria, J.. Bosch, A_, Pinotti, A., Yantorno, O, Garcia, M. A, &
Abraham, A.G. (2011). Kefiran films plasticized with sugars
and polyols: Water vapor barrier and mechanical properties in
relation to their microstructune analyzed by ATR/FT-IR spectros-
copy. Food Hydrecelloids, 25(5), 1261-1269. https:/doi.org’ 10.
1016/ foodhyd. 2010.11.024

Pinz-Barem. A M., Alvare-Fomanm R.. Baer-Gonzaler, 1. G., Amays
Guemra, C. A, Rivas-Morales, C., et al. (2019). Application of a
multisy stern coating based on polymeric nanocapsules contzining
essential oil of Thyrus Vulgaris L. to increase the shelf life of table
grapes (Viris Vinifera L) JTEEE Transactions on NanoBioscience,
18(4), 549-557. hetps2fdoi.org/10.1 100TNE 2019294 1931

Pobiega, K., Igielska, M., Walodarceyk, P, & Gniewosz, M. (2020).
The use of pullulan coatings with propolis extract to extend the
shelf life of blueberry (Vaccindum corymbosim) froit. o mal
of Food Processing and Technelogy, 5623, 1013-1020. hitps/
doi.org/10.41T2215T-T 110 1000e 1 16

Querada Gallo, )., Gramin, A, Pattyn, C_, Diar Amaro, M. B, Debeaufort,
F., & Voilley, A (2005). Biopobrmers used asedible coating to Hmit
waker transier, colour degradation and amma compound 2-pentanome

lost in Mexican fruits. A ote Heorticulfurae, 652, 170817 16. hitps2/
doi.ong/ TOLTT GEA ctaH ortic. 200 5.682 228

Radev, R, & Pashowva, 8. (20200, Application of edible films and coat-
ings for fresh fruit and vegetables. Acces La Success, 210177,
10E-112.

Ramesh, H. P., & Thamnathan, R. N. (2003). Carbohydrates — the
menewable raw materials of high biotechnological valve. Criri-
cal Reviews in Biotechnology, 23(2), 149-173. https2idoi.org
10. 1080/ T 13609312

Ramos, L., Reinas, 1, Silva, 5. 1., Catalio, J., Cergueira, M., Perir,
R. M., et al. (3013). Effect of whey protein purity and ghycerol
content upon physical properties of edible films manufactuned
therefrom. Fowd Hyvdrocellids, 3001), 110-122. hitpsVdoi.org’
10,1016/ foodhy d. 201 2.05.001

Ribziro, &_ M., Estevinho, B. N, & Rocha, F. (2020). Preparation and
incorporation of functional ingredients in edible films and coat-
ings. Foud and Bioprocess Technology. https:¥ doi_org/ 10 1007/
51 1947- (20025284

Roca, C., Alwes, ¥. D, Freitas, F., & Reis, M. A. (2015). Exopolysac-
charides enriched in rare sugars: bacterial sources, production,
and applications. Froatiers in Microbislogy. hitpss/doiong/ 10,
33B%mich. 201500288

Sadh, P. K., Duhan, 8., & Duhan, 1. (2018). Agro-industrial wastes
and their utilization using solid state fermentation: A review.
Bivresources and Bioprocessing, 5, 1. https:¥doiorg/10.1 186/
5406430170187 -2

Saklani, P., Siddnath Das, 5. K., & Singh, 5. M. (2019 A review
of edible packaging for foods. Tnrermarional Josrnal of Curren
Microbiology and Applied Sciences, 8(T), 2R85-2895. hitps:/
doi.org/10.20546/ijemas. 20 19.807_359

Saleem, M. 5. Ejaz. 5., Anjum. M. A, Nawar. A_ Nar, 5., Hussain,
5. Al 5 & Canan, 1. (2020). Postharvest application of gum
arabic edible coating delays ripening and maintains quality of
persimman fruits during storage. Jowrnal of Food Processing and
Preservartion, #4(8), e 14583, https2¥doi.org/ 100111 1/jfpp. 14583

Salehi, F. (2020). Edible coating of fruils and ve getables using matural
gums: A review. ffernational Jowrnal of Frult Science, 2020,
1-20. https:fdoi.org’ 1010800 15538362 200017467 30

Shao, P, Niu. B., Chen. H., & Sun, P.{2018). Fabrication and charac-
terization of iea polyphenols loaded pullulan-CMC electrospun
nanofiber for fruit preservation. farermarional Jowrnad of Biological
Mucromolecules, 10F(PE ), 1908-1914. htips:¥ doi org/ 10, 10164,
ijhiomac. 2017 101054

Shit, 5.C.. & Shah, P M. (2014). Edible polymens: Challenges and oppos
tumities. Journal of Polymers, 2004(427259), 1-13. hitps:idoi.org/
101155/ 2014427259

Semjonovs, P Shakirova, L. Broks, R, Kistkins, 5, & Zikmanis, P-
(2017). Influence of env ironmental factors on ex tmcellular fructan
and oligosaccharide production by Gluconobacter nephelii.
Research Journal of Microbiology, 12, 33-41. https2doi.org/10.
I923jm.2017.33.41

Sengupta, ., Datta, 5., & Biswas, . (2018). Towards a better pro-
duction of bacterial exopolysaccharides by controlling genetic
as well as physico-chemical parameters. A pplied Microbdology
and Bistechnology, 102(4), 1587-1598. hitpsy/doi.org/ 10_ 1007/
s0253D18-ET45T7

Senturk Parmeidt. T., Schott. M., Schmid, M_, & Muller, K. (2018a). Effect
of presence and concentration of plasticizers, vegetable oils, and
surfactants on the properties of sodium-alginate-based edible coat-
ings. fnrernanional Jowrnal of Molecwlar Sciences, 193], T42.
https:iidoi.org! 10.3390/ijms 1 9030742

Senturk Parreidt, T, Maller, K., & Schmid. M. (2018b). Alginate-based
edible films and coatings for food packaging applications. Foods,
F10), 170208, https2idod.org! 10,3390 foodsT 1001 70

Shahbari, Y., Shavisi, N_, & Kamami, M. (2020). Development of edible
binactive coating based on mucilages for increasing the shelf life

164



Food and Bioprocess Technology

of strawberrie 5. Jowrnal of Food Measurement and Characferizo-
o, hitpsdfdoiorg! 101007/ s 1 1694-020-D063E-3

Sharma, P., Shehin, V. P.. Kaur, N, & Vyas P. (2019). Application of edi-
bl coatings on fresh and minimally processed vegetables: a eview.
Trrernational Jowrnal of Vegetable Science, 25(3), 295-314. hitps:/
doi.org/ 10,1 10EMNF S 08-201 8- 0246

Siracusa, ¥V, Rocculi, P, Romani, 5., & Dalla Rosa, M. (2008). Biode-
gradable polymers for food packaging: 8 eview. Trends in Food
Science & Techrology, T 12), 634643 hitps=¥doi_org/ 10010 164
Lifs 200B07.003

Skrovankova. 5., Sumcrynski, ., Milcek, 1., Jurikova, T.. & Sochor, 1.
(2015). Bivactive compounds and antioxidant activity in differ
ent types of berries. ffernarional Journal of Molecular Sciences,
6100, 2467324706, hitps=¥doi.org! 10_3390ijms 16102467 3

Souza, B. W. 5., Cerqueira, M. A_, Teixeira, J. A., & Vicente, A. A
(2010). The use of electric fields for edible coatings and films
development and production: A eview. Food Eagineering Reviews,
2(d), 244255, hitpssffdod.org! 1010075123930 10-9020-x

Stroescu, M., Isopencu, G., Busuioc, C., & Stoica-Guzun, A. (2018
Antimicrobizl food pads containing bacterial cellulose and poly-
saccharides. In: Md. I. H. Mondal (Ed.) Cellulose-Baved siperal-
sorbenl Fydrogels, polyeriers and podymeric composifes: A referetice
seriex (pp. 1 — 36). Springer Intemational Publishing A0, hitpsay
doi.org/ 10 1D0T/ATE-3- 31 TA5T3HD_3-1

Tahasum, 5., Momen, A .. Magood, M. F., Umar, H., Akram N, Narli, Z.
-i.-H.. et al. (A0 18). A review on versatile applications of blends
and composites of pullulan with natural and synthetic polymers.
Trternarional Josrnal of Bidlogical Macromolecules, 1200PT A),
603622, https2idoi.ong/ 101016/ ifhiomac. 201 8.07.154

Tahir, H. E., Xizobo, Z., Mahunu, G. K., Amslan, M., Abdalhai, M., &
Zhihua, L. (2019). Recent developments in gum edible coating
applications for fruits and vegetables preservation: A review. Car
bolydrase Polymers, 224, 115141 hetps:fdod.orgf 10,10 16/.carbp
oL.2019.115141

Tan, K. X., Chamundeswari, V. N., & Loa, 5. C. 1. (20X0). Prospects of
kefiran as a food-derived biopolymer for agri-food and biomedical
applications. RSC Advances, 10(42), 25339-25351. https:fdoi.org’
10. 103 D0RANZE 100

Tiwari, (. M., Sasmal, S., Kataria, A. K., & Devi, L (2000). Application
of microbizl extracellular carbohy drate polymeric substances in
food and allied industries. 3 Biotech, 10(5), 221. hitps:fdoi.org’
10, 100751320 5-020-0 2 200-w

Tomadoni, B., Moreire, M. R., Pereda, M., & Ponce, A. G. (20 1E).
Gellan-based coatings incorporated with natural antimicrobials
in fresh-cut straw berries: Microbiological and sensory evaluation
through refrigerated storage. LWT - Food Science and Technology,
97, 384-389. hitps=¥doi.org/ 10 1016wt 201 B 07 029

Tomulescu, C_, Stoica, B, Seveenco, C., Casarica, A Moscovici, M., &
Wamanu, A. (X16). Levan-a mini review. Sciennific Bullain Series
F. Bistechnelogies, 20, 309-317.

Totad, M. G_, Sharma, B_R., & YVerma, M. A_ (2019). Effiect of edible
coatings on “Misty " blueberry (Vacciriwm corpmbosum) fruits
stored at low emperature. Ada Phsdologioe Plentarum, 41, 183,
httpsziidoi.ong/ 10100751 1T38-019-297 32

165

Trevifio-Garea, M. 7_, Garcia, 5., del Socomo Flomes-Gonedler, M., &
Amvalo-Nifio, K. (2015). Edible active coatings based on pectin,
pullulan, and chitosan increase quality and shelf life of strawber
ries (Frogeria ancnose). Journal of Food Science, BIE), M1823-
MIE30. hitps=idod.ong/ 10111 1/1750-3841.12938

Tzang. Y. F., Kumar, V., Samadar, .. Yang. Y., Lee. ], 0k, Y. 5. et al
(2019). Production of bioplastic through food waste valoriza-
tiom. Envirommens Tnfernarional, 127, 625-644. httpsy/doi.org!
101016/ jeny ine_2019.03.076

Urtavia, ¥_, Maturana, N_, Acevedo, F., Pefia, C_. & Diar-Barmera, A
(2017). Bacterial alginzte production: an merview of its biosynthe-
sis and potential industrial production. Werdd fosrnal of Microbiok
ogy & Biotechnology. https2¥doi.org/ 10100751 1274-017-1363-x

Wang, K., Du, L., Zhang, C., Lu, 7. Lu. F., & Fhao, H. (2019). Preps-
ration of chitosan'curdlan'carboxymethyl cellulose blended film
and its characterization. Sournal of Food Science and Technology,
56(12), 53065404, https=¥doi.org! 101007 13197001 9-04010-2

Whitfield, C_. Wear, 5. 5., & Sande, C. (2020). Assembly of bacte-
rial capsular polysaccharides and exopolysaccharides. Anssal
Review of Microbiolegy, 74, 521-543. hitps2fdoi.org/10.1 146/
annurey-micro-0 1 14 20-07 5607

Widyaningrum, D, & Meindrawan, B . (20X0). The application of microbial
extracellular polymeric substances in food industry. /0P Conference
Serien: Barth and Environmental Science, 426, 012181,

Zambrano-Faragoes, M. L., Quintanar Guerrero, D, Del Real, A_, &
Gonziler —Reza, R. M., Comejo-Villegas, M. A & Gutiérmez-
Cortez, E. . (3020 Effect of nano-edible coating based on bees-
wix s0lid lipid nanoparticles on strawberry s presery ation. Cocar-
imgs, JOM3), 253-264. hitps: doi.org! 1003390 coatings 1030253

Fhang. Y., Zhou, L., Fhang, C., Show, P L., Du, A Fo, 1., & Asholke
mar. ¥. (2020). Preparation and characterization of curdlan/poly-
vimyl alcohaol/ thyme essential oil blending film and its application
to chilled meat preservation. Carboltydrate Polymmers, 247, 11660,
https: doi.org/ 1010 164.carbpol 2020, 116670

Zhang. Z., ¥riesekoop, F., Yuan, Q.. & Liang, H. (2014). Effects of
nisin on the antimicrobial activity of d-limonene and its nanoe-
mulsion. Food Chemistry, 150, 307-312. httpszidoi.org! 10.
1016/).foodchem. 20 13.10.160

Zhu, )., Wang, Q., Han, L., Zhang, C., Wang, Y., Tu, K., et al. (2021}
Effects of caprolactam content on curdlan-based food packaging
film and detection by infrared spectroscopy. Spectrochimica Acta
Part A: Molecular and Bismolecular Speciroscopy, 245, 118942,
https: doi.org/ T0. 1016/ 52a. X0 20.1 183942

Zikmanis, P.. Kolesovs, 5., & Semjonovs, P. (2020a). Produc-
tion of biodegradable microbial polymers from whey. Biore
senirces and Bioprocessing, 7, 36. hitps:Vdoi.org/ 10,1 1867
540643 020-D0326-6

Zikmanis, P.. Brants, K., Kolesovs, 5_, & Semjponovs, P. (2020b). Extra-
cellular pobysaccharides produced by bacteria of the Lesconostos
genus. World Journal of Microbiology & Biotechnology, 36, 161
https:#doi.ong! 10. 1007751 1 274-020-02937-9

Publisher’s Note Springer Mature remains neutral with regard to
Jurisdictional claims in published maps and institutionz] affiliations.



4. P. Zikmanis, K. Brants, S. Kolesovs, P. Semjonovs (2020), Extracellular polysaccharides produced by bacteria of the
Leuconostoc genus. World J of Microbiol and Biotech, 36:161. https://doi.org/10.1007/s11274-020-02937-9 (SCOPUS).

Wiarld Journal of Microbiclogy and Blotechnology (20200 36:181
hittps/idol.org/ 1001007751 1274-020-02937-9
REVIEW 1‘}
Cath Yor
updanss

Extracellular polysaccharides produced by bacteria of the Leuconostoc
genus

Peteris Zikmanis' - Karlis Brants’ - Sergejs Kolesovs' - Pavels Semjonovs'

Recetved: 1 July 2020/ Accepted: 16 September 2020
£ Springer Mature BV, 2020

Abstract

Structurally diverse biopolymers, including extracellular polysaccharides (EPS), synthesized by bacteria can possess phys-
icochemical and functional properties that make them important products of microbial synthesis with a broad and versatile
biotechnological polential. Leswconostoc spp. belongs to the group of lactic acid bacteria as one of the predominant members
and are relevant not only in varied food Fermentations, but also can be employed in the production of extracellular homopoly-
saccharides (HoPS) such as a-glucans (dextran, alternan) and p-fructans (levan.inulin) from the sucrose-containing substrates.
EPS are synthesized by specific Lenconostoc spp. extracellular glycosyliransferases [dextran sucrase, alternansucrase (ASR)]
and fructosyltransferases (levansucrase, inulosucrase) and enzymatic reactions can be performed in whole culture systems as
well as using cell-free enzymes. Both a-glucans and p-fructans have a wide range of properties, mostly depending on their
pattern of linkages, which, although differing in some respects, make suitable prerequisites for their versatile application
in mamny fields, especially in the food industry and biomedicine. As a rule, these properties (polymer type, molecular mass,
rheological parameters), as well as the overall EPS yield, are strain-specific for the selecied producers and depend to a large
extent on the nutritional and growth conditions used, which in many cases remain not sufficiently optimized for Leuconostoc
spp. This mview summarizes the current knowledge on the potential of Lenconostoc spp. to produce commercially relevant
EPS, including information on their applications in various fields, producer sirains, production methods and echnigues used,
selectad conditions, the productivity of bioprocesses as well as the possible use of renewable resources for their development.

Keywords Altzrnan - Dextran - Exopolysaccharides - Inulin - Lenconostec spp. - Levan

Introduction

From the structurally diverse extracellular biopolymers
synthesized by bacteria. their polysaccharide component is
the most frequently represented and particularly function-
ally important one {Mwodo et al. 2012; Schmid et al. 2015).
These extracellular polysaccharides (EPS) can either be
attached to the bacterial cell surface or excreied into the
growth medium and play an important role in cell protec-
tion against adverse environments, intercellular aggre-
gation, surface adhesion and biofilm formation. On the
other hand, EPS released into the environment can possess
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physicochemical and functional properties that make them
important products of microbial synthesis with a broad and
versatile biotechnological potential (Barcelos et al. 2019;
Giavasis 2013). EPS can be synthesized by a wide range
of taxonomically very diverse bacleria, archaea, fungi and
algas (Angelina and Vijayendra 2015; Ates 2015; Donot
etal. 2012). Among them, bacteria are of particular impor-
tance, including the lactic acid bacteria (LAB) from several
(Lactobacillus, Lactococcus, Streptococcus, Pediococcus,
Leuconestoc, Weisella) genera (Patel and Prajapati 2013;
Sanalibaba and Cakmak 20 16) which are capable of pro-
ducing structurally diverse EPS with valuable functional
properties, and thus with a wide range of actual and poten-
tial applications. LAB can synthesize both HoP S, which
contain only one type of monosaccharide (e.g., glucose or
fructose), and heteropolysaccharides (HePS), which are
composed of repeating units containing different monosac-
charides and non-sugar molecules (Donot et al. 2012; Lo
et al. 2007; Sanalibaba and Cakmak 2016). It is essential
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Table 1 Species and subspecies of the penus Lewuconostoc capable for the EPS synthesis

Species Primary isolation sounce

Products (EPS, glycosyl trans-

Refemnces

fierasas)

Leconostoc meseneroides subsp.  Plantsraw-milk chesesmeats  Dextran

mmerettferoides

Luleetal. (2016)

Dextransucrase Esmasilne jad-Moghadam et al. {2019)
Maessens et al. (2005)
Miljkowvic et al. (2016)

Alternan Leathers et al. (1993)

Alternansucrase

Taylan et al. {219)

Lavan Xuetal (2017)
Lavansucrase Franken et al. (3013)
subsp.dertramicum Plantsraw-milk cheeses Dextran Majumder and Gioyal (200E)
Dextransucrasea Bjarkroth et al. (2014)
subsp. cremoris Duiry products Lavan Salman et al. (2019
Khudairet al. (2018)
Leuconostor carfos Chill-stored meats Dextran Bjorkroth et al. (2014)
Dairy products
Leviconiostor clirew Human clinical soures Deaxtran Bounaix et al. (20100
Dextransucrase ‘Wangapaiboon et al. (2018)
Alternan Amari et al. (2015)

Alternansucrase

Arngiello-Morales et al. (2000)

Lavan Han et &l (2015)
Levansocrase Bounaix et al. {3009)
Irulin Oritz-Soto et al. (2004)
Imuloswcrase Vallejo-{rarcia at al. (2019)
Inulin—type oligosaccharides Pefa-Cardena et al. (2015)
Levconostoc kimohi Food (Kimchi) Deextran Bjarkroth et al. (2014)
Levconosoc preudomesenternides  Human clinical sources Dextran Zhou et al. (X18)
Beverages
Levconostoc pelidinm Chill-stored meats Deextran Bjarkroth et al. (2014)
Levconostoc gasicomilatum Chill-stored meats Deextran Bjarkroth et al. (2014)

that LAB have been granted the Generally Regarded As Safe
(GRAS) and/or Qualified Presumption of Safety (QPS) sta-
tus which allows them and their EPS to be incorporated in
food with virtually no mestriction to contribute to the rheol-
ogy and texture of fermented milk and food products (Pakel
and Prajapati 2013; Torino et al. 2015; Weming et al. 2012)
as well as to have a generally beneficial effect on the gastric
system in the host (Mozzi et al. 2009; Patel and Prajapati
2013; Salazar et al. 2015). Although it should be noted that
one of the main disadv antages of the EPSs produced by LAB
is that in most cases the total amount of polymer synthesized
does notexceed | g/L even under optimal growth conditions
and only in exceptional cases some Lactobacillus of Strepto-
ceceus strains have shown higher (1.2 ¢/L = 4.8 g/L) results
(Abes 2015; Lo et al. 2007 ; Sanalibaba and Cakmak 2016).
Such relatively low concentrations of EPS, while sufficient
for their aforementioned beneficial efficacy, nevertheless
hinder, even prevent, the use of LAB species commercially
to obtain higher yields of industrially important poly mers
(Ales 2015). However, within the set of EPS-synthesizing
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LAR, there are also cultures with significantly higher bio-
synthetic capacity, which mainly represent bacteria of the
genus Leuwconostoc (Table 1) and, accordingly, can reach
the several times higher polymer levels (Chagas et al. 2007;
Esmagzilnejad-Moghadam et al. 2019; Salman et al. 2019).
These quite efficient producer cultures are capable
to synthesize several HoPS (Fig. 1), such as a-np-glucans
{dextran, alternan) or f-o-fructan (levan,inulin) (Esmazil-
nejad-Moghadam et al. 2019; Han et al. 2015; Bjarkroth
etal. 2014; Leathers et al. 1995; Taylan at al. 2019 Zarour
et al. 2017). The synthesis of a structurally quite different
HePS by a native isolate of Lenconostoc sp. has also been
meported (Vijavendra and Sharath Babu 2008). Whether
EPS (HoPS) ar obtained by fermentation using whole cell
sysiems,including those from Lewconostor spp. of in vitro by
individual enzymes (Han et al. 2015; Kanimozhi et al. 2019),
practically the same steps are required for their isolation and
characerization (Fig. 2). Both a-glucans and p-fructans have
awide range of properties which, although different in some
mespects, nevertheless make suitable prerequisites for their
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Fig. 1 Extracellular homopolysaccharides produced by Lewconosos »

spp. dextran (a), aliernan (b, levan (¢}, inulin (d), their mokcular R H(C:H;404)nOH
formaulas, molecular mass (MW) ranges, main linkapes and (branch- P— . i i
ing linkapes) (Harotoshi 2013; Memsink et al. 2015 Orliz-Soto s . “—a
et 2l.2004) APV A APy ¢ W) T
LLl] [E]] ot Ll
—CH, _J-'.
versatile application in many fields, especially in the food Y
industry and biomedicine (Santos and de Amorim 2018; —
Shanmugam and Abirami 2019; Pate] and Prajapati 20 13).
These properties (polymer type, molecular weight, rheo- -1 Gand o-1,3 MW 1000= = 10000 kT

Ingical parameters), as in the case of other EPS, are sirain-
specific for the selected producers and depend to a large
exient on the nutritional and growth conditions used (Nwodo
b HIC:H, g0 mOH
et al. 2012; Semjonovs et al. 2017; Vaningelgem et al. 204). (CeHipOs)n

These issues have been presented in a considerable numbser —

of research reports as well as summarized, at least in part, L. cat o
in several reviews, although they remain unevenly distrib- ™ } A —
uted and melatively limited. Thus, if, in the case of dextran, w\ﬁul ’ w o -«}—/c-
the properties of the polymer, its applications, the required lei L o
growing conditions and the properties of the producer sirains e |

are quite thoroughly described in the specialized reviews

(Hemme and Foucaud-Scheunemann 2004; Naessens et al. =13 and =16 MW 5.4+ 10000 kDa

2005; Vettori et al. 2012a), then other possible Leuconos-
tec spp. polysaccharides (alternan, levan, inulin) are only
occasionally mentioned in the reviews on LAB (Torinoet al. c CtiH 20

2015) and such a summary review of experimental data is e
not yet available. It should be noted that the focus on the
applications of all these EPS still remains mainly in the areas

of food and biomedicine (Das and Goyal 2012; Lynch et al. “ il

2018; Vettori et al. 2012a), leaving out a number of indus- "' o

trially important and promising approaches and products H"
(.., composites, films, coatings). In addition, the possi- —i 08 u-c > i — m

bilities for the use of altzarnative renewable carbon/nitrogen

sources to make the production of Lewconostoc EPSs more B-2,6 (p-2,1) MW 1000 + 10000 F da
cost-efficient ame also insufficiently summarized This paper

provides a brief overview of current knowledge and prospac-

tive approaches which could help to address these issues d CoH

more fully. sl H o020 e

CHOH I
el

Dextran as the major exopolysaccharide
of Leuconostoc species

Biosynthesis, structure and properties

L T ]
Dextrans are bacterial EPS that belong to water soluble . hi_
and neutral a-p-glucans and represent the best known and url
most industrially important polymers of microbial origin. on M
Thesz are HoPS of glucose consisting of linear chains of :
p-glucopyranosyl units with predominantly a-(1,6) link- P21 (B-2.6) MW 2.6 <1600 kDa

ages in the main chain and a variable amount of a-(1.2),
a-(1,3) and a-(1,4) branched linkages (Fig. 1) (Nasssens
et al. 2005; Purama et al. 2009). Dextrans are synthesized
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Cell free supernatant of the
fermentation medium or
enzymatic reaction mixture

v

EPS precipitation by
solvents (ethanol acetone
or isopropanol)

'

Dialysis and SEC*

!

Pure EPS

'

MW determination
[HPSEC,HDC viscometry)

Muonosaccharide analysis
[HPAEC)

Acid or enzymatic
hydrolysis

Linkage determination
[(NMR spectroscopy, FTIR)

!

T

Oligosaccharides abtained

TLC, HPLC, HPAEC, LC-MS

!

Oligosaccharides
purification by SEC

Fig.2 A general way to isolzie and characterize bacterizl EPS. a The
type of scheme published by Kothari et al. (3014) was employed;
(b). SEC size exclusion chromatography; HPSEC high performance
size exclusion chromatography, NME nuclesr magnetic resonance

from sucrose by dextransucrase (EC 2.4.1.5) which is an
extracellular glucosyliransfrase that catalyses the gradual
transfer of n-glucopyranosyl residues from sucrose to dex-
tran and the release of fructose residues.’ The structure of
the HoPS formed is highly dependent on the erzyme as well
as on the conditions used whereas Lewconostoc spp. may
harbor multiple highly versatile glucansucrases. This has
been demonstrated by cloning, expression, and characteriza-
tion of relevant recombinant enzymes (Leemhuis et al. 2013;
Milnke] et al. 2019).

Although dextran can be synthesized by several bacte-
rial genera, including Lactobacillus spp., Streptococcus
Spp.. Gluconobacter spp., generally recognized and indus-
trially important strains of producers are currently found
only among Levconostoc Species. Lenconostoc 15 @ pENUS
of Gram-positive, heterofermentative and catalase negative
bacteria which ame usually slime-forming ovoid cocci often
arranged in pairs or short chains. Lewconostoc spp. belong
to the lactic acid bacteria (LAB) group as one that of the

! hitps:dwww_ hrends-enzymes_ orglenzyme phplemo=2.4.15.
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spectroscopy, FTIR Fourier transform infrared spectmoscopy, SEM
scanning electron microscopy, HIDC hydrodynamic chromatozraphy,
LC-MS liguid chromatography-mass spectrometry EPS precipitation
by solvents (ethanolacetone or isopropancl)

predominant members and are important in varied food
fermentations (Bjtrkroth et al. 2014; Das and Goyal 2012;
Hemme and Foucaud-Scheunemann 2004; Thunell 1995).
Their ability to produce dexiran is strictly substrate-specific,
because sucrose is absolutely necessary for the process o
proceed as it cannot be replaced by any other sugars. In addi-
tion, the formation of EPS by Leuconastec Spp. is highly
strain-specific, as dextrans produced by different strains
also have a different branched linkage pattern which have
been atiributed to action of different dextransucrases each
excreted by a certain bacterial strain (Das and Goyal 2012;
Vettori et al. 2002a).

Like molecular weight differznces so do the different type
of bonds and the proportion of branches, in turn, determine
the overall properties of dextrans, most notably their solu-
bility and rheological characteristics (Munke] et al. 2019;
Purama et al. 2009; Zarour et al. 2017} In general, the
higher the proportion of the linear o-(1.6) chains {e.g. 95%
or abowve ), the better the water solubility of dextrans and the
higher the viscosity of the solutions (Purama et al. 2000;
Vettori et al. 20012a; Zarour et al. 2017).
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Biomedical and technological applications

Since the free rotation of glycosidic bonds results in the
formation of elastic dextran structures and these EPS are
highly soluble in water, biocompatible and biodegradable,
they ame rightly considered to be highly functional hydro-
colloids, which possess and realize a versatile potential for
commercial applications, mainly in food and medical fields
(Ahmad et al. 20 14; Patel et al. 2012; Patel and Prajapati
201 3; Pavlov et al. 1999; Vettori et al. 20 12a). Thus, in the
food industry, particularly for cereal-based and dairy prod-
ucts, dextran is widely used as an indirect food additive,
as 4 stabilizer and also as a viscosifying, lexturing, gelling
and emulsifying agent (Giavasis 2013; Kothari et al. 2014;
Leemhuis et al. 2013; Lynch et al. 2018). The actual use
of dextran in the medical and pharmaceutical industries is
no less comprehensive and, as with food. a considerable
amount of literatume is devoted to such uses of native or par-
tially degraded dextran or its derivatives (De Belder 2003;
Maessens et al. 2005). Aqueous solution of native clinical
grade dextran (MW 40 kDa, 60 kDa or 70 kDa) have been
widely used as a blood plasma expander to replace moder-
ate blood losses and improve the blood flow presumably
caused by decreased blood viscosity and inhibition of pos-
sible coagulation. In addition, the presence of dextran in
aqueous solutions helps to create a favorable physiological
environment due to the colloidal csmotic pressure, which is
beneficial for the preservation of viable organs and for use
in various ophthalmic formulations (Lakshmi Bahvani and
Nisha 2010; Heinze et al. 2006; Patel et al. 2012). Dexiran is
also very suitable as a macromolecular carrier, e.g. hydrogel
which can be conjugated with various drugs or enzymes
to make a stabilized preparation for therapeutic use (Kada-
jii and Betagari 2011). Dextran is also increasingly used
in nanomedicine, a novel discipline that applies submicron
particles for therapeutic and diagnostic purposes (Wasiak
et al. 2016). In addition to food and medicine dexiran also
has several potential applications in photographic film man-
ufacturing, fine chemical, cosmetic, paper, petroleum, and
textile industries, oil recovery (Jeong et al. 2019; Kothari
et al. 2014; Lakshmi Bhavani and Nisha 2010; Leemhuis
et al. 2013; Naessenset al. 2005). The presence of multiple
free hydroxyl groups in dextran molecules has made it pos-
sible to obtain a large number of derivatives (oxidized dex-
tran, ethers, esters, including phosphates, sulphates, carbon-
ates.) which have also found wide and varied applications
as promising medicinal products (Heinze et al. 2006; Maia
et al. 2014; Wang et al. 2016). Besides the cross-linking
of dexiran to obtain derivatives with desired properties can
be achieved by physical interactions and chemical reactions
(Heinze et al. 2006; Maia et al. 2014; Van Tomme et al.
200&). In this way, efficient matrix sysiems have been devel-
oped to separate biomolecules, cross-linking of dextran with

epichlorohydrin, as well as an allyl dextran cross-linked by
MN.N-methylene bisacrylamide form efficient matrix sys-
iems used for macromolecular separation and gel filtration
and are commercially known as Sephadex and Sephacryl,
mspectively (De Belder 2003; Heinze et al. 2006). In order
to further promote and expand the use of biode gradable and
bincompatible bacterial EPS, including dextran, it is impoe-
tant to assess their ability to form films, grafied copolymers
as well as to incorporate into composite materials (Hussain
et al. 2017; Vijayendra and Shamala 2013). Already natural,
chemically unmodified dextrans have film-forming proper-
ties (Pavlov et al. 1999), which, when supplemented with
plasticizers (glycerol, sorbitol) or other biopolymers, allow
the formation of edible coatings for fruits, berries and other
products (Quezada Gallo et al. 2005; Davidovic et al. 2018;
Moncayo-Martinez 2013). The film-forming properties of
dextrans and their varied applications expand when their
chemical modifications are used, such as esters (Liebert
et al. 2011}, derivatives of furfuryl—and maleimido car-
boxylic acids (Elschner et al. 2017) or alkylamines (Trivedi
etal. 2017}, also the hydrophobically modified copolymer
obtained by grafting of caprolactone over the dextran back-
bone (Leiva et al. 2010). The film-forming properties also
promaotz the use of dextran in nanoparticle coatings (Wasiak
etal. 2016), such as cerium (Yazici et al. 2015), iron oxide
{Nzha et al. 2019) or various macroporous metallic and
metal oxide sponges (Walsh et al. 2003). Of particular
importance are dextran-based scaffolds, which have gained
wide applications in tissue engineering and are supportive
to cell proliferation and regeneration processes (Hussain
etal. 2017; Maia et al. 2014; Tiwari et al. 2018). These scaf-
fiolds can be formed as a composite of dextran and another
unmodified biopolymer, such as pullulan (Cutiongeo et al.
2014) or chitosan (E-Meliegy et al. 2018), or structures with
a rather complex composition developed through a variety
of dextran physical/chemical modifications using crosslink-
ing, grafting, polyion complexation and blending (Hussain
etal. 2017; Maia et al. 2014; Tiwari et al. 2018). Although
the main field of application for dextran and all its deriva-
tives is and will remain biomedicine, there are good pros-
pects for their other uses, such as dextran-based electrolyes
{Hamsan et al. 2019), adhesives from dextran esters (Togo
et al. 2019; Liebert et al. 2011), or effective flocculants from
dextran graft copolymers with varying polyacrylamidosul-
phonic acids (Azmeera et al. 2012). Thus it should be con-
cluded that the potential of dextran applications is far from
exhausted and continues growing.

Production methods, strains and optimum
conditions

Although commercial dextran is still mainly produced
using the whole culture method, its production can also be
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achizved enzymatically with cell-free supernatants contain-
ing dextransucrase in the presence of sucrose or using a puri-
fied enzyme preparation. In this way, conditions can be more
easily controlled and the polymer obtained is more uniform
and easier to purify. In addition, fructose can be obtained as
a valuable co-product (Heinze et al. 2006; Leembuis et al.
2013; Vettori et al. 2012a). Besides, fructose released in
the biosynthesis of dextran can also be used as a carbon
and energy source in further frmentations to obtain other
products, e.g.. for efficient conversion into ethanol by Zymo-
momnas mobilis (He et al. 2014), which would be both cost-
effective and environmentally friendly. Both the production
of dextran by the direct whole-culture fermentation and the
biosynthesis of dextransucrase for its production by using
the enzymatic call-free method depend on a large num-
ber of nutritional and environmental parameters. In turn,
the levels and changes of these parameters significantly
affect the yield and properties of the resulting EPS. This
set of factors relevant to microbial ermentation consists of
parameters such as carbon, nitrogen and mineral source s and
their concentrations, initial pH, fermentation duration and
tzmperature, inoculation and aeration levels (Kumar et al.
2007; Maessens et al. 2003; Vettori et al. 2012a). Successful
design of the fermentation process is based on obtaining the
product according to a certain specification, achieving the
product concentration, yield and productivity reguired for
a specific economic target. However, there is no single sat
of culture conditions that guarantzes high product yields,
since organisms differ in their attitudes towards these critical
factors for maximum EPS production (Kumar et al. 2007 ).
At the same time, the production of most EPS, including
dextran, can also be characerized by a number of common
fatures and preconditions, such as the growth-associated
nature of the process, where the maximum of product is
reached at the early stationary phase, the need for elevated
/N ratios and emperature below the optimal for cell growth
(Barcelos et al. 2019; Kumar et al. 2007 ; Lule et al. 2016;
Onilude et al. 2013; Vijayendra and Sharath Babu 2008).
The observed relationships between dextran molecular
weight distribution, reaction temperature, dextransucrase
and sucrose concentrations observed in most cases of cell-
free enzy matic syntheses are also of 2 common nature (Fal-
coner et al. 201 1; Kanimozhi et al. 2019). However, since
the yields and properties of microbial EPS are most directly
dependent on a variety of external factors, whose efficiency.
in turn, are highly strain-dependent (Das and Goyal 2012,
Vettori et al. 2012a), it is difficult to select the mlevant fac-
tors and define their levels in order to maximize the yield of
dextran with the desired properties (Majumder et al. 2009;
Faiel et al. 2012). In this regard, extensive studies have been
performed to improve dextran production in many Lewconos-
texc strains using both whole culture and enzymatic methods,
as well a5 various optimization technigues (Angzlina and
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Vijayendra 2015; Majumder at al. 2009; Patel et al. 2012;
Vijayendra and Shamala 2013; Vijavendra and Sharath
Babu 200%). Among them, the most important and widely
used are the one-factor-at-a-time (OFAT) technigue and the
response surface methodology (RSM), which, respectively,
allow to assess the impact of one single factor, because while
changing one parameter others are kept constant or permit
to evaluate simultaneous effects of several parameters by
using multivariate techniques (Bezerra et al. 2006; Wahid
and Nadir 2012). Although the use of OFAT in dextran pro-
duction studies (Behravan et al. 2003; Goyal and Katiyar
1997 ; Vijayendra and Sharath Babu 2008), especially when
initiated. can provide an indispensable insight into the pro-
cess, it does not allow to identify the interactions between
factors and there fore cannot perform a full optimization of
culture conditions (Bezerra et al. 2008; Wahid and Nadir
2012). Unlike OFAT, the application of the RSM methodol-
ogy (Esmagilnejad-Moghadam et al. 2019; Majumder and
Goyal 2008; Majumder et al. 2009; Sawale and Lele 2010;
Vettori et al. 2012b) allows to deve lop second-order poly-
nomial models, describing the production of dextran and'or
dextransucrase at varying kevels of several influential factors
in order to detect their global maxima which, in turn, indi-
cale optimal sets of culture conditions (Bezerra et al. 2008;
Patel et al. 2012}, Therefore, the use of RSM. including the
combination of Placketi-Burman two-level design and Box-
Behnken three-level design can be considered as a favour-
able strategy and a convenient tool to select the relevant
factors and determine their optimal levels in order to maxi-
mize the formation of dexiran, as well as other EPS, by the
producing strains of Lenconostec spp. (Bezerra et al. 2008;
Semjonovs et al. 2017) and would be increasingly applica-
ble. Although current studies on dex tran-producing strains
have focused mainly on L. mesenteroides and L. citrewm
spp. (Table 1), the search for new efficient producers also
continues. Thus, a rather high yield of dextran of 35.5 g/l
{0.74 g/L/h) was achieved (Zhou et al. 2018) using the strain
L. preudomesenteraides isolated from a homemade wine, in
the MRS (De Man-Rogosa-Sharpe h medium ( 12.5% suctose)
at static conditions (307 C).

In addition, as for other biopolymers (Gahlawat and Sriv-
astava 2017}, it is important to make greater use of rnew-
able and cheaper resources in the microbial production of
dextran. Sugar best or cane molasses are the most widely
used renewable sources of sucrose in the production of
dextran. However, it is also possible to use other renew-
able nutrients, including cheese whey. In this regard, the
ahility of L. mesenteroides to produce dextran in combined
sucrose-whey media has been demonstrated for a long time
{Schwarz and Bodie 1984). Thus, during the growth of L.
mesenteroides ATCC 14935 in shake flasks and combined
medium containing sweet cheese whey (CW) powder (4%)
and sucrose {10%), the viscosity of the culture medium
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increases significantly (more than 300 cps in 46 h), most
likely due to dextran formation, as the product showed com-
patible properties (Schwartz and Bodie 1984). The use of
various renewable carbon sources for dextran production has
been proved. The producer strain L. meserteroides NRRL
B512F in the broth consisting of Carob (Ceratonia siliqua)
pod extract (sucrose 20 g/L) and percentage of deproteinized
C'W to obtain 5% of lactose in the medium during batch cul-
tivation {14 h} in bioreactor. achieved dextran concentration
of 7.23 g/L (Santos et al. 2005). In 2 later study using the
same L. mesenteroides NERL B512F strain and medium
containing molasses (Brix 40) as a carbon source and CW
powder (10% ) as a nitrogen source, the concentration of dex-
tran 12.7 /L. was reached during cultivation in shake flasks
(Moosavi-Nasab et al. 20100, However in earlier studies,
relatively high concentrations of dextran (26 g/L) have been
obtained using this producer strain L. mesemteroides NRRL
B-312F and the medium with 20% sugar beet molasses (9.5%
sucrose ) as a carbon source and 15% wheat-bran extract as
a nitrogen source in flasks within 48 h under static condi-
tions (Behravan et al. 2003). Using other producers 12.7 g/l
(0.79 g/L/h) and 10.5]1 gL (D.66 g/L/h) of dextran were
obtained for L. mesenteroides MCDC 744 and L. mesenter-
oides NCDC 743, respectively, in a partially deproinized
paneer whey medium supplemented with 10% sucrose (Lule
et al. 2015). Increased concentration of dextran (17.25 g/L,
was observed under optimized (15% sucrose) conditions
using the strain L. mesentercides NCDC 7459 (Lule et al.
2016). Recently, fairly good results have been obtained
using L. mesenteroides sirains NRRL B512F, NCIB 8023
and NRRL B12, yielding dextran 16.35 g/L (0.68 g/L/h),
15.80 /L. (0.66 g/1/h) and 16.28 ¢/1/h (0,68 ¢/L/h), respec-
tively, during the batch f2rmentation in the medium contain-
ing whey permeate (15 g'L), sucrose 20 /L. and yeast extract
(15 gL} (Esmaeilnejad-Moghadam et al. 2019). Using sugar
beat molasses with a relatively high (17.5%) sucrose concen-
tration as a carbon source together with conventional (yeast
extract, peptone) nitrogen sources, the strain L. mesenter-
eides VEM V-2317D produced dextran at 50 g/l and above
during the cultivation (96 h) in shake flasks or a bioreactor
(Wedyashkina et al. 2015). Potato peel extract (20% w/v) has
also bean reported to be a suitable carbon source for the dex-
tran production by Leuconostoc Spp. up 1o a concentration
of 79 /L during 20 h (Onilude et al. 2013 ). Molasse-con-
taining media have also been used to obtain dextran sucrase
(DS) preparations. For example, L. mesenteroides FTO43B
produced maximum DS activity (4.03 U/mL) after 24 h of
fermentation on sugar cane molasses (40 g/L) with addi-
tion of corn ste2p liguor (20 g/L) as a nitrogen source (Vet-
tori et al. 201 2a). Using the L. mesenteroides T3 strain, the
maximum D3 activity (2.02 WmL) was reached after 16 h
of cultivation under static conditions, when the sucrose con-
centration (4% in the medium was supplemented with sugar
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beat molasses (2.5%) and sugar beet pulp (2.5%) (Miljkovic
et al. 2016). Significant dexiransucrase activity (7 U/mL)
has been achieved with the strain L. mesenteroides NRRL
B312F by including the cashew apple juice in the synthetic
growth medium and supplementing it with sucrose up to
30 gL (Chagas et al. 2007 ). Overall, the results above con-
firm that a number of agro-industrial wastes and byproducts
can be used as nutrients for Lewconostec Spp. cultivation
to achieve more cost-effective and environmentally friendly
production of dextran and/or dex transucrass.

Alternan: a different kind of glucan
produced by Leuconostoc spp

Biosynthesis, structure and properties

In addition to dextran, Lewcenostoc spp. are able to form the
other EPS aliernan, which also represents HoPS belonging
to a-glucans. This polysaccharide, originally considered o
be a dextran with better solubility (i.e., S-fraction), has been
known for decades (Jeanes et al. 1956; Leathers et al. 2006).
However, it was named alternan after delermining its struc-
ture (Fig. 1), which consists of a-D-glucopyranosyl units
interconnected by alternating - 1,6) and a-{ 1.3} glycosidic
linkages with a relatively low degmee of a-(1,3) branchings,
thus without the consecutive sequence of a- (1,6) inkages
that characterizes a structure of “pure”™ dextran (Purama 2t al.
2009). Due to its unique structure, alternan has high solubil-
ity, low viscosity and remarkable mesistance to hydrolysis by
most microbial and mammalian enzymes (Nazssens et al.
2005; Patel et al. 2012). Aliernan biosynthesis is performed
by alternansucrase (ASR) (EC 2.4.1.140), which is a spe-
cific cell-associaied glycosylransferase® and transfers alter-
nately the a-p-glucosyl residue from sucrose to the 6-posi-
tion and the 3-position of the non-reducing terminal residue
of an ee-p-glucan, thus producing a glucan having alternat-
ing a-(1,6) and a-(1,3) linkages together with a release of
fructose residues. There is a reason to believe that ASR is
probably a translation product of a mutant gene sequence
originally coding for dextransucrase (Kumar et al. 2007;
Leemhuis et al. 2013). Studies on the molkecular sequences
of ASEs have not been very exiensive, although they have
included several alternan-producing strains of Lewconos-
toc spp. CArgiello-Morakes et al. 2000; Joucla et al. 2006;
Kim et al. 2008; Musa et al. 2014; Passerini et al. 2013;
Wangpaiboon et al. 2018). Thus, the gene (Lmalt) encod-
ing ASR from Leuconostoc mesenteroides NERL B-1353
was cloned, sequenced and expressed in Escherichia coli
to obtain a recombinant enzyme that catalyzed the alierman

* hittpsfwww. brends-enzymes.argleneyme. phpfecno=2.4.1. 140,
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synthesis using sucrose or maltose as an acceplor, although
the enzyme was unstable and rapidly degraded {Argtello-
Morakes et al. 2000). Although deletion of repeated motifs
at the C-terminus of Lmalt has been shown to increase the
solubility and stability of the enzyme without affecting the
linkage pattern of alternan (Joucla et al. 2006). The studies
of full genomic sequence of L. citreum KM20 revealed a
cluster of three putative dexiransucrases and an ASR gene
(Kim et al. 2008). Alternan's structural features, which are
detzrmined by the specific linkage pattern, have also largely
shaped its rheological properties, which in turn have proved
to be very suitable for the food industry, which remains the
main field of EPS applications (Patel et al. 20 12; Santos and
de Amorim 2018; Zannini et al. 2015).

Biomedical and technological applications

Mative alternan is easily soluble in water, which is quite
comvenient for use, reaching concentrations up to 10% which
can he increased by mechanical agitation or by ulirasonica-
tion which randomly hydrolyzes the covalent linkages of
polymers to smaller fragments with higher solubility (Char-
oenwongpaiboon et al. 2019; Coté et al. 1997). In addition,
some glycan hydrolyzing enzymes can be also used for
this purpose (Leathers et al. 2010). This allows the rheo-
logical properties of alternan to be changed in the desired
way, bringing them comparable to, for instance, gum ara-
bic which is also a well-known food texture modifier (Coté
etal. 1997; Leathers et al. 2010). The use of aliernan and its
oligosaccharides in food is primarily related to the produc-
tion of ingredients for functional foods such as prebiotics
(Park and Khan 2009; Coté 2009), low glycemic sweateners
(Gangoiti et al. 2018; Leathers et al. 2003; Santos and de
Amorim 2018) and dietary fiber (Hasselwander et al. 2017).
Alternan is very widely used as a thickening agent, most
commonly in combination with another thickener (Pilling
2000} to increase the viscosity of solutions or to improve
the thixotropic properties of gels, achieving a synergistic
effect of these agents. Allernan as low viscosity bulking
agent and extender (Pilling and Frohberg 2009) can be used
in a wide variety of foodstuffs (sauces, cream, yoghurt,
jelty, ice cream, soups, baked products) in the form of pow-
der or paste (0. 1% w/w and above ). The uses of allzrnan,
including in food, have been mentioned and summarized
in many reports and reviews (Gangoiti et al. 20 18; Giavasis
2013; Grimaud et al. 2018; Harutoshi 2013; Park and Khan
2009; Patel et al. 2012; Wangpaiboon et al. 2018; Zannini
et al. 2015). It is mentioned that alizrnan could also replace
poly dextrose, maltodex trins and gum arabic for use as inks,
glues, cosmetic creams and ointments (CAté 1992; Park and
Khan 2000). Not only alternan itself, but also its derivatives
such as alternan-carboxylic acid esters are particularly suit-
able for use in foods, pharmaceutical products or cosmetics
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as emulsifiers and surfactanis (Frohberg et al. 2009). Unlike
many other polysaccharides, including glyeans, alternan’s
functions in cell biology, especially relative to cell growth
and differentiation as well as its potential for medical use are
still not well understood (Charoenwongpaiboon et al. 2019).
Recent promising results in this regard demonstrate biologi-
cal effects of alternan, promoting the proliferation, migra-
tion, and differentiation of human mesenchymal stem cells
{MSCs). These novel roles of allzrman may have important
beneficial medical applications and may provide a basis from
which stem cell therapies can be developed in the future
{Charoenwongpaiboon et al. 2019). Recent studies have also
reveaked (Yilmaz et al. 2020) the potential of alternan for
the production of silver nanoparticles which can be used for
different applications as antimicrobial agents.

Production methods, strains and conditions

The production of alternan is not a simple, but even guite
a complicated task, because practically all naturally occur-
ring strains of Lexconostoc spp., which are able to produce
alternan, also form dexiran due to the simultaneous pres-
ence of dextransucrase (Coté et al. 1997; Kim et al. 2008;
Monsan et al. 200 1; Park and Khan 2009). Therefore, in
order to obtain aliernan alone, if the whole culture method
is employed, it must be separated from the dextran fraction
using, for example, graded ethanol precipitation, which is
both tedious and difficult to control on a large scale (Coté
etal. 1997; Park and Khan 2009). Another way is to sepa-
rate the crude mixture of both enzymes and use the isolated
ASR for the alternan or oligoalternan synthesis, which also
requires some additional procedures (dextran enzymatic
remove, chromatography L. Thus, both approaches are some-
what limited and wer more widzly used in the early stages
of aliernan studies (Coté et al. 1997; Lipez-Munguia et al.
19493; Park and Khan 2009). Nowadays, a more preferable
and relevant way is the improvement of L. mesenteroides
sirains to enhance the ASR production and to obtain a strain
that produces only this enzyme, which can be achieved using
mutant producers and molecular technigues. It should be
notzd that although some new alternan producing strains
are izolated (Amari et al. 2013; Bounaix et al. 2010; Wang-
paiboon et al. 2008) the number of sufficiently efficient pro-
ducers is still limited {(Argiello-Morales et al. 2000; Mon-
san et al. 200 1) and the best known are L. mesenteroides
MNERL B-1335, MNERL B-1501 and NREL B-1498. These
producers, most notably the strain NRRL B-1353, have been
used either for the direct production of ASR and alternan
derivatives (Lopez-Munguia et al. 1993; Raemackers and
Vandamme 1997 ) or to obtain mutant strains (Leathers et al.
1995, 1997; Smith and Zahnley 1997; Smith et al. 1998), in
which the amount of ASR has been substantially elevated
and the overall properties improved. The acquisition of such
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mutant strains, in turn, has facilitated a further research by
molecular and biochemical techniques, such as the devel-
opment of 2 more stable and efficient ASR (Joucla et al.
2006) or a highly productive method for the obtaining of
oligoaltzrnans (penta-, hexa- and hepta-saccharides) (Coté
and Sheng 2006). It has been shown that alternan can be
produced not only in microbial systems but also in plants,
such as potato tubers, by expressing a mature ASR gene
from [.. mesenteroides NRRL B-1355 in potato (Kok-Jacon
et al. 2007). ASR can be used not only for the production
of alternan and its oligosaccharides, but also as a biotrans-
formation agent to perform the transformation of the low-
calorie swesiener stevioside, a diterpenoid glycoside, by the
enzyme from L. citrewm CCTCC M 201 1398 and achieving
a high transglycosylation vield (Musa et al. 2014). As with
dextran production, the progress and outcome of alternan
and ASR obtaining are influenced by many environmental
factors such as sucrose concentration, nitrogen and mineral
sources and their concentrations, pH., temperature, aetation
level, duration of process (COté et al. 1997; Vettori et al.
2012a, b; Naessens et al. 2005; Lopez-Munguia et al. 1993;
Racmaekers and Vandamme 1997} and an adequate selection
and control of their levels is required. There is no doubt that
optimizing these factors according to the RSM methodology
(Esmazilnzjad-Moghadam et al. 2019 Vettori et al. 2012h),
which, in the case of alternan. remains the next research
challenge, would make a significant contribution in this
regard. However, in the light of recent developments (Char-
oenwangpaiboon et al. 2009; Frohberg et al. 2009; Yilmaz
et al. 2020), the production of alternan and its oligosaccha-
rides is expecied to increase in the near future, as well as the
applications in both food and medical fields.

Levan and inulin: the fructose polymers
synthesized by Leuconostoc spp

Biosynthesis, structure and properties

The ahility of Leconostoc spp. to form fructan-type poly-
mers in addition to glucans has long been reported (Corrigan
and Robyt 1979; Han 1990) although the number of such
producers remains still much lower(Caté and Robyt 1982)
compared to bacteria of other genera (Zymomonas, Strep-
tececcus, Xanthomonas, Bacillus, Erwinia, Preudomonas,
Halomenas, Gluconacetobacter) (1akob et al. 2012; Jathore
et al. 2012; Kornmann et al. 2003; Tomulesco et al. 2016).
Fructose polymers are produced extracellularly from
sucrose-based substrates by bacterial fructosyltransferases
which are multifunctional enzymes capable of directly
converting sucrose into highly polymerized levan or inu-
lin. Levan (Fig. 1} is the most important and widely repre-
sented bacterial fructan and is synthesized by levansucrase
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(EC 2.4.10), an extracellular fryctosyliransferase’ that
catalyses the ransfer of o-fructosyl units from sucrose to a
growing acce plor molecule, their polymerization by forma-
tion of f~(2,6) linkages in linear chains with p-2,1 linkages
for branching points and the release of glucose residues. As
in the case of dextran production (He et al. 20 14), such a co-
product released in the biosynthesis of fructose polymers is
suitable and beneficial for a further f2rmentation into ethanol
by Z mobilis (Shih et al. 20100, Another fructose poly mer
inulin (Fig. 1) is formed in a similar way, by the related
enyme inulosucrase® (EC 2.4.1.9) although with a differ-
ent structure and linkage type, containing p-(2,1) linked
fructose molecules in the main chain and p-(2,6) ramifica-
tions (Vallejo-Garcia et al. 2019; Mensink et al.2015). In
addition, the presence of inulosucrase has been reported
only in some genera of gram-positive bacteria, including
Lewconostoc spp., which may additionally contain levan-
sucrases (Table ). while the occurrence of levansucrases
is widespread in gram-positive and gram-negative bacteria
{Anwar et al. 2010; Olvera et al. 2007; Oner et al. 2016;
Vallejo-Garcia et al. 20 19).

Biomedical and technological applications

It has been repeatedly emphasized that levan stands out
from other microbial polymers by its unigue combination
of properties such as strong adhesivity, self-assambly into
spherical colloids, very low intrinsic viscosity and high bio-
compatibility, which in turn make it a very valuable poly-
mer for various applications in biomedical field, cosmetic,
pharmaceutical, food and other industries (Combie and Oner
2018; Erkorkmaz et al. 2018; Gonzdlez-Garcinufio et al.
2017; Oner et al. 2016; Tomulescu et al. 2016). Thus, levan
can be used in medicine as a plasma substitute, source of
fructose, anti-inflammation, detoxifying agent, drug activity
promoter and a broad-spectrum immunomodulator having
radio-protector properties and anti-tumor activity (Gonzdlez-
Garcinuno et al. 2017; Han 1990; Kang et al. 2000; Srikanth
et al. 20 15a). Due to its prebiotic properties, levan can be
used as an additive in functional foods to have a beneficial
effect on the intestinal microflora (Kang et al. 2009; Srikanth
etal. 2015b). Besides, levan can also be applied as a thick-
ener, emulsifier, encapsulating agent, as a carrier of color
and flavor in food as well as pharmaceutical and cosmetic
industries ([Donot et al. 201 2; Patel and Prajapati 2013; S2m-
jonovs et al. 2017).

In recent years, particular atiention has been given to the
use of the adhesive properties of levan, which opens wide
prospects in both technical and biomedical fields (Combie

3 hitpsyfwww brenda-enrymes. orgfenryme. phplecno=2.4.1.10.
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and Oner 201%; Costa et al. 2013; Patel et al. 2012). There
are 3 number of reports describing the exceptional bonding
capacity of levan (Combie and Oner 2018) as a binder for
manufactured wood (Revin et al. 2016a, b), fiberglass (Van
Herwijnen et al. 201 1), foundry sand cores (T hiel 2009) and
also a bare aluminium {Combie et al. 2004, There is a lot of
research on the use of levan as a bioadhesive in tissue engi-
neering, drug delivery systems and scaffolds for wound heal-
ing (Combie and Oner 2018). Adhesive properties obviously
are essential for the film forming capacity of levan. Although
levan is a suitable film former, it is quite brittle without addi-
tives, which makes it difficult to obtain stand-alone films and
therefore should be blended with suitable plasticizers, other
polymers or binders for this purpose (Chen et al. 2014; Gia-
vasis 2013). Thus, when levan is blended with plasticizer.
such as glycerol, elastic and extrudable films can be formed
(Barone and Medynets 2007) and nanocomposiles with
improved thermal and mechanical properties, composed of
montmorillonite clay blended with levan, obtained (Chen
etal. 2014). Levan films suitable for food coatings and pack-
aging materials were prepared using aqueous solutions of
levan (3 = 6% wiw ) containing corn starch (0.05%) as a filler
(Huber et al. 1994). Similarly, edible films werz produced by
a casting procedure using aqueous solutions of kvan (0.6 +
0.9% wiw), cassava starch (2.1 + 2.4%) and glycerol (6%) as
a plasticizer (Mantovan et al. 201%8). Monz complex ernary
blend films consisting of levan (13% wiw) chitosan (52.2 +
78.3%) and polyethylene oxide (8.7 + 34.8%) were also pre-
pared, expected to have find uses as active food packaging,
hemodialysis membrane and artificial skin materials (Bostan
etal. 2014). Films composed of levan (4% wiw) and glycerol
(0.4%) have also proven to be very suitable for the develop-
ment of transient microelectronic devices such as bioresorb-
able electronic implants and drug release systems (Kwon
et al. 201%8). To achieve enhanced medical and biological
performance, there are also good prospects for the use of
levan derivatives, such as phosphonated levan, for the pro-
duction of multilayer films (Costa et al. 2013). Over the last
decade, advanced modern techniques such as matrix-assisted
pulsed laser evaporation (MAPLE) (Simaetal. 2011, 2012)
and electrospinning methods (Manandhar et al. 2009} have
become increasingly important for the production of levan-
containing films for a wide variety of medically relevant
biomaterials (Combie and Oner 2018). Compared to levan,
the use of inulin, also of bacterial origin, is more limited and
includes mainly functional food and some biomedical fields.
Inulin and its related oligosaccharides (108) are among the
best known, widely used and commercially important prebi-
otics (Lynch et al. 2018). This is due to the fact that inu-
lin is able to resist hy drolysis by digestive enzymes, but at
the same time has a beneficial effect on the gastrointestinal
microfiora of the host organism which generally leads to
the strengthening of immunity (Pakel et al. 2012; Patel and
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Prajapati 2013; Oritz-Soto et al. 2004). Thus, the use of inu-
lin in functional food is based mainly on its prebiotic proper-
ties (Pate] and Prajapati 2013) although its applications serve
many purposes (Mensink et al. 2015). Inulin is employed as
a dietary fiber, as a fat replacer and a low calorie sweekener,
provides viscosity, texture, gel-forming and stability, as well
as improves organoleptic properties of several dairy (cheese,
milk, yoghurt, ice cream) and non-dairy (bread, biscuits,
cereal, meat) products (Gonzdlez-Herrera et al. 2015; Men-
sink et al. 2015; Meyer et al. 201 1; Oritz-Soto et al. 2004;
Srisuvor et al. 2013). A number of physiological and bio-
chemical effects of inulin have been confirmed applicable
for direct pharmaceutical or medical use, for example, in
targeted drug delivery in anticancer therapy (Imran et al.
2012; Pool-Zobe] 2005; Taper and Roberfroid 2002), as
an adjuvant for vaccines (Honda-Okubo et al. 2012), sta-
bilization of protein-based pharmaceuticals (Hinrichs et al.
2001 Tonmis et al. 2015), as signals, in stimulating immuna
cell activity through receptor-mediated signaling (Peshev
and Van den Ende 2014). Inulin has less industrial applica-
tions and, in general, requires various chemical modifica-
tions (reduction, oxidation, esterification, etherification)) for
these purposes, which in turn result in & number of valuable
products, including biodegradable surfactants based on this
polymer (Stevens et al. 2001). It is therefore reasonable to
conclude that both levan and inulin have an extensive poten-
tial and are already widely used in a variety of fields ranging
from medicine to technology, which in turn requires their
efficient and economically viable production.

Production methods, strains and optimum
conditions

As with glycans, microbial synthesis of fructose polymers
can be performed using the Lenconosioc spp. (Table 1) in
whole cell systems or by cell-free enzymatic reactions. How-
ever, the formation of levan and dextran in Lenconostec cul-
tures mostly occurs simultaneously (Bounaix et al. 2009;
Siddiqui et al. 2014; Torres-Rodrigues et al. 2014; Vasileva
et al. 2012), which makes it difficult to separate the indi-
vidual fructan and thus favors the enzymatic cell-free
method. There are only a few studies confirming the forma-
tion of individual levan using producers of Lewconostoc spp.
(Han et al. 2015; Khudair et al. 2018; Salman et al. 2019;
Taylan et al. 2019) and their yields are also somew hat lower
compared to several dextran producing strains (Chagas et al.
2007; Onilude et al. 2013; Vedyashkina et al. 2013). Thus,
using the producer Leucenostoc citrenm BD 1707 (CGMCC
6431} in a tomato juice medium supplemented with 15%
sucrose, the levan concentration reached 28 g/L (0.29 g/L/h)
(Hanetal. 2015). In turn, the L. mesenteroides s5p. cremoris
isolate in the synthetic medium (20 gL sucrose) has pro-
duced 9.23 /L (0.426 g/L/h) levan, which had a strong
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inhibitory effect on the growth and virulence factors of Can-
dida albicans (Salman et al. 2019). Another but taxonomi-
cally identical isolate of L. mesenteroides 55p. cremoris LF3
in a similar synthetic medium (sucrose 20 /L) attained an
even higher levan concentration of 14.82 g/L (0.618 g/L/h)
i(Khuodair et al. 201%), while somewhat lower productivity
(13.2 g/L; 0.183 g/L/h) was shown by the strain L. mesen-
teroides 381 in the modified BHI (ATCC 2187) medium
iTaylan et al. 2019). Like whole culture studies, the use of
Lewconostoc spp. levansucrasas for levan biosynthesis in
cell-free systems is a relatively recent research topic and so
far without m2al echnological applications (Iliev et al. 2018;
Kang et al. 201 1). Nevertheless, a number of studies have
confirmed that this enzyme, which has been comprehen-
sively described for several Leuconostoc spp. sirains (Iliev
etal. 2018; Ishida et al. 2016; Jadaun et al. 2019; Kang et al.
20035; Morales-Arrieta et al. 2006) can be characterized by
a high specificity. activity and stability and is therefore suit-
able for the synthesis of both levan and related oligosac-
charides in cell-free systems, generally performed by the
relevant recombinant kvansucrases. To obtain such recom-
binant enzymes, the levansucrase genes ame isolated from the
corme sponding Lewconostor Spp. sirains, then sequenced and
cloned into selecied heerologous ex pression systems, which
may be of either bacterial (mostly E.cofi) (Iliev et al. 2018;
Ishida et al. 2016; Jadaun et al. 2019; Kang et al. 2005;
Muorales Armieta et al. 2006; Xo et al. 2007 ) or veast (Pichia
pastoris, Saccharomyces cerevisiae) origin (Franken et al.
2013; Kang et al. 2011). Levan synthesis is performed with
isolated and purified recombinant enzyme in chemically
defined media. under the optimal conditions (sucrose,
enzyme and metal ion concentrations, pH, e mperature) for
the each particular reaction (Jadaun et al. 2019; Kang et al.
2005). The recombinant levan sucrose reaction can also
occur in the whole culture sysiems, ie., in the presence of
expressing cells, as shown for the L. mesenteroides MIFT
levansucrase expression in 8. cerevisiae, where levan accu-
mulates in both growth medium (6.5 g/L) and yeast cells
iFranken et al. 2003). It should be noted that not only pure
sucrose but also various raw materials containing it, such as
sugarcane molasses, unrefined sugar, sweet sorghum juice
iJadaun et al. 2019) can be used for the enzymatic synthesis
of levan. Although recombinant levansucrases are primarily
used to produce levan and melated fructooligosaccharides
(FOS), other applications are possible, for example the pro-
duction of melibiose from raffinose, by the enzyme
expressed in E. coli according the levansucrase gene (Gen-
Bank accession No AY6&635464) of L. mesenteroides (Xu
et al. 2017). Compared to levan, both the whole culture
method and the enzymatic synthesis so far are even less fre-
quently used for the production of microbial inulin, s cur-
rently only a few sequences of bacterial inulosucrases have
been fully described (Amwar et al. 2008, 20 10; Ortiz-Soto
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et al. 2004; van Hijum et al. 2002) and none of them have
reached an application status neither for inulin synthesis nor
for production of related oligosaccharides (FOS) (Vallejo-
Garcia et al. 2019). However, inulin and POS synthesized
by microbial processes remain still considered (Vallejo-
Gareia et al. 2019) to be a viable altzrnative to the fructans
of ve getable origin that have been dominant so far (Olivames-
Illana et al. 2002; Mensink et al. 20 13;Vallejo-Garcia et al.
2019) and some promising results have also been achieved
{Ozimek et al. 2006; Pefia-Cardena et al. 2015; Wada et al.
1003). Only one strain L. citrewm CW2E of Lenconostor spp.
has been studied very comprehensively and currently
reported as capable of producing inulosucrase with the
required characteristics for the enzymatic synthesis of inulin
and'or FOS (Olivares-Tllana et al. 2002, 2003; Oritz-Soto
et al. 2004; Pena-Cardena et al. 2015; Vallejo-Garcia et al.
2019). A bacterial strain from Lenconestoc spp. with a
strong fructosyliransferase activity was isolated and identi-
fied as L. citrenm CW28, as well as determined that such
activity, being specific for inulin synthesis, refers to the high
(170 kDa) molecular mass cell wall-associated insoluble
enzyme which can be solubilized by the urea teatment (Ol
vares-111ana et al. 2002) and the peculiarity of this enzyme
apparently allows the synthesis of inulin by both whole cul-
ture and cell-free methods. Subsequent studies using con-
ventional molecular and biochemical techniques have identi-
fied and characterized the islA gene, which is a coding gene
for inulosucrase and has bezn sequenced. cloned and
expressed in E. coli (Olivares-1llana et al. 2003). Itwas also
found that islA inulosucrase has a kind of chimeric multid-
omain structure, where the structural and modular @ atures
of the C- and N-terminal domains correspond to glycosyl-
transferases and only the second, ie., the catalytic domain,
has fructosyliransferase properties (Del Moral et al. 2008;
Olivares-Illana et al. 2003). Studies of the catalytic proper-
ties of L. citreswm C'W28 inulosucrase have shown that high
sucrose concentrations (= 230 g/L) are required for maximal
fructose transfer and that the cell-associated enzyme pro-
duces high molecular weight inulin (1350 = 1600 kDa) while
the use of a solubilized enzyme results in a more extensive
proportion of smaller size (2.6 + 3.4 kDa) inulin (Ortiz-Soto
et al. 2004). According to the whole culture method in a 30
L pilot plant with 250 ¢/L sucrose and using the cell-associ-
ated inulosucrase 76% transformation of substrate and con-
centration of inulin 95 g/l (2.375 g/l/h) were achieved
(Ortiz-Soto et al. 2004}, indicating a relatively efficient and
productive process of enzymatic synthesis. In recent years
research has focused more on the production of FOS than on
inulin itself using different but equally efficient approaches
(Pena-Cardena et al. 2015; Vallejo-Garcia et al. 2019). Thus,
cloning and expression in E. coli of the truncated form,
retaining only the catalytic domain islA4 of the L. citreum
CW28 inulosucrase gene islA. has been shown to inhibit
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inulin formation, increase the hydrolytic activity of the
enzyme and shift the specifity of the reaction towards FOS
synthesis if high sucrose concentrations (400 + 700 g/L) and
&n appropriake enzyme activity (125 WWmL) from the E. coli
cell-free extract are used (Pena-Cardena et al. 2015).
Another approach to the production of inulin-type FOS is
based on the combined use of two enzymes that simultane-
ously perform both inulin synthesis and hydrolysis reactions
(Vallejo-Garcia et al. 2019). Using the whole culture
method, the first of these is performed by the cell-associated
inulosucrase (islA) of L. citrewm CW 28, and the resulting
high molecular mass inulin is hydrolyzed by the commer-
cially available (Movozym 960) endoinulinase of A spergillus
niger. The reactions are favored by a high concentration of
sucrose (250 g/L) and a defined (5:10) IslA/endoinulinase
activity ratio, providing almost complete (96.7% £3.3%)
substrate conversion and a high yield of broad spectrum
(mainly of 68 fructose esidues) oligosaccharides (Vallejo-
Garcia et al. 2019, It should be noted that elements of the
L. citrewm CW 28 islA structure, such as the C-domain, can
also be employed in the design of chimeric levansucrases
resulting in a substantially improved enzyme activity (Olvera
et al. 2012). So there are good grounds to believe that the
use of Lenconostor Spp. kevansucrases and inulosucrases
have definite prospects for the production of fructose poly-
mers and oligomers, although further research and scale-up
of processes are neaded.

Conclusions

Lactic acid bacteria of the genus Lenconostoc have a high
biosynthetic potential for the formation of structurally
diverse EPS, mostly homopolysaccharides (HoPS), as they
may harbor a set of multiple highly versatile glucansucrases
and fructansucrases.

These HoPS, characierized by valuable functional proper-
ties, have a wide range of actual and poiential applications,
mainly in the food and medical fields.

Both the production of glucose and fructose polymers by
the direct whole-culture fermentation or their production by
the enzymatic cell-free method depend on a large number
of nutritional and environmental factors the levels, changes
of which significantly affect the yield and properties of the
EPS obtained, and their actual efficiency are extremely
strain-dependent.

The formation of HoPS in Leuconostoc cultures mostly
occurs simultaneously, which makes it difficult to separate
the individual fructan or glucan polymer and thus favors the
enzymatic cell-free method, using either individual enzymes
isolated from the culture medium or the relevant recombi-
nant glucansucrases or fruclansucrasas.

€1 Springer

Various optimization techniques, particularly the
response surface methodology (RSM), should be consid-
ered as a favourable strategy and a convenient tool as well
as introduced much more widely to objectively select the
relevant factors and determine their optimal levels in order
o maximize the formation of glucose and fructose polvmers,
by the producing strains of Lenconostoc spp.

The ability to use renewable and cheaper resources such
as agro-industrial and waste should be considered as the
Leuconosoc spp. advantage to be used to achieve more cost-
effective and environmentally friendly production of extra-
cellular polysaccharides.

The use of Lewconostec spp.has definite and evolving
prospects for a commercially viable production of both glo-
cose and fructose polymers and oligomers which is expected
to increase in the near future, although further research and
scle-up of processes are needed.
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Abstract

Bacterial cellulose (BC) is a biopolymer with a wide range of potential applications starting fom the food industry and
biomedicine to electromes and cosmetics. Despite that, BC mdustrial production to date still is associated with certain difficulties.
One of them is the high cost of growth media, which can reach up to 309 of production costs. To decrease production costs, use
of industrial and agriculum] by-products, including whey, as altanative growth media has been reported. Whey, as the main
high-volume by-product of dary industry, which 18 known for its low valorisation opportun ies and negative environmental
impact, can nevertheless be considered as an alternative growth medinom for BC production. To date, several studies aimed at
evaluating BC production on whey and lactose substrates have been reported. but they are still insufficient. Reviews of them
showed that, in geneml, BC production on untreated whey- and lactose-containing media was lower than that on the standard
medium However, some wild and recombinant stmins have been reported to produce BC on whey as pood as the standard
medium Enzvmatic and acidic pre-treatment of whe v significantly enhanced BC vield. Changes in the microstructure of BC
obtained fom whey were also recognised. which should be considered regarding the impact on physical properties of the desired
BC product. This mini-review indicates that currently whey can be recognised as quite a problematic altemative growth substrate
for industrial BC production; however, further extensive studies may improve the prospects in both the search for a cheap
alternative growth substrate for industrial BC production and valonsation of whey,

Key points

* Whey ix a bv-product in which valorisation i still challenging.

* Whey cam be used for bacterial cellulose (BC) production.

+ BC yield and properties vary upon cultivation conditions and producer sirains.

Keywords Bactenal cellulose - Whey - Biopolymers - Whey valorisation - Acetic acid bactena

Introduction materials. Tt is alleged that AAB form BC, possibly as a seli-

defence mechanism fom the UV mys and 1o help bacteria

Biomatenals and biopolymers are gaining considemble mm-
portance as potential envimnmentally fiendly materials that
provide a wide mnge of applications in different fields (Yadav
et al. 2015). Bacterial cellulose (BC)—an exopolysaccharide
synthesised by cetain strains of acetic acid bactena (AAR)
(Semjonovs etal. 200 7)—is widd v recognised asone of these
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float at air-liquid mterface, in order w0 secure the required
oxyzen supply (Reiniati et al. 2007) BC can be obtained by
way of static or agitated microbial fermentation (A zeredo et al.
200197, It is known that BC exhibits higher purity compared
with plant cellulose which contains lignin, pectin, and hemi-
cellulose, thus making it a more favourable cellulose source
fior varied use (Huang et al. 20014). Moreover, BC biotechno-
logical production reduces the need to destroy forests for
plant-orign cellulose production or overgxploit an agricultuml
land for the same. BC is known for its properties that include
high purity, flexibility, high water holding capacity, durabili-
ty, high polymerisation degree. hydrophilicity, high erystallin-
ity. mouldability into different shapes, and bommetic 3D
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nano matix—a network which resembles an extracellular ma-
trix and high biocompatibility (Azeredo et al. 2019 Gorgieva
and Tréek 2009; Blanco Parte et al. 2020). Moreover, the
fibrous structure of BC can serve as a matrix for com-
posite materials, thus providing sdditional properties o
the composite such as hydrophobicity, flexibility, in-
creased mechanical strength, and antimicrobial, magnetic,
and conducting properties, which are not present in pure BC
itsel £ (U1-Tslam et al. 2015).

Because of these proparties, BC has a potential application
in many fields and can be wsed to produce high-value eco-
friendly products with the properties of outstanding existing
products (Azeredo et al. 2019). In the food ndustry, BC can
be used as an edible antimicrobial food coating increasing shelf
life. as well as a healthy food supplement for patients with
pastmintestinal disorders, obesity, cardiovascular diseases.
and diabetes (Cho and Almeida 2007; Shiet al. 20014). BC food
coatings make i possible to significantly decrease the use of
preservatives and other chemical compounds in food Ryvdz
et al. 200 8). Furthenmore, it is widdy known that high-fat diets
can be harmful to human health, but low-fat prodocts are
recognised as less desirable due o inferor sensory properties.
In turn, BC can be used as a potential fat replacer in food
prodducts such as cakes and ice cream by mimicking fat fune-
tionality and not providing any calories (Azeredo et al. 2019).
Moreover, BC is a microbiot- friendly product which enhances
terol level (Holscher 2007), and is “generally recognised as
safe” (GRAS status) (Shi et al. 2014). An example of BC ap-
pheation in food is nata de coco, whidh is traditionally obtained
by fermentation of coconut milk with BC-forming AAD
(Blanco Parte et al. 20200, BC can also be used in the produc-
tion of composite packaging matenals, instead of that mostly
made from unbiodegradable petrolenm-derived plastic, which
is harmful to the emvimonment and humans (Proshad et al.
2017 BC seems to be a promising alternative for the produc-
tion of environment-friendly durable packaging matenals and
has the potential to replace plastics m the future. BC has a wide
range of potential biomedical applications such as wound dress-
ings, antificial skin and blood vessels, tissue engneenng scaf-
folds. and coverings in nerve surgery and m prosthetics of
fascia, bone, and cartilage (Wan et al. 201 1; Picheth et al
20071 Tt has been reponted that in wound dressing, BC films
attach to skm, thus providing the corect envirenment for skin
regeneration (Gorgieva md Treek 2019). Antimicrobial agents
can be added to these films inonder o reduce the risk of infec-
tion (Rowbha et al. 2004), BC can be merged with different
types of drgs and provide matnx for controlled drug delivery
and release (Pavaloiu et al. 2014; Ullah et al. 2016).
Furthermore, different synthetic prostheses are offien not bio-
compatible and may nduce the mgection resction by the host
omganism, wheress BC-based prosthesis is biocompatible and
allows cell prolifemtion. blood vessel formation inside of BC
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prosthesis, because of the ability BC o resemble extracellular
matrix (Ul-Tslam et al. 2015). In electronics, different BC com-
posites have the potential 10 be an environment-fnendly mate-
nal for flexible screen production (Unmartyotin et al. 2011),
organic light-emitting diodes (Legnani etal. 2008), and humid-
ity and gas sensors (Hu et al. 200 1), Magnetically responsive
flexible BC films with magnetite (FesOu) nanoparticles can be
used in magnetic resonance imaging (UHslam etal. 2015). In
cosmetcs, BC is reponted to have already been used as a natural
skin care facial mask md scrubs, mostly dee W its ability w0
muisten skin and non-oxicity (Ullsh et al. 2016). The use of
BC immobilisation platforms for enzymatic reactions in chem-
ical industry made it possible to improve the properties of in-
dustrial lipases compared with fee lipases (Sheldon and van
Pelt 2013 ). It was reportad that BC-mmobibsed lipses show
improved activity under both acidic and alkaline conditions. as
well as higher activity at temperatures under 30 °C, making it
possible to decrease energy demand in factories (Cai et al
2008). Additionally, BC can be used in filtration membranes
to provide a pomus network for graphene oxide. showing good
mechanical strength, water stability. and ion penmeation. this
allowing it to be recognised as prospective for water purifica-
tion (Fang e al 2016).

Despite all the advantages of BC application, it industrial
production is still problematic, which is impeding it from being
successfully commercialised (da Gama and Doumdo 2018).
Several compmies have tried o commencialise BC, but vet
with quite limited success. In the 1990s, several Japanese com-
panies and national instintions collaborated to produce BC.
However, because of the ladk of efficient fermentation Systems,
commercial production of BC was not achieved Another ex-
ample of a commerial-scale BC production atternpt was made
by two Amencan joint companies—the Cetus Compomtion and
Weverhaeuser Company. In addition, the Brazilian company
BioFill Produtos Bioetecnoligicos produced several biomedi-
cal products from BC. However, it was unsuccessful in lampe-
scale commercialisation and s no longer active. There have
only been several successful attempts at BC commeraalisation.
As previously mentioned, nata de coco is an example of BC
application in food that has been active since 1954 and is
charactensal by ligh production volumes, but low profit mar-
gms. In the 1980, Johnson & Jobnson initiated an attempt 1o
commerciaise BC on a large scale. Research was conducted
msthyin biomedical fields. Despite making several patents and
BC prodducts, the company did not reach commercial scale,
probably due o high capital and production cost intensity. In
1996, Xylos Compomtion acquired the rghts to use these pat-
ents and in 2001-2003 commercialised several wound care
products, In 2002, this business was bought by Lochmann
and Rauscher which has continued producing BC product up
to this day. In 2006, Polish saentists from the Lodz University
of Technology published their results on BC application in the
clinical treatment of different degree burns. After a while, the
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technology was bought by a Polish company BOWIL Biotech
Lul. which has started production of BC wound dressing ma-
terials and cosmetic products marketed inder the trade name
CELMATE (da Gama and Dourado 201 8).

Alternative substrates for industrial BC
production

As previously stated. it is difficult to achieve BC
commercialisation due to high production costs. One of the
bigpest problems is the high cost of stndard BC growth me-
diumy which can take up to 30% of the process’s production
costs (Rivas etal. 2004). In order to decrease production costs,
it is necessary o optimise the production process, One possi-
ble solution that should be considered is the use of alternative
low-cost carbon sources (Semjonovs et al. 2017).
Consequently, use of industrial by-products and agricultural
wastes for BC production has been reported: crude glveerol
remaining from biodiesel production, grape bagasse, molas-
565, com steep liquor, rotten fruits, and milk whey (Table 1.
However, several problems are connected to the use of alter-
native and less expensive cartbon sources because they affect
not only productivity, but also BC properties such as crystal-
linity, O and H20 tmnsmission, and the degree of pol ymeri-
satiom. Moreover, growth media requirements and BC produc-
tivity broadly vary within AAB species and strains (Jozala
etal. 201 5; Salari et al. 2019).

Whey—a challenging dairy by-product

It is widely recogmsed that among agriculiure and industry
by-products, whey is problematic reganding its environmental

impact, high volumes, and relativel v little options of efficient
valonsation. Milk production and processing have increased
worldwide at a high rate of over 10% every 4 vears. During
processing of milk products, only 10-20% of milk volume is
recovered as desired end product (chesse, casein, voghurt,
etc.), with 80-90% remaining as whev (Panghal et al. 2018).
Annual whey production is about 180-190 = 10° tons
(Baldasso et al. 2011). Most whey dry mass consists of 70%
lactose with the presence of small amomnts of glucose, galac-
tose, lactulose, and arabinose. The well-known high biologi-
cal value of milk whey is attnbuted to the content of poteins
(mainly albuming and globulns), amino acids, vitamins (B
and Bz}, lactic and citric acids, and minerals such as calcium,
magnesium, phosphomous, as well as other minor biologically
active compounds (Revin et al. 2008), Cheese whey is the
mast abundant and environment polluting waste generated
by the dairy industry (Praceres et al. 20012). As far as whey
is concerned, the general problem is that only about 50% is
processed with different technologies, while the rest is
dumped as waste becanse of a lack of efficient further process-
ing technologies. Due to its high organic load disposal of
whey industies has severe polluting effects on the envimon-
ment, and on waters in particular (Panghal et al. 200 8).
Considerable effort was made in the last few decades to
find new whey valorisation technigues and decrease the pol-
lutng effects of whey (Koutinas et al. 20009), Whey is rich i
sugars that makes it suitable for mdustial production of dif-
ferent biotechnological products (Praceres et al. 20012}, There
are several modern approaches to whey valorisation
summuarised in Fig. . Besides the applications mentioned in
Fig. 1. a sustaimable solution for whey valorisation can be
provided by its bacten al conversion into a cheap Ermentation
medium for the production of varied biopolymers and other
bivactive compounds (Zotta et al. 2020), including BC.

Table1 BC producton by acetic acid hacieria on industrial waste and agriculiue sounces

Madium Strain BC production, dy weight, g/l Reference

Whey (7. swcrgfermentae B-11267 545 (Revin etal 2018)
Cirape pommace/oom stoop liguor A olimem NREL B-42 67 (Corrutti etal. 2016
Cirape bagasse 7. pdims WRRL B42 50 (Vazquez et al. 2013)
Distillery effluent Ghee orpee indbacter obogdlens LR {Jahan et al 2008)
Stillage wasiewaker (7. odimes BORC 12334 626 {Wu and Lin 2013)
Orrange juice A pdimem NBRC 13693 59 (Furosumi ot al. 20409)
Apple juice A plimem WBRC 13693 3w (Kurosumi ot al. 20409)
Pincapple juice A plimem WBRC 13693 3w (Kurosumi ot al. 20409)
Molasses A pdimem BFRMI 33 (Bac and Shodda 20044)
Cibycenol (7. odime OGMOC no. 2955 597 (Zhong etal. 2013)
Enzymatic hydrolysae of wheat straw A pdimes ATOC 23770 £3 {Chen etal. 2013)

Cocomt juice (nata de coon)

Acetolacier 5p.

T12.9 (wet BC weight)

(Phong etal 2017)
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Whey as a substrate for BC synthesis

Only a few smdies have aimed to evaluate whey as a substrate
for BC production. In the study conductal in 2018 by Revin
et al. (201 8), Gluconobac e r sucrofermentans B-11267 strain
was used to evaluate whey as an alternative substate for BC
prodduction. It was shown that on whey, BC production by this
strain reached 545 gL (dry weight) which s higher when
compared with that obtained on the standard Hestrin-
Schramm (HS) medium 2.14 g'L). The maximum rate of
product formation occumed on the fistday of the fermentation
process. In that time, the amount of lactose decreased from
421 tw 22.4 gL indicating that this strain was able to use
lactose as a C source. In this study, whey was shown to be a
eood alternative C source, mainly because of the strain’s abil-
ity 1o hvdmolyse lactose, However, changes in BC micromaor-
phology and crvstallinity were observed after cultivation in

whey compared with the standard HS medium. By using
atomic force microscopy, it was determined that the widths
of BC microfibrils were 60-90 nm and 100-180 nm for HS
standard medinm and for whey, mspedivdy. In addition, as
reported. changes in morphology resulted in changss in crys-
tallinity. By using X-ray chromatography, it was shown that
BC crystallinity index in whey was lower (50 2% ) than that in
HS (79.9%). However, it was shown that whey did not affect
the chemical structure of BC (Revin et al. 20018). Obviously.
alteration of BC growth medium by use of alternative C sub-
strates, .g. whey during the production process, can cause
changes in BC microstructure, thus affecting the physical
and mechanical properties (crvstallinity index. polvmersation
degree, molecular weight, water holding capacity, oxygen and
water transmission rate) of the desired final product (Jomla
et al. 2015; Gorgeva and Tréek 20019). For example, using
whey as an alternative media would decrease the crystallinity

Whey
¥ ¥ L
Viluable Biotechnological Use in different
Cﬂm]:ltru]]ds reatment Prllduﬂt!ﬁ.
TI':I'."::I'\-'C"I'}'
¥ ¥ 1 4
Laclose Biochemical . .
Microbial .
Proteins and enzymatic . Whey powder
Polvpentides treatrnent CONVErsion Condensed whey
OVPep Whey cream and
spreads
Whey beverages
L ¥ {including fermented)
Amino acids Ethanaol
Glucose Glycerol
Galactose Bacterial polysaccharides
(FHA, PHEB, xanthan)

Bioplastics e.g. PLA
Biogas
By and Bz vitamin
Single=cell proteins
Acctone
Probictics
Organic acids (lactic,
butyric, acetic ete.)

Fig. 1 Cument main options of whey valonsation. FHA, polyhydrosyalkanoaies PHB, pol yhydmosgbutyrate; PLA, polylactic acid
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of BC from 80 to 50% (Revin et al. 2018) thus decreasing its
mechanical strength and making it less suitable for applica-
tion, eg. as a dumble bioplastic matenal.

In the study conducted in 2004 by Jozala etal. (2015) with
the BCproducing Crlconacetobacter olinus ATCC 53582
strain, milk whey was compared with stindard HS medium,
as well with media containing other alternative substrates such
s rotten fruits. rotten fruits and whey mixtures in dif-
ferent ratios. Experiments showed that the use of whey
medium resulted in lower BC vield (25 mg/mL) com-
pared with standard HS medium (30.8 mg/mL) and rot-
ten fruit medium, respectively (602 mg/mL). It was
emphasised that & avlinus ATCC 53582 preferably
metabolises monossccharides such as fructose and glu-
cose. Furthermore, Fuit-whey mixed media were evalu-
ated differently in the stdy. It was shown that these
mixtures are not more effective as a rotten fruit-only
substrate. thus attributing a somewhat negative effect
to whey on BC production in the presence of no-whey
originated sugars. As previously stated. the man C
source in whey is lactose which is a disaccharide and
is not conducive to & xvlinus (Jozala et al. 2005) and
other AAB.

Thus. it was reported that the use of whey- and lactose-
containing media resulted in relatively low BC production.
Acsmdy carried out by Tsouko et al. (2015) demonstrated that
Inctose was not efficiently metabolised by Komagatae thacter
sucrgfermentans DSM 15973, Bactena were able to produce
only 16 gL of BC by growing on lactose, while it was able to
produce 49 oL by growing on sucrose (Tsouko et al. 2015).
In another study, Acetobacter xvlinum was able to produce
162 oL BC by growing on lactose. To compare, this strain
achieved its maximum BC production of 7.38 g/L on froctose
(Embuscado et al. 1994),

Moreover, seveml other studies show that laciose does not
support significant BC production. Tt has been shown that
cheese whey permente does not suppaort a significant BC pro-
duction by Acetobacter xvlinum 10821 and Acetobacter
aolirmem 23700 (Thompson and Hamilton 2001), Another study
showed low levels of BC production by Gluconacetobacter
sacchar isolated from Kombucha tea on HS media modified
by replacement of plucose with lactose (031 g/L) and cheese
whey medinom without any addiional supplementations
(08 wL). BC producton levels were lower compared with
the standard HS media after 96 h of cultivation (2.7 g/L)
(Carreira et al. 2011). Likewise, another smdy showed that
Gluconacetobacter wvlime K3 showed BC yield on lactose
.07 L) (Mguven et al. 2008). Moreover, in another study,
the final BC production of 0,09 oL by G odinus ATOC 53524
grown on galactose (Mikkelsen et al. 2009) was reportad. The
minimal presence of BC in lactose- and whey-containing media
wis attributed to moculum emnants or free ghoose elease
upon lactose hydrolysis (Carreira et al. 2011). Low BC

prodduction on whey- or lactose-containing media can be caused
by lack of lacZ gene responsible for B-galactosidise eneyme
which ensures lactose hvdralysis to glucoss and gmlactose
mumomers (Thompson and Hamilton 2001 ; Battd-Bernando
et al. 2004).

As a solution, construction of recombinant AAB strain ca-
pable of hydrolysing lactose and producing BC was proposed.
A recombinant stram of Acetobacter xvlinum was created by
inserting fac? gene, thus allowing the hvdrolvsis of lactose
(Battad-Bernardo et al. 2004). The lacZ pgene, which
codes p-palactosidase, is one of the three enzymes re-
sponsible for the ability of Escherichia coli to
metabolise lactose. The mini-Tof0docEhan gene was
inserted inte a wild-type strain of A avlinus by mean
of random transposon mutagenesis, thus creating lactose
utilising and BC-producing strain ITz3. It was revealed
that the facZ gene was inserted into the chromosome of
the bacteria. The strain maintained the stability of the
inserted gene in the non-selective medium after more
than 60 generations. The mutant strain was able o pro-
duce 1.82 p/L BC in whey-based substrate, which
means a 28-fold increase of BC production compared
with wild-tvpe strain (Battad-Bermardo et al. 2004).
Mevertheless, BC production still was not high enough
te implement this strain in commercial BC produoction.

Another approach to facilitate BC production by AAR on
whey lies in its hydrolyvtic pre<treatment. This can be achieved
by two methods: enzyvmatic hyvdrolysis by adding B-
galactosidase enzvme to the lactose-containing media or acid-
ic hydmolysis, which can be achieved by adding acids instead
of enzymes (Amaro et al. 2019). Pre-treatment was used in the
study conducted by Salari et al. (20019). In this study.
commercial B-galactosidase was used to hyvdrolvse whey
in the culture media. The results showed that enzyvmatic
pre-treatment improved BC production (3.55 g/L) by
G wlinus PTCC 1734 on enzvmatically hydrolysed
cheese whey, which according to the authors was higher
than untreated whey and higher than the standard HS
medium (3.2 gL). However, despite its effectiveness,
enzymatic pre-treatment significantly mereases produc-
tion costs (Amaro et al. 20019). Moreover, changes in
BC microstructure compared with those of standard me-
dia were observed. BC produced on whey had a crvs-
tallmity index of 61.86% which is lower than the crys-
tallinity index for BC on standard untreated HS media
(79.07%) (Salari et al. 2019

Discussion and conclusions
Since the process for BC commercial production should be

simple and cost-effective, whey can be considered as a
cheaper growth medivm for BC production. n addiion to
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reducing envirenmental pollution from dairy waste. However,
at present, reported BC productivity on whey remains relative-
Iy low (not higher than 5.4 g/L) and BC production varies
stromgly within different strains. Thus, further extensive re-
search aimed at evaluating BC-producing strains suitable for
whey fermentation is required, including taking into account
the physical propenties of BC synthesised on whey. An impor-
tant fact is, as reported, that the use of industrial and agricul-
tural by-products as alternative growth media can lead to
changes in produced BC microstructure and physical
properties, which would significantly affect the physical
and mechanical properties of desired BC products
(Revin et al. 2018). For efficient BC production on
whey, AADR straing with active facZ penes enabling
the hydrolvsis of lactose should be applied (Battad-
Bernardo et al. 2004) and/or hydrolvtic pre-treatment
should be performed. Despite the ability to hvdrolvse
lactose, AAR should uvsually use only glucose for fur-
ther metabolism, leaving galactose unassimilated
(Mikkelsen et al. 2009), The search for strains assimi-
lating both glucose and galactose would have a sigmifi-
cant impact on incréased BC production. Another prob-
lem could be attributed not to lactose metabolism. but
to weak hvdrolvsis of whey proteins. Relatively weak
protease activity (Bossi et al. 2006) may not be enough
to enable AAB to obtain all the required growth sub-
stnces from whey, e.g. N, which restricts BC produc-
tion. This gquestion is stll left mostly unsmdied.
Although whey can provide cheaper C source for BC
synthesis than standard synthetic media, its use may
result in the loss of some desired BC properties essen-
tial o the desired end product. To conclude, it s nec-
essary Lo say that whey can currently be recognised as
quite a problematic alternative growth substrate for in-
dustrial BC production. However, further studies may
improve the prospects for both the search for a cheap
alternative growth substrate for industrial BC production
and valorisation of whey.
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Abstract

Current rasearch in industrial microbiology and biotechnology focuses on the production of biodegradable microbial
palymers as an emvironmentally friendly alternative to still dominant fossik-based plastics. Microbial polymers have an
extensive biotechnological potential and are already widely used in a variety of fields ranging from medicine to tech-
nology. However, their increase in production and wider use is hampered by the high cost of raw materials and there-
fore requires a focus on cheaper inputs, including dairy by-products and waste such as cheese whey (CW). This is an
ervironmentally unfriendhy by-product of milk processing and reducing it would also reduce the risk of environmental
pallution. This review summarises current knowledge on the use of CW and derived products to obtain commercialky
important microbial pohmers, including information about producer cultures, fermentation techniques and methods
used, compaosition of culture medium, cultivation conditions and productivity of bioprocesses. The main methods
and applications of chesse whey pre-treatment are also summarized.

Keywords: Biopolymers, Bacterial exopolysaccharides, Polvhydrosyalkanoates, Whey

Introduction

Current topical research in biotechnology is increasingly
focused on the development of biodegradable polymers
as an alternative to the still dominant petrochemical plas-
tics (Siracusa et al. 2008; Gopi et al. 2016; Narancic and
O'Connor 2019). There are several reasons for this, first
of all, the urgent need to face up to the challenges posed
by global environmental pollution in every possible way
{Pandey and Singh 2018; Sadh et al. 2018; Narancic and
O'Connor 2019). Therefore, the increased use of renew-
able resources (ie. raw materials) and biodegradable
polymers of microbial origin obtained therefrom (Rehm
2010; Freitas et al. 201 1; Kreyenschulte et al. 2012; Shan-
mugam et al 2019} could become particularly impor-
tant in this context. All the more so, because microbial
polymers such as polyhydroxyalkanoates (PHAs) and
exopolysaccharides (EPS) may also possess the desirable
characteristics of fossil-based plastics (Van de Velde and

*Coerespondance: pavelssemjonovsalu by
Laboratory of iIndustrial Micobiology and Food Biotechnology, Institute
of Biology, University of Latvia, Miera lela 3, Salasplls 1Iv-2165, Latvia

@ Springer Open

Kiekens 2002; Babu et al. 2013). Especially so when used
in the form of bio-based microbial polymer composites
that could get more versatility and functionality over
their components {Chen et al. 2014; Ul-Islam et al. 2015;
Sirvio et al. 2018). As a result, microbial polymers also
possess extensive biotechnological potential and there
are already a great variety of promising applications rang-
ing from medical to technological domains (Rehm 2010
Kreyenshulte et al. 2012; Shanmugam et al. 2019). Focus-
ing on renewable resources as nutrients for microbial
growth and polymer synthesis, it is important to expand
the use of agricultural by-products and waste {Arancon
et al. 2013 Sadh et al. 2015; Tsang et al. 2019), includ-
ing those from dairy industry such as whey—a main
product of cheese and casein production (Prazeres et al.
2012; Lappa et al. 2019}, especially since it is not only an
environmentally unfriendly product, but also actually a
threat to it (Colombo et al. 2016). Thus, the increased use
of a renewable feedstock like cheese whey (CW) not only
has environmental benefits, but also facilitates the indus-
trial production and application of biopolymers through
a significant reduction in the cost of microbial nutrient
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media which is a prerequisite for the overall economic
efficiency of their biosynthesis (Gahlavat and Srivastava
2017). The use of whey or its derivatives for the produc-
tion of microbial polymers is mentioned in a few special-
ised reviews on the valorisation potential of CW or dairy
waste, including on the properties of individual polymers,
but is limited to a narrow range of these compounds such
as PHAs (Mollea et al. 2013; Koller et al. 2016; Ryan and
Walsh 2016; Amaro et al. 2019 Tsang et al. 2019} and
xanthan {Mollea et al. 2013 Ozcan and Oner 2015) or
bacterial cellulose (BC) (Lappa et al. 2019). Besides, these
reviews have employed a relatively limited data volume,
and production efficiency, even for such individual poly-
mers, has not been actually compared. This paper pro-
vides a brief overview on current approaches to obtain a
broader range of commercially viable microbial polymers
from whey and whey-derived products.

Microbial polymers: structural features, properties
and applications

Microbial polymers represent a diverse range of mac-
romolecules that include four major classes of which
bacterial polysaccharides and polyesters have the wid-
est application and commercial potential compared to
polyamides and inorganic anhydrides (polyphosphates)
(Rehm 2010). During past decades, microbial polymers,
polysaccharides and polyesters have offered a variety
of novel applications and retain the potential to replace
common, but less favourable materials (Krevenschulte
et al. 2012). In particular, the substitution of non-degra-
dable fossil-based plastics is of considerable and grow-
ing interest as it allows for the environmentally and
economically beneficial disposal of major waste streams
(Luckahan and Pilla 2011; Iram et al. 2019 Marancic
and O'Connor 2019). In turn, polysaccharides produced
by microorganisms can be classified (Donot et al. 20132)
into three main groups based on their cellular loca-
tion: (a) cytosolic polysaccharides which are the carbon
and energy source for cells, (b) polysaccharides such as
lipopolysaccharides, peptidoglycans and teichoic acids,
which form the cell wall, {c) extracellular polysaccha-
rides exuded out of cells in the form of capsules or bio-
films, known as EPS. EPS can also be divided into two
groups known as homopolysaccharides (HoPS) which
contain only one type of monosaccharide (e.g. glucose or
fructose} and heteropolysaccharides (HePS), which are
composed of repeating units containing different mono-
saccharides and non-sugar molecules (Lo et al. 2007).
Unlike polysaccharides, microbial polyesters (PHAs)
are intracellular polymers and due to their composition
(varied (R)-3-hydroxy acids) should be qualified as het-
eropolymers (Koller et al. 2016). Most microbial EPS
are linear HePS consisting of three to seven different
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monosaccharides arranged in groups to form repeating
units. The monomers may be pentoses, hexoses, amino
sugars or uronic acids, etc. (Freitas et al. 2011; Rehm
2010; Shanmugam et al. 2019). As a result, microbial
EPS may be ionic or non-ionic and represent primarily
linear molecules with side chains of varying length and
complexity being attached at regular intervals (Shan-
mugam et al. 2019). In general, EPS biosynthesis can be
divided into three main steps: (a) assimilation of carbon
substrate, (b) intracellular synthesis of polysaccharide,
ic) exudation of polymer out of cell (Becker 2015; Donot
et al. 2012). It is carried out on EPS by many cultures of
Gram-negative and Gram-positive bacteria, which pro-
duce EPS of varying molecular weight and composition,
hence of different physico-chemical and functional prop-
erties (Lo et al. 2007). Although many producer cultures
are available, and therefore, also EPS and PHAs synthe-
sised, only a few of them are characterised by sufficient
productivity, and hence commercial potential. The most
relevant properties, structural features and applications
of such microbial polymers are summarised in Table 1.
This demonstrates that the structure and properties of
microbial EPS and PHAs are quite diverse and the abil-
ity to produce them is relatively widespread amongst
bacteria. Accordingly, the actual and even more poten-
tial applications of these polymers are also very com-
prehensive, especially in the food industry, medical and
pharmaceutical fields, electronics, ete. (Table 1), which,
in turn, stimulate demand and boost their production.
However, at the same time, as the annual world produc-
tion volumes for microbial polymers are growing and
already exceed 100,000 metric tonnes, they still represent
a very small share of the current polymer market, even
compared to some other bio-based plastics (Rehm 2010;
Colombo et al. 2016 Revin et al. 2016; Bustamente et al.
2019). Thus, microbial polymers are mainly used in high-
value market niches such as biomedicine, pharmaceuti-
cals and cosmetics where they better meet the quality and
functional requirements compared to “traditional” ones
(Poli ot al. 2011). This situation is undesirable as the use
of microbial polymers is still inadequate in other impor-
tant fields; especially with regard to packaging materials
where plastics consumption has reached to 40% of the
total annual world production (more than 300 million
tonnes) (Colombo et al. 2016; Luzi et al. 2019). As these,
mainly fossil-based materials, are not biedegradable and
currently only partly recycled it leads to the accumula-
tion of wastes that remain in the environment for hun-
dreds of years and pose a serious threat to it {Colombo
et al. 2016). Therefore, the use of biodegradable micro-
bial polymers such as PHAs, EPS and their composites
with properties that meet the requirements for packaging
materials could substantially contribute in this respect
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(Siracusa et al. 2008; Azeredo et al. 2016; Popovic et al.
2018; Luzi et al. 2019). However, it should be emphasised
that regardless of their excellent features and environ-
mental advantages, more extensive use of microbial pol-
ymers in any field is still hampered by high production
costs (Rehm 2010; Kreyenschulte et al. 2012; Amaro et al.
2019). In fact, the main factors responsible for the higher
production expenses are the high costs of substrate and
downstream processing, especially the former, since the
cost of raw materials accounts for at least 40-50% of total
production costs, wherein a carbon source contributes
to 70-80% of total expenditures (Gahlawat and Srivas-
tava 2017). As a result, growing attention is being paid to
various by-products and wastes, mainly from the agricul-
tural and food industries (Arancon et al. 2013; Sadh et al.
2018; Tsang et al. 201%) as potential alternative low-cost
carbon and/or nitrogen sources that would be suitable
for both microbial growth and polymer production. The
use of sugar cane and sugar beet molasses, by-products
and wastes from oleochemical (glycerol), dairy (cheese
whey), distillery {dregs, thin stillage) industries, extracts
and hydrolysates of various organic crops, etc. has been
proposed and proven to be appropriate for this purpose
(Freitas et al. 2011; Ozcan and Oner 2015; Revin et al.
2018; Tsang et al. 2019). As a cheap, carbon-rich raw
material available in huge, virtually unlimited quantities,
cheese whey is of interest in this respect (Prazeres et al.
2012; Koller et al. 2016; Lappa et al. 2019).

Whey characteristics and pre-treatment modes

to perform microbial fermentations

Whey is the major by-product of the cheese or casein
manufacture accounting for 80% to 90% of the processed
milk and containing about 55% of milk nutrients. CW is
rich in fermentable nutrients and contains (% w/v) lac-
tose (4.5-5), soluble proteins (0.6-0.8), lipids (0.4-0.5)
a5 well as mineral salts (0.5-0.7) and minor constitnents
such as lactic and citric acids, B group vitamins, etc. {Pes-
cuma et al. 2015; Macwan et al. 2016; Ryan and Walsh
2016). CW composition may somewhat vary depending
on type, sweet {obtained when adding rennet, pH 6-7)
or acid (as a result of acidic fermentation, pH < 5) whey.
Acid whey, also known as salty, has higher salt and lower
protein content than sweet whey and also has less lactose
(3.8-4.3% against 4.5-5% in sweet whey) (Pescuma et al.
2015; Macwan et al. 2016). Due to the high salinity, salty
whey is more difficult to process as well as has higher
disposal costs than sweet whey (Blaschek et al. 2007).
Annually the world dairy industry produces more than
140 million tonnes of whey (Niknezhad et al. 2015) char-
acterised by very high Biological Oxygen Demand (BOD)
and Chemical Oxygen Demand (COD) levels, ranging
from 27 to 60 kg/m?* and 50 to 102 kg/m?, respectively.
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It is determined by the high organic load of CW, espe-
cially of lactose (39-60 kg/m?*) which is hard to dispose
of and thus poses serious problems for the dairy industry
and the environment (Giiven et al. 2008; Prazares et al
2012; Niknezhad et al. 2015). To prevent and overcome
these problems, various technologies for CW valorisa-
tion have been developed and applied (Arancon et al
2013 Mollea et al. 2013 Macwan et al. 2016 Chanfrau
et al. 2017; Lappa et al. 2019; Tsang et al. 2019). Two dif-
ferent approaches are currently used for this purpose
(Mollea et al. 2012). The first one is based on the appli-
cation of technologies to recover valuable compounds
of whey such as proteins (individual or concentrate) and
lactose or produce powdered CW. The second approach
relies on the application of bioconversion, ie. microbial
fermentation to obtain a variety of value-added products,
including single-cell proteins and oils, organic acids (e.g.
lactic, succinic, propionic), bacteriocins and biopolymers
(enzymes, PHAs, EPS) (Mollea et al. 2013; Chanfrau et al.
2017; Lappa et al. 2019). Although, in principle, CW is
a suitable raw material for microbial fermentations, the
main disadvantage is that its sole carbon source, lactose,
cannot be fermented by certain industrially relevant
microorganisms such as non-lactic bacteria, ete. (Pes-
cuma et al. 2015). In addition, a whole whey can be char-
acterised by relatively low carbon-to-nitrogen ratio {C/N)
which adversely affects the production of biopolymers
(Bosco and Champio 2010; Koller et al. 2019). There-
fore, some pre-treatment of CW is required to overcome
such limitations, especially with regard to the produc-
tion of PHAs and EPS (Amaro et al. 2019 Koller et al
2019). Moreover, whey is a complex, unsterile and often
variable by-product, and thus, its direct application in
both lab-scale and industrial fermentations might result
in some difficulties and uncertainties. Therefore, several
whey derivatives that have undergone a series of pre-
treatments are often used instead of whey itself. One of
these derivatives is whey powder, normally produced by
spray-drying, which is diluted in water prior to fermen-
tation and makes it possible to obtain a specific lactose
concentration, longer storage of whey as well as avoid-
ing seasonal variations of this by-product (Pisecky 2005;
Chegini and Tacheri 2013; Amaro et al. 2019). Another
type of pre-treatment regardless of whether CW is a lig-
uid or powder is the removal of the majority of its pro-
teins and other solids by ultrafiltration to create a whey
permeate, that retains most of the whey lactose (Koller
et al. 2007; Mollea et al. 2013). This protein removal is
also commonly obtained by the heat treatment of acidi-
fied (pH close to 4) CW followed by filtration and centrif-
ugation to get a so-called whey supernatant (Pantazaki
et al. 2009). CW permeates or supernatants are easier
to work as they represent sterile, homogenous and clear
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solutions which may also be obtained and stored in the
form of spray-dried powders (Pisecky 2005). In cases
where the producer strains are unable or only partially
able to use lactose as the sole carbon source, transforma-
tion needs to be performed either using p-galactosidase
enzymes (Marangoni et al. 2002; Torres et al. 2010; Sem-
jonovs et al. 2015) or by much less expensive lactose
hydrolysis to the eguimolar glucose/galactose mixture
using mineral acids (Lin and Nickerson 1977; Kucera
et al. 2018). Besides, protease-hydrolysed whey or its
(hydrolysed/non-hydrolysed) protein fraction (so-called
retentate), retained after permeate separation, can be
used as an efficient complex nitrogen source (alone or in
combination with permeate) to perform microbial for-
mentations (Obruca et al. 20014; Koller et al. 2019).

Production of microbial polymers from whey

and whey-derived products

Polyhydroxyalkancates

PHAs are polyesters of microbial origin synthesised
by a wide range of bacteria (Table 1) from a variety of
substrates (sugars, lipids, renewable substrates of vari-
ous origins, etc.). They represent an energy-rich storage
material that accumulates in cells in the form of gran-
ules under stressful conditions, nutrient (such as oxygen,
nitrogen or phosphorus) limitations, etc. in the presence
of excess carbon source and the biosynthesis proceeds by
PHA synthase (PhaC, EC 2.3.1) from (R)-3-hydroxyacyl-
CoA as precursors (https://wwwbrenda-enzymes.org/
enzyme.php?ecno=2.3.1.B2), whereby the different PhaC
types (B2-B4) are determined by the R-chain length
(Rehm 2010; Amaro et al. 2019 Koller et al. 2016). FHAs
are considered to be a particularly attractive and effective
alternative to conventional plastics due to the mechani-
cal properties similar to fossil-derived polymers (such as
polypropylene), biocompatibility and complete biodegra-
dability (Math et al. 2008; Koller et al. 2016; Gahlawat and
Srivastava 2017). The valuable properties of PHAs deter-
mine their widespread application in a wide variety of
fields {Table 1), as well as promote their more cost effec-
tive production, including the extensive use of renewable
resources (Arancon et al. 2013; Ozcan and Cner 2015;
Sadh et al. 2018; Koller and Braunegg 2018; Tsang et al
2019). In this context, relatively extensive research has
been also conducted on the use of CW and its derivatives
for microbial production of PHAs, induding a number of
EU-funded projects (WHEYPOL, LIFE+WHEYPACK,
ete.) carried out by collaborative consortia of aca-
demic and industrial partners (Koller et al. 2007; Koller
et al. 2012; Koller and Braunegg 2018; Alborch 2014)
Although many attempts to find more efficient producer
strains, optimum nutrient combinations, and cultivation
conditions have only resulted in moderate or fairly low
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productivity, a number of results have also been obtained
which demonstrate that the use of CW or derivatives
for the production of PHAS can be both industrially and
commercially viable. These data are summarised and rep-
resented in Table 2. This demonstrates that higher pro-
ductivity of PHAs synthesis compared to pure cultures
can be achieved using mixed microbial cultures {MMCs)
and especially when engineered, ie. recombinant cul-
tures are used as producers. In addition, good produc-
tivity is achieved both when lactose-degrading genes are
introduced into a culture that is able to synthesise poly-
hydroxybutyrate (PHB) by Cupravidus mecator (Povolo
et al. 2010) and when genes synthesising PHB are intro-
duced into the Escherichia coli strain (Ahn et al. 2000)
that is already able to hydrolyse lactose. This second pos-
sibility has proved to be particularly effective since such a
recombinant (Escherichia coli CGSC 4401) has achieved
very high (1.35-4.60 g/L/h) volumetric productivity,
which also depends on the type of fermentation and cul-
ture conditions (Ahn et al. 2000; Ahn et al. 2001; Park
ot al. 2002). The data indicate {Table 2) that the most effi-
cient way to produce PHAs is by the fed-batch fermen-
tations in bioreactor, irrespective of the culture method
used (pure cultures, MMC or engineered strains). If the
fed-batch process is improved, an excellent, still unbeat-
able, level of volumetric productivity (4.60 g/Lih) is also
achieved by the employed cell-recycle system to over-
come the problems arising from the continuous addi-
tion of feedstock to fed-batch cultures, L.e. to prevent the
eftect of a rapidly growing fermentation broth volume in
the bioreactor (Ahn ot al. 2001; Koller et al. 2016). Rea-
sonably good PHA productivity is also achieved by Mixed
Microbial Cultures (MMC) using a three-stage process
comprising (1) acidogenic fermentation of carbon source
to produce volatile fatty acids (VFAs) as the precursors
for PHA biosynthesis, (2} culture selection stage, where
microorganisms are selected based on PHA storage abil-
ity, (3) PHA production stage where the selected micro-
organisms are fed with the VFA produced in the 1st stage
(Dugue et al. 2014; Colombo et al. 2016). This method
has certain advantages as it does not require strict sterile
conditions, makes better use of complex substrates like
industrial wastes or by-products and makes it possible to
modify the structure of PHAS according to the composi-
tion of VHASs in the fermentation medium (Table 2).

Xanthan

The industrially most important biopolymers also
include xanthan (Table 1), which is produced by the
phytopathogenic, Gram-negative bacterium of the
genus Xanthomonas (mainly X. campestris pv. camp-
estris) and, unlike PHAs, represents an extracellu-
lar polysaccharide. It is composed of polymerised
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pentasaccharide repeating units which are assembled
by the sequential addition of glucose-1-phosphate,
glucose, mannose, glucuronic acid, and mannose on
a polyprenol phosphate carrier provided by a set of
enzyme reactions involving multiple monosaccharide-
specific  plycosyltransferases, acetyltransferases and
ketal pyruvate transferase from nucleotidyl (UDP, GDP)
derivative precursors (Katzen et al. 1998; Rehm 2010;
Freitas et al. 2011). Xanthan gum is rightly considered
to be the first industrially produced biopolymer and
also as the most extensively studied and widely accepted
commercial EPS (Rossalam and England 2008 Rot-
tava et al. 2009; Freitas et al. 2011). It has a very broad
range of applications in various fields (Table 1), largely
due to its excellent rheclogical properties (Rottava et al.
2009). CW and derivatives have also been mentioned
as potential carbon sources (Mollea et al. 2013 Ozcan
and Omer 2015) in the relatively large number of stud-
ies focusing on the use of various renewable resources
for microbial production of xanthan. In comparative
terms, such studies are not very numercus, but they do
confirm that these carbon sources are also quite prom-
ising. Thus, relatively high productivity was achieved
using the lactose-utilising X. campestris C7L isolate
and different whey-based media (Nitsche et al. 2001}
A two-stage fermentation strategy, combining unfil-
tered whey (0.35% protein) and filtered whey (0.18%
protein), was proposed. The first stage, using unfiltered
whey medium, showed a xanthan production of 12 g/L
(0.40 g/L/h) and a 45% yield, following by the second
stage, with filtered whey addition, which produced a
final xanthan concentration of 28 g/L (0.58 g/L/h) and
a 75% yield.

The final broth viscosity reached 18,000 cP and the pol-
ymer produced in this combining system showed typical
pseudoplastic and thixotropic behaviour (MNitsche et al.
2001). slightly lower productivity was achieved using
two different strains of X. campestris pv mangiferacin-
dicae 1230 and X campestris pv manihotis 1182 (Silva
et al. 2009). Maximum xanthan production was approxi-
mately 25 g/L (0.35 g/L/h), for both strains using Moz-
zarella cheese whey as the sole carbon source at the shake
flask cultivation for 72 h. Noticeably higher productivity
(35 g/L, 0.49 g/L/h) was obtained (Mesomo et al. 2009)
using a related producer strain X. campestris pv mangif-
eracindicas IBSBF 1230 also using the Mozzarella CW
(lactose 44.8 g/kG) as the sole carbon source at the batch
cultivation in bioreactor. In turn, cultivation of X_ campes-
tris ATCC 13,951 in shake flasks using deproteinised CW
as the sole carbon source showed relatively lower produc-
tivity (20.3 g/L, 0.28 g/L/h) (Sobenes and Alegre 2015).
Optimisation experiments were performed in shake
flasks using X campestris PTCC1473 and X pelargonii
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PTCC1474 producer strains for concentrations of car-
bon (deproteinised CW), phosphorus (KH,%0,) and
magnesium (MgS0,) in the culture medium (Niknezhad
et al. 2015). X campestris PTCC1473 was found to be
characterised by higher xanthan formation productiv-
ity (16.65 gfL, 0.35 g/L/h) compared to X, campestris
PTCC1474 (1228 gL, 0.26 g/L/h), and with higher poly-
mer yields (0.42 g/g lactose and 0.27 g/g lactose, respec-
tivelyl. In addition, in the first case, the optimal CW
concentration (625 g/L, 39.1 gL lactose, respectively)
was lower than the required 79 g/L (42.4 g/L lactose) for
X, pelargonii. Relatively good productivity was achieved
using deproteinised whey, i.e. CW permeate hydrolysed
to an equimolar glucose/palactose mixture. Thus, using
X campestris ATCC13951 and hydrolysed CW permeate
medium (glucose/galactose 43 g/ for both), a xanthan
concentration of 28 g/L was achieved with a volumetric
productivity of 0.29 g/L/h (Savvides et al. 2012}, Older
studies show relatively modest results. For example, cul-
tivation of X. campesiris NRRL B-1459 in deproteinised
and hydrolysed CW (El-Sawah and Ashour 1999) gave
12.99 g/L xanthan (0.18 g/L/h). In addition, when non-
hydrolysed whey is used, the concentration of xanthan is
very low (0.4 g/L}, indicating low B-galactosidase activity
in this producer. Not only CW but also hydrolysed milk
permeate (Abd El-Gawad et al. 2001) can be used as a
carbon source for the production of xanthan by X. camp-
estris LIS3, yielding 26.8 g/L. (0.28 g/L'h). Furthermore,
enrichment of the medium with lactose {e.g. an initial
concentration of 10%) can yield xanthan up to 43.9 g/L
(0,46 g/L/h). To ensure an efficient hydrolysis of lactose,
the expression of f-galactosidase in X campesiris was
promoted when the lac genes from Ecoli were inserted
into X campestris to get the recombinant strain X. camp-
estris 17 (pKMgLT), which was able to reach 3.60 g/L
and 4.24 g/L of xanthan in the medium with 0.4% lactose
and 10% whey, respectively. For the same purpose, sev-
eral strains of X. campestris were genetically modified to
get a number of transconjugants (plasmid SUP5011 from
E. coli to X. campestris) and UV mutants with signifi-
cantly higher B-galactosidase expression and abilities to
produce xanthan about 10 g/1. (Ghazal et al. 2011). Simi-
lar approaches have been used and comparable results
obtained in previous studies of genetically modified pro-
ducer strains X. campestris B1459 (Pollock and Thorne
1994) and X. campesiris ATCC55096 with the ability to
produce xanthan up to 20 g/L (San Bias et al. 1991).

Alginates

Alginates also represent (Table 1) extracellular heter-
opolysaccharides (HePS) which are composed of man-
nuronic and guluronic acids that form block structures
of poly-mannuronic #cid sequences, poly-guluronic acid
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Table 2 Comparatively efficlent microblal production of polyhydroxyalkanoates (PHAs] from whey and whey-derived

products !
Substrate Type of culturas’ Culture method Type of PHA Volumetric References
producing strain productivity,
o'L'h
Lactosa (Equimaolar Pure cultures/Psaudomonas  Shaking flask PHE og Young et al. 1994
mixtures. of glucose cepacia ATOC 17759
and galactosa)
Lactose wheny super- Pura Shaking flask, Bioreac-  PHB Q.08 Yellone and Desai 1008
natant cuitwe/Methylohacteniurn tor, Fed-Batch Qoo Nath et al. 2008
sp. P24
Dairy wasta Pure cultures/Bacilus mega-  Bioreactor, Fed-Batch PHE 031 Rarm Kumar Pandian et al
tenum SRP-3 2010
Erzymatically hydro- Pure culture/Halofaray medi-  Bioreactor, Fed-Batch P-(3HB-co-3HV-co-4HE) 014 Koller et al. 2007,
lvsed whey perme- termans D5M 1411 Koller et al. 7012
abe 4+ IHV and AHB
PrECUrsons
Whey powder superna-  Pure culture/Alcoligenss Shaking flask, Bioreac-  PHB on Berwig at al. 2014
tamit + additives latus ATCC 20714 tiow, Batch
Hydrodysed whey per-  Pure oulture/Cupriovidus Bioreactor, Fed-Batch P-3HB-co-3HV) o7 Marangoni et al. 2002
meate + additives necator (Rafstonia
eutropha D5 545
Hydrotysed whey Pura culture/Haloferay medi-  Bioreactor, Batch P-(3HB-co-3HV) 06 Pais et al. 201&
powsdar supernatant temranel ATCC 33500
+ additivas
Farmented whey pow-  MMC %Undefinad Bioreactor, Fed-Batch P-UHB-co-HW) 056 Dugue et al 2014
der permeate
Fermented whey super-  MMOUndefined Bioreactor, Fed-Batch PHEP-3(HE-co-HW) 0.45 Colombe at al. 2014
natant
Processed whey pow-  Emginesred culturedrec Bioreactor, Fed-Batch PHB 142 Ahim et &l 2000a, Ahn
dar sobution Escharichia coff CG5C 157 et al. 2001,
4401, harbouring piCd4 460 Pari at &l 2002
(Alcligenes fatus PHA 135
biosynthesis genas)
Hydrolysed whey per-  Enginearad culturedrec Bioreactor, Batch PHE 070 Povolo et &l 2010

Cupriqvidus mecator
mRePT {E coli lactose
degradation geneas)

meate + additives

* Data summarised in recent specialised reviews (&maro =t al. 201%; Koller, 2016)

B “P3-Hydrouyvalerate (HY) and 4-hydrosybutyrate (HB), precursors pentanaic acid and y-butyrlactone, respectively
4 Mined miscrobial cultures, including consortia of activated sludge to produce volatile fxtty ackds, the precursars for PHAS' biasyrthess

sequences and mixed sequences, secreted by bacteria
from the genera Azotobater and Psendomonas (Frei-
tas et al. 2010; Rehm 2010). Most important in alginate
biosynthesis is alginate synthase (EC 2.4.1.33), i.e. man-
nourcnate  transferase  (https://www.brenda-enzym
es.orgfenzyme.phpfecno=2.4.1.33), which catalyses the
polymerisation of beta-D-mannuronate residues (nucle-
otide-derived GDP-D-mannuronate) into a mannuronan
polymer, an intermediate in the biosynthesis of alginate.
The industrial importance of alginates is determined by
their ability to modify the rheological properties of vari-
ous aqueous systems, which, in turn, are highly depend-
ent on polymer composition. They are widely used in
the medical, pharmaceutical and food industries as a
stabiliser, viscosifier and gelling agent (Khanafari et al
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2007: Rehm 2010¢ Trujillo-Roldin et al. 2015 Urtuvia
et al. 2017). Whilst most alginates are still derived from
seaweed and algae, there is an increasing focus on their
micrebiological production, including the use of renew-
able resources (Urtuvia et al. 2017). However, currently
only a few studies have evaluated the use of CW and its
derivatives for microbiological production of alginates
(Khanafari et al. 2007 Trujillo-Roldin et al. 2015 Hen-
dawy et al. 2019). Thus, the producer strain Azofobacter
chrococciom NCBI MH24%629 using the culture medium
with deproteinised sweet whey (lactose 45 p/L) in shake
flasks and wnder optimised conditions (concentration
of lactose and nitrogen sources, pH, T7, agitation speed,
cultivation time) achieved the alginate concentration
of 5.65 g/L (0,08 g/L/h) (Hendawy et al. 2019}, which is
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commensurate with the capacities of other Azofobac-
ter spp. and carbon sources (Urtuvia et al. 2017). Simi-
lar results were obtained using a related producer strain
A. chrococcum DSMI1723 and CW containing (lactose
49.1 g/L) medium. Under optimised conditions (pH, salt
concentrations, T alginate concentrations above 5 g/L
(0,05 g/L/h) were achieved, albeit with longer cultivation
times and at a higher (35 "C) temperature. The aforemen-
tioned results indicate that both A. chrococcum producer
strains have sufficient B-palactosidase activity, as non-
hydrolysed CW is well-utilised for alginate synthesis
(Hendawy et al. 201%; Khanafari et al. 2007). In contrast,
another producer, Azotobacter vimelandii ATCC9046,
was able to use only hydrolysed and deproteinised CW
as the carbon source (reducing sugars 20 g/L), and only
part of the palactose was utilised from hydrolysed lactose
(Trujillo-Rolddn et al. 2015). The resultant concentra-
tions of alginates were also significantly lower (2.4 gL,
0.024 g/L/h), but the use of CW significantly affected the
properties of the polymer, including increased viscosi-
fying power (medium viscosity/g of alginate} already at
40-50 h of cultivation (Trujille-Roldin et al. 2015). It is
noteworthy that A vinelandii is mentioned as an ideal
candidate to produce alginates (Urtuvia et al. 2017},
which however does not confirm whether or not CW-
derived carbon sources are used.

Gellan

The group of HePS also includes gellan, which is a lin-
ear anionic EPS based on a tetrasaccharide repeat unit
composed of two molecules of p-glucose, one of p-glu-
curonic acid and one of L-rhamnose. The native gellan
is partially esterified with acyl substituents (1 mol of
glycerate and 0.5 mol of acetate) per repeat unit. This
multifunctional gelling agent is produced by the non-
pathogenic Gram-nepative bacteria of Spinghomonas
genus, most commonly using the strain S paucimobi-
lis ATTC 31461, and its synthesis is a growth-associ-
ated process (Fialho et al. 1999; Rehm 2010; Freitas
et al. 2011). Moreover, its biosynthetic pathway is quite
complex in which the synthesis of the sugar precursors
(UDP-glucose, dTDP-rhamnose and UDP-glucuro-
nate) is followed by the formation of the repeat unit by
sequential transfer of the sugar donors to an activated
lipid carrier by committed glycosyltransferases and by
gellan polymerisation and export. This multi-step pro-
cess is catalysed by a set of enzymes encoded by the
gel clusters of at least 22 genes (Fialho et al. 2008). As
with xanthan and alginate, a wide range of gellan appli-
cations in the food, pharmaceuatical, biomedical and
other sectors are determined by its valuable rheologi-
cal properties {Rehm 2010; Fialho et al. 2008). Although
there are few studies on the use of lactose or CW in
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gellan microbial synthesis, they already confirm the rel-
atively high productivity of this process. Thus, producer
5 paucimobilis ATCC31461, using 2% lactose as the
sole carbon source (yeast extract and peptone as nitro-
gen sources), in shake flasks (180 rpm), reached gellan
concentrations of about 16 g/L (0.33 g/L'h) exceed-
ing those obtained from sucrose or glucose (14 g/L,
0.29 g/L/h), but significantly below that of 4% soluble
starch (43.6 g/L, 0.91 g/L) (Bajaj et al. 2006). In an eat-
lier study with the same producer strain (Fialho et al
1999) in shaking flasks (30 "C, 250 rpm) with 2% lac-
tose, a lower gellan concentration (9 g/L, 0.19 g/L/h)
was achieved, but the level of medium viscosity at
this concentration was higher as compared to gellan
(14 p/L) obtained with 2% glucose. It was also shown
that as the sole carbon source, when tested undiluted,
sweet CW (lactose 52 g/L) showed a drastic inhibition
of gellan synthesis. However, when diluted (1:4 to 1:5),
gellan concentrations of 7.2-7.9 g/L (0.15-0.16 g/L/h)
are achieved. It was also confirmed that the use of CW
significantly affects glycerate and acetate levels in gel-
lan, and its higher viscosity is determined by a higher
glycerate content (Fialho et al. 1999). In a recent study,
the use of CW for gellan production by S. paucimobi-
lis was evaluated in the 3-L bioreactor using various
fermentation technigues (batch, fed-batch and con-
tinuous) (Gamal et al. 2018). During bath fermenta-
tion (28 "C, 250 rpm) of 40% sweet CW (1.84% sugar),
a gellan concentration of 7.36 g/L (0,102 g/L/h) was
obtained. The continuous feeding at 1.53 g/L/h in the
fed-batch fermentation was found to be more favoura-
ble than pulsed feeding for gellan production 10.87 g/L
(0.226 g/L/h). However, maximum gellan productivity
was obtained using a continuous culture technique at
0.055 h~! dilution rate producing 8.08 g/L (0.337 g/L/h)
(Gamal et al. 2018). Most recently, a new, previously
untold, producer culture Sphingomonas azotofigens
GL-1 (Wang et al. 2020) with a very significant gel-
lan biosynthesis capacity has been revealed. Cultiva-
tion in shake flasks (pH 6.5, 30 "C) using a molasses or
cheese whey-based medium whose compositions was
optimised by response surface methodology. The opti-
mum cheese whey-based medium consisted of cheese
whey 68.3 g/L, Na,HPO, 14.6 g/L and KH,PO, 7.7 g/L,
and maximum gellan production wsing this medium
was 33.75 g/L (0.70 g/L/h). In turn, 14.75 gellan gum
was obtained with an optimised molasses medium,
which consisted of molasses 50 g/L. Na,HPO, 9.7 g/L
and KH,PO, 59 p/L. The cheese whey-derived gel-
lan showed a higher rhamnose, lower glucurenic acid
and higher glycerate content together with a somewhat
higher molecular weight compared to the molasses-
derived polymer (Wang et al. 2020).
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Hyaluronlc acld

Extracellular heteropolysaccharides also include hya-
luronic acid (HA), which is a linear anionic pelymer
of repeating disaccharide units that are composed of
p-glucuronic acid and N-acetyl-p-glucosamine and pro-
duced by several bacterial strains (e.g. Streplococcis spp.,
Pastewrella mulfocida). Reflecting its variety of natural
functions in tissues of higher organisms, HA has found
several applications in medicine, cosmetics and speciality
foods (Chong et al. 2004; Rehm 2010; Freitas et al. 2011},
making it a commercially valuable medical biopolymer.
Its synthesis from the precursors (UDP-D-glucuronate
and UDP-N-acetylglucosamine) is catalysed by the hyalu-
ronan synthase (HasA) (EC 2.4.1.212) {Chong et al. 2004;
Rehm 2010). Although HA is increasingly produced by
microbial fermentation (Brown et al. 2008), renewable
resources, including CW, are still little used and cur-
rently limited to a few studies (Amado et al. 2016; Mohan
et al. 201&). Thus, the producer strain Streptococcis egui
subsp. zooepidemicis ATCC 35246 was cultivated in sev-
eral culture media using CW or the concentrated cheese
whey protein (WPC) fraction after 10 kDa ultrafiltration
of CW. The initial W composition was 5.9 g/L. protein
and 38.1 g/1 reducing sugars; WPC had a protein content
of 386 /1. and 13.1 g/L reducing sugars. Both CW and
WPC were hydrolysed using protease, fractions (WPC)
and whey protein hydrolysate (WPH) supplemented with
lactose (up to 50 g/L) and fractions W and WH with both
lactose and glucose at the same concentration and used
for batch fermentations in 0.75-1. bioreactors (37 "C, aer-
ation of 1 vvm, agitation of 500 rpm, pH £.7). Moderate
HA concentrations of 2.14 g/L {0.20 g/L/h) and 2.38 g/L.
(0.43 g/L/h) were achieved in the presence of W and WH
fractions, respectively, unlike for WPH with much lower
(0.85 g/L, 0.12 g/L/h), even undetectable (WPC) concen-
tration. If a tenfold scale-up in 5-L bioreactors was car-
ried out in W and WH, using glucose instead of lactose
as the carbon source due to the rather low its consump-
tion observed in 0.5-L bioreactor cultures, much higher
HA concentrations 4.02 g/L (058 g/L/h) and 319 g/l
(0.46 g/1/h) were achieved, respectively. It is noteworthy
that significantly cheaper (2.5-3 times) cultivation media
were used, as both the W and WH fractions were able
to completely replace the more expensive yeast extract
and peptone required in standard media (Amado et al
2016). Another producer strain Strepfococcus thermo-
Philus NCIM 2904 (Mohan et al. 201&) was also used to
obtain HA by including both whey permeate (WP) and
whey protein hydrolysate (WPH) in the nutrient medium
supplemented with mineral salts. Cultivations were per-
formed in 250-ml. shake flasks at 37 °C and 150 rpm for
24 h. Under optimised (WP and WPH concentrations,
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initial pH, inoculum size) HA achieved as if low 0.343 g/L.
(0,014 g/L/h) concentration. However, a further increase
in upscaling this process at pilot- or industrial-scale level
could be expected. In addition, the observed consistent
production of ultralow-molecular weight (9.22-9.46 kDa)
HA by such a microbial fermentation would be of high
commercial significance over the conventional fragmen-
tation processes for high-molecular weight HA {Mohan
ot al. 2016).

Bacterial cellulose

Along with extracellular heteropolysaccharides, glucans,
including BC, constitute a significant part amongst other
bacterial EPS. This homopolysaccharide is a polymer of
p-glucose formed primarily by B-(14) glycosidic links
from precursors (UDP-p-glucose) by the membrane-
embedded glycosyltransferase (cellulose synthase BesA)
(EC 2.4.1.29) (Gorgieva and Tréek 2019). BC possesses
exclusive structural, mechanical and functional proper-
ties and has therefore acquired a wide range of techni-
cal, and in particular, biomedical applications (Table 1)
(Rehm 20105 Semjonovs et al. 2017 Gorgieva and Tréek
2019 Salari et al. 2019). In addition, the extensive use
of BC in biocomposites is of particular importance and
good prospects (Sirvid et al. 2018). The capacity of BC
production is widespread amongst bacteria (Table 1), but
the most important and well-known producers are the
strains of acetic acid bacteria (AAB) Komagataeibacter
aylinis (Rehm 2010; Kreyenschulte et al, 2012; Amaro
et al. 2019; Gorgieva and Tréek 2019). As with other EPS,
microbial synthesis of BC is very expensive and alterna-
tives to get cheaper cultivation media formulations are
being sought (Rehm 2010; Kreyenschulte et al. 2012;
Amaro et al. 2019; Gorgieva and Tréek 2019). However,
the use of CW as an alternative C and N source remains
limited in this respect. Most likely, this is because AAB
possesses very low levels, if any, of B-galactosidase activ-
ity, with which to obtain glucose from CW lactose for BC
synthesis (Pescuma et al. 2015; Lappa et al. 2019). There-
fore, either enzymatic (or chemical) hydrolysis (Maran-
goni et al. 2002; Torres et al. 2010; Kucera et al. 2018) of
CW (or CW permeate} or recombinant strains of pro-
ducers with the inserted gene of B-galactosidase (Battad-
Bernardo et al. 2004) are used for this purpose. Thus,
the insertion of lacZ gene into the wild-type strain of
Acetobacter xylinus by random transposon mutagenesis,
generated the lactose-utilising and cellulose-producing
mutant strain A. xylimm ITz3. The modified strain pro-
duced, on average, a 28-fold increase in cellulose produc-
tion and a 160-fold increase in B-galactosidase activity
when grown in lactose medium. f-Galactosidase activity
is present in either lactose or sucrose medium indicating
that the gene is constitutively expressed. During static
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batch cultivation in the whey (lactose 20 g/1.) containing
the medium (yeast extract and peptone as the N-sources),
1.82 g/L of BC was obtained (0.019 g/L/h) (Battad-Ber-
nardo et al. 2004). Several studies have confirmed that
AABs, which are capable of producing BC, have a very
poor ability to use lactose for this purpose. For instance,
Kmmagataeibacter sucrofermentans DSM 15973, although
it achieved 1.6-1.7 g/l BC, did s0 over a very long
time and with low productivity (0.0044-0.0047 g/L/h)
(Tsouko et al. 2015). Likewise, using the producer strains
A, xylinum ATCC10821 and A. xylimem ATCC23770 on
diluted CW permeate (lactose 1.3% wiv) (Thomson and
Hamilton 2001), where almost negligible BC amounts
(0.041 and 0.176 g/L, respectively) were obtained during
12 days of fermentation. Moreover, Gluconoacetobac-
ter sacchari isolated from Kombucha tea reached only
0.31 g/L. BC (0.0032 g/L/h) on lactose (20 g/L) and neg-
ligible (0.08 g/L) or a very small amount (0.15 g/L) on
undiluted or diluted (1:50) CW powder-based colture
medium (Carreira et al. 20011). Similarly, negligible BC
concentrations (0.09-0.10 g/L) were obtained by cultiva-
tion of A. xylinwm ATCC 10821 in the Hestrin—Schramm
(H5) medium during 96 h on galactose as the sole carbon
source {Mikkelsen et al. 2009). Slightly higher, but never-
theless very modest, results were obtained with Glicono-
acetobacter sp. 1solated from fruit in the HS medium on
lactose or galactose (both 2%) as the only carbon sources
with BC concentrations of 0.65 g/L (0.0032 g/L/h) and
0.50 g/L {0.0030 g/L/H) (Jahan et al. 2011). It has also
been found that A. xplinem ATCCL0245 can use galac-
tose (20 g/L) relatively well as the sole carbon source
in the GAM cultivation medium with the yield of BC
256 g/L (0015 g/L/h) (Abdelhady et al. 2015). Higher
BC concentrations and productivity are achieved using
CW after hydrolysis with B-galactosidase to an equimo-
lar glucose/galactose mixture. Thus, the producer strain
Gluconacetobacter xylinus PTCC 1734 in the medium
containing CW hydrolyzate (reducing sugars 30 g/L)
without any additional supplementation (150 ml medium
in 300-ml flasks, 28 °C, static) reached 35 g/l BC
(0.0104 g/L/h) within 14 days (Salari et al. 2018). How-
ever, significantly higher BC productivity was achieved
with the production strain Komagataeibacter rhaeticus
P 1463 using a modified HS medium with CW hydro-
lysate (reducing sugars 20 g/L} as the sole carbon source
(Semjonovs et al. 2017). Under similar culture condi-
tions (50 ml mediom in 300-ml flasks or 300 ml medinm
in 3000-ml jars, 28 "C, static, 5 or 14 days, respectively),
bacterial cellulose was obtained at 2.90 g/L (0.024 g/L/h)
and 6.55 g/L (0.019 g/L/'h} concentrations, respectively
[Semjonovs et al. 2017). However, very promising results
were obtained when non-hydrolysed milk whey was used
in combination with other renewable resources such as
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rotten fruit extracts (Jozala et al. 2015). Thus, during cul-
tivation of the producer strain G. xylinus ATCC 53582,
a significant amount of BC (about 50 mg/ml, 0.52 mg/
mL/h) was observed in 24-well microplates (30 "C) in
the medium consisting of 30% whey and 50% rotten fruit
extract (C/M ratio 27.5) (Jozala et al. 2015). Significant
amounts of BC (545 g/L, 0.076 g/L/h) were also obtained
using the producer culture Gluconacetobacter sucro-
Jfermentans B-11267 in non-hydrolysed CW medium
(250-ml shake flasks, 28 "C, 250 rpm)} (Revin et al. 2018).
Besides, the use of CW also affects the BC micromorpho-
logical properties including the reduction of crystallinity
index {Revin et al. 2018). Recently, the very promising use
of CW permeate as a supplemental nutritional, probably
nitrogen source for BC microbial production, has been
reported (Bekatorou et al. 2019), which makes it possi-
ble to reduce the amount of yeast extract in the medium.
Using the mixture of Corinthian currant grapes {(CFS)
extract (sugars 20 g/L), OW (50.4%) and yeast extract
(1.7%), the producer Komagatacibacter sucrofermentans
DSM 15973 achieved 8.4 g/l of BC (0.05 g/L/h) in this
relatively low-cost cultivation medium (Bekatorou et al.
2019).

Curdlan and pullulan

Both curdlan and pullulan are also glucose-derived extra-
cellular homopolysaccharides which, however, have
different producers, structural and physico-chemical
properties (Table 1). Pullulan is a water-soluble neutral
a-glucan, which consists of linear chains of p-glucopyra-
nosyl units that alternate regularly between one (1.6)-
a-n and two {14)-a-0 linkages, or a linear polymer of
maltotriosyl units connected by (L6)-a-r linkages. The
mechanism of its biosynthesis from precursors (UDP-
p-glucose) by transglycosylation of oligosaccharides is
not completely understood (Cheng et al. 2011). In turn,
curdlan represents a water-insoluble p-glucan-type poly-
saccharide composed exclusively of B-1,3-linked glucose
residues that have a complex tertiary structure (Eweda
et al. 2015 Liu et al. 2015). It is also formed from UDP-
p-glucose as a precursor and polymerised by curdlan
(1,3-p-glucan) synthase (EC 2.4.1.34) (https://www.brend
aenzymes.org/enzymephp? ecno=2.4.1.34). Differences
in structure and properties of these both polymers, in
particular their water solubility, also influence their appli-
cations which are quite versatile and significant (Table 2)
(Abdel-Hafez et al. 2007; Lin et al. 2015). Although it is
possible to use various renewable resources for micro-
biological synthesis of curdlan and pullulan, the use
of cheese whey and related products has been the sub-
ject of very few studies (Roukas 1999; Abdel-Hafex
et al. 2007; Eweda et al. 2015 Liu et al. 2015). It has been
shown that yeast-like fungi Awreobasidiuwm pullilans
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ATCC42023 can use media containing hydrolysed sweet
CW (5% lactose, 0.8% to 1% protein) to produce (shake
flasks, 200 rpm, 28 "C) pullulan. In addition, the concen-
tration of pullulan obtained with acid hydrolysed CW
was 7.6 g/L (0,063 g/L/h). In contrast, it increased with
enzyme hydrolysed whey (10.16 g/L, 0.084 g/L/h) and
could reach 12.4 g/L (0.103 g/L/h) using additives (0.05%
glutamic acid, 0.30% KH,PO,) in the medium (Abdel-
Hafez et al. 2007). These data are consistent with the
previous study (Roukas 1999), using Auwreobasidinm pul-
Iulans P56 and deproteinised whey (5% lactose) hydro-
lysed with acid or enzymatically. In shake flasks (200 rpm,
30 °C), the use of enzyme hydrolysed CW (lactose 25 g/L.
or 50 g/L) resulted in slightly higher polymer concentra-
tions (6.0 g/L, 0.025 g/L/h) compared to acid hydrolysed
(5.0 g/L.0021 gT/h) whey, Maximum concentrations
of pullulan were obtained (11.0 g/L, 0.046 g/L/h) when
enzymatically hydrolysed lactose (25 g/L) was supple-
mented with 1% glutamic acid, 0.5% K;HPO,, 2.5% olive
oil and 0.5% Tween80 (Roukas 1999). Unlike the pullulan
production, the use of CW for the microbial synthesis of
curdlan has still not been reported, except for a couple
of studies on the utilisation of lactose for this purpose
as the sole carbon source (Eweda et al. 2015; Liu et al
2015). Thus, Agrobacterium strain HX1126 produced
21.4 g/L of curdlan (025 g/1./h) using lactose (30 g/L) in
shake flasks (180 rpm, 30 °C) (Liu et al. 2015). This has
also been demonstrated by several strains of rhizosphere
isolates (Eweda et al. 2015). For example, the isolate K17
in the yeast-peptone (YP) medium (lactose 10%) in shake
flasks (150 rpm, 28 "C) achieved the curdlan concentra-
tion of 5.2 g/l (0.072 g/Lih). The productivity already
achieved on lactose in these studies suggests that cheese
whaey itself could also be used for a further microbial pro-
duction of curdlan.

Dextran and levan

Like pullulan, dextran is also an extracellular water-sol-
uble neutral a-glucan, which consists of linear chains
of p-glucopyranosyl units with predominantly a-(1.6)
linkages in the main chain and a variable amount of
a-(1,2), a-(1,3) and a-(14) branched linkages. Dex-
trans are synthesised from sucrose by dextransucrase
(EC 24.1.5) (https://www.brenda-enzymes.org/enzym
ephpfecno=2.4.1.5) which is an extracellular gluco-
syltransferase that catalyses the gradual transfer of
p-glucopyranosyl residues from sucrose to dextran and
the release of fructose residues. As one that of the pre-
dominant members of lactic acid bacteria (LAB) group,
Lenconostocs spp. is not only important in food fermenta-
tions, but alse is a prominent producer culture for com-
mercial production of dextran, where various strains of
L. mesenteroides are used predominantly (Table 1) (Rehm
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2010). As a biodegradable, biocompatible and easily solu-
ble polymer, dextran is widely used in the food and phar-
maceutical industries, medicine (blood volume expander)
and biochemistry (chromatographic media), etc. (San-
tos et al. 2005; Lule et al. 2015; Lule ot al. 2016). As with
other biopolymers, a greater use of renewable and less
expensive resources is important for the microbial pro-
duction of dextran. Sugar beet or sugar cane molasses
are most widely used in dextran production, because the
main sugar beet or cane molasses are the most widely
used renewable sources of sucrose for dextran produc-
tion. However, there are opportunities to use also other
renewable nutrients, including CW. In this regard, the
ability of L. mesenteroides to produce dextran in com-
bined sucrose-whey culture media has been proven for
a long time (Schwarz and Bodie 1984). Thus, the cuolti-
vation (shake flasks, 150 rpm, 25-27 "C) of L. mesenter-
oides ATCC14935 in combined medium containing the
sweet CW powder (4%) and sucrose (10%) and additives
(0.5% yeast extract, 0.1% K;HPOy), resulted in substan-
tially increased medium viscosity (greater than 500 cps
within 46 k). The product properties were dextran-com-
patible and 95% sucrose and 40% lactose were consumed
i{Schwartz and Bodie 1984). The producer strain L. rres-
enterotdes NRRL B512F in the broth consisting of Carob
(Ceratonia siligua) pod extract (CPE, sucrose 20 g/L) and
percentage of deproteinised CW to obtain 5% of lactose
in the medium during batch cultivation (5-1L bioreactor,
aeration 0.05 vwvm, 35 °C, pH 6.7) achieved dextran con-
centration of 7.23 g/L {0.52 g/L/h) that was somewhat
higher than when using lactose (5%) alone instead of CW
(6,88 g/L, 0.49 g/L/h) (Santos et al. 2005). In a later study
using the same strain L. mesenteroides NRRL BS12F
(PTCC 1591) and the medium containing molasses (Brix
40) as the carbon source and CW powder (2-10%) as the
nitrogen source in shaking flasks (150 rpm, 30 °C, pH 6.8),
concentrations of dextran reached 8.95 g/L (0.19 g/L/h)
and 12.68 g/L (0.26 g/L/h) at 6% and 10% concentra-
tions of CW, respectively {Moosavi-Masab et al. 2010).
Using other producers L. mesenteroides NCDC 744 and
L. mesenteroides NCDC 745, 12.7 g/L (0.79 g/L/h) and
10,51 g/L (066 g/L/h) of dextran were obtained respec-
tively in partially deproteinised paneer whey medium
with 10% sucrose, 0.1% yeast extract and 0.1% K;HPO,
(Lule et al. 2015). Increased concentration of dextran
(17.25 g/L) was observed under optimised (15% sucrose,
25 °C) conditions using the strain L mesemteroides
NCDC 7459 (BADS) (Lule et al. 2016). Recently, quite
good results have been achieved with the use of pro-
ducer strains L. mesenteroides NRRL B512E, NCIB 8023
and NERL B12, to obtain 16.35 /L (0.68 g/L/h),15.89 g/L
(066 g/L/h) and 1628 g/L/h (0.68 g/L/h) respectively in
batch fermentation (30 °C) and the medium containing a
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milk whey permeate (15 g/L), sucrose 20 g/L and yeast
extract (15 g/l (Esmaecilnejad-Moghadam et al. 2019).
There are still few, if any, reports on the use of whey for
the microbial production of levan which is a p-fructan,
a homopolysaccharide of fructose, which is of practical
importance and with a widespread application (Table 1).
Levan is formed by polymerisation of D-fructosyl units
by B-2.6-linkages in linear chains with p-2,1 linkages for
branching points which is carried out by levansucrase
(EC 2.4.10), an extracellular fryctosyltransferase (https://
www.brenda-enzymes.org/enzyme.php?ecno=2.4.1.10)
that catalyses the transfer of fructosyl residues from
sucrose to levan and the release of glucose residues. The
producer Azofobacter vinelandii D-08 has been reported
to produce 14 g/L (0.58 g/L/h) in the medium consisting
of molasses, distillery dregs and milk whey permeate (in
proportion 5:3:2, respectively) in shake flasks (250 rpm,
28 "C) (Revin et al. 2016). It should be noted that dextran
from whey can also be produced by culture from another
genus. For instance, Weissells cibaria NCIHB42196
(Cinti 2015} in the mediom containing lactose (10%) and
sucrose (5%) reached the levan concentration of 31 g/L.
It is noteworthy that the potential for the simultane-
ous formation of levan and dextran by L. mesenteroides
KIBGE-IBE22 has been strongly confirmed by NMR anal-
ysis (Siddigui et al. 2014), which indicates the presence
and function of both dextransucrase and levansucrase for
this strain. This is in good agreement with previous data
(Kang et al. 2005) and it is expected that the simultane-
ous formation of dextran and levan by L. mesenteroides
spp. could also occur in the presence of CW or lactose.

Conelusions

Cheese whey (CW) and its derivatives can be used as the
renewable carbon and/or nitrogen sources for the pro-
duction of microbial polymers such as exopolysaccha-
rides (EPS} and polyhydroxyalkanoates (PHAs).

In many cases, the use of CW and their derivatives
makes it possible to achieve high productivity, in par-
ticular for the fed-batch cultivation in bioreactors, which
could improve the overall economic efficiency of micro-
bial polymer production as well as promote the develop-
ment of more environmentally friendly technologies and
wider use of biodegradable and biocompatible materials.

The effectiveness of whey product application for
microbial fermentation is largely dependent on the ability
of the producer cultures to hydrolyse lactose.

In cases where the cultures of the producers are not
capable of directly utilising lactose, the enzyme hydroly-
sis with f-galactosidase is preferred for the pre-treatment
of whey.
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To provide a higher carbon/nitrogen (C/N) ratio that is
more favourable to microbial polymer biosynthesis, CW
permeate, ie. the fraction with wholly or partially sepa-
rated proteins, has certain benefits.
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2.PIELIKUMS: PROJEKTA IETVAROS SAGATAVOTIE POPULARZINATNISKIE
RAKSTI

1. P. Semjonovs, P. Zikmanis, A. Silaks, K. Neiberts, S. Kolesovs (2021), No sukalam Iidz bioplastmasai. Saimnieks LV,

Salliiiin U@D@@?

ESI SAIMNIEKS SAVA ZEME!®,

Z/s Lacisi ™
darbos paligahak ri bo

Ka saglabat graudaugus veseligus

Ko par paaudzu mainu doma lauksaimnieki
Augstas rapsu cenas ir laba zina lauksaimniekiem
Latvijas sieru karalis - Janu siers

LOPKOPiBA: Saimnieciba Kolumbi dzivo laimigi lopi

207



\
REDAKCIJAS SLEJA

uvojoties Ligo svétkiem, ta

vien jadoma par ikdienas

un svetku édienreizu tik

neatnemamo sastavdalu -
pienu un sieru. Nav saubu, ka Janu siers
tiek celts katra ista latviesa Ligo svétku
galda. Janu siers apveltits ar dzies-
mam, ticéjumiem un tradicijam, ko no
paaudzes paaudzei nodevusas musu
prasmigas saimnieces. Musdienas tas
tiek gatavots jau ievérojami lielakos
apjomos, bet péc tiem pasiem princi-
piem ka sensenos laikos lauku sétas, ar
ta tapsanas process nav mainijies. No
2015. gada Janu siers ieklauts Eiropas
Savienibas Garantéto tradicionalo ipat-
nibu registra, lidz ar to ta gatavosana
tirdzniecibai javeic, ievérojot noteiktas
proporcijas un tehnologiju, lai nezau-
détu ta tradicionalo garsu.

Piena lopkopiba ir nozimiga lauksaim-
niecibas sastavdala. Ka neka ceturta dala
lauksaimnieciba saraZotas produkcijas ir
tiesi piens. Latvijas piena lopkopji govju
slauksanas, turésanas, édinasanas un
atrazo$anas jautajumus jau risina tada

JUNIIS 2021 « SAIMNIEKS LV

limeni, ka spéj konkurét ar kolégiem
citas Eiropas valstis un piedavat augstas
kvalitates produktu patérinam ne tikai
Latvija, bet ari arpus tas robezam.

Izradas, ka pienu varam izmantot ne
tikai partika, bet nu jau ari bioplastma-
sas un citu lidzigu materialu razosana.
Pieméram, Latvijas Universitaté tiek
pétits piena parstrades blakusprodukts —
stkalas, mekléjot komerciali izdevigus
risinajumus, lai no tam raditu biopoli-
méru produktu ar augstu pievienoto
vértibu.

Vai nav interesanti, cik Sis masu baltais
dargums var bat daudzpusigs? @

%\%a /[//0/‘“

Elina Tilaka
Saimnieks LV redaktore
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ildz bioplastmasai

Saskana ar ES nostadném pétijumi rapnieciskas biotehnologijas joma arvien vairak tiek

pievérsti aprites ekonomikai, kas paredz,

ka viena noteikta bioprocesa blakusprodukti vai

- atkritumvielas var tikt izmantotas ka izejvielas citu produktu iegtsanai, lidz minimumam

samazinot atkritumvielu daudzumu.

Tas ir ipasi svarigi gadijumos, kad tehnologiskajos proce-
sos veidojas ievérojams daudzums blakusproduktu un/vai
atkritumvielu. Piena rapnieciba nozimigs blakusprodukts ir
stkalas, kas veido 80-90 % no izmantotas izejvielas apjoma
un satur aptuveni 55 % piena uzturvielu. 1zskir divu veidu
sukalas (1. tabula): saldpiena un skabpiena. Saldpiena stkalas
ar pH 5.6—6.3 rodas siera razosanas procesa, ja tiek izman-
toti piena recinasanas fermenti (himozins, pepsins), savukart
skabpiena stkalas ar pH 4.4-4.6 atdalas skabpiena sieru un
biezpiena razosana, ja pienu sarecina ar pienskabi, kas veido-
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jas, pienskabes baktérijam parraudzéjot piena cukuru (laktozi).
Recinasana panakama, ari pievienojot pienam citas, parsvara
organiskas skabes (pieméram, citronskabi). Tadéjadi lidzte-
kus katram sarazota siera kilogramam veidojas aptuveni 9 L
sukalu.

Skabpiena stkalam salidzinajuma ar saldpiena sukalam ir
zemaks olbaltumvielu, augstaks salu saturs un nedaudz mazak
laktozes. Augstaka salu satura dé| augstakas ir ari to utilizacijas
izmaksas.

Augot piena ripniecibas apjomiem, ievérojami palielinas
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1. tabula. Stkalu sastavs?, g/L

komerciali nozimigus

Kopéja sausna  63-70 63-70 produktus, pieméram,
takiaze 46-52 44-46 individualus proteinus

o vai to koncentratus,
Proteini 6-10 6-8 gt ”

= deproteinizétas sikalas
Lkt 2 ok (t.s. sukalu permeatu),
Kalcijs 0.4-06 1.2-16 laktozi, glikozes-galakto-
Fosfati 1=3 2-45 zes sirupu u.c. (1. attéls).
Hloridi 1.1 1.1 Otra pieeja — stkalu bio-
pH 67 <5 konversija mikrobialas

% |zmantoti Kaur et al. 2020 dati.

pasaulé sarazoto sukalu apjoms,
t.i., vismaz 180-200 milj. t gada. So
blakusproduktu raksturo loti liels
biokimiska skabekla patérins (BSP)
un kimiska skabekla patérins (KSP) -
attiecigi 27-60 kg/m? un 50—102 kg/m°.
Tas liecina par sukalu visai aug-
stu noturibu pret oksidésanos jeb
noardisanos biologisko vai kimisko
oksidéjoso agentu (O, — ekvivalenti)
iedarbiba. To nosaka liela organisko

fermentacijas procesos,
izmantojot laktozi ka
oglekla avotu daudzveidigu augstas
pievienotas vértibas produktu ieguvei.
To vidG minami spirti (etanols, butanols),
organiskas skabes (pienskabe, dzin-
tarskabe, propionskabe), bakteriocini,
biopolimeéri (fermenti, polihidroksibuti-
rats, ksantans u.c.), vienstinas organismu
proteini un ellas.
Lai gan sukalas ir piemérota izej-
viela mikrobialas fermentacijas nodrosi-
nasanai, daudzas rupnieciski nozimigas

| sukalas :

Proteini |
Polipeptici l
Laktoferins

Laktoperoksidaze

—
)
Pielietosana |
‘ dazidos produktos
\ )

<

¥

( Dﬂ»milluﬁ[
bariba

| partikas
| produkti
i)

3

1. attéls. Stkalu pa

vielu, ipasi laktozes (39-60 kg/m?)
koncentracija, kuras noardisanas ir
apgratinata, tadéjadi radot nopietnas
problémas gan piena ripniecibai, gan
aréjai videi. Tadél nav pielaujama sukalu
tiesa un nekontroléta ievadisana augsné
un/vai tdenstilpnés, kas raditu nopietnu
kaitéjumu So ekosistému noturibai, dzi-
votspéjai un lidz ar to videi kopuma.

Ka tiek izmantotas sukalas?

Lietderigai sukalu izmantosanai ir
izstradatas un piemérotas dazadas teh-
nologijas (1.att&ls). Sim noldkam izmanto
divas atskirigas piesjas. Pirma pieeja -
stukalas sadalit, izmantojot dazadus
tehnologiskos panémienus un iegustot

Sikalu palveris
lebiezinitas siiales
Sakaiu keem

Sakalu dzerient
lipskaitot raudzétus)

mikroorganismu kulttras, iznemot piens-
kabes baktérijas, nespéj izmantot laktozi
ka vienigo oglekla avotu. Stkalam ir ari
salidzinosi zema oglekla un slapekla
(C/N) attieciba, kas negativi ietekmé
vairaku produktu, tostarp biopoliméru,
biosintézi.

Lai stikalas efektivak izmantotu rap-
nieciskaja fermentacija, nepieciesams
veikt to prieksapstradi un/vai izmantot
stkalu atvasinajumus, pieméram stkalu

pulveri, §adi fermentacijas vidé nodro- |

sinot noteiktu laktozes koncentraciju,
izvairoties no sukalu sastava sezonalam
svarstibam un pagarinot to uzglabasa-
nas laiku.

Tomeér jaatzist, ka stkalu komercialais
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Stkalu produkcija pasaulé: 180 milj.
tonnu

Ripnieciska izmanto3ana

« Rapnieciska izmantofans Pértika, mesiojums un atlikum

2, attéls. Sukalu produkcijas apjoms un to patérina sadalijums dazadas
nozares.

pielietojums pa nozarém (2. attéls) joprojam ir nevienmérigs,
daudzéjada zina ierobezots un nepietiekams, ipasi attieciba
uz to produktiem ar augstu pievienoto veértibu (1. attéls). To
vida ipasi atziméjami mikroorganismu sintezétie biopoli-
méri, to skaita arpussanu polisaharidi (EPS), kuru ieguvei tiek
pievérsta arvien lielaka uzmaniba, ari LU Biologijas instituta
Rapnieciskas mikrobiologijas un biotehnologijas laboratorija.
Loti daudz no fosilam izejvielam iegutas plastmasas atkri-
tumu (vienreizlietojamie trauki, iepakojumi u.tml.) nonak vidé
no dazadiem avotiem gan uz sauszemes, gan jura, radot
butisku kaitéjumu ekonomikai un videi. Biologiski nesada-
lamu materialu, ari tradicionalo poliméru (plastmasu) plasa
un pat pieaugosa izmantosana rada bazas par vides piesarno-
jumu un motivé meklét videi draudzigakus risinajumus.

No sukalam lidz bioplastmasai

Bioplastmasa ir biologiskas izcelsmes vai/un biologiski
noardams poliméra materials. Termins biologiskas izcelsmes
nozimé, ka materials vai produkts ir iegats no atjaunojamiem
resursiem. Siem nosacijumiem pilniba atbilst mikrobialas izcel-
smes poliméri, kuru biosintézei tiek izmantotas stkalas un/vai
to atvasinajumi, jo veicina videi draudzigaku un ekonomiski
efektivaku tehnologiju attistibu, tatad ari biologiski noardamu
un biologiski saderigu materialu plasaku izmantosanu. Turklat
mikrobialas izcelsmes poliméri ne tikai neatpaliek no fosilas
izcelsmes polimériem, bet daudzéjada zina pat parspéj tos,
ipasi tad, ja tiek izmantoti funkcionali daudzveidigu kompo-
Zitu veida. Bioplastmasai ir ievérojams komercialais potencials
un daudzsolo3as pielietojuma iespéjas partikas rapnieciba,
biomedicin, elektronika u.c. jomas, kur tiek izmantotas fosilas
izcelsmes plastmasas.

Saja zina ipasa uzmaniba japievers bakterialas celulozes (BC)
ieguvei, ka izejvielu izmantojot stkalas, un 37 poliméra teh-
nologiskajam iespéjam. BC ir D-glikozes polimérs, kas veido
nanoskiedras ar unikalu 3D - tiklveida struktaru (3A. attéls).
BC raksturo unikalu ipasibu kombinacija, pieméram, augsts
kristaliskums un polimerizacijas pakape, liels virsmas laukums,
augsta elastiba, stiepes izturiba un Gdens noturésanas spéja.
Ta nesatur ligninu, hemicelulozi, pektinu, tadé| ir augstvertigs
un biologiski labi savietojams materials. Tas ir ipasi svarigi BC
biomediciniskajiem pielietojumiem produktos ar augstu pie-
vienoto vertibu (augstas stipribas biopoliméri, iepakosanas
materiali, bracu funkcionalizétie parséji, audus aizvietojosie
materiali, farmaceitisko preparatu parneses agenti, biosen-
soru elementi u.c.). Ka viena no unikalam BCipasibam ir jaizce|
tas mehaniska izturiba, kas vismaz divas reizes parsniedz augu
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(koksnes) izcelsmes celulozes raditajus. Pateicoties savam uni-
kalajam struktdras un mehaniskajam ipasibam salidzinajuma
ar augu izcelsmes celulozi, BC varétu k|ut par plasak pieejamu
un industriali daudzpusigi izmantojamu izejmaterialu.

Aktivais iepakojums partikai

Partikas biotehnologiju nozaré aktuala ir tddu nekaitigu un
biologiski noardamu parklajumu un iepakojuma materialu
izveide, kas butiski palielina produktu uzglabasanas laiku.
Ipasi svarigi tas ir atri bojajosos produktu (galas izstradajumi,
augli, ogas, darzeni) drosai un ilgstosai kvalitates saglabasa-
nai. Mikrobialas izcelsmes poliméri ir potenciali nozimigi sadu
materialu izveidei. BC kompozitu raksturlielumi atbilst vispa-
réjam prasibam, kas izvirzamas iepakosanas materialiem, lai
partikas produktu uzglabasanas laika nodrosinatu to ipasibu
stabilitati, tatad ari nepieciesamo kvalitati un drosibu. Sadas
prasibas un nosacijumi atbilst inovativai aktiva iepakojuma
koncepcijai, kas paredz plasaku aktivo materialu un izstrada-
jumu izmantosanu, lai paildzinat iepakotu partikas produktu
uzglabasanas laiku, saglabajot to sakotnéjo kvalitati. Seit ipasi
nozimigas ir ne tikai izmantojamo materialu mehaniskas (stie-
pes izturiba, plastiskums u.c.), bet ari specifiskas ipasibas, kas
nodrosina to barjerfunkciju (produktu/arvides gazu un Gdens
tvaiku apmaina, noturiba pret mitrumu, mikrobiologisko pie-
sarpojumu utt.). Sados parklajumos un bioplévés ir vairakas
sastavdalas ar atskirigam tacu savstarpéji komplementaram
ipasibam. Tadéjadi tiek panakta atsevisko sastavdalu ipasibu
sinergiska mijiedarbiba, un veidojas kompozitmateriali. Aktivo
iepakojumu veidojosa kompozitmateriala vélamo ipasibu iegu-
$anai var izmantot dazadus aktivos agentus (citus polimeérus,

3A attéls. BC biopléves ultrastruktdra skenéjosa elektronu mikroskopa
(SEM mikrografija).

5. Fermentacijas gaita iegta BC biopléves loksne.

Turpingjums 112. Ipp.
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3D attéls. Attiritas un homogenizétas BC mikroskiedru frakcija biokom-
pozitu iegtsanai.

baktericidos un fungicidos savienojumus, antioksidantus, brivo
radika|u savacéjus, dabiskas krasvielas, mineralvielas utt.).

Biologiskas celulozes rapnieciska razosana

Mikroorganismu spéja sintezét BC rapnieciski perspek-
tiva daudzuma ir saméra maz izplatita. Nozimigakas un
rapnieciski izmantojamas BC razojosas kultdras pieder pie
Komagataeibacter etikskabes baktériju gints, kuras atseviski
celmi spéj izmantot plasu oglekla avotu klastu, tostarp stka-
las, ar katram baktériju celmam specifisku aktivitati. Sadus BC
razotajus pétijumu gaita ir izdevies izolét un patentét ari LU
Biologijas institata mikrobiologiem (3C. attéls)

Razojoso kultaru statisko audzésanu (3E. attéls) platés ar
pietiekamu gaisa/skidruma saskares laukumu var izmantot
augstas pievienotas vértibas BC produktu ieguvei (iepako3a-
nas materiali, biomedicina, kosmétika, elektronika), ipasi tad,
jatiem nepiecie3ama noteikta struktdra un ipasibas (polimeri-
zacijas pakape, kristaliskums, elastiba). Tomér, lai gan vienkarsi
pielietojama, 1 metode ir salidzinosi darbietilpiga un laikie-
tilpiga, kas ierobezo poliméra ieguves apjomu, tatad ari BC
plaaku rapniecisko/komercialo pielietojumu.

Alternativa un jau aprobéta metode ir producentu audzésana
dazadu konstrukciju bioreaktoros, nodrosinot fermentacijas
vides gaisa un masas apmainu, kas palielina BC razibu, tacu
lidztekus var mainit ari tas struktaru un ipasibas, ta sasaurinot
talako pielietojumu iespéjas. Tomér ir pamats uzskatit, ka bio-
reaktoru turpmakie konstruktivie uzlabojumi, barotnu sastava
un aerobas kultivacijas rezZimu optimizacija u.c. efektivitates
uzlabojumi spés nodrosinat ekonomiski rentablas tehnologijas
augstveértigas BC iegtsanai ripnieciska méroga.

Jauzsver, ka neatkarigi no ta, vai konkrétas producentu
kultaras spéj izmantot sakalas tiesi vai ari ir nepieciesama
to hidrolitiska prieksapstrade, talakajos vielmainas proce-
sos, tostarp BC sintézé, etikskabes baktérijas izmanto vienigi
glikozi un galaktozi, lidz ar to stkalu lielaka dala saglabajas
kultivacijas vidé. Sads parpalikums ir nevélams, jo joprojam
spéj veidot biologiski noturigu notekidenu piesarnojumu.
Tas ir novérsams, ja BC tehnologiskajam ciklam piesaista mik-
robiologiskos procesus, kuros galaktoze tiek izmantota ka
oglekla avots. Atskiriba no baktérijam eikariotisko viendunas
organismu (raugi un mikroskopiskas alges) vielmainas tiklos ir
parstavétas reakcijas galaktozes enzimatiskai transformacijai
glikozé, kas ir viegli izmantojams substrats dazadu produktu
talakai mikrobiologiskajai sintézei. Dazi mikroorganismi,
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3E attéls BC ieguve statiskas fermentacijas gaita optimizétajos sukalu
barotnes virsmas/tilpuma apstak|os.

tostarp raugu un cianobaktériju celmi, spéj sada veida efek-
tivi izmantot gan laktozi, gan galaktozi, sintezéjot un uzkrajot
$0inas visai lielus (40-80 % no sausnas) olbaltumvielu daudzu-
mus un citus vértigus produktus - kad atadenotas biomasas
veida izmantojami ka partikas un/vai lopbaribas piedevas ar
augstu uzturvertibu.

Tadéjadi jasecina, ka atbilstosi aprites ekonomikas pamat-
principiem vien3tnu proteinu, ka ari citu vértigu metabolitu
mikrobiologiska sintéze, izmantojot stkalas un BC ieguves
blakusproduktus, lautu sasniegt ekonomiski efektivus, videi
draudzigus un bezatlikumu razosanas ciklam maksimali tuvus .
risinajumus.

Publikacija sagatavota projekta Bionoardamo poliméru
iegasana no atjaunojamiem resursiem auglu aizsarg-
plévju un iepakojuma materialu izstradei (LAD projekta
Nr.19-00-A01612-000004) ietvaros, kas, sadarbojoties zinat-
niekiem, lauksaimniekiem un razo3anas uznémumiem, paredz
biopoliméru parklajumu un iepakosanas materialu iegtsanu,
izmantojot lauksaimnieciskas un partikas parstrades razo3a-
nas blakusproduktus, optimizéjot kultivacijas vides sastavu un
tehnologiskos rezimus.
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Siikalu parstrade augstas
pievienotas vertibas
produktos: problemas un
biotehnologiskie
risinajumi

Lawvijas Universitites Biologijas institiita Rilpnieciskas mikrobiologijas un
partikas biotehnologijas aboratorija , 07-06-2021

SAGATAVOJA: Pavels SEMJONOVS, Pétens ZIKMANIS, Sergejs KOLESOVS
FOTO: Kristaps Nesbergs

Saszkan3 ar E5 3dném pétijumi ripniecizias biotehnologijas jom3 arvien vairak tiek
pievérst aprites ekonomikai, kas paredz, ka viena noteikts bioprocess blskuzprodukts vai
atkritumwielas var tikt izmantotas k3 izejvielas citu produktu iegiZanai, idz minimumam
samazinot atkritumviedu daudzuma.

Taz ir ipati svrigi sadiumos, kad tehnolofiskajos procesos weidcjas ievErojams caudzums

biskusproduktu un/vei atkrit Piera rip 5 p ir sakalas, kas

veico 20-20 % mo izmantotdz ejvielas apjoma un joprojim zatur aptuveni 33 % piens
uzturvied. |z3Kkir diva veidu sikalas (L tsbuls): saicpiens un skibpiens. Salopiens sikalas & pH

3,6-€,3 rocas siers rafofanas procesd, ja tiek i i piera recinaZanas ferment’ (ni
pepsins), sevukdrt skadpiens slkmias ar pH 4,4-4,6 atdelds skBbpiena sieru un biezpiens

raloiand, ja pienu sarecina ar pienskabi, kas veidojas, pienskabes DaktEriEm parraud:zjot piena

cukuru (Isktoz). RecndZans pa & pievienojot pienam citas, pirsvard organiskis skades

[pieméEram, citronskdi). TEdEEdi faxtekus katram saralotd siera vai Diezpiena kKilogramam
veicojas aptuveni S L sikalu.

1.tabuls. Sikalu sastivs %, g/L
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Salmnisks LV
Komponentes Saldpiena sikalas| Skabpiena sikalas
Kop&jd sausna 83—70 6370
Laktoze 46-52 44-48
Proteini 610 53
Laktati 2 6.4
Kalcijs 0,406 1,2-16
Fosfat 1-3 1-45
Hloridi 11 11
pH 67 =5

®lzmantoti Kaur et al., 2020 dati.

skibpiena sikaldm salidzindjum3 ar saldpiena sikalam ir zemaks olbaltumvielu, augstaks silu
saturs un nedaudz mazik laktozes. Augstika s3lu satura dél auwgstikas ir arl to utlizdcijas

izmaksas.

Augot piena riipniecibas apjomiem, ievérojami palielinds pasaulé saraZoto sikalu apjoms, ti.,
sasniedzot vismaz 180-200 milj. t gad3. S0 blakusproduktu raksturo |oti liels biokimiska skibekla
patEring (B5P) un kimiska skabakla patEring (KSP) — attiecigi 27-60 kg/m? un 50-102 kg/m?. Tas
liecina par sikalu visai augstu noturibu pret cksidéfanos jeb nodrdisanos biologisko vai kimisko
oksid&joso agentu |O; - ekvivalenti] iedarbibd. To nosaka lield arganisko vielu, ipasi laktozes (38—
&0 kg/m?) koncentricija, kuru nodrdiganis ir sareigita, t3déjadi radot nopietnas problémas gan
piena ripniecibai, gan 3réjai videi. Tad&l nav pielaujama sikalu tiefa un nekontroléta ievadizana
augsné uny/vai ddenstilpnés, kas raditu nopietnu kait&umu o ekosistému noturibai, dzivotspéjai

un fidz ar to videi kopum3.

K3 tiek izmantotas sikalas?

vietderigai sikalu izmantoZanai ir izstriditas un piemérotas daf3das tehnologijas (1. anéls). Sim
nolikam izmanto divas atkirigas pieejas. Pirm3 pieeja — sikalas sadalit, zmantojot dai3dus
tehnologiskos panémisnus un iegistot komercidli nozimigus produktus, piem&ram, individudlus
proteinus vai to koncentratus, deproteinizétas sikalas [ts. sikalu permeatu), laktozi, glikozes-
galaktozes sirupu w.c. (1. attéls). Otra pieeja - sikalu biokonversija mikrobialas fermentacijas
procesos, izmantojot laktozi k3 oglekla avotu daudzveidigu augstas pievienotis vérfibas produktu
ieguvei. To vidi minami spirti [etanols, butanols), organiskas skabes [piensk3be, dzintarskdbe,
propionskabe), bakteriocini, biopoliméri (fermenti, dekstrans, ksamt3ns w.c.), mikroorganismu

mrataini nn allac
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1. mtteEls l' s iEPEjnsulFmsl' i B memi@ul

Lsi gan siksias ir piemErom iejvicls mikronidis fermembcijar mocrofiniSsne, geucsas
riipniecisti nodimiiges mikr Fzms kb, izpemat plenzkioes sekiEries, nespd] Gmartot

Isktozi KB viergo ogekis swotu. MespstracBthm sdkaiim ir ari saficzingdi z=mae ogiesia un
siipekis (C/N) attiecioe, kas negafii ietekm# wairdky produkty, tostarp biopoliméry, sintez.

Lai sikalas efekifk i ripnied ciji, parast ir nepieciefams veikt i

¥ 'f f

priekEapsriini unfvsi omsntot skl stesingjumus, piemErsm sitsl putveri, 3o fermenticins

wigk nodrofinet noteikty ktoses koncentriciu, izveiroties no skl sastive seondiEm

ur o Ik

Feg? i)

Tomér fEatzist, ka slikelu komerciisis piefietojums pa nozargm (2. attis) joprojém ir
nevienmérizs, daucE{ach zind izrobe2ots un nepietizkams, pasi sktieciod uz to procukiiem ar
sugstu piedencto vErou (L. sttit]. To vidd ipadi tEmEjemi mikroorganismy sintesisie
BiopaEmEn kury ieguvei tik pisvirsts arvien lisiks uzmarioe, r LU Biciogijs: sttt

Spriesi 45 um pireias screpmolofijes sbomtorii.
Lol daues no fosilm izej Teplithis tkritumu [vienreizlistojamie trauk,
iepakojumi utml.| Ronkk vids no caliciem avotiem s Lz sauszEmes, Fan jird, radot bdkisk

itEj ikai un videi, Biologisk ialu, ari tradicondle pokmEry
[ | piata un pat piesuzaZii fana rads badas par vides piesErnajumu un mativ

mekiEt videi draudzizdkus rizindjumus.

Sokalu produkrija pasaulé: 180 milj. Ripniaciskd izmantoana

tonnu

Sy pubverhi
= 54K | et oro eI un P g
& Flan ik mantilang = PArtics, metkofe . un sk = i prohiini

2. mtiEls. Silknk produksijas anjoms un to patErine sadafjums daZhdas nomres.
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No sikalam hidz bioplastmasai

Bioplastrass ir bt'nlcgstus izcelsmas vaifun u'alug'ﬂj noardams Pc-fm'!m matsrials. Termins
binlogizkes izcelsmes nozimE, ka materdls v produkts ir iegiits no atjsuncfamiem resursiem.
Sem nozaciumiem pilriiod atbilst mikrobislds izoslsmes polimer, lur biosintEzed tek 2mantotas

sOkslas nfvai o m;iriijL jr.\ tas wmicima vicei mum-ﬁil'.u N sEonoemicki efektTedoy

tehinologiju atfistibu, 8ted a7 biologiski nordEmu un igtspajigy plaisiou i Zanw,
Turklft mikrobialEs zoelsmes polimEr pic savdm Tpadibim re tiai neatpalie no fosils izosksmes
pnim'ai!rr\, ot mu:lzij'mi 1i|||i ot Pirsp-'eli tos, Tpua ‘tad, Iia ti=k izmeantoti funkciondli
daudreeidigy lompodity veidh  Bioplastmasal ir ievEropms komercislic potencals un
douczsoloias piekztojuma iespEjas pdrtikas nipniedbd, biomedicing, slektronikd wo jomis, lur
‘tiek izmaniotas fosilas izoelsmes plastmases.

klizirliTpuin uzmaniss ﬁ:\f&iri DakteriEis osbulozes [BC) inpuwe, K5 izejviehs izmantajot
sikabes, un 5i polimers tehnologiziajim iesp&jim. BCir D-gikozes polimrs, ks veido
nnnlx'b!j:ﬂ'us ar unikdly 30— Hkiveida skruktln (34 aktéis). BC misture uniﬁu'pas‘i:u
n:-'nuirin'l'n, Pi!m'u'um,uLEsu kristEEskms un Pal'm!rfﬁ:ili&s Pﬂtip!, lizts wirsmas Isuloums,
Buzsts mimstioe, rh':pu izturibs un Ocens noturaisnas :piju. T8 nesatur iﬂninuun hemicellazi,
1508 ir tehnologiskd augztvErtizs un videl draucsizz, biokoiski saderigs msteridls. Tas 'eruE
mﬁsi BEhiDlnEﬂiI:l-li;tﬂll-e'n pi!l'en:ju'ni!m, i?_sr.lilﬁliJ'nu; urmﬁslupt'!ui!mtu vaErtTbu
[musmstms stipribas biapolimer, isnmkofanas material, bnity parsEji, sudus nizﬁemjna'emriii,
farmacsitizka prepardtu nes#jvietss, biosensons elementi wc.|. K8 vienas no unikdiam ECTnetioEm
ir [@izos] ts mehnisks izturibs, ks vismaz divas reizes pirmieds sugy (koksnes| zoelsmes
celuiozes raditEjus. Pateicoties savlm unildisjim struktiras un muﬁkujimTpuEﬂ:ﬁm
suﬁd:inijnrrﬁurm&l izcelsmeas celulozi, BC varsty ltllit par pluiilt :l'eel'nmu ur industrizl

doudzouzigi izmantojamu izejmakeni@i.

Aktivois ispakojums partikosi

Piirtikas miot=hnologiju nomre aktudls ir t3du nelzitizu un biclofisk nofmsEmu parkEjumu un
iepakojuma mater@lu izveide, kas bitisk palicling produktu quluhi;unusluim._lnu;i svarigl tas ir

josos procukny [mpies zsirhdBjumi, susl, opes, cioend) orosai un iEsmrEu' Wemlitibes
saglaoaiansi. Mikrobislas izceicmes polimen i potendEli nedimig Zadu materiBly iveidei BC
koempodity raksturielumi athilst wispargjim prasibam, ks invirmas izpskoSanas materiglizm, Isi

plirtikes procustu Lmﬁnniéum mikE nocroSinat n:-'pw"m stAniitEt, thtad & nepiscistamo
kvalitat un drosibu. Sacas prasibas Ln nosacumi stilst inovativei skGve ispakojuma koncepcijsi
ks paredz piachu akfvo materiily un izstridBjumy izmentolsnu, b paikizsingty partikas
produktu uashuir:mm Inilu, sagisofjot to Fikotngjo kvaltit Eait: 'pt'n" noZimigas i ne tikei

j ] iskE: {;I:ieuu izturibs, plm’ﬂu'ru Lu:.|, bt A sp!u’ﬂ;ﬁs

‘ipafibas, ks rodrofine to barjerfunkciu [anoduktyfErvides gRau un Gdens twaiku spmaine,
noturiba pret mitrumu, mikrobiclogiskn piesArnofumu wtt |. Lhdos parkiEjumos un biopiEvEs ir
vairins sastivoalns ar stiifigim tafu savsmrpEfi komplementirim ipaficim ThozjEoi e
panaki ur.wu'i!n sty 'pqﬂf'w sinerfickn mifiedartiba, un weidojes kompodtraterisk.
Aktivo iepakojumu veidojosa kempoditmaterils vEisme ipasibu iegdianai var zmantct defidus
nkifvas vielss [citus polimErss, bektericidos un fungicidos swienojumus, ankioksidantus, brivo
mcﬂi!u nei‘h'nliz'ztijl.ls, dimbiskEs lorEswale rrin!liluiehsLm_].

Mikrocrganismy spEjs sintezit BC ripniedski perspekifvl daudoumd ir samérd mez izpietita.
Nodimigakis un ripnieciski izmantojamas BC radojoiss kukiras pisder pie Komsgmtasisacter
etitskabes baktEriju $ints, kuras stseviski ceimi spé] mantot piadu oglekin avotu kifisty, tostarp
sikelas, or katram bekiEriju celmam spedfisiu okttt Edus BC rniuﬁli.u pEtTumu gpitd i
izdevies izodEt un patentét ari LU Siolofijes institits milrobiologiem (3C. athéls].
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Ik var zmRntot aupstas pisvienctis vErtibas BC produkiu ieguve iepakodanas materidil,
binmeedicina, knsmati, siektronika], ibefitad, ja iem nepiscieZama noteikta struktis un
ipafibas [polimerizhcijas pakdpe, kristiliskums, einstiba). Tomr, iai gan wienkEri pislietajams, 5i
metode ir sabdzingdi darbietipizn un laikictiioen, kns ienbeio polimEr ieguves apjomu, tBtnd ari

BC piafiky ripriecisko/knmenciio pisietojumu.

Arernaten un jsu sprobEts metode ir procucenty sudzEfana caicu konstrukciju bioresktoros,
nodrofingt fermenthcjas vides gisa un masas apmainy, kas palieling BC rafiou, tafu zbekus var
mairit 27 52 struktdng un ipadices, 8 safaurinot thiSko pisliztcjumu iespEjas. TomEr ir pamets
uzsintit, in bioreaktory turpmikie konstruktiie uziabofumi, barotnu sastive un asrobis

iski resrmbins tehnoiogijas sugstvértizas

eatiScijas refimu optimizBdjs spEs

BC;IELMJ i rilpiieciskd mErogg.

Huzsver. ka nestiarigi no th, vai konkritis procucenty luftins spa] izmantot sikelas tefi vai i
ir jimciad 2 pri
baktErijas izmanto galvenokirt slikozi un gaksktozi, fidz arto laktozes ievErojama dals sazabdjas

tivikajas vieimaines procesos, tostan 8C sintizk, sdkckines

eariBcijas wid. &Bats phrpakiums i iznicindjums, jo joprojim spij veidot biolofiski naturgu

juma. Tas ir novEriams, ja BC tehnologiskajam cikiam piesaists

crganismu [rug un pickas 2lges] vielmainas procas

isku transformi £, kas ir viegli mantojama daidu

che

procukty tiiiksi mikrobiologiskajsi sintkzel. Dadu raugu un canobaktEriju caimi, spEj Hdi weigd

tektiui izmantat gan Iektozi, gan galaktozi, sintesEjot un uzkrijot Einds visai Gelus (30-80 % no
sauznas) olbaftumyiely daudzumus un citus vErtigus produktus — kuri stidenotis siomasas weidd

izmantojami k& pirtiias un/vai lopbarioas piedeves ar augstu uzturvErtow

TheEjaci jBsecine, ke, ntbilstosi aprites ekonomikas pamatarindpiem, industrali vértigu produkby
mikrobiologisid sintze, zmantojot siikatas Ln BC ieguves DiskusproduktLs, Isut sacTiest

izki efektivus, videi vl raEcianas ciklam misksimEi tuvas

risinBjumiss.

3. attEls. Bakteriiis causiozes (8] iagiiana:

38 menls. EC minpiEves uhrastutir siengodi elektrong mikrosiopd (S8 mikagrEta)

3B un 3C attels. Farmentacijzs guitd isgta BC biopives ke,
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AUGLKOPIBA

KAS IR JAUKTIE STADIJUMI?

Nu jau vairakus gadus,
runajot par audzésanas
tehnologijam, dzirdams
termins - jauktie stadijumi,
séjumi. Sada audzésanas
tehnologija ir zinama jau
sen. Ka jau pats vardu
salikums liecina, jauktie
stadijumi ir audzésanas
metode, kur augi tiek jaukti.
Mums popularakais un
pazistamakais veids ir
graudaugu mistri.

SANDRA DANE,
Darzkopibas institats

Laukkopiba jauktie séjumi ir sastopami
krietni biezak. Saja kategorija ietilpst jebkadu
augu kombinacijas, kur katrs augs pilda kadu
noteiktu funkciju. Tie ir gan graudi ar paséju,
gan za|méslojuma augi auglu darzu rindstar-
pas, gan kiploki, kas sastaditi pa vidu darza
zemeném. Augu kombinaciju variantu ir bez-
gala daudz, tomér ir pietiekami daudz ierobe-
z0joso faktoru. Augi var savstarpéji nomakt
cits citu gan saules gaismas daudzuma zina,
gan baribas vielu un adens nodrosinajuma
zina. Sida audzésanas tehnologija var sarez-
§it stadijumu ierikosanu un kopsanu, ka ari
padu razas vaksanu. Tade| ir rupigi japardo-
ma, kadu augu kombinacijas bas iespéjams
kopt saimnieciba un kads ir $o kombinaciju
meérkis. Pieméram, razas bagatinasana ar pro-
teiniem (graudaugu un taurinziezu mistri),
pamatkultaras pilniga vai daléja nodrosinasa-
na ar slapekli (pamatkultira kopa ar tau-
rinziedi), divu dazadu razu ieguve no vienas
lauka vienibas viena vegetacijas sezona (redi-
si un salati, zemenes un pupas, kaposti un
pupas), augsnes noseg$ana ar augu masu
dikstaves laika (ziemaji-lopbaribas rediss—
auzas).

Ta ka starptautiska lauksaimniecibas
politika ir vérsta uz videi draudzigiku saim-
niekosanu, optimizéjot mineralméslu lietosa-
nu, optimilu augsnes un udens resursu
izmantosanu, saglabajot razu un tas kvalitati,
tika iesniegts un izstradats FP7 ietvara pro-
jekts Ilgtspejigu tehnologiju izstrade paksaugu
audzédanai un to izmantosanas veicinasana
proteina nodrosinasanai Eiropa partikas un
lopbaribas razosanai (Enhancing of legumes

£ Sjan

Ekstra Skiras ogas, $kirne 'Polka’.

Izméginajuma lauks, 2. vegetacijas gads.

|

Cuku pupas + zemenes.

growing in Europe through sustainable cropping
for protein supply for food and feed -
EUROLEGUME). )
Zemenes un taurinziezi

Ka viens no veiktajiem pétijumiem bija
zemenu audzé$ana jauktajos stadijumos ar
taurinzieziem. Ir pladi zinama tauripziezu
spéja piesaistit atmosféras slapekli ar gumin-

baktériju palidzibu un parveidot to augiem
uzpemama forma. Tadé] ka viens no 3a péti-
juma mérkiem bija izpétit, vai, audzéjot
zemenes kopa ar taurinzieziem, tas tiek
nodrosinatas ar nepiecie§amo slapekla dau-
dzumu optimalas un kvalitativas razas iegu-
vei. Audzéjot zemenes atklata lauka, salidzi-
nosi liela augsnes virskarta ir briva no
augiem un ir potenciali liels avots CO, izda-
lei, tadé] papildus slipek]a nodrogindjumam
ieguvam ari lielaku nosegtas augsnes dalu,
kas palielina lauksaimniecibas zemju pro-
duktivitati.

Izméginajuma tika ieklauta zemenu $kir-
ne 'Polka', kombinéjot ar vairakiem taurinzie-
7u variantiem — bastarda abolins, divas daza-
das cuku pupas, zalie zirnisi, cukurzirnffff
legitie dati salidzinati ar standarta variantu,
kur izmantots mineralais slapekla méslojums,
un variantu, kur nav lietots slapekla méslo-
jums. Ar $3 pétijuma palidzibu gribéjam
noskaidrot, vai tieSam taurinzieZi spéj nodro-
$inat blakus augu ar nepieciesamo slapekli,
vai zemenes un taurinziezi ir labi blakusaugi
(vai nav nekadu antagonisku jatu), vai ir
iespéjams iegat divu dazadu augu kvalitativu
un optimalu razu.

Izméginajuma tika ierikoti tris lauki, katrs
no tiem stadits tris secigos gados: 2014,
201S. un 2016. gada. Tie uzturéti tris gadus.
Pirmaja gada zemeném izkniebti ziednesi.
Katra otraja rindstarpa séti taurinziezi.
Sakoties ziedésanai, ieklata salmu muléa.

Galvenie pétijuma secinajumi

® Zemenes nav vélams audzét kopa
abolinu. Si kombinacija veicina baltplankt-
mainibas attistibu zemeném. Ari raza tika
iegata batiski zemaka neka kontroles varian-
ta, izmantojot slapekla mineralméslus.

® Zemenes labi aug kopa ar ciku pupam
un zirpiem, ja tiek nodrosinati optimali mit-
ruma apstakli.

® TaurinzieZi neveicinaja pelékas puves
izplatibu zemenés.

© Nodrosinot optimalu mitrumu, zeme-
nu un taurinziezu jauktajos stidijumos var
iegut lidzvértigu kvalitativu ogu razu, ka lie-
tojot slapekla mineralméslus.

® Jevacot ciku pupas un zirnus piengata-
vibas fazé, tos ir iespéjams tirgot svaigam
patérinam, kas dazado tirgus piedavajumu.
Ka ari pirmaja stadijumu ierikosanas gada, ja
zemeném tiek izkniebti ziednesi, pakstu raza
dod kaut ari nelielus, tomér ienémumus, kas
samazina ierikosanas izmaksu raditos zaude-
jumus. EX
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EDAMIE
PARKLAJUMI OGAM -

PERSPEKTIVS UN VIDEI DRAUDZIGS
UZGLABASANAS RISINAJUMS

Pamatojoties uz Partikas un
auksaimniecibas organizacijas
&{‘Food and Agriculture
Organisation/FAQ) statistikas
datiem, pasaulé pédéjo
piecdesmit gadu laika ir
novérota ogu razosanas apjoma
palielinasanas. Globalais
zemenu tirgus ir butiski
palielinajies no 754 517
tonnam 1961. gada lidz 9,2
milj. tonnam 2017. gada.
Savukart aveném pieaugums
bija no 134 115 tonnam
1961. gada lidz 812 735
tonnam 2017. gada.

¢

KARINA JUHNEVICA-RADENKOVA,
INESE DRUDZE,
Darzkopibas institats

PAVELS SEMJONOVS,
Latvijas Universitate

Naudas izteiksmé pasaules zemenu un
avenu tirgus vértiba 2016. gada tika vérteta
attiecigi 37 un 8,5 miljardi USD. Pamatojoties
uz zurnala Agro Tops (2018. gada jilija numu-
ra) pieejamajiem datiem, tiek prognozéts, ka
zemenu patérin$ turpinas pieaugt un 2025.
gada to apjoms varétu sasniegt 11,5 miljonus
tonnu. Lidziga razosanas apjoma palielinasa-
nas tendence tiek prognozéta ari aveném.

Analizéjot datus par ogu razosanas apjo-
miem Latvijas tirgi, redzams, ka tas nav sta-
bils. Avenu kopapjoms 2000. gada bija 83
tonnas, bet 2018. gada - 219 tonnas. Tomér
jaatzimé, ka zemenu razosanas apjoms laika

Etiléna absorbents

Tepakojums

posma no 2000. lidz 2018. gadam ir samazi-
najies no 4566 tonnam lidz 1257 tonnam.

Raiza ir, bet ka to saglabat?

Viens no faktoriem, kas ietekmé zemenu
razo$anas apjoma samazinasanos, ir saistits ar
salidzinodi isu ogu uzglabasanas laiku un
uzglabasanas tehnologijas nepiemérotibu.

Pédéjo desmit gadu laika pasaulé iedzivo-
taju skaits ir batiski pieaudzis, tadé] arvien
aktualaks k]ast jautajums par jaunu partikas
produktu razofanu un jau esoso kvalitates
uzlabosanu. Starp dzives ilgumu un veseligu
partikas produktu patérinu pastav ciesa saka-
riba. Sobrid veseligs dzivesveids un sabalan-
séts uzturs ir moderna tendence, kam patéré-
tiju pieprasijums stabili paaugstinas.
Tadéjadi partikas produktiem nu jau jaatbilst
ne tikai tradicionalajiem kvalitates (partikas
nekaitiguma) standartiem, bet tiem batu
jabat vél kaut kam vairak — dabiskiem, ar cil-
véku veselibai pozitivim (funkcionlajam)
ipasibam. Augli un ogas ir viena no vissvari-
gakajam $ada veseliga uztura sastavdajam.

Zemeném un aveném ir gan izcilas gar-
Sas ipadibas, kas patik patérétijiem, gan

Produkts

Aktivais iepakojums.

reizé ari augstvértigs uzturvielu sastavs. Tas
satur daudzas biologiski aktivas vielas, pie-
méram, polifenolus, kas piedalas brivo radi-
kalu neitralizé$ana. Kliniskie pétijumi nora-
da, ka augu polifenolu lietosana uzturd
samazina saslimdanas risku ar sirds slimi-
bam. Sie aspekti patérétajam ir batiski, vie-
t&jam aveném un zemeném tirgi ir pieprasi-
jums, diemzél $is ogas svaiga veida ilgi
neglabajas.

Gan zemenes, gan ari avenes pie mums ir
sezonils produkts ar salidzinosi isu uzglaba-
$anas laiku (5-7 dienas), tapéc svaigu ogu
pieejamiba tirgd ir islaiciga. Ogu uzglabsa-
nas ilgums atkarigs no uzglabasanas tempera-
taras, gaisa relativa mitruma, elposanas atru-
ma, epidermas slana biezuma un $kirpu iztu-
ribas pret mikroorganismiem. Ogu vaksanas
laik tam var rasties mehaniskie bojajumi,
kas izraisa fiziologiskas reakcijas uz stresu. Ja
ir stress, tad ogas norit procesi, kas batiski
jetekmé to kvalitati, paatrinot to bojasanos
uzglabasanas laika.

Péc FAO datiem, ES auglu/ogu un darze-
nu zudumu kopapjoms bojajumu dé] to gla-
basanas laika sasniedz 45% no kopéjas razas.
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ZINASANAI

Agni Hotra

Ne parak sen Vicija paradijusies kada
pavisam ezoteriska un Joti ipatnéja darzko-
pibas metode, kas parpemta no Indijas
senas védiskas gudribas. Dazi misu darzu
milotdji ar to jau sak iepazities. Si alternati-
va un ezoteriski metode ar Agni Hotras
pelniem it ka nav sarezgita, bet pilnigi atski-
ras no citam augu kopsanas vai atvese]osa-
nas metodém. Pelnus iegist ipasa rituala,
dziedot noteiktas mantras saullékta un
saulrieta un $aja laika dedzinot gi sviestu
kopa ar kaltétiem govs mésliem, izmantojot
Sai procesa nelielu piramidu. Metodes
izmantotaji apgalvo, ka tadgjadi attiroties
atmosfera ne tikai fiziskaja plana, bet ari
smalkaja, neredzamaja limeni un svétitas
uguns tuvuma iznikstot liela dala slimibu
izraisitiju. Ar nelielu daudzumu pelnu
apstradajot kultdraugus, palielinoties ne
tikai to raza, bet ari kvalitate, ko var izmérit
ar biofotonikas analizi. Par $o metodi jau
iznakusas vairakas graimatas vacu valoda un
ari interneta ir daudzpusigi skaidrojumi un
apraksti (meklgjot Agni Hotra un www.
homa-hof-heiligenberg.de).

Latvija ir pietickami daudz ipatnu, kuri
aizravusies ar dazadam Austrumos raditam
un, iespéjams, tur sekmigi izmantotim maci-
bam. Gribas gan teikt, ka Austrumu cilvéku
mentalitate un paradumi ir Joti atskirigi no
misu mentalitates. Tapéc mehaniski par-
nemt un pasiem sevi pirliecinét, cik $is meto-
des ir brini¥kigas un dziednieciskas, protams,
var, bet uz pozitiviem rezultitiem cerét ir
Saubigi.

Iss secinajums

Latvija vel ilgi valdosa bas konvencionala
lauksaimnieciba. Biologiskas lauksaimnieci-
bas organizacijas vaditajs ir izteicis prognozi,
ka péc 30 gadiem 30% lauksaimnieciba
izmantojamas zemes tiks apsaimniekota ar
biologiskam metodém.

Latviesu zemnieciskais prits daudz vai-
rik nosliecas uz zemes apdomigu un saim-
niecisku kopsanu. Varbit tomér neesam aiz-
mirsusi, ka zemnieki vismaz séju aizvien
uzskatija par svétu darbibu un ari ar lielu
cienu un bijibu attiecas pret izaudzéto maizi
un citiem Dieva, dabas un pasu darba dota-
jiem augliem.

Katrs cilvéks ir brivs sava izvélé, ko un ka
darit. No mums pasiem neatkarigi apstakli to
var tikai veicinat vai kavet. Bet Joti gribu, lai
Latvija ar saviem darbigajiem, radosajiem
cilvékiem, ar laukiem, dirziem, meziem,
upém un ezeriem varétu klat par zemi, kur
biologiska lauksaimnieciba un man tuva bio-
logiska darzkopiba batu vispar saprotama,
atzita un progreséjosa. El

EDAMIE

UGLU U

PARKLAJUMI
. .

Aptuveni tresdala ES dalibvalstis raZotas partikas tiek
izmesta atkritumos (88 miljoni tonnu 138 miljardu eiro vér-
tiba). Pasaulé aptuveni 42% partikas atkritumu rada maj-
saimniecibas. Pasaules Partikas un lauksaimniecibas organ’
zacija (FAO) vésta, ka pasaulé ik gadu atkritumos izmet 1,3
miljardus tonnu partikas. Latvija gada laika rada aptuveni

80 000 tonnu partikas atkritumu, viens cilvéks - vidéji 113
kg. ES valstis vidéjais raditajs ir 173-180 kg uz cilvéku.

KARINA JUHNEVICA-RADENKOVA,

INESE DRUDZE,
Darzkopibas institits

Diemzél joprojam ES valstim nav izvei-
dota vienota partikas atkritumu daudzuma
samazinadanas politika. Viens no risinaju-
miem partikas produktu (svaigu un parstra-
datu auglu, ogu, darzenu) glabasanas, lietosa-
nas laika pagarinasanai un kvalitites saglaba-
$anai ir apstrade ar dazadiem bionoardamiem
poliméru parklajumiem.

Pétfjumi édama iepakojuma joma ir japa-
plasina un jadazido. Edamais iepakojums
pilniba atbilst masdienas popularajai zajajai
tendencei, tie ir produkti un tehnologijas, kas
ir nekaitigas cilvékiem un videi. Paslaik var
drogi apgalvot, ka édamo plévju un parklaju-
mu razo$anas uznémumi palidzés samazinat
atkritumu daudzumu un nodrosinat ilglaici-
gu partikas produktu kvalitates saglabasanos,
ka ari nodrodinas lielakas értibas patérata-
jiem.

Apstrade ar vasku

Ziema veikala nopérkami spidigie, labi
glabajamie vaskotie importétie aboli un
bumbsieri. Tie visi gandriz vienmér ir apstra-
dati ar Sellaka tipa vaskiem, tapéc tirdznieci-
bas stendos nevist, nepust, ilgak izskatas pie-
vilcigi, ilgak paliek suligi, labak saglabajas
auglu stingriba un cietiba. Ari $ellaka svekus,
ko izdala kukainu kapuri (Laccifer lacca),

plasi izmanto auglu parklajumiem glabasanas
laika pagarinasanai. Bez $ellaka (E 904) ir vél
ari citi tradicionali lietoti vaski — karnaub-
vasks (E 903) un kandelila vasks (E 902).

Paslaik partikas raZosana auglu apstradei
arvien vairak sak izmantot ari medus bisu
dziedzeru izdalito vasku, ko izkausé no bisu
Sanu karém péc medus izsvie$anas. Bet, ta ki
tira bisu vaska parklajums 5% vai lielaka kon-
centracija péc sacietéSanas nav pietiekami
dzidrs un caurspidigs, ta izmantosana a
virsmas apstradei ir iespéjama tikai daza®
kombinacijas ar citiem vaskiem (karnaubas,
Sellaka, kandelila) vai augu elJu.

Ne vienmér auglu vai ogu apstrade ar
vaskiem var dot pozitivu rezultitu. Iznakums
atkarigs no vairakiem faktoriem: no pareizi
izvéléta vaska un ta koncentracijas, ari no
pasu apstradajamo auglu un ogu kvalittes,
kimiska sastava, gatavibas pakipes apstrades
bridi u. c.

Ir ari vél citi iespéjamie parklajumu vari-
anti, no kuriem dai ir pilniba sagremojami
un pat garigi. Ipasi tad, ja tie pagatavoti no
pasu auglu un ogu masas. Ari cietes parklaju-
mi ar biologiski aktivu vielu piedevam, lidzigi
ka auglu un ogu dabiskais vasks, novérs mit-

.ruma zudumus, kontrolé gizu (skabeklis,

oglekla dioksids) apmainu, nodrogina parti-
kas produkta virsmas sterilitati un ari gaisto-
S0 vielu saglabasanos, kas saglabi partikai
raksturigo smarzu un aromatu. Sadas ipasi-
bas ir raksturigas biopolimériem.
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Ar biopoliméru
parklajumu
apstradatas
avenes.

Ar biopoliméru
parklajumu
apstradatas

zemenes.

Biopoliméru parklajumi

Sie parklajumi péc to ieguves iedalas tri-

jos veidos: augu, dzivnieku un mikrobiolo-
giskas izcelsmes. Mikrobiologiskas izcelsmes
biopolimérus spéj sintezet baktérijas un mik-
roskopiskas senes. Par dzivnieku izcelsmes

plévém no polisaharida hitozana. To skidumi
dod viendabigas, elastigas pléves, kuram pie-
mit dabiskas antibakterialas ipasibas. Partikas
produktos, kas bijusi parklati ar hitozana
plévem, mikroorganismi neaug.
Darzkopibas institata kopa ar citiem

Katru zemeg)u/ avenu apstrédes variantu
gatavoja trijos atkartojumos.

Ogu glabasanas reimi zemeném: telpa
_ 20 +1 °C temperatara 24 stundas; dzeséta-
va — 4 £1 °C temperatiira 72 stundas.

Ogu glabasanas apstakli aveném: dzesé-

biopoliméru tiek uzskatits hitozans. Toiegast ~ sadarbibas partneriem - Latvijas tava- 4=l °C temperatara 72 stundas.
no jiras vézveidigo parstrades blakusproduk-  Universitates Biologijas institatu un ogu Ogam tika testéti kvalitates parametri
tiem — caulam. Bet, pieméram, levanu var  audzétdjiem - turpinas pétijums (fizikali kimiskie raditaji, mikrobiologiskie

iegiit gan no augu izcelsmes produktiem, gan
arimikrobiologiskisintezét.Mikrobiologiskés
izcelsmes biopolimériem ir izteiktikas poli-
méra ipadibas - parklajuma/plévju veidosa-
nas spéjas, pléves izturiba, elastiba, spidi-
gums, barjeripasibas u. c. Tadéjadi papladinas
biopoliméru iespéjamas izmantosanas jomas
(nieméram, medicina). To razo$ana neietek-
‘(nepastiprina) vides piesarpojumu.

Diemzél paslaik biopoliméru razosanas
izmaksas vél joprojam ir relativi parak aug-
stas, tapéc to izmantosana partikas rapnieci-
ba ir ierobezota.

Ka substratu leviana biosintézei Latvija
var izmantot blakusproduktu — sirupu, kas
veidojas kramcidoniju sukazu razo$ana.
Paslaik kramcidoniju audzétajiem nav prob-
]ému ta realizacija, ta¢u, pemot véra kramci-
doniju stadijumu platibas pieaugumu, var
paredzét, ka probléma var rasties. Nerealizéto
sirupu varés izmantot biologiski noardamo
poliméru razosana.

Paslaik pasaulé daudz péta dabisku vai
sintetisku partikas piedevu pievienosanas
iespéjas polisaharidu vai olbaltumvielu plé-
vés ar mérki maksimali samazinat mikroorga-
nismu, pieméram, Salmonella sp., E. coli bak-
tériju, augSanu svaigos un parstradatos pro-
duktos, kas visbiezak izraisa bistamu sainde-
sanos. Pétijumos labi rezultati tika konstatéti

Bionodrdamo poliméru iegisana no atjau-
nojamiem resursiem auglu aizsargplévju un
iepakojuma materialu izstradei (Nr. 19-00-
A01612-000004). Pirma gada pétijumos
iegatie dati paradija, ka ar biopolimériem
apstradatim zemeném un aveném laba kvali-
tate saglabajas ilgak. Pétijumi ir jaturpina.

Nakamaja projekta posma ir paredzéts ne
tikai izveidot biopoliméra parkldjumu, ko var
uzklat uz pa$am ogam, bet ari izveidot biopo-
liméra plévi iepakojumam, kura tiks glabatas
§is ogas. Pamata pléves tiks iegfitas no levana
un dekstrina maisijuma. Viena veida édamas
pléves bs gatavotas no auglu biezepa — saku-
mi no aboliem. To pagatavosana ir diezgan
viegla, jo pa.matsastivdala ir izzaveéts auglu
biezenis ar pievienotu plastifikatoru. Sada
veida iepakojumi ir ne tikai veseligi, bet ari
garsigi. Pétijuma laika tiks parbaudita ne tikai
ogu kvalitate aizsargpléve, bet ari izveidotas
pléves ipasibas.

Pirmaja gada veikto
pétijumu rezultati

Pétijuma tika izmantots 1% levana 3ki-
dums+1% dekstrana $kidums, ka ari 3% leva-
na $kidums+2% glicerina skidums. Ar izvélé-
tajam $kiduma koncentracijam apstradatas
zemenu Skirnes ‘Malvina’ ogas, ka ari avenu
gkirnu ‘Imara’, ‘Polka’, ‘Enrosadira’ ogas.

AGROTOPS | FEBRUARIS | 2021

parametri, sensoras ipasibas).

Izvértéjot zemenu mikrobiologisko radi-
taju izmainas, parliecinosu secindjumu vel
nebija. Rezultati ir pretrunigi un nestabili.
Zemenu stingriba (cietiba) glabasanas laika
ar biopolimériem apstradatajiem paraugiem
nedaudz paaugstindjas, kas skaidrojams ar
papildu aizsargslana veidosanos uz apstrada-
tajam ogam. Sausnas daudzums péc apstra-
des ar biopolimériem nedaudz palielindjas.

Savukrt izvértéjot avenu mikrobiologis-
ko raditaju izmaigas, ir novérota stabila ten-
dence, ka mikroorganismu attistibu samazi-
naja parklajums ar koncentraciju 3% levana
$kidums+2% glicerina skidums. Avenu virs-
mas tipiska dabiska sarkana krasa péc apstra-
des ar biopolimériem péc vienas dienas gla-
basanas kluva spilgtika, tadéjadi ari sensoras
vértéanas rezultati variantiem ar biopolime-
ru apstradi bija labaki.

Izvértéjot avenu ogu cietibas rezultatus
glabasanas beigas, ir labi redzama parklajuma
efektivitate. Kopéjas skabes daudzums bija
biitiski mazak samazinajies, kas var bt skaid-
rojams ar paléninatu fiziologisko procesu
norisi.

Rezultati ir interesanti, seviski ar aveném,
tomeér ari diezgan variabli, praktiski izmanto-
jamiem tehnologiskajiem ieteikumiem pagai-
dam vél nepietiekami. El
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ZINATNE

Edamais iepakojums —

viens no atkritu
risinajumiem

mu problemas

lk gadu planétas iedzivotdji izlieto trilionu plastmasas maisinu. DiemZzél to parstrade ir
tikai daléja — paréjais nonak izgaztuves, tiek apglabats poligonos vai nok|ast daba. Paslaik
piesarnojums ar plastmasas izstradajumiem ir viens no lielakajiem cilvéka raditajiem

draudiem musu planétai

Situacija pasaulé

Péc Pasaules Veselibas organizacijas (PVO) 2018. gada
datiem, pasaulé gada tiek sarazots aptuveni 275 milj. t (Mt)
plastmasas. Kopa ar partikas atkritumiem 12 Mt plastmasas
nonak okeanos, radot neatgriezeniskus bojajumus ekosiste-
mai. Aptuveni 80 % pasaules jaru un okeanu piesarnojuma
(atkritumu) ir plastmasa. Ja atkritumu probléma netiks risi-
nata, tad 2050. gada okeanos bus vairak plastmasas neka zivju.

i iemesla dé| Eiropas Savienibas dalibvalstis ir ieviesu-
Sas stratégiju ar 2030. gadu izmantot tikai parstradajamus
plastmasas iepakojumus ekonomiski dzivotspéjiga veida (bio-
degradéjamus apkartéja vidé), bet lidz 2025. gadam vismaz
20 % izlietoto iepakojuma materialu parstradat. Pédéjos

JULIJS 2022 - SAIMNIEKS LV

pirms desmit gadiem tika razoti no plastmasas, tagad parsvara
top no kartona, savukart glazu vacini no bambusa, kukurdzas
vai citam $kiedram. Tau, ka zinams, kartona trauku raZosanai
vajadzigi kokmateriali, bet $i resursa atjaunosanai - laiks.

Paslaik tik popularie izlietotas bioplastmasas izstradajumi ir
jasavac un jaskiro, jo apkartéja vidé tie nesadalas. Pieméram,
iepakojumi no polilaktida (PLA-Polylactic acid) sadalas 60 °C,
savukart oksidegradéjamie materiali, kas satur epi piedevu,
sadalas sikas dalinas, kas apkartéjo vidi piesarno vél vairak
neka parasta plastmasa.

Loti laba alternativa plastikai ir biopoliméru izmantosana
iepakojuma materialu razosana, tacu tas ir relativi dargi.
Tadéjadi ir daudz dazadu problému, kas jaatrisina, lai Eiropa
maksimali varétu atteikties no plastmasas lietosanas.

Turpindjums 64. lpp.
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Partikas atkritumi

Diemzél plastmasa nav vienigais vides piesarnotajs. Milziga
probléma ir ari partikas atkritumi. Péc Partikas un lauksaim-
niecibas organizacijas (Food and Agriculture Organisation/FAO)
statistikas datiem, pasaulé pédéjos 50 gados palielinajusies
ogu razosana. Globalais zemenu tirgus no 754 517 t 1961.
gada palielinajies lidz 9.2 milj. t 2017. gada. Savukart aveném
pieaugums bija no 134 115t 1961. gada lidz 812 735 t 2017.
gada. Prognozéts, ka zemenu patérins turpinas pieaugt un
2025. gada tas varétu sasniegt 11.5 milj. t. Lidziga razosanas
apjoma palielinasanas tendence tiek prognozéta ari aveném.

Péc Fruit Logistica 2020. gada datiem, Eiropas valstis sara-
7ots ~ 44 milj. t auglu/ogu. Savukart péc auglu/ogu novaksa-
nas uzglabasanas laika tiek zaudéts ~ 61 % no kopéjas razas.
Tiesa, atskiriba no plastmasas auglu/ogu atliekas apkartéja
vidé diezgan viegli sadalas, bet tas veicina siltumnicefekta
gazu (SEG) emisiju, butiski ietekméjot klimata parmainas.
Saskana ar Pasaules Bankas 2018. gada zinojumu, ja problé-
mas atkritumu apsaimnieko3anas sektora netiks atrisinatas,
2050. gada atkritumu apjoms jau bus palielinajies par 70 %.

Risinajumi auglu, ogu deriguma termina pagarinasanai

Viens risinajums, ka galu gala nenoslikt atkritumos, ir ieviest
jaunas metodes, kas lautu pagarinat auglu un ogu realizacijas
laiku. Tas ir ipasi aktuali mikstam ogam ar isu deriguma ter-
minu (5-7 dienas), pieméram, zemeném un aveném.

Viena no metodém, kas varétu batiski pagarinat miksto
ogu deriguma terminu un risinat atkritumu problému, ir
ogu apstrade un/vai uzglabasana édamos bionoardamos
biopoliméru iepakojumos. Biopoliméru parklajumi tiek
iedaliti augu, dzivnieku un mikrobiologiskas izcelsmes par-
klajumos. Piemeéram, hitozans pieder pie dzivnieku izcelsmes
biopolimériem. To iegust no juras vézveidigo parstrades bla-
kusproduktiem - no ¢aulgliemju cieta aréja skeleta. Diemzél to
razosanai ir nepieciesamas spécigas skabes un sarmi, kas nega-
tivi ietekmé apkartéjo vidi. Savukart, pieméram, levanu var
iegat gan no augu izcelsmes produktiem, gan mikrobiologis-
kas sintézes cela. Mikrobiologiski sintezétiem biopolimériem
piemit izteiktas poliméru ipasibas - lieliska pléves veidosanas
spéja, pléves stipriba, elastiba, spidums, labas barjeras ipasi-
bas utt. So ipasibu dé| mikrobiologiskas izcelsmes biopoliméri
klast arvien popularaki medicina, farmacija, kosmetologija,
partikas sektora un iepakojuma industrija, turklat to razosana
nepalielina apkartéjas vides piesarnojumu. Ir pieradits, ka mik-
robiologiskas izcelsmes biopolimériem ir antimikrobiala un

Dazada veida, biopoliméru édamas pléves
pirms ogu uzglabasanas
JULLJS 2022 - SAIMNIEKS LV

iopoliméru édama pléve ar zelatinu péc zavésanas.

pretvirusu iedarbiba, tiem piemit antikoagulantu, pretvéza
aktivitate, ka ari holesterinu pazeminosas u.c. Ipasibas.

Ka jau tika minéts, biopoliméru razosana (sintéze) ir relativi
darga. Lai samazinatu mikrobiologiski sintezéto biopoliméru
razosanas izmaksas, ir nepieciesams izmantot blakusproduktus.
Pieméram, ka barotni levana sintézei izmantot krimcidoniju

Zemenes péc apstrades ar biopoliméru édamo parklajumu un pirms
uzglabasanas dzesétava 4 °C.

sirupu, kas veidojas sukazu razosanas procesa. Paslaik kram-
cidoniju razotajiem sirupa realizacija nesagada problémas,
tacu, nemot véra to, ka pédéjos piecos gados krimcidoniju
stadijumu platibas palielinajusas teju vai Cetras reizes - lidz
pat 590 ha, nakotné tadas var rasties. Nepardoto sirupu var
izmantot ka baribas vielu avotu mikroorganismiem biologiski
noardamu é&damo poliméru razosana. Vél viens blakuspro-
dukts, kas lieliski piemérots biopoliméru sintézei (razosanai),
ir piena parstrades procesa radusas stkalas, kas tiek uzskati-
tas par problematisku blakusproduktu, jo to utilizacija rada
uznémumam papildu izmaksas. Sintézes rezultata iegato bio-
poliméru var izmantot ogu parklajuma izveido$anai (mércéjot
ogas biopoliméra skiduma), ka ari plévju razosana. Gan jaun-
izveidotas pléves, gan parklajumi varétu ievérojami pagarinat

Ogu zavésana péc apstrades ar biopoliméru
édamo parklajumu.

Turpinajums 66. Ipp.
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Zemenu apstrade ar biopoliméru édamo parklajumu.

produkta uzglabasanas laiku,
rezultata samazinot parti-
kas atkritumus. Turklat
atgadinasim, ka parkla-
jumi un biopoliméra
pléves ir édamas
un veseligas cil-
véku organismam,
tapéc izlietojamas
kopa ar produktu.
Lai paaugstinatu
parklajuma/plévju
uzturvértibu, senso-
ras un antimikrobialas
ipasibas, razoSanas
procesa var pievienot vit-
aminus, mineralvielas, pret -
mikrobialas u.c. sastavdalas.

Biopoliméru pétnieciba Latvija

Apzinoties témas aktualitati, Latvijas Universitates
Biologijas institata un Darzkopibas institata zinatnieki sadar-
biba ar citiem partneriem 2019. gada uzsaka istenot projektu
Bionodrdamo poliméru iegasana no atjaunojamiem resursiem
auglu aizsargplévju un iepakojuma materialu izstradei, pro-
jekta Nr. 19-00-A01612-000004. Galvenais projekta mérkis ir
izstradat jaunus materialus auglu, Tpasi miksto ogu (avenu
un zemenu) apstradei ar biologiski noardamiem mikrobiali
sintezétiem poliméra parklajumiem (édamam plévém), kas
lautu ilgak saglabat ogu kvalitati un pagarinat to uzglabasa-
nas laiku, neizmantojot cilvékam un videi kaitigas kimiskas
vielas. Vélreiz jauzsver, ka biopoliméri nav toksiski, tos atlauts
izmantot partikas rapnieciba un var lietot uztura ari vegeta-
riesi un diabéta slimnieki. Biopoliméru parklajumi parasti ir
bez garas un smarzas, tie neietekmé, neizmaina apstradato
produktu dabiskas sensoras ipasibas. No tiem var veidot
dabai draudzigus zajos iepakojumus, tie viegli noardas,
nerada bistamus sadalisanas produktus, lidz ar to nepiesarno

apkartéjo vidi.

Projekta iegatie dati liecina, ka, izmantojot piena sukalas ka
baribas avotu mikroorganismiem, biopoliméru iznakums ir
gandriz 3x lielaks salidzinajuma ar standarta barotni, lidziga
tendence saglabajas ar kramcidoniju sirupu. legitiem biopo-
limériem tika noteikta molekulara masa, kas ir svarigs raditajs
iepakojuma materiala razosana (jo augstaka molekulara masa,
jo izteiktaka pléves/parklajuma veidosanas spéja). Pieméram,
augu valsts biopolimériem molekulara masa svarstas no
5 lidz 15 takst. kDa, tie tiek raksturoti ka zemas kvalitates.
Jaunizveidotiem (mikrobiologiskas izcelsmes) biopolimériem
molekulara masa bija vidéji 15 milj. Da, kas attiecinats uz loti
augstas kvalitates produktu.

Péc divu gadu ogu uzglabasanas tika atlasiti labakie édamie
parklajumi un tris édamo plévju receptiras. legutie dati para-
dija, ka salidzinajuma ar kontroles variantiem ogu (zemenes,
rudens avenes) uzglabasana biopoliméru plévé ar apstradi
vai bez tas batiski pagarina uzglabasanas laiku un pozitivi
jetekmé kvalitates saglabasanu. Apstradatiem ogu paraugiem
noveérota izteiktaka krasa (noteikts ar krasas spektrokolori-
metru), augstaki biokimiskie (Skistosas sausnas, antocianu,
kopéjo fenolu saturs) un sensorie raditaji (izskats, krasa, aro-
mats, cietiba, garsa). Jaatzimé, ka salidzinajuma ar kontroles
variantiem biopoliméru parklajums un/vai pléve véra nemami
nomac mikroorganismu attistibu; uzglabasanas laika parau-
gos novérota nenozimiga baktériju, pienskabes baktériju,
raugu un peléjumu attistiba. Lai pilniba parliecinatos par bio-
poliméru efektivitati ogu uzglabasana, pétijums tiks turpinats
treso gadu.

Péc projekta beigam (30.09.2022.) visi iegltie dati tiks
apkopoti gan zinatniskaja apskata, gan atskaité, kas bas pie-
ejama apskatei ieinteresétam personam. lespéjams, tuvakaja
nakotné biopoliméru sintézes tehnologija un pétito plévju
parklajumu recepturas tiks komercializétas, lidz ar to klus
pieejamas plasam cilvéku lokam un uznémeéjiem.

Pateiciba Zemkopibas ministrijai un Lauku atbalsta dienesta
atbalstam par iespéju realizét $o pétijumu.

Avenu ogu 73vésana péc apstrades ar biopoliméru édamo parklajumu.
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\\\// Malvern

N Panalytical

00792312 Darzkopibas institlts
OMNISEC zinojums

Konfidencials dokuments

\\\// Malvern

N\ Panalytical

OMNISEC

MULTIDETE KTORU EKSKLUZIJAS
HROMATOGRAFIJAS SISTEMA

ax
Z

El

s5a
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Kas ir GPC/SEC? \\\// Malvern

W Panalytical
GPC  — gelcaurlaidibas hromatografija RSN ol A
SEC — eksklizijas hromatografija (péc
lieluma)

GFC — gelfiltracijas hromatografija

Separacija
Stacionara faze
Mobil & faze

Rezultati
Mole kulmasa

Paraugu
Detektori Lielums

Masu makromolekulu
struktdra

maisijums

* Iz8Kidinats mobilaja
faze

N

« Atdala méramo
analiz&jamo vielu no citam
maisjuma esosajam
molekulam péc IZMERA

Konfiden cials dokuments

Konfidencials dokuments

OMNISEC APARATURAS MODULI N/ Maivern

N Panalytical
OMNISEC Resolve modulis — pliisma, inzekcija, separacija \\\\\\\\\\\\\\ vy

Degazators Saknis
/& o

Degasser

N
—
Injection loop
Columns & Oven Inzektora cilpa Autosampler

Kolonnas un krasns Automatiskais
paraugu dozators

OMNISEC RESOLVE

Konfidencials dokuments
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OMNISEC APARATURAS MODULI

OMNISEC Reveal modulis — noteikSana

R
) —

Refractive index
Refrakcijaskoeficients

@e

Intrinsic viscosity

Raksturiga [iskozitéte

Konfidencials dokuments

Kolonnu un
detektoru nodalita T
kontrole

NoplGZu un tvaika

e

-

g

Malvern
Panalytical

specins compa

UV/Vis PDA

RALS/LALS

Malvern

OMNISECREVEAL _____——

\\\/ Malvern
OMNI Panalytical

AN specins corp

multi dete ktoru
sistéma

sensori

S i

3 R we——
Maza apjoma
degazators
Pasuzsicoss sknis
Apgriezta
blivéjuma
skaloSanas
mehanisms

Automatiska paraugu dozatora T
kontrole

Pudeltites vai 96 iedobju
mikrotitréSanas plates

3 inzekciju rezims — vértigiem
paraugiem piegjams
bezatkritumu rezims

GPC - gelcaurlaidibas
hromatografija

Rl un LS pastiprinata jutiba
Meéra pat 100 ng

Méra M,, hdz pat 200 g/mol
PDAUV/\Vis spektrometrs

Méra absorbciju jebkura A no 190-900 nm
Viskozimetrs

Autom atisks pasreguléjosais tilts
Kapilari, ko var nomaintt pats lietotajs
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Detektori
OMNISEC Reveal

W im ) [
( | o \""/
RI A ‘
$ RALSILALS
MALS
uv
_ GAISMAS
KONCENTRACIJA IZKLIEDES
S DETEKTORI DETEKTORS
Diferencialais - RALS 90° lenkis
refraktometrs LALS 7° lenkis
Diodes matricuUV/Vis MALS 20 lenki
gektrometrs - Reagé uz paraugamolekulmasu

+ RlunUV/Visreagé uz parauga
koncentraciju.

Konfidencials dokuments

Konfidencials dokuments

DaudznoteikSanas

\\\// Malvern

N\ Panalytical

DP/

VISKOZIMETRA
DETEKTORS

Cetru kapilaruVitstonaftilts

- Reagé uz $kiduma eso8a parauga
raksturigo viskozitati.

\\\// Malvern

A\ Panalytical

piramida Sazarotibas
L Molekulu uzbive
NetieSi P .
aprékinat: Izmers (Marka-Hauvinka
T (Rh) strukturala ~ plans)
in%
— ~~
Molekulmasa Raksturiga
Molekulu viskozitate
- izmérs
Tiesi (Rg)
aprékinat: Koncentracija
I
Sastavs
TieSi mént: Gaismas & refrakcijas uv 5 vis\kozitéte
izkliedes koeficients  absorbcija
intensitate

Konfiden cials dkuments
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Diferencialais refraktometrs (RI)

Princips: atSkirigas vidés gaisma parvietojas ar atsSkirigu

atrumu.

Parauga

el9ments

KritoSais -——

staru kdlis

———f——>

Kontroleleme
nts

Konfiden cials dokuments

Konfidencials dokuments

Statiska gaismas izkliede

Plismas
elements

¢ Iz8kidinot vielu

Skidinataja, gaismas
lausanas koeficients
mainas péc Skiduma.

Staru kdla novirze
atbilst parauga
koncentracijai.

RI rezultats (mV) = Kg, * dn/dc «

koncentracija

\\\// Malvern

N\ Panalytical

Parauga nav

Zema
konc. | —

Augsta
konc.

\\\// Malvern

N\ Panalytical

- Fotonu no krTtosa staru kila absorbé makromolekula , un tas tiek atkartoti izstarots

Visos virzienos.

(/:\\

p

- Attiectbu starp gaismas izkliedi un molekllmasu izsaka Releja vienadojums:

Konfiden cials dokuments

R, a Mw
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Lenkiska asimetrija N/ Mmaivern

% .
N\ Panalytical

- Dazadas molekulas izkliedé gaismu dazados virzienos ar atskirigu intensitati.
- Mazakas molekulas gaismu izkliedé vienmeérigi visos virzienos ( izotropa izkliede), radiuss

<15 nm
- Lielakas molekulas gaismu izliedé dazados virzienos ar atSkirigu intensitati ( anizotropa
izkliede), radiuss >15 nm Interference affects the lzkliedétas gaismas intensitati
scattered light intensity jetekmé interference
I
\ [V
-

- Mums zinama veida ir jatiek skaidriba ar anizotropo izkliedi, lai aprékinatu pareizu
molekulmasu .
- Balstoties uz Releja vienadojumu, ja 6= 0, tad izkliedétas gaismas intensitate ir tiei saistita ar parauga
molekulmasu.
- Més nevaram veikt mérijumus ar 6= 0, jo krito$a gaisma ir parak spilgta.

Konfidencials dokuments

Konfidencials dokuments

RALS/LALS N/ Maivern

RALS/LALS detektoram ir RALS jutiba mazam molekulam, UN tas var \\\\\\\\\\\\\\\Panelyncal

izskaidrot anizotropiju lielam molekulam
Mazas molekulas

Taisnlenkim ir
labakais signals
trok§nu limeniem
un tadéejadi art
labaka jutiba

0 sin? (g) 0.5 1

Lielas mole kulas

: Neticami zems
- lenkis nozimé, ka
nav nepiecieSama
datu pielago$ana
vai ekstrapolacija
un kladas ir
samazinatas dz
minimumam

R, L+ sin? (%) = 0.0037 a1 7

Konfidencials dokuments
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RALS/LALS praksé N/ mawem

R :
N\ Panalytical
PEO (23 kg/mol ~ 5nm) Hialuronskabe (1 Mg/mol) ~ 60nm
125 60,0
. E LALS(7 grad) LALS(7 gradi)
> = RALS (90 RALS (90
é [}] 93 gradj 448 gradi)
© w
- C
S ©
© 7 I}
o e oo OMNISEC programmatira automatiski nosaka pareju EJ
i g no RALS uz LALS
S
3 2
g ® 28 ] 143 y \
5 E ’ \
Z O
=z
05 T T T T -1.0 T T T T
17,0 20,0 23,0 26,0 29,0 320 12,0 15,0 18,0 21,0 240 27,0
Retention Volume (mL)
Aizturésanas tilpums (mL)
Izotropie izkliedétaji Anizotropie izkliedétaji
RALS vai LALS sniedz LALS sniedz pareizuM,,
pareizu M,,
Konfidencials dokuments
Konfidencials dokuments
Raksturiga viskozitate N/ Maivern
- - - _ B Panalytical
No ka ir atkariga izturiba pret plismu? N\ Panalytica

Raksturigai viskozitate ir $adas R, -
- Kurai no STm divam molekulam ar
mérvienibas:

vienadu masu telpa ir lielaks tilpums?
dL/g

Raksturiga viskozitate ir apgriezti
proporcionala molekulas blivumam :

1
&y blivums @
Meés uz struktiiru varam paraudzities
sadi: tilpums
RV
masa

Konfidencials dokuments
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\\\\\// Malvern

Ka més méram raksturigo viskozitati?
A\ Panalytical

Cetru kapilaru viskozimetra tilts — Vitstona tilta koncepcija

- Viskozimetrs nosaka izmainas spiediena, paraugam parvietojoties pa viskozimetru .

:ﬂ_ﬂo

|
DP signals nSP
Skidinatdjs no
Paraugs 4 DP
== — =Cx1IV
T ~p —2pp

Spiediena devéju rezultata un
Tpatnéjas viskoztates
attieciba

Tpatnéjas viskoztates un
raksturigas viskoztates

attieciba

Konfidencials dokuments

Konfidencials dokuments

Ko raksturiga viskozitate (1V) pastasta par musu

f)
pa l;?eﬂgsy garums

Pieaugoss garums » Blivuma samazinajums |V pieaugums

\\\// Malvern

N\ Panalytical

Marka-Hauvinka vienadojums izsaka MW pret IV : [n] = k x MWa —_
log [n] = log k + a x log MW =
o
o)
M-H a = saistits ar veidu, kada kédes ir pievienotas poliméra
mugurkaulam log MW
M-H k = mugurkaula blvums
Sazarotiba — kompaktaka struktdra par lineariem polimériem 1
Sazarotiba Blivuma pieaugu
\ =
Zvaiginu Ng 3 1. Hipersazarot58,
. - ‘\ ~ . - O
polimérs polimérs
A
Star polymer L i
Hyperbranched polymer

Konfidencials dokuments.
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Sample analysis results

Paraugu analizes rezultati

\\\// Malvern

SN Pan

Konfidencials dokuments

\\\\// Malvern

N ical
N\ Panalytical

'Paraugu analize

L Paraugu sagatavos$anas un analizes
nosacijumi

- Kolonnas: Malvern Panalytical GPC
analizei organiskos apstaklos

- Automatiska paraugu dozatora
temperatdra: 25 °C

- Kolonnas/detektora krasns temperattra:
50 °C

- Paraugi sagatavoti ldz ~3-6 mg/mL

- InZekcijas tilpums: 100 pL

18 © 2021 Malvern 2022. gada 20. junija
Konfidencials dokuments Panalytical
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Paraugu analize N/ mawem

Hromatogramma — verifikacijas standarts \\\\\*\\\\\\\\\ Pana!xf 'Cal

200 + Dekstrana 72 kg/mol 100 pL inZekcija 2
K mg/mL koncentracija (konc.).

!

« Sarkana krasa ir reakcija no refrakcijas

- ] -
- é>5 Ta_g ) Er koeficienta (RI) detektora, kas méra
g ' gi parauga koncentraciju.
e 3. g 5 :
% é gz | - Zila krasa ir reakcija no viskozimetra
i g S N (visk.), kas méra parauga raksturigo
% I\ < *;_‘. viskozitati.
~ - e 2 T ™ S F3 5
% b I é - ) » Zala un melna krasa attiecigi ir reakcijas
« T I 2 T | 0B o e 9 1 | pos : no taisnlenka un zema lenka gaismas
z aE 23 = - izkliedes (RALS un LALS) detektoriem,
Ratention vokume (ml) kas méra parauga molekulmasu.

Aizturésanas tilpums (mL)

Konfidencials dokuments

Konfidencials dokuments

Paraugu analize N/ maern

- N Panalytical
Hromatogramma — verifikacijas standarts \\\\\\\\\\\\ ayhce
&~ ,-Z 200
= a 5
& |2 ) » 3 — e
3 |E 32| |2£3 z £
< SEh [|2EE] (g8 § © + Dekstrana 72 kDa 100 pL
N = 0 0 = s hiso__ . . .
£ =l =e e Ox| ZRIVS inZzekcija 2.4 mg/mL koncentracija
S} = - = 7 X @ s
E £ R w XE| SEl ER (konc.).
§ 9 L AN O o LT E =31 - al
oY g ERuEY (| UEN 1 o8 —3$-ng 3 o
5 Ji1\ EF Flw | = . =
ie VIR L2 3| =3 “ 28 | Parauga eluacija (roza zona)
& g | Il‘ \ oo - h(:; g:—
o \ C = .3 — . . . -
g | , | " \ ' < < ¢ |+ Caurlaidibas pikis RI. Analizéjamas zonas
S . T M |¥ 2 beigas hromatogramma (zala zona).
£ nuulL A\ | NI I T E’ L -
‘ ‘ T * Heterogénais pkis viskozimetra (dzeltena
0 0 20 3 40 ’
etentiod vokyme (ml) zona).
Aizturesanas tilpums (mL)

Caurlaidibas pikis: nelielu atSkiribu noteikSana starp eluentu un $kidinataju, ko izmanto parauga sagatavo$anai, pieméram,
iz8kidinatas gazes. Hromatogramma &7 paradiba ir |oti izplatita RI detektora jutibas dé|. PiKis ir zinams ka kopéjais caurlaidibas
pikis, kas var bit pozitivs vai negativs atkariba no sastava atSkiribam, un taja signalu var ietekmét  atSkaiditaji, piedevas un
materiali ar |oti mazu molekulmasu.

Heterogénais pikis paradas, paraugam pametot aizkaves kolonnu Vitstona tilta negativaja pusé. Hromatogramma ta ir normala

encial ments
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Konfidencials dokuments

Paraugu analize
Izskidinasana

lepriek$é&jie projekti ar paraugiem
uz levana bazes tika veikti NaNO 3
Gdens Skidumos, kas lidz ar to bija
pirmais testétais Skidinatajs.

\\\// Malvern

N \Panalytical

spectris company

.

lzskanéja priek$likums izmantot

DMF un DMSO, un péc

Skidinataju  sanem3Sanas  tika

veikta arf testéSana.

- TestéSana tika weikta ar zemas
koncentracijas LiBr sali, jo tas ar
Siem Skidinatajiem médza
slapét/izjaukt starpmolekularas
mijiedarbibas . Un ar karséSanu un
maisiSanu 80°C.

2. un 3. parauga gadijuma

Skiduma paraugi izgaja cauri 0,45

um neilona Slirces filtram, bet 1.

paraugs filtru aizsprostoja.

Konfidencials dokuments

Konfidencials dokuments

Paraugu analize N/ Maivern

Rezultatu veidi NN Pa“ﬁ!ﬁf |cal

i

Vidéjais  Average
1 1 A

Skaitlis Hidrodinamiskais radius|
Videjamolekulmasa

Vidéja masa Izkliedetiba Raksturiga
Molekulmasa Mw | Mn viskozitate

Noteikta koncentracija + ieejas koncentracija =

Konfidencials dokuments
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Konfidencials dokuments

Paraugu analize
2. paraugs - 100pL, 6,2 mg/mL

DaudznoteikSsanas hromatogramma

\\\//\ Malvern

S Panalytical

2. paraugs, 1.inZ.
2. paraugs, 2. inZ.

| s T
| w—Sample 2, Inj.1
| m—ampie 2, In2

i |

————— r -
15 2 2
Retention volume (mL)

Aizturé$anas tilpunml)

\\\\//\ Malvern

S Panalytical

3. paraugs, 2. inZ.
3. paraugs, 3. inZ.

= | H =i § ;
£ [ \ I' i = pw
gn {4 i a x =
‘C 1 H ‘ l L s [ 3
&= | NEL 0Efe ]
= | ko = 15
o / P gff aof
\ © S [aF b=1
» € =i fw L5 €
N saf 100007 '5; o
S @i SE[ Ef £
o o i "N i
= x% | o e $ Qs
) = — =~ £
-4 ) 1o e :w
20 E y"oE | B > 5 g
w 3 Q '6"
G
0 £l iy =
Retention vokume (m1) «
Aizturésanas tilpums (mL) 2.1
Sl = as R - -
Replikati Mw(g/mol) M (g/mol) n IV (dL/g) Atgusta miba
A
i 15146000 14,127,000 107 363 021 543
ii 15,724,000 14508000  1.08 353 0.19 550
Vidéjais Ave. 15435000 14,317,500  1.08 3538 020 547
Konfidencials dokuments
Konfidencials dokuments
3. paraugs - 100pL, 6,6 mg/mL
DaudznoteikSanas
| — fa00
201 L l i i % § -
= H I = % :
Bw . Rl o ey
.2 n 2 ol E.
E;E 0 © - € i o E
o €& R § [0 B
‘o WY : © e =
£ 100 m & WE[ &% -2
- S Wy Ty L5 c
‘o o 8 [PeElLES v
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$-200] . i 5| ¢ o Eg
gl o= = G e oS | (St Fisso * = ~ fow
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= © SN t 3
Al [ 0 f]
T Q
10 15 2 2 0 ﬁ
Retention volume (mL) =
Aizturé3anas tilpumal(v S0

| m—ampie 3, inj2
—Cample 3, Inj3

Retention volume (mL)

RePlikénAthSta mib :
i 35

26700 12500 214 014 818
ii 26400 12,000 220 35 0.14 806
Vidéjais Ave. 26600 12300 217 35 014 81.2

Konfidencials dokuments
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Konfidencials dokuments

Paraugu analize

Paraugu salidzinajums
2. paraugs, 2. inZ.

i

index (mV) Sampd
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AizturéSanas tilpunml)

Aizturé$anas tilpums (mL

Tajsnlenka gaismas

Aizturé$anas tilpums (mL)

2. paraugs EmrTEE
3. paraugs [EETTEN

15,435,000
26,600

14,317,500

12,300 217
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4. PIELIKUMS: EKSPERIMENTALAIS DARBS UN TA IZTIRZAJUMS

BAKTERIALAS CELULOZES, KSANTANA, DEKSTRANA UN LEVANA SINTEZEJUSO
BAKTERIJU DZIVOTSPEJAS NOVERTESANA

Materiali un metodes
Baktériju uzglabasana

Bakterialo kulttiru uzglabasana pirms eksperimenta: sasaldétas ar 5% glicerina piedevu tika uzturétas saldétava —20°C temperatiira.

1. att€ls. Sasald&tas polim&ru sintez€josas kultiiras pirms eksperimenta sakuma.

Hestrin-Schramm barotne
Bakterialas celulozes (BC) un levana sintezgjuso baktériju dzivotsp&jas novertésanai teika izmantota standarta Hestrin-

Schramm (HS) barotne.

1. tabula
HS barotnes sastavs

Reagents Daudzums, g/L
Glikoze 20
Peptons 5
Rauga ekstrakts 5
Na:HPO4 2,7
MgSOsa, 0,2
CeHsO7 15

Bakterijas kultivacija
Péc sasaldéto kultiru atkauséSanas, inokulacijai paredzetas baktérijas tika kultivétas stikla mégengs, kas bija pilditas ar

10-ml HS barotni kas satur 20 g/L glikozes. Bakterijas tika inkubgtas termostata 24 stundas +30°C temperatiira.

Rezultati
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2. att€ls. Baktériju kultivacija termostata +30°C 24 stundas.

Péc inkubacijas dzivotspgjigas kultiiras tika atlasitas talakiem eksperimentiem. Izmantotas kultliras ir apkopotas

2. tabula.

Dzivotspgjigas kultiiras, to numuri un sintez&ti biopoliméri.

2. tabula

Nosaukums Numurs Biopolimérs

Komagatoeibacter hansenii B22 B-22 BC
Gluconabacter nephelii P1464 B-33 Levans
Gluconacetobacter xylinus ATCC 53582 B-34 BC
Komagataeibacter rhaeticus P1463 B-46 BC
Komagataeibacter xylinus DSM 6513T B-47 BC
Komagataeibacter hansenii DSM 5602T B-48 BC
Leuconostoc mesenteroides ssp Cremoris celms LF5 B-49 Levans
Xanthomonas campestris DSM1526 B-52 Ksantans
Xanthomonas campestris DSM3586 B-53 Ksantans
Xanthomonas campestris DSM19000 B-54 Ksantans
Xanthomonas campestris LMG8031 B-55 Ksantans
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BAKTERIALAS CELULOZES SINTEZEJUSO BAKTERIJAS GLUCONACETOBACTER
XYLINUS ATCC 53582 CELMU IZMANTOJOT PIENA SUKALAS

Materiali un metodes

Izmantotais baktériju celms: Gluconacetobacter xylinus ATCC 53582

Inokulata sagatavoSana
G. xylinus ATCC 53582 inokulats tika pagatavots,100 mL HS barotnei pievienojot 5 mL mikroorganismu kulttiras no

mgegenes. KultivéSana notika +30°C temperatiira 24 h.

Bakteriju kultivacija
Mikroorganismu kultivacija notika 500 mL koniskajas kolbas. Katra kolba tika pievienotas 100 mL attiecigas barotnes
un SmL inokulata. Kultivacijas laiks — 5 dienas. Atkartojumu skaits katrai barotnei — 7.

Siera siikalas

Eksperimentos tika parbauditas siikalas ka alternativs un 18ts substrats etikskabes baktériju augSanai un to
eksopolisaharidu sintézei. Siera sikalas tika sanemtas no A/S Rankas Piens. Eksperimenta laika kuram netika veikta
pirmsapstrade: netika samazinata proteinu koncentracija, ka arT nebija veikta enzimatiska un skabes hidrolize. Stikalam netika

pievienotas piedevas.

3. attels. Siera siikalu barotne p&c sterilizacijas. Protetnu izgulsnésanas pec termiskas apstrades.

BC attiri§ana un masas noteik§ana
Sintezétu BC iegremdé 1M NaOH temperatiira +60°C 90 min, lai attiritu BC plévi no $inam. Vélak BC tika mazgata

=x

destiléta Gideni un zavéta 24 h +50°C temperatiira. P&c zavesanas tika noteikta BC pléves sausa masa.

Cukuru daudzuma noteik§ana

Cukuru koncentracijas tika noteiktas, izmantojot komerciali pieejamus reagentu komplektus (K-SURFG, K-ACET un
Megazyme Co, Wicklow, Irija), sekojot raZotaja instrukcijam.
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pH noteikSana
5 — 10 ml varglaze ielej 5 ml pétama $kidruma un ievieto pH-metra elektrodu, lai tas nepieskartos glazites sieninam.
Merijumus nolasa péc 10 sekundém. P&c katra méginajuma elektrodu noskalo ar destilétu fideni un nosusina. pH mérisanu veic ar

pH-metru Microprocessor pH Meter pH211.

Datu statistiska analize
Datu statistiska analize (ANOVA metode) tika veikta, izmantojot SPSS (BM SPSS Statistics for Windows, Version
21.0.) datu analizes programmas. Darbibas veiktas pie butiskuma limena p = 0,05. Att€lu veidoSanai tika izmantots Microsoft

Excel programma.
Rezultati

Lai parbauditu barotnes ietekmi uz G. xylinus augsanu un BC veido$anos, baktérijas tika audzétas standarta HS barotné

un neapstradatas stikalas. legitie rezultati ir att€loti 3. attela.

BC sausais svars, g/L

3.74
3.5
3
2.5
2
L5
1
0.5
0.12
|
0
HS barotne Stlaku barotne

4. att€ls. BC sint&ze (sausais svars) HS un stikalu barotng p&c piecam kultivacijas dienam.

Balsoties uz iegiitiem datiem var redzgt, ka visaugstaka BC sint€ze bija novérota uz standarta HS barotnes (3,74 + 0,02
g/L). Savukart, uz neapstradatam stikalam BC sint&ze bija butiski zemaka (p < 0,001). P&c piecam kultivacijas dienam BC sintéze
uz stikalu barotnes bija 0,12 g/L (sausais svars). Tas var biit saistits ar to, ka stikalas netika apstradatas pirms eksperimenta sakuma.

Svarigi atzimét, ka BC membranas izmérs ir atkarigs art no BC razosana izmantotajiem kultiiras nesgjiem. legtti rezultati
liecinaja, ka barotne, kas satur stikalas, radija BC plévi, kas bija planaka par plévém, kas izveidojas standarta barotng, neskatoties
uz to, ka eksperiments sakas ar vienadu inokulata izméru (1 ml).

Salidzinot ar literatiiras avotiem, var secinat, ka daudzi BC razojusie celmi nav spgjigi efektivi sintezet BC, izmantojot
piena stikalas. Pieméram, viena pétijuma tika atziméts, ka Acetobacter xylinum ATCC 10821 un Acetobacter xylinum ATCC
23770 nav spgjigas veidot BC pléves, izmantojot piena stikalas (Thompson and Hamilton 2001). Cita p&tTjuma arT konstatgja, ka
cita BC sintezgjosa bakterija (HS barotné BC daudzums sasniedz 2,7 g/L sausa svara) Gloconacetobacter sacharii arT nav spgjigs
sintezét BC no piena siikalam (0,08 g/L) (Carreira et al. 2011).

Secinajumi
Var secinat, ka neapstradata stikalu barotne nav efektiva alternativa BC sintézei ar bakt@riju G. xylinus ACCT 53582
celmu. Ir nepieciesams meklét citus BC raZojusos celmus, ka arf novertét siikalu pirmsapstrades metodes, pieméram, enzimatiska

pirmsapstrade, lai panaktu efektivu BC razibu uz piena stikalam. Lidzigas metodes tiks apskatitas talakajos eksperimentos.
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BAKTERIALAS CELULOZES SINTEZE AR KOMAGATOEIBACTER HANSENII B-22 UN
KOMAGATOEIBACTER RHAETICUS P 1463 UZ HS BAROTNES

Materiali un metodes

Izmantotie celmi:

e  Komagatoeibacter hansenii B-22;

o Komagataeibacter rhaeticus P-1463.

Standarta HS barotne BC sintezei:
Eksperimenta ietvaros tika parbaudita divu celmu spg&ja sintezét BC uz standarta HS barotnes un modificétas HS barotnes

(glikoze aizstata ar fruktozi un paaugstinata cukuru koncentracija).

3. tabula
HS barotnes sastavs.

Reagents Daudzums, g/L
Glikoze 20 vai 40
Peptons 5
Rauga ekstrakts 5
NazHPO4 2,7
MgSOs, 0,2
CeHsO7 15

Modificéta HS barotne, BC sintézei:
Fruktoze ir svarigs monosaharids, kas ir sastopams alternativajas barotn€s, pieméram, melases barotné vai sulas. Ir
nepiecieSsams parbaudit, vai pétamie celmi ir spgjigi metabolizet attiecigu monosaharidu.

4, tabula
Modificétas HS barotnes sastavs.

Reagents Daudzums, g/L
Fruktoze 20 vai 40
Peptons 5
Rauga ekstrakts 5
NazHPO4 2,7
MgSOg, 0,2
CsHsgO7 15

Inokulata sagatavoSana un kultivacija
Komagatoeibacter hansenii B-22, Komagataeibacter rhaeticus P-1463 inokulati tika pagatavoti, izmantojot 100 ml HS
barotni. Kultivé$ana notika +30°C temperatiira 24 h. Kultivacijas notika 500 ml kolbas ar 250 mL attiecigas barotnés. Bakteriju

kultivacija notika 5 dienu laika. Katram p&tamam parametram tika veikti 6 atkartojumi.
BC attiriSana un masas noteikSana

Sintez&tu BC iegremde 1 M NaOH temperatiira 60°C 90 min, lai attirTtu BC pl&vi no §inam un barotnes paliekam. Vélak

BC tika mazgata destiléta ideni un zZavéta 24 h +50°C temperatiira. Péc zavesanas tika noteikta BC pléves sausa masa.
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5. attels. Izkalt&tais paraugs — BC pléve péc kultivacijas HS barotné ar 20 g/L glikozes koncentraciju.

Cukuru daudzuma noteik$ana
Cukuru koncentracijas tika noteiktas, izmantojot komerciali pieejamus reagentu komplektus (Sucrose, D-fructose and

D-glucose assay procedure K-SUFRG 04/18, Megazyme Co, Wicklow, Irija), sekojot raZotaja instrukcijam.

pH noteiksana
5 — 10 ml varglaze ielej 5 ml pétama skidruma un ievieto pH-metra elektrodu, lai tas nepieskartos glazites sieninam.
Meérijumus nolasa péc 10 sekundém. P&c katra mégindjuma elektrodu noskalo ar destilétu tideni un nosusina. pH méri$anu veic ar

pH-metru Microprocessor pH Meter pH211. Paraugi tick nemti eksperimenta sakuma un beigas.

BC iznakuma no patéréta substrata noteik§ana

Cukuru (S) patérins kultivacijas laika tika aprékinats ka starpiba starp sakotngjo (So) un gala cukura koncentraciju.
Izmantojot datus par izmainam BC koncentracija un AS attiecigajos laika punktos, aprékinaja BC iznakumu no substrata (Yers,
%). Aprekini veikti péc formulas:

P,_P,
Yojs =5 5, X 100%

kur, Ypis— iznakums no patéréta substrata;

Po — BC sausais svars (vai skabes koncentracija) eksperimenta sakuma, g/L (tika pienemts par 0);
P1— BC sausais svars (vai skabes koncentracija) eksperimenta beigas, g/L;

So — substrata koncentracija barotné eksperimenta sakuma, g/L;

S1 — substrata koncentracija barotng eksperimenta beigas, g/L.

Rezultati
Lai parbauditu BC razibu K. rhaeticus celmam P-1463 un K. hansenii celmam B22, inokulata sagatavos$anai izmantoja
HS barotni (kas satur 20 g/L glikozes) un HS barotni vai modificéto barotni, kas satur 40 g/L glikozes, vai 20 un 40 g/L fruktozes
ka galveno barotnes komponentu. legiitie dati apkopoti 5. tabula. K. rhaeticus celma P 1463 un K. hansenii celma B-22 BC sintéze
uz glikozes barotnes bija batiski augstaka neka uz fruktozes barotnes. Vislielaka BC sintéze tika sasniegta K. rhaeticus P-1463
celmam uz HS 40 g/L glikozes barotnes (2,57 + 0,14).
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6. att€ls. BC sinteze K. rhaeticus P-1463 un K. hansenii B-22 celmiem atkariba no izmantotas barotnes (fruktozes vai glikozes
barotne ar 20 vai 40 g/L koncentraciju).

[ S N N - N B R-]

—_

0

13.96

BC iznakums no patéréta substrata, %

15.1
12.6
10.03 10.1
7.5
397
3

Glikoze 20 Glikoze40 Fruktoze 20 Fruktoze 40 Glikoze20 Glikoze 40 Fruktoze 20 Fruktoze 40

P-1463

B-22

7. attels. BC sintéze K. rhaeticus P-1463 un K. hansenii B-22 celmiem atkariba no izmantotas barotnes (fruktozes vai glikozes
barotne ar 20 vai 40 g/L koncentraciju).

Tabula 5.

Eksperimenti vidgja tilpuma, slaicigi (250-ml fermentacijas barotni, 5 dienas); inokulats tika kultivéta modificéta HS barotng, kas
satur 10 g/L glikozes. lesniegtie dati ir vidgjais piecu eksperimentu skaits, kas veikts ar tris lidz sesiem atkartojumiem.

YBC/AS,
Celms C avots So, g/L Gala pH AS, g/L BC, g/L
%
b Glikoze 20 5,3+0,02 13,1+£0,50 1,83 £ 0,07 13,96 £0,73
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1463 40 55+0,03 25,61 + 0,42 2,57 +0,14 10,03 +0,66
Fruktoze 20 35+0,02 14,4 £0,62 1,81+0,05 12,6 0,75
40 32+0,04 34,2 +0,64 1,36 +0,04 3,97+0,32
Glikoze 20 6.2+0,05 12,0 £0,48 1,66 % 0,08 151+1,07

520 40 5,4 +0,02 22,7+1,15 1,57 0,06 75406
Fruktoze 20 3,8+0,03 15,6 +0,53 1,6+0,08 10,1+ 0,69

40 3.2+0,04 31,6 0,85 0,99 0,05 3,0+0,19

Attieciba uz barotni, kas satur 40 g/L fruktozes, rezultati bija atSkirigi, atklajot ne tikai nelielu BC sintézes
samazina$anos pétamiem celmiem, bet arT ievérojamu BC iznakuma no substrata samazinasanos (P-1463 celmam — 3,97 + 0,32
% un B-22 — 3 = 0,19 %), salidzinot ar 20 g/L fruktozes barotnes vértibam (12,6 un 10,1 % attiecigi). Visos turpmakajos
fermentacijas eksperimentos tika nolemts izmantot HS fermentacijas barotni, kas satur sakotngjo glikozes koncentraciju 20 g/L
del vislielaka BC iznakuma no izteréta substrata.

Iepriek$&jo eksperimentu rezultati liecina, ka K. rhaeticus P-1463 lidzigos kultivacijas apstaklos sintez&ja vairak BC
neka K. hanseni B22. Tas ir saistits ar to, ka mikroorganismiem var atskirties metabolisma celi un noteiktu enzimu sintézes un

iedarbibas intensitate un génoms.
Secinajumi

Abi celmi ir spgjigi efektivi razot BC, izmantojot gan glikozi, gan fruktozi 20 g/L koncentracija. Par optimalo

koncentraciju BC sintgzei tiek uzskatita 20 g/L glikozes koncentracija.
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KOMAGATAEIBACTER XYLINUS DSM 6513T, KOMAGATAEIBACTER HANSENII DSM
5602T UN KOMAGATOEIBACTER RHAETICUS P-1463 DAZADU C AVOTU
IZMANTOSANAS SPEJA

Materiali un metodes

Izmantotie celmi:

o Komagataeibacter xylinus DSM 6513T;
¢ Komagataeibacter hansenii DSM 5602;

o Komagatoeibacter rhaeticus P-1463,

Modificeta HS barotne, BC sintézei:
Turpinot pétijumus par etikskabo bakteriju kultivacijas apstakliem, standarta HS barotne tika modificéta, izmantojot

fruktozi un saharozi 20 g/L koncentracija.

6. tabula
Modificéta HS barotne ar fruktozi un saharozi (20 g/L koncentracija).

Reagents Daudzums, g/L
Fruktoze/saharoze 20
Peptons 5
Rauga ekstrakts 5
Na2HPO4 2,7
CsHsO7 15
MgSQOg, 0,2

Inokulata sagatavoSana un mikroorganismu kultivacija
Komagatoeibacter hansenii B-22, Komagataeibacter xylinus DSM 6513T, Komagataeibacter hansenii DSM 5602T un
Komagatoeibacter rhaeticus P 1463 inokulats tika pagatavots, izmantojot 100 mL HS barotni. KultivéSana notika +30°C

temperatiira 48 h. Eksperimenta kultivacijas laiks — 5 dienas. Mikroorganismu kultivacijas notika 500 mL kolbas 150 mL barotng.

Cukuru daudzuma noteik§ana
Cukuru koncentracijas tika noteiktas, izmantojot komerciali pieejamus reagentu komplektus (K-SURFG un Megazyme

Co, Wicklow, Irija), sekojot raZotaja instrukcijam.

BC attiriSana un masas noteiksana
Sintezétu BC iegremdé 1 M NaOH temperatiira +60°C 90 min, lai attiritu BC plévi no $inam. Vélak BC tika mazgata

destiléta tident un zavéta 24 h +50°C temperatiira. Pec zavésanas tika noteikta BC pléves sausa masa.
Rezultati

Saja eksperimenta tika nemti papildus BC producenti un salidzinati ar K. rhaeticus P-1463 celmu, ka arf tika papildus

modificéta barotne (ar fruktozi un saharozi). Eksperimenta laika iegiitie rezultati bija apkopoti 8. un 9. attéla.
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BC sausais svars, g/L
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8. attéls. BC sintéze (sausais svars), izmantojot K. rhaeticus P-1463, K. xylinus DSM 6513T un K. hansenii DSM 5602T) péc 5
dienam kultivésanas standarta HS un modificétaja HS barotné (fruktoze, saharoze).

BC iznakums no patéréta substrata, %
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9. attels. BC iznakums no patéréta substrata, izmantojot K. rhaeticus P-1463, K. xylinus DSM 6513T un K. hansenii DSM 5602T)
péc 5 dienam kultivésanas standarta HS un modificétaja HS barotng (fruktoze, saharoze).

Saja pétijuma tika paradits, ka K. rhaeticus celms P-1463 sintezg biitiski vairak (p < 0,001) BC no glikozes, fruktozes
un saharozes neka citi celmi. Modificétaja HS saharozes un fruktozes barotng, BC sintéze bija butiski mazaka visiem celmiem.
Vismazaka BC sintéze tika novérota saharozes barotng, it ipasi K. xylinus DSM 6513T un K. hansenii DSM 5602T celmiem (0,48
un 0,39 g/L attiecigi).

BC iznakums no patéréta substrata ir lidzigs BC sintézei. K. xylinus DSM 6513T un K. hansenii DSM 5602T celmiem

iznakums ir zemaks par K. rhaeticus P-1463 celma iznakumu uz visiem pétamiem substratiem.
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Iepriek$ zinots par K. hanseni DSM 5602T celms nespgj efektivi metabolizét saharozi un izmantot to BC sintézei
(Cleenwerck et al. 2009). Iesp&jams, ka vairakiem etikskabo baktériju celmiem ir zema sp&ja metabolizét saharozi, jo baktérija
nevar transportét saharozi caur $tinu membranu, un pirms lieto§anas (Velasco-Bedran un Lopez-Isunza 2007) tas ir jahidrolize lidz

glikozei un fruktozei.

Secinajumi

K. rhaeticus P-1463 ir spgjigs efektivi sintezét BC, izmantojot dazadus oglekla avotus (glikoze, fruktoze, saharoze). K.
rhaeticus P-1463 sintez€ BC labak neka K. xylinus DSM 6513T un K. hansenii DSM 5602T. Talakajos eksperimentos tiks plasak
pétits K. rhaeticus P-1463.

Informacijas avoti

Cleenwerck I, De Wachter M, Gonzélez A, De Vuyst L, De Vos P (2009) Differentiation of species of the family of
Acetobacteriaceae by AFLP DNA fingerprinting: Gluconacetobacter kombuchae is a later heterotypic synonym of
Gluconacetobacter hansenii. IntJ Syst Evol Microbiol 59:1771-1786.

Velasco-Bedran H, Lopez-Isunza F (2007) The unified metabolism of Gluconacetobacter entanii in continuous and batch
processes. Proc Biochem 42:1180-1190.
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BAKTERIALAS CELULOZES SINTEZE AR KOMAGATOEIBACTER HANSENII B-22 UN
KOMAGATOEIBACTER RHAETICUS P-1463 BAROTNE, KAS SATUR SUKALAS

Materiali un metodes

Izmantotie celmi:

e  Komagatoeibacter hansenii B-22;

e Komagataeibacter rhaeticus P-1463.

Inokuata sagatavosana un baktériju kultivacija
K. hanseni B22, K. rhaeticus P-1463 inokulati tika pagatavoti, izmantojot 100 ml HS barotni. Kultivésana notika +30°C
temperatura 48 h. Kultivacijas notika 500 ml kolbas, pievienojot 250 mL HS vai stikalu barotnes un 5% inokulata. Kultivacijas

laiks — 7 dienas. Atkartojumu skaits — 7.

Siikalu barotnes sagatavoSana
Siera siikalas tika varitas +60°C 20 min, lai proteins izgulsnétos. Tad $kidums tika izlaists cauri filtrpapiram. Tad barotne

tika sterilizeta atbilstosi standarta sterilizacijas procediirai.

Cukuru analize
Cukuru koncentracijas analizes tika veiktas, izmantojot:
e  Glikozes koncentracija tika noteikta D-glucose assay procedure K-GLUC 08/18 (GOPOD-format, Megazyme, Irija);
e Laktozes un galaktozes koncentacijas tika noteiktas, izmantojot ENRK péc — Lactose & D-galactose (Rapid) assay
procedure K-LACGAR 03/20 (Megazyme, Irija).

Rezultati

Turpmakas izp&tes meérkis bija noteikt p&tamo celmu spg&ju sintezet BC, izmantojot siera siikalas ka substratu. legtti dati

ir att€loti 10. un 11. atté€la un 7. tabula.

BC sausais svars, g/LL

3.25 303 3.09
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10. attels. BC sintéze standarta HS barotné un stikalas, izmantojot K. hansenii B-22 un K. rhaeticus P-1463 celmus.
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BC iznakums no patéréta substrata, %
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11. attéls. BC iznakums no patéréta substrata standartda HS barotné un siikalas, izmantojot K. hansenii B-22 un K. rhaeticus P-
1463 celmus.

7. tabula
BC sintéze un iznakums no pateréta substrata atkariba no C avota: glikoze vai siikalas — K. hansenii B-22 un K.rhaeticus P-1463
celmiem.

Final
Celms C avots H AS g/L BC, g/L YBC/AS, %0
p
Glikoze 3,91+ 18,4 +0,31 3,03 +£0,09 26,11 £0,94
0,05
P-1463
Siera stuikalas 5,06 + 443 +0,72 1,02 +0,13 23,1+0,91
0,1
Glikoze 3,87+ 15,12+0,8 3,09+£0,18 229012
0,09
B-22
Siera stikalas 515+ 3,92+0,64 0,92 £0,15 235+1,21
0,08

Balstoties uz iegiitiem datiem var secinat, ka abi celmi bija spgjigi sintezét BC, izmantojot gan HS barotni ar glikozi,
gan siera stikalas. Var redzg&t, ka uz standarta HS barotnes ar glikozi BC sintéze K. hansenii B-22 un K. rhaeticus P-1463 celmiem
ir lielaka (3,03 + 0,09 g/L un 3,09 + 0,18 g/L) neka uz apstradatas stikalu barotnes (1,02 + 0,13 g/L un 0,92 £ 0,15 g/L attiecigi).
Savukart, BC iznakums no pateréta substrata ir Iidzigs abam barotném. Tas var biit saistits ar zemo substrata patérinu stikalu
barotng.

Tomeér, Saja petfjuma tika paradits, ka siera siikalas var tikt izmantotas ka substrats BC ieglianai. BC sintéze $aja
eksperimenta bija uz ~70% lielaka neka ieprieksgjos eksperimentos. Tas var biit saistits gan ar p&tamo celmu sp&ju metaboliz&t
laktozi un galaktozi (galvenie C avoti suikalas), ka ari ar stikalu pirmsapstrades procediras uzlabosanu. Paslaik ir nepiecieSsama

stikalu barotnes pirmsapstrades talaka optimizacija.
Secinajumi

K. hansenii B-22 un K. rhaeticus P-1463 celmi ir spgjigi sintezét BC, izmantojot gan standarta HS glikozi, gan siera

stikalas ka substratu. Ir nepiecieSama detalizétaka stikalu pirmsapstrades izp&te, lai palielinatu BC sintgzi.
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Komagataeibacter rhaeticus P-1463 kultivacija un BC sintéze nemodificétaja melases barotné
Materiali un metodes

Izmantotais celms: Komagataeibacter rhaeticus P-1463

Melases barotne
Lidzigi stikalam melase var kalpot ka alternativs substrats bakteriju audzgsanai. CukurbieSu melase tika sanemta no SIA
Latvijas Lauku Serviss un ir raksturojama ar $adiem raditajiem: kop&ja sausna, 80%; saharoze, 47,3%; proteini, 6,2%; pelni
16,62%; kopgjas mineralvielas 1,9 g/100 g; pH 8,3.
Eksperimenta ietvaros tika pagatavota melases barotne ar 25 mL/L melases koncentraciju. Melases barotnes
sagatavoSana:
1. Ar pipeti panem 25 mL melases un ievieto varglazge;
2. Melasei pievieno dH20 lidz 1 L;
3. Skidumu parnes durana stikla pudel un ieliec autoklava;
4.  Steriliz€ autoklava 45 min 121°C 1,2 atm;
5

P&c sterilizacijas lauj melases barotnes atdzeséeties.

Inokulata sagatavoSana un Kkultivacija melases barotné
Komagatoeibacter rhaeticus P-1463 inokulats tika pagatavots, izmantojot 100 mL HS barotni. Kultivé$ana notika +30°C
temperattira 48 h. Eksperimenta kultivacijas laiks — 7 dienas. Mikroorganismu kultivacijas notika 500 mL kolbas 150 mL standarta

HS vai melases barotng. Atkartojumu skaits — 7.

Rezultati
Eksperimenta ietvaros iegiitie rezultati ir apkopoti 12. attéla. un 8. tabula. Papildus BC sint&zei tika parbaudits saharozes

paterins melases barotné eksperimenta laika.

BC sausais svars, g/L
4.5

4 3.89

35

0.14
I

HS barotne Melases barotne

12. attels. BC sintéze standarta HS barotné un sukalas, izmantojot K. hansenii B-22 un K. rhaeticus P-1463 celmus.

8. tabula
BC sintéze un iznakums no pateréta substrata K.rhaeticus P-1463 celmam atkariba no C avota: stanfdarta HS baortne ar glikozi
vai melases barotne.
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Barotne C avots AS g/L BC, g/L YBC/AS, %

HS Glikoze 19,21 + 0,28 3,89 + 0,06 20,25
Saharoze

Melase 8,92 + 1,05 0,14 £ 0,04 15
fruktoze

Rezultati liecina, ka BC sintéze nemodificétaja melases barotng ir bitiski mazaka (p < 0,001; ANOVA metode) neka
standarta HS barotné. Melases barotn€ BC sausais svars bija 0,14 =+ 0,04 g/L. Lidzigi rezultati bija neapstradataja siikalu barotngé
(0,12 g/L). Savukart, siikalu pirmsapstrades optimizacijas rezultata izdevas bitiski palielinat BC sintézi. Lidziga veida ir
nepieciesams optimizet melases barotni, lai uzlabotu BC sintgzi.

Ir zinams, ka melases ir zema N (slapekla) koncentracija. Talakajos eksperimentos ir nepiecieSams palielinat N
daudzumu barotng, lai nodrosinatu bakterijas ar nepiecieSamam komponentém augsanai un BC sintézei.

BC sintezi melases barotné var ietekmet arT melases koncentracija. Talakajos eksperimentos ir nepieciesams noteikt

optimalu melases koncentraciju BC sintgzei.
Secinajumi

BC sintéze K. rhaeticus P-1463 celmam melases barotn€ ir butiski zemaka neka standarta HS barotng. Ir nepiecieSama

talaka melases barotnes optimizacija. Ir nepiecieSams atrast optimalu melases koncentraciju un N avotu.
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KOMAGATAEIBACTER HANSENII B-22 KULTIVACIJA UN BC SINTEZE
NEMODIFICETAJA MELASES BAROTNE

Materiali un metodes

Izmantotais celms: Komagataeibacter hansenii B-22

Melases barotne
Melases barotnes sagatavoSanai tika izmantota metodika, kas aprakstita iepriekSeja eksperimenta. Darbam bija

izmantota melases barotne ar 10 mL/L un 20 mL/L melases koncentraciju, lai parbauditu koncentracijas ietekmi uz BC sintézi.

Inokulata sagatavosana
Komagataeibacter hansenii B-22 inokulats tika pagatavots, izmantojot 100 mL HS barotni. Kultivé$ana notika +30°C
temperatiira 48 h. Eksperimenta kultivacijas laiks — 10 dienas. Mikroorganismu kultivacijas notika 250 mL kolbas 75 mL melases

barotné. Atkartojumu skaits — 7.

Rezultati
Eksperimenta ietvaros tika parbaudita K. hansenii B-22 celma spgja sintezét BC uz melases barotnes divas dazadas

koncentracijas. legiitie rezultati tika apkopoti 14. attela.

BC sausais svars, g/l
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14. attels. BC sintéze (K. hansenii B-22 celms) uz melases barotnese 10 mL/L un 20 mL/L melases koncentracija.

Baltoties uz rezultatiem, K. hansenii B-22 celmam optimalaka koncentracija BC sintézei ir 20 mL/L melases neviss 10
mL/L. Melases barotne var kalpot ka BC sintézes avots K. hansenii B-22 celmam. Talakajos eksperimentos ir nepiecieS8ams
palielinat testéjamo koncentraciju daudzumu, jo BC iesp&jami var bt lielaka ar melases koncentraciju >20 mL/L.

Salidzinot ar K. rhaeticus P-1463 celmu, var redz&t, ka BC sintéze bija butiski lielaka (p>0,001) K. hansenii B-22
celmam. Tomér ta joprojam paliek nieciga salidzindjuma ar standartu HS barotni (>3,5 g/L). Talakajos eksperimentos ir
nepiecieSams parbaudit melases priekSapstrades procediras taja skaita piedevu pievieno$anu. BC sintézi var ietekmét ne tikai N
trilkums barotng, bet ari citu makro vai mikroelementu, ka ari vitaminu trakums.

Cukuru (saharoze, fruktoze) paterin$ ir apkopoti 9. tabula. Dati ir lidzigi K. rhaeticus P-1463 celma rezultatiem. 10

mL/L barotng& cukuru kopgjais daudzums ekperimenta sakuma bija 11,4 g/L un 20 mL/L barotng — 21,53 g/L.
9. tabula
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BC sitnéze un iznakums no patéréta substrata K. hansenii B-22 celmam atkariba no melases barotnes koncentracijas (10 mL/L, 20
mL/L).

Koncentracija, mL/L AS g/L BC, g/L YBC/AS, %
10 3,92 +0,63 0,09 + 0,02 2,3
20 9,47 £0,79 0,24 + 0,04 2,53
Secinajumi

K. hansenii B-22 celms ir spgjigs sintez& BC uz melases barotnes. Lielaka BC sintéze tika novérota ar melases

koncentraciju 20 mL/L. Ir nepiecieSams talaka melases bartnes optimizacija.
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LEVANA SINTEZE UN OPTIMALO KULTIVACIJAS APSTAKLU ATLASE

levads

Levans ir dabiski sastopams fruktans, kuru spgj sintez&t daudzas mikroorganismu sugas. Fruktuani, taja skaita ar1 levans,
tiek sintez&ti no saharozes, disaharida cukura, kas sastav no glikozes un fruktozes. Sintézes procesa piedalas mikroorganismu
fruktoziltransferazes enzimi, kas spgj veidot fruktanus no saharozes. Visbiezak levana sint€zei izmanto Zymomonas, Acetobacter,
Micobacterium Streptococcus, Bacillus Xanthomonas, Komagataeibacter baktérijas, kas producg fruktanu eksopolisaharida (EPS)
forma.

Vesturiski levans tika izmantots tradicionalaja japanu €diena natto gatavosanai. Galvena levana sintézes bakteriju suga
natto produkta ir Bacillus subtilis, kas sasniedz 49,4 g/L levana sintézi péc 21 kultivacijas stundam. Ka viena no natto
sastavdalam, levans jau sen ir piesaistijis p&tnieku interesi, meklgjot dabiskus produktus ar labumu veselibai. Levanam ir liels
izmanto$anas potencials medicina, kur tas var tik pielietots brii¢u dziSanai, holesterina limena samazinasanai, ka ar tas var tikt
izmantots ka pret-iekaisuma lidzeklis vai ka prebiotikis. Savukart, levanu ir iesp&ams izmantot akvakultiiras, veicinot zivju
imiinas sisteémas darbibu, ka ari izmantot iepakojuma materiala razo$anai. Fruktaniem ir plass potencials pielietojums partika ka
funkcionalajam produktam.

Levana sintéze laboratorijas mérogos ir saméra vienkarss process. Tomér, paslaik pastav tikai dazi realizéti projekti, kas
ir saistiti ar levana komercializaciju (ar saméra maziem biopoliméra razo$anas apjomiem). Galvenokart tas ir saistits ar augstam
levana razoSanas izmaksam, ka arT raZoSanas procesam ir raksturigi vairaki neoptimiz&ti posmi. Paslaik ir nepiecieSams turpinat
levana sint€zes petjjumus ar mérki optimizet razosanas procesu, samazinat razo$anas izmaksas, taja skaita atlasits 1&tus kultivacijas
substratus, un atlasit efektivakus levana producentus.

Eksperimentu ietvaros tika izpétita Gluconobacter nephelii P1464 spgja sintezét levanu/fruktanus. Tika apskatiti un

optimiz@ti levana sintézes apstakli.

Dazadu parametru ietekme uz levana sintézi ar Gluconobacter nephelii P1464

Materiali un metodes

Izmantotais celms: Gluconobacter nephelii P1464

1. attels. Gluconobacter nephelii P1464 baktérijas augSana uz agariz&tas HS barotnes laboratorija. Ir iesp&jams novérot fruktanu
sintézi (balts glotains eksopolishaharids).
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2. attels. Levana kimiska strukttra (Abou-taleb et al. 2015).

HS barotnes sagatavo§ana

G. nephelii P1464 kultivésanai tika izmantota etikskabes baktériju standarta HS barotne, kas tika modificéta ar saharozi.

1. tabula
HS/saharozes barotnes sastavs
Reagents Daudzums, g/L
Saharoze 50
Peptons 5
Rauga ekstrakts 5
NazHPO4 2,7
MgSQg, 0,2
CeHsO7 15
2. tabula

Agarizgtas HS/saharozes barotnes sastavs

Reagents Daudzums, g/L
Saharoze 50
Agars 15
Peptons 5
Rauga ekstrakts 5
Na2HPO4 2,7
MgSOs, 0,2
CesHsO7 15

Inokulata sagatavoSana un baktériju kultivacija

Inokulats tika pagatavots, 500 mL koniskaja kolba ar 200 mL HS barotnei pievienojot 10 mL pirmskultiras. Kolba tika
ievietota kratitaja-inkubatora uz 24 h, +30°C, 150 rpm. Mikroorganismu kultivacija notika statiski 100 HS barotnés ar 5%
inokulatu (250 mL koniskajas kolbas) termostatos +30°C 24 h.
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Rezultati
Temperatiiras ietekme uz fruktanu sintezi
Temperatiiras ietekme uz fruktanu produkciju ir apkopota 3. attéla. So procesu veica, inkubgjot Gluconobacter nephelii
P1464 atskiriga (25, 30, 35 °C) temperatiira 24 stundu laika. P&c inkubacijas fruktani tika izgulsnéti, izmantojot etanolu. Attieciba
uz katru temperatiiru aprékinaja fruktanu sauso svaru.
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3. attéls, Temperatiiras ietekme uz fruktanu sintézi Gluconobacter nephelii P1464. Baktériju kultivacija veikta 25, 30, 35°C
temperatura.

Var secinat, ka optimala Gluconobacter nephelii P1464 kultivacijas temperatiira ir +30°C, kas sakrit ar literattiras datiem
par optimalam etikskabes bakterijas kultivcijas temperatiram. Saja temperatiira tika sasniegta 14,67 g/L fruktanu sintéze.

Kultivacija +25 un +35°C temperatiira ir saistita ar biitiski mazaku (p<0,01) fruktanu sintézi (12,42 un 11,27 g/L attiecigi).

Secinajumi
Optimala Gluconobacter nephelii P1464 kultivacijas temperatiira ir +30°C, kas lauj sasniegt 14.67 g/L levana sintézi.

Talakajos eksperimentos tika izmantota +30°C temperatiira.

pH ietekme uz fruktanu sintezi

Barotnes pH ietekme uz fruktanu sint€zi ir paradita 4. att€ls. P&tot kultiras barotnes pH ietekmi uz fruktanu razosanu,
barotni koriggja 1idz pH = 5,0, 6,0, 7,0, 8,0 vai 9,0. Barotni inkubgja +30°C temperatira ar 24 stundu inkubacijas laiku. Katram

pH aprékinaja levana sauso svaru.
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4. attéls. pH ietekme uz fruktanu sauso svaru. Meérijumi veikti ar pH=15, 6, 7, 8, 9.

Rezultati liecina, ka pH = 7 ir optimala pH vértiba fruktanu sintézei (14,65 g/L). Savukart, augstakas un zemakas pH
vertibas noved pie butiski zemakas fruktanu sintézes (p<0,001).

Secinajumi

Vislielaka levana sintéze bija novérota pH = 7 (14,65 g/L). Talakajos eksperimentos pH eksperimenta sakuma tika

piereguléts lidz pH = 7.

Inokulata izméra ietekme uz fruktanu sintézi

Inokulata lielums potenciali var ietekmét EPS sintézi. Eksperimenta rezultati ir apkopoti 5. att€la. Per&juma ietvaros tika

apskatits 2, 4, 6, 8 un 10 % inokulata lielums.
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5. attéls. Inokulata izméra ietekme uz fruktanu sintézi ar Gluconobacter nephelii P1464.

Rezultati liecina, ka 4% inokulata izmérs ir optimalakais fruktanu sintézei (13,95 g/L). Starp inokulata izmériem 2, 6, 8

un 10 % nebija noverota bitiska atskiriba (p>0,05).
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Secinajumi

Optimalais inokulata izmérs ir 4% no kopgja barotnes tilpuma. Talakajos eksperimentos tika izmantots 4% inokulats.

Saharozes koncentracijas ietekme uz fruktanu sintezi
Lai noteiktu piemeérotaku saharozes koncentraciju levana razo$anai, barotni inokulgja ar dazadu saharozes koncentraciju
(10, 20, 30, 40, 50)%, barotnes pH koriggja lidz piemérotakam pH = 7, kas bija noteikts ieprieksja eksperimenta. Inkubacija

notika 30°C temperatiira. Inokulata daudzums bija 4%. Nogul$nu daudzumu aprekinaja, izmantojot auksto etanolu.
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6. att€ls. Fruktanu sintgze atkariba no saharozes koncentracijas barotng.

Rezultati liecina, ka optimalu levana sintézi 24 stundu laika nodroSina 50 g/L saharozes koncentracija (13,4 g/L).

Saharozes koncentracijai pieaugot, biitiski (p<0,001) samazinas fruktanu sintéze.

Secinajumi
Saharozes koncentracijas bitiski ietekmé fruktanu sintgzi. Optimala saharozes koncentracija 24 h kultivacijai ir 50 g/L.
Apkopojot ieprieksgjus eksperimentus, var secinat, ka fruktanu iegts$anai ar Gluconobacter nephelii P1464 ir

nepiecieSami sekojosie apstakli: +30°C temperatiira, pH = 7, 4% inokulata daudzums un 50 g/L saharozes koncentracija.
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MELASES IZMANTOSANA FRUKTANU IEGUSANAIS AR
GLUCONOBACTER NEPHELII P1464

Materiali un metodes

Izmantotais celms: Gluconobacter nephelii P1464

Melases barotnes sagatavoSana
Eksperimentos tika izmantota cukurbieSu melase ar sekojosu sastavu: kopgja sausna, 80%; saharoze, 47,3%; proteini,
6,2%; pelni 16,62%; kop&jas mineralvielas 1,9 g/100 g; pH 8,3.
Barotnes gatavoSana:
Ar serologisko pipeti panem 10, 15, 20, 25, 30 un 40 mL melases attiecigi;
Melasi parnes uz varglazi (katra koncentracija atbilstosa varglazg);
Melasi $kidina destiléta tideni. Udeni piepildot [idz 1 L atzimei mércilindra un parnes uz varglazi;

I1z8kidinato melasi parnes durana stikla pudel@s;

o~ w0 Dd e

Pudeles ar barotném autoklavé 121°C 30 min.

Rezultati

Eksperimenta rezultati tika apkopoti 7. attela.
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7. attéls. Melases koncentracijas ietekme uz Gluconobacter nephelii P1464 fruktanu sintézi.

Balstoties uz iegiitiem datiem, var secinat, ka pieaugot melases koncentracijai barotng, pieaug fruktana koncentracija.
Vislielaka fruktanu sintéze bija novérota ar 40 mL/L melases koncentraciju (9,89 g/L). Melase ir alternativs kultivacijas substrats,
kura izmantoSana lautu butiski samazinat levana razo$anas izmaksts. Tomeér uz doto bridi fruktanu sintéze uz melases barotnes ir

mazaka neka uz standarta HS barotnes.
Secinajumi

Melases izmantoSana ir saistita ar butiski mazaku fruktanu sintézi, salidzinot ar standartu HS/saharozes barotni.

Optimala melases koncentracija fruktanu sintézei ir 40 mL/L. Ir nepiecieSama talaka melases barotnes optimizacija.
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BAKTERIALAS CELULOZES SINTEZE SUKALU BAROTNE

Datu statistiska apstrade

Datu statistiska analize un att€lu veidoSana tika veikta, izmantojot JASP (JASP Team, 2020; JASP (Version 0.14.1)) un
SPSS (BM SPSS Statistics for Windows, Version 21.0.) datu analizes programmas. Statistiskai analizei tika izmantota ANOVA

un t-tests pie biitiskuma Iimena p = 0,05.

Bakterialas celulozes producentu efektivitates novértéjums siikalu barotnes

ANOVA tests
Cases Sum of Squares df Mean Square F p n?
Celms 9.977 2 4.988 536.949 <.001 0.333
Barotne 15456 1 15.456 1663.647 <.001 0.516
Celms =k Barotne 4276 2 2.138 230.115 <.001 0.143

Residuals 0.223 24 0.009

Note. Type Il Sum of Squares

Aprakstosa statistika - Masa, g/L

CelmsBarotne Mean SD N
1 1 3.323 0.041 5
2 1.952 0.154 5
2 1 3.755 0.066 5
2 1.364 0.058 5
3 1 1.650 0122 5
2 1.104 0.087 5
Levenesa tests

F dfl di2 p

3.104 5.000 24.000 0.027

Post Hoc salidzinajums - Celms % Barotne

Mean Difference SE t  Pitukey P bonf

1,121 -0.432 0.061 -7.093 <.001 <.001
3,1 1.673 0.061 27.444 <.001 <.001
1,2 1.370 0.061 22.477 <.001 <.001
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Post Hoc salidzinajums - Celms * Barotne

Mean Difference SE t  Ptukey P bonf

2,2 1.959 0.061 32.133 <.001 <.001
3,2 2.218 0.061 36.388 <.001 <.001
2,131 2.105 0.061 34.538 <.001 <.001
1,2 1.803 0.061 29.570 <.001 <.001
2,2 2.391 0.061 39.226 <.001 <.001
3,2 2.651 0.061 43.481 <.001 <.001
3,11,2 -0.303 0.061 -4.967 <.001 <.001
2,2 0.286 0.061 4.688 0.001 0.001
3,2 0.545 0.061 8.944 <.001 <.001
1,222 0.589 0.061 9.656 <.001 <.001
3,2 0.848 0.061 13.911 <.001 <.001
2,23,2 0.259 0.061 4.255 0.003 0.004

Note. P-value adjusted for comparing a family of 6

Aprakstosa statistika

Masa, g/L
1 2

Valid 15 15
Missing 0 0
Mean 2.909 1.474
Std. Deviation 0.943 0.381
Shapiro-Wilk 0.776 0.900

P-value of Shapiro-Wilk 0.002 0.097
Minimum 1.448 1.020

Maximum 3.850 2.160
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Siukalu ka bakterialas celulozes substrata efektivitates novertéjums

ANOVA tests
ANOVA - Masa, g/L
Cases Sum of Squares df Mean Square F p n?
Barotne 11.340 2 5.670 2295.300 <.001 0.997
Residuals 0.037 15 0.002
Note. Type Il Sum of Squares
Descriptives - Masa, g/L
Barotne Mean SD N
1 3.262 0.062 6
2 1.321 0.037 6
3 2.389 0.048 6
Assumption Checks
Test for Equality of Variances (Levene's)
F dfl df2 p
0.776 2.000 15.000 0.478
Post Hoc Comparisons - Barotne
Mean Difference SE t P bonf

1 2 1.941 0.029 67.641 <.001

3 0.873 0.029 30.434 <.001
2 3 -1.068 0.029 -37.207 <.001

Note. P-value adjusted for comparing a family of 3

Descriptive Statistics

Descriptive Statistics

Masa, g/L

1 2 3
Valid 6 6 6
Missing 0 0 0
Mean 3.262 1.321 2.389
Std. Deviation 0.062 0.037 0.048
Shapiro-Wilk 0.968 0.905 0.890
P-value of Shapiro-Wilk 0.882 0.403 0.321
Minimum 3.186 1.280 2.340
Maximum 3.360 1.366 2.452
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Metabolitu analize

Case Glikoze (HS) | Glikoze (Stkalas) Laktoze Galaktoze Manitols
.00 Mean 20.0352 .8759 49.9592 4138 18.3057
Std. Deviation .23956 .05646 2.24069 .03956 .86421
5.00 Mean 6474 .0399 48.5307 .0503 10.6733
Std. Deviation .10352 .00544 1.98115 .02447 3.09429
10.00 Mean .1969 .0379 46.3500 0114 3.3680
Std. Deviation .02940 01771 .67462 .00609 .04807
Total Mean 6.9598 3179 48.2800 .1585 10.7823
Std. Deviation 9.80933 41955 2.19728 .19362 6.66523
Siikalu koncentracijas ietekme
ANOVA - Masa, g/L
Cases Sum of Squares df Mean Square F p
Atschkaidijumi 5472 2 2.736 1116.297 <.001
Residuals 0.037 15 0.002

Note. Type Il Sum of Squares

Descriptives - Masa, g/L

Atschkaidijumi Mean SD N
1 1.676 0.045 6
2 0.565 0.050 6
3 0456 0.053 6

Test for Equality of Variances (Levene's)

F

dfl

df2 p

0.204

2.000

15.000

0.818

Post Hoc Comparisons - Koncentracijas

Descriptives

Assumption Checks

Post Hoc Tests

Mean Difference SE t P bonf
12 1111 0.029 38.870 <.001
3 1220 0.029 42701 <.001
23 0.110 0.029  3.831 0.005
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Post Hoc Comparisons - Koncentracijas

Mean Difference SE t P bonf

Note. P-value adjusted for comparing a family of 3

Descriptive Statistics

Descriptive Statistics

Masa, g/L
1 2 3
Valid 6 6 6
Missing 0 0 0
Mean 1.676 0.565 0.456
Std. Deviation 0.045 0.050 0.053
Shapiro-Wilk 0.971 0.941 0.904

P-value of Shapiro-Wilk 0.900 0.669 0.399
Minimum 1.607 0.490 0.402

Maximum 1.740 0.618 0.545

Termiskas apstrades ietekme

ANOVA
ANOVA - Masa, g/L
Cases Sum of Squares df Mean Square F p
Varishana 1985 3 0.662 1671.961 <.001

Residuals 0.008 20 3.957¢-4

Note. Type Il Sum of Squares

Descriptives

Descriptives - Masa, g/L

Varishana Mean SD N

1 1.114 0.007 6
2 1.115 0.004 6
3 1.115 0.006 6
4 1.779  0.038 6
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Assumption Checks

Test for Equality of Variances (Levene's)

F

dfl df2 p

6.142 3.000 20.000 0.004

Post Hoc Tests

Post Hoc Comparisons - Varishana

Mean Difference SE t Cohen'sd p bonf

12 -1.000e-3 0.011 -0.087 -0.168 1.000
3 -0.001 0.011 -0.102 -0.168 1.000
4 -0.665 0.011 -57.889  -24.074 <.001

23 -1.667¢-4 0.011 -0.015 -0.031 1.000
4 -0.664 0.011 -57.802 -24.352 <.001

34 -0.664 0.011 -57.788  -24.141 <.001

Note. Cohen's d does not correct for multiple comparisons.

Note. P-value adjusted for comparing a family of 4

Descriptive Statistics

Descriptive Statistics

Masa, g/L

Valid 6 6 6 6
Missing 0 0 0 0
Mean 1.114 1.115 1.115 1.779
Std. Deviation 0.007 0.004 0.006 0.038
Shapiro-Wilk 0.995 0.937 0.909 0.843

P-value of Shapiro-Wilk 0.998 0.638 0.430 0.139

Minimum 1.103 1.110 1.108 1.708

Maximum 1.124 1.120 1.124 1.812

Hidrolitiskas apstrades ietekme

ANOVA - Masa, g/L

ANOVA tests

Cases Sum of Squares df

Mean Square

F

p

Apstrade 48.958 4

12.239
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ANOVA - Masa, g/L

Cases Sum of Squares df Mean Square F p
Residuals 0.021 24 8.853¢ -4
Note. Type Il Sum of Squares
Descriptives - Masa, g/L
Apstrade Mean SD N
1 3.700 0.035 6
2 1.613 0.026 7
3 2.415 0.038 6
4 0.271 0.023 5
5 0.173 0.020 5
Assumption Checks
Test for Equality of Variances (Levene's)
F dfl df2 p
0.525 4.000 24.000 0.718
Post Hoc Tests
Standard
Post Hoc Comparisons - Apstrade
Mean Difference SE t Cohen'sd P bonf

1 2 2.086 0.017 126.040 68.301 <.001

3 1.285 0.017 74.784 34.944 <.001

4 3.429 0.018 190.324 111.647 <.001

5 3.527 0.018 195.741 119.414 <.001
2 3 -0.802 0.017 -48.433 -25.127 <.001

4 1.343 0.017 77.065 54.041 <.001

5 1.440 0.017 82.667 61.231 <.001
3 4 2.144 0.018 119.020 66.269 <.001

5 2.242 0.018 124.437 71.765 <.001
4 5 0.098 0.019 5.187 4.503 <.001
Note. Cohen's d does not correct for multiple comparisons.
Note. P-value adjusted for comparing a family of 5

Descriptive Statistics
Masa, g/L
1 2 3 4 5

Valid 6 7 6 5 5
Missing 0 0 0 0 0
Mean 3.700 1.613 2.415 0.271 0.173
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Descriptive Statistics

Masa, g/L

1 2 3 4 5
Std. Deviation 0.035 0.026 0.038 0.023 0.020
Shapiro-Wilk 0.908 0.899 0.946 0.861 0.950
P-value of Shapiro-Wilk 0.424 0.324 0.712 0.230 0.737
Minimum 3.663 1.586 2.360 0.232 0.143
Maximum 3.761 1.651 2.476 0.292 0.194
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ANOVA - Masa, g/L

Piedevu ietekme

ANOVA tests

Cases Sum of Squares df Mean Square F p n?

Piedevas 13.883 5 2,777 2352.671 <.001 0.998

Residuals 0.032 27 0.001

Note. Type Il Sum of Squares

Descriptives - Masa, g/L

Piedevas Mean SD N

1 3.157 0.031 6

2 1.600 0.048 5

3 1.760 0.042 6

4 1.876 0.023 5

5 1.347 0.036 5

6 2.700 0.019 6

Assumption Checks

Test for Equality of Variances (Levene's)

F dfl df2 p

1.220 5.000 27.000 0.327

Post Hoc Tests

Standard

Post Hoc Comparisons - Piedevas

Mean Difference SE t P bonf

1 2 1.557 0.021 74.845 <.001
3 1.397 0.020 70.435 <.001
4 1.282 0.021 61.606 <.001
5 1.810 0.021 87.027 <.001
6 0.458 0.020 23.083 <.001

2 3 -0.160 0.021 -7.688 <.001
4 -0.275 0.022 -12.675 <.001
5 0.253 0.022 11.663 <.001
6 -1.099 0.021 -52.836 <.001

3 4 -0.115 0.021 -5.551 <.001
5 0.413 0.021 19.870 <.001
6 -0.939 0.020 -47.352 <.001

4 5 0.529 0.022 24.338 <.001
6 -0.824 0.021 -39.597 <.001

5 6 -1.353 0.021 -65.018 <.001
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Post Hoc Comparisons - Piedevas

Mean Difference SE P bont

Note. P-value adjusted for comparing a family of 6
Descriptive Statistics
Descriptive Statistics

Masa, g/L

1 2 3 4 5 6
Valid 6 5 6 5 5 6
Missing 0 0 0 0 0 0
Mean 3.157 1.600 1.760 1.876 1.347 2.700
Std. Deviation 0.031 0.048 0.042 0.023 0.036 0.019
Shapiro-Wilk 0.954 0.870 0.913 0.921 0.999 0.955
P-value of Shapiro-Wilk 0.775 0.267 0.455 0.535 1.000 0.777
Minimum 3.105 1.523 1.698 1.846 1.299 2.674
Maximum 3.193 1.641 1.804 1.900 1.395 2.730
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Metabolitu analizes videjas vertibas un standartnovirzes

Bakterialas celulozes producentu efektivitates noveértéjums siikalu barotnées

Report
GlikozeP1463 | GlikozeB22H | GlikozeDSMH | GlikazeP1463 LaktozeP 146 GalaktozeP14 GalaktozeDS | EtikskaheP14 | EtikskaheB22 | EfikskaheDS | EtkskabeP1d | EfikskaheB22 | EfikskabeDS | GlikanskabeP | GlikonskaheB | Glikonskibe | GlikonskabeP | GlikonskdbeB | Glikonskahe | ProteiPfdf
Case HS s s s GlikozeB228 | GlikozeDSMS 3 LakiozeB22 | LaklozeDSM GalaktozeB22 M 63HS HS NHS 633 s Mg 1483HS 22 DSWHS 14633 228 Dsms 3 ProteiB22 | ProteniDSM
i Mean 20,9435 203640 203401 10230 8514 10230 409750 467618 497640 4208 an 4426 0790 0730 1020 L] 0590 0795 1060 .0gs 0850 0514 0895 0800 ms uNng 32488
Stdl. Deviation 1737 47002 43883 0401 01497 04101 34507 05763 71923 00636 01280 05574 0424 00707 00424 00707 01414 00354 01414 02051 00707 01181 00354 00566 04031 10112 08576
500 Mean 3030 3015 3495 0245 0125 0245 482220 | 45375 49.9350 035 0370 0373 775 4905 1370 0395 0455 0405 5115 1.8600 210 0860 0255 0470 31810 31180 32525
Std. Deviation 05374 02333 01344 00636 00071 0636 41012 78560 99561 00495 00884 00679 03041 00919 00707 00212 00636 01202 03182 10324 01414 00990 00212 00707 08485 13435 04313
1000  Mean 148 2023 2614 0345 0106 0345 456043 44.9261 491115 0168 0248 0582 3855 11230 2160 1180 0765 0105 11230 4.6808 11240 1201 1005 1038 32438 31450 32520
Std. Deviation 00046 01743 01190 01061 00602 01081 05332 11886 16800 00084 00962 00841 01626 08647 01414 00707 00636 00071 02687 21001 00849 00247 01061 01909 05445 o707 03960
Total  Mean 71536 69826 73170 3607 2015 3607 479638 45,6951 49.6035 1564 1596 4787 2507 5648 1517 0722 0603 0435 802 213 4733 0888 o718 0778 11153 m 32603
Std. Deviation 1068186 10.36763 10.87045 51342 43375 51342 1.93982 92413 63028 20498 19966 20617 14390 47334 05274 03684 01579 03145 45834 206955 50721 03554 03658 02788 05402 07658 03349
Siikalu ka bakterialas celulozes substrata efektivitates novertejums
Glikonsk
Glikoze EtikskabeH | EtikskabeS | Etikskabe | Glikonskab | abeSukal | Glikonskab
Case Glikoze (HS) (Sukalas) Laktoze Galaktoze Manitols S tkalas Manitols eHS as eManitols Proteini
.00 Mean 20.0352 .8759 49.2926 4138 18.9723 .0794 .1083 A177 1267 1157 .1943 3.4014
Std. Deviation .23956 .05646 1.35459 .03956 .53372 .00950 .00764 .02542 .01986 .00451 .01155 .04987
5.00 Mean .6474 .0399 47.8640 .0503 11.0067 .0420 .1180 .0170 .0846 1031 .2120 3.4080
Std. Deviation .10352 .00544 .91084 .02447 .89198 .00755 .02512 .00700 .00563 .00680 .00173 .01929
10.00 Mean 1969 .0379 46.0167 .0114 3.3680 .2799 1413 1130 1.5088 .1440 2.5300 3.3950
Std. Deviation .02940 .01771 .11156 .00609 .04807 .01053 .00681 .00557 .01289 .00557 .08833 .03081
Total Mean 6.9598 3179 47.7244 .1585 11.1157 1338 1226 .0826 5734 .1209 .9788 3.4015
Std. Deviation 9.80933 41955 1.64084 .19362 6.77737 .11109 .01999 .05102 .70190 .01879 1.16429 .03136




Siikalu koncentracijas ietekme

Report
GlikonskaeB | Glikonskahel | Glikonskahet
Case LaktozeBez | Laktozel1 | Laktoze12 | GlikozeBez | Glikozel1 | Glikozel2 | GalaktozeBez | Galaktoze11 | Galaktozel2 | EfikskdeBex | Efikskael1 | Etikskdel12 Ez 1 2 ProteiniBez | Proteini11 | Proteini12
.00 Mean 47.2497 26.0987 191177 8644 g 0694 4104 2129 .1803 0593 0463 .0473 0512 .0407 0347 31791 2.3087 1.4820
Std. Deviation 801498 76639 1.08322 01088 06016 00140 01448 00115 01856 00503 00404 00503 00835 01106 01222 10480 05847 03724
5.00 Mean 46.4857 24,9970 18.9920 0280 0300 0487 0276 0260 0842 .0403 0417 .0207 .0850 0873 0550 31677 2.2810 1.4960
Std. Deviation 37167 07275 .BE0GT 00528 00917 00252 00188 00265 00786 .00208 00231 01701 00721 00551 00265 06264 03439 01637
10.00  Mean 446256 24,8393 17.8551 0176 0313 0319 .0407 0441 0520 153 .0es7 {0657 1307 .0980 0763 3.2230 2.2960 1.4410
Std. Deviation 18081 1.06606 1.74918 02614 00659 00272 04310 04828 05638 00681 00611 00208 00352 00600 01050 16482 00721 01825
Total Mean 46.1203 253117 18.6549 3100 1444 0500 1696 0643 1055 077 0589 0446 .0890 0753 0553 3.18089 2.2952 1.4730
Std. Deviation 1.25324 88620 1.26743 43108 17333 01643 18956 09262 06508 03405 02275 02154 03504 02729 01981 10185 03636 03331
Termiskas apstrades ietekme
Report
Glikonskahef | GlikonskaheB | Glikonskahe! | GlikonskabeS
Case Diena | LaklozeB0 | LaklozeB0 | Lakiozel2! | LaklozeSt | Glikoze60 | GlikozeB0 | Glikoze121 | GlikozeSt | Gaaklozef | GalakiozeBD | Galaktozei2l | G Etikska Etikska Efikskabe121 | EtikskaheSt 0 0 2 i Proteini0 | Protemi80 | Proteinit21 | ProteiniSt
.00 Mean ooon 492799 489775 50.5040 50.3380 9985 8775 9390 1.0000 5380 4900 4530 5785 0880 1065 1090 1155 1250 1250 1250 1375 81120 7.5685 7.6581 3.1470
Std. Deviation 00000 1.32781 07707 1.71068 06223 08576 00122 09051 05940 07778 04384 01556 07142 00566 01909 04384 03323 01273 01273 01273 00919 17263 11102 06208 07778
5.00 Mean 5.0000 49.2470 49.4620 48.8750 481400 1940 0371 0396 0565 0464 0435 0581 0565 1105 D875 0895 0810 0710 0715 0880 0795 8.0275 7.5970 78815 3.0620
Std. Deviation 00000 1.47644 76509 10324 | 1.61362 23335 00361 00226 00354 03239 00778 03550 03182 03041 01768 03041 00283 04526 04455 00849 00919 02475 20506 14071 04525
1000 Mean 10.0000 47 6365 477140 46.5630 46.6090 0236 0287 0359 0285 0130 oo7o 0160 0045 1440 1855 1185 1540 1475 1150 1260 1475 8.0061 7.5085 7.8278 31250
Std. Deviation 00000 09631 2.37022 74812 | 1.07848 00580 01881 00014 00778 01273 00283 01838 00212 01131 07849 01909 01273 00778 01556 03394 00636 02460 25951 00672 08485
Total  Mean 5.0000 487211 487178 48.6807 483623 4054 3144 3382 3617 1991 1802 1890 2132 1142 1265 1057 1202 1145 1038 1163 1215 8.0485 7.5580 7.8058 3113
Std. Deviation | 4.47214 1.30123 1.37601 1.96566 | 2.02858 47818 43817 46716 49534 26566 24138 23608 .28608 02914 05940 02858 03258 04112 03354 02189 03347 00336 16117 11185 06795
Hidrolitiskas apstrades ietekme
Report
Galakiozes18 EflfsKabeska | Elikskaheskl | Glkonskabe Glikonskabet | GlIkonskabes | GIkonskabes
Case Diena GlikozeHS | GlikozeS | GlikozeEnz | GlikozeSk30 | GlikozeSk180 | GalaklozeS | GalaktozeEnz | GalaklozeS90 0 LakztozeSt | LaklozeEnz | LakiozeS90 | LaklozeSk180 | EfikskdbeHS | EtikskdbeS | EfikskdbeEnz 0 a0 HS Glikonskahes ka0 K180 ProteMi§ [ ProteTiEnz | ProteiSkad | ProtefniSk180
00 Mean 0000 | 20.0674 9243 51403 18770 6.9076 1270 40880 1.7790 63027 | 470782 | 308235 |  45.0889 36.6732 1195 1030 0320 0420 0270 0952 0435 0690 0355 0670 | 32115 27300 20320 28455
Std. Deviation | 00000 05282 | 08167 15238 03536 04872 15132 09051 21637 01089 73801 83368 00460 66164 00071 014t 00283 00283 00880 00021 00212 00707 00435 00141 | 01626 02828 00283 01903
500 Mean 50000 4396 0335 0390 0475 1.2850 0440 0832 0395 26070 | 450365 | 388120 | 449280 36.4045 2385 0920 0830 0830 0758 6025 1165 1020 8425 9460 | 32480 26015 28150 28135
Std. Deviation | 00000 07863 | 01202 00141 00778 07778 02828 01237 00778 4648 | 128198 84570 13576 74883 00495 00000 00000 00424 0212 09970 01908 00141 00071 01980 | 06505 00212 02121 01061
1000 Mean 10.0000 0280 0310 0395 0482 8283 0032 0787 0450 14085 | 447322 | 382471 44.9565 36.3320 4395 1415 1320 1010 0980 1.4800 1410 1270 1095 8210 | 32330 25010 27055 26715
Std. Deviation | 00000 00424 | 00141 01061 00870 13383 00163 00665 01138 07566 27040 | 170993 04738 84853 00778 022 00424 00141 o113 03334 00283 00990 00435 0155 | 03253 00283 00495 07283
Total  Mean 50000 | 6.8450 3206 1.7396 6576 3.0070 0580 17167 6212 34684 | 462156 | 388942 | 440811 36.4366 2658 122 0823 0753 0668 7250 1003 0993 3292 6113 | 32308 26408 28175 27768
Std Deviation | 447214 | 10.4374 | 46211 | 263503 24473 302816 08903 253431 90210 227568 | 161438 | 111793 10017 59661 14473 02328 04478 02715 03316 62942 04619 02659 39801 42548 | 03715 11041 10178 08954
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Piedevu ietekme

Report
Case GlikozeH8 | GlikozeS | GlikozeRE | GlikozeP | GlikozeMH | GlikozeM | SaharozeM | LaktozeS | LaktozeRE | LakiozeP | LaktozeMH | LaktozeM | GalaktozeS | GalaktozeRE | GalaktozeP | GalaktozeNH | GalaktozeM | ProteiniM
.00 Mean 20.3960 1.0260 9445 1.0850 9435 1.3745 209755 | 50.4435 51.9965 | 521304 51.7990 | 48.9910 3180 .3200 (2676 3076 3097 3.2565
Std. Deviation 1.47927 .00848 07283 10182 12840 04031 62862 64128 1.26643 65407 18668 .09899 15838 07637 03620 03338 01038 01081
5.00  Mean 4645 0235 0470 D606 AT715 0240 15.8330 | 48.6560 50.8305 | &50.1850 51.3270 | 47.5695 0475 0295 0215 0440 0135 3.2465
5td. Deviation 04172 00485 01697 01782 19587 03111 8471 37477 69226 17678 1.43260 .38062 00778 03748 02616 02828 01344 00919
10.00  Mean 0320 0415 0620 0465 0270 0280 11.9810 | 461510 48,2305 | 471258 49,3790 | 47.2020 0224 .0oss 0185 0278 0033 31870
5td. Deviation .00566 02616 .01838 .00636 03677 03394 79337 .36480 42487 14743 44265 07354 02772 003N 01202 0282 00233 00566
Total  Mean 6.9642 L3637 3512 .3974 .3807 4755 16.2632 | 48.4168 50.3525 | 49.8138 50.8350 | 47.9508 1293 1184 1028 1264 1088 3.2300
Std. Deviation | 10.42708 51326 46093 53469 45336 59690 4.07918 | 1.96377 1.85106 | 2.27780 1.33159 83545 16332 6106 12927 14227 15581 03428
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Rezultati

Bakterialas celulozes producentu efektivitates novertéjums siikkalu barotnes

Pirmaja eksperimenta tika novertéti vairaki BC sintezgjosie EB celmi, lai noteiktu to piemérotibu BC iegiiSanai ka
substratu izmantojot siikalas. Tika savstarpgji salidzinats BC iznakums trim celmiem (K. rhaeticus P-1463, K. hansenii B-22, K.
hansenii DSM 5602) uz standarta HS un stikalu barotném. Datu statistiska analize paradija, ka vislielaka BC sintéze uz sukalam
novérojama K. rhaeticus P-1463 celmam, kas atbilst 1,95 + 0,15 g/L (sausais svars) (5. attéls). Vislielaka BC sintéze tika novérota
standarta HS barotng, kur glikoze kalpo par C avotu, K. hansenii B-22 celmam (3,76 + 0,07 g/L). Salidzinot BC iznakumu no
substrata vienibas (Yrpis) uz HS un siikalu barotném tika konstatéts, ka uz sukalam K. rhaeticus P-1463 iznakums ievérojami lielaks
(Yeis = 15,85% uz HS un 34,32% uz siikalam), savukart K. hansenii B-22 iznakums sasniedz 18,46% un 47,72%, attiecigi.
Visaugstakais BC iznakums no substrata uz stikalam tika novérots K. hansenii DSM 5602 celmam (Yeis=7,73% uz HS un 54,46%

uz siikalam).

2. BC pléves veidosana uz barotnes virsmas eksperimenta laika (p&c piecam dienam) standarta HS barotné ar K. rhaeticus P-1463
celmu.



3. attéls. BC pléve péc 10 kultivacijas dienam standarta HS barotné ar K. rhaeticus P-1463.

4. attéls. BC pléve péc 10 kultivacijas dienam un zavésanas.

Celms

400+ WK rhacticus P-1463

' K. hansenii B-22
CJK. hansenii DSM 5602
350

@

o

=]
1

BC sausais svars, g/L

Sikalas

Barotne

5. attéls. BC sintéze uz standarta HS barotnes un siikalam, izmantojot dazadus celmus — K. rhaeticus P-1463, K. hansenii B-22,
K. hansenii DSM 5602, péc 10 kultivacijas dienam.
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Oglhidratu (laktozes, glikozes un galaktozes) koncentracijas izmainas ir redzamas 7. att€la. Analizgjot laktozes un tas
hidrolizes produktu koncentracijas izmainas, var secinat, ka vislielakais laktozes patérins siikalu barotné tika novérots K. rhaeticus
P-1463 (no 49,97 £ 0,35 g/L lidz 45,69 + 0,05 g/L). Eksperimentu gaita K. rhaeticus P-1463 celmam tika patéréti aptuveni 8,6%
no barotné esosas laktozes. P&c eksperimenta iegiitajiem datiem var redzet, ka K. rhaeticus P-1463 celms stikalu barotné 10 dienu

laika glikozes un galaktozes koncentracijas samazinajas no 1,02 =+ 0,4 lidz 0,03 + 0,01 glikozei un no 0,42 + 0,01 1idz 0,02 + 0,01
g/L galaktozei.

6. attéls. Loti plana un fidenT minimali saskatama BC pléve.

24 007 X
Lhakt?_ZEY Kl': ?Hgnge‘SK rhaeticus P-
[ rhaeticus F- Glikoze, K. hansenii B-
54,001 1463 22001 GRS
|..Laktoze K. 20.001 8“5*;325966(2 hansenii
H hansenii B-22 Glikoze, K. rhaeticus P-
5200 Laktoze, K. 18.00] 1463 Sukalas
~~hansenii DSM ’ Glikoze, K. hansenii B22
= 5602 Sukalas
B 50.00] = 16.007 Glikoze, K. hansenii
& =] DSM 5602 Sakalas
o 8, 14.00
& 48.007 g
s £ 12.001
c c
o ©
Q 46.007 2 10.001
2 <
44.00 8.00
6.00
42.00 4.001
40.00 2.00
T T T
0.00-
0 ) . s . ) ° 0 5 10
Kultivacijas laiks, dienas Kultivacijas laiks, dienas
C Galaktoze, K.
0507 thaeticus P-1463
Galaktoze, K.
0.457 hansenii B-22
jGaIakto__ze, K.
0401 hansenii DSM 5602
J4 0.35]
=]
£ 0307
3]
©
=
€ 025
]
3]
§ 0207
x
0.15
0.107
0.057 T
0.00- ﬁ
0 5 10

Kultivacijas laiks, dienas

7. attéls. (A) Laktozes koncentracijas izmainas stikalu barotné eksperimenta laika (K. rhaeticus P-1463, K. hansenii B-22, K.
hansenii DSM 5602); (B) Glikozes koncentracijas izmainas standarta HS un siikalu barotné eksperimenta laika (K. rhaeticus P-
1463, K. hansenii B-22, K. hansenii DSM 5602); (C) Galaktozes koncentracijas izmainas standarta HS un sikalu barotng (K.
rhaeticus P-1463, K. hansenii B-22, K. hansenii DSM 5602).
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Organisko skabju izmainas ir apkopotas 8. attéla. Péc ieglitiem datiem var redzet, ka HS barotné tika novérota ievérojami
lielaka organisko skabju uzkraSanas eksperimenta laika neka stkalu barotnés. K. rhaeticus P-1463 celmam etikskabes
koncentracija bitiski palielinajas no 0,06 + 0,01 g/L 1idz 0,12 + 0,01 g/L un glikonskabes koncentracija palielingjas no 0,05 £ 0,01
g/L 1idz 0,13 = 0,01 g/L. Lielaka skabju produkcija tika konstatéta uz HS barotnes — K. hansenii B-22 celmam etikskabes
picaugums sastadija no 0,07 = 0,01 g/L lidz 1,12 + 0,07 g/L un glikonskabei 0,1 £ 0,02 g/L un 4,68 + 0,21 g/L, attiecigi.

A B

Etikskabe, K. Glikonskabe, K.
— rhaeticus P-1463 5.007 —rhaeticus P-1463
1.20 HS . HS
..... Etikskabe, K. 4501 ... Glikonskabe, K.
hansenii B-22 HS hansenii B-22 HS
1.001 Etikskabe, K. . Glikonskabe, K.
~hansen O 400 - - hansenii DSM 5602
HS
]
3 Etkskabe, K. = 3507 Glikonskabe, K.
0807 I~ ~rhaeticus P-1463 o —-rhaeticus P-1463
i Stkalas 3,00 Stukalas
5 ) Etikskabe, K. T __Gikonskabe, K.
© hansenii B-22 % | hansenii B-22
£ 0601 Sokalas £ 250 Sokalas
8 i Etikskabe, K. o Glikonskabe, K.
c ’ I~ hansenii DSM © 2.00 ]‘ —hansenii DSM
S (40 5 Stkalas
x X 1501
0207 1007
0.50
0.00 0001
T T T

T
0 5 10

Kultivacijas laiks, dienas Kultivacijas laiks, dienas

8. attéls. Organisko skabju (etikskabe un glikonskabe) koncentracijas izmainas K. rhaeticus P-1463, K. hansenii B-22, K.
hansenii DSM 5602 celmiem eksperimenta laika.

Proteinu koncentracijas samazinasanas nehidrolizétu stikalu barotné netika konstatéta nevienam pé&tamajam celmam.
Eksperimenta laika proteinu koncentracijas barotng palika nemainigas ap 3,21 + 0,12 g/L visiem trim p&tamajiem celmiem.
Balstoties uz iegutiem datiem, talakiem eksperimentiem tika izveléts K. rhaeticus P-1463 celms dél savas spgjas

ievérojami efektivak sintez&t BC uz sukalu barotnes.
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Sukalu ka bakterialas celulozes substrata efektivitates novertéjums

Otraja eksperimenta stikalu barotne tika salidzinata ar HS barotni un alternativu manitola barotni. Eksperimenta sakuma

tika parbaudits, vai izvelétais BC producenta celms (K. rhaeticus P-1463) spgj izmantot laktozi un galaktozi ka vienigos C avotus

modificétaja HS barotné (1. tabula). Tika konstatéts, ka K. rhaeticus P-1463 celms izmanto laktozi un galaktozi ka vienigo C

avotu, sasniedzot 2,85 + 0,04 g/L un 2,1 + 0,02 g/L BC péc 10 kultivacijas dienam.

BC sintéze uz standarta un modificétam HS barotném (K. rhaeticus P-1463).

1. tabula

Barotne BC sausais svars, g/L Produktivitate Qx, g/L/d
Standarta HS barotne ar glikozi 3,68 +0,03 0,37
Modificéta HS barotne ar laktozi 2,85+0,04 0,29
Modificéta HS barotne ar galaktozi 2,1+0,02 0,21

Eksperimenta otraja dala stikalu barotne tika salidzinata ar standarta HS barotni ar glikozi un manitola barotni. BC sausais

svars K. rhaeticus P-1463 celmam dazadas barotnés tika apkopots 10. attéla. Eksperimenta ir konstatéts, ka stikalu barotnes

izmanto$ana nodroSina ievérojami zemako (p < 0,001) BC sauso svaru (1,32 + 0,04 g/L) salidzinajuma ar HS (3,26 £+ 0,06 g/L)
un manitola (2,39 + 0,05 g/L) barotném. BC Yris = 29,23% bija ievérojami lielaka neka HS (16,28%) un manitola (15,31%)

barotné.

9. attéls. BC biezuma atskiribas. Pa kreisi — BC pléve uz standarta HS barotnes, pa labi — planaka pléve uz stikalu barotnes.

3.50

3.007

2507

2.007

BC sausais svars, g/l

HS Sokalas
Barotne
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10. attéls. BC sintéze dazadas barotnés — standarta HS, stikalu un manitola , p&c 10 kultivacijas dienam (K. rhaeticus P-1463).

12. attels. BC pléves péc kaltesanas.

Oglekla avotu (laktozes, glikozes, galaktozes un manitola) koncentracijas izmainas eksperimenta laika ir apkopotas 13.
attela. Cukuru izmainas stikalu barotng ir Iidzigas pirmajam eksperimentam, t.i. galaktoze un glikoze tika pat€rétas jau pirmajas
eksperimenta dienas (Iidz piektajai dienai). Savukart, laktozes paterins bija aptuveni 6,3%. Eksperimenta dati rada, ka manitola

koncentracija barotné pazeminajas no 18,97 + 0,53 g/L 1idz 3,36 + 0,03 g/L.
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60.00 22009

| — Glikoze, (HS)
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56'00: 20.007 — Galaktoze
1 sz Manitols
= 56.007 18.007
9 55,00
S, 54.007 16.007
£ 53007 1
£ 52007 5 14.007
S 51.00 &
g 50.00 :g 12.007
S 49001 '©
o 48.007 £ 10.007
© 47.007 9
© 46.007 £ 8.007
X 45.001 N
2 44.007 6.007
43.007
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Kultivacijas laiks, dienas

Kultivacijas laiks, dienas

13. attels (A) Laktozes koncentracijas izmainas siikalu barotné eksperimenta laika (K. rhaeticus P-1463); (B) Monosaharidu
(glikozes un galaktozes) un manitola koncentracijas izmainas standarta HS, stikalu un manitola barotng eksperimenta laika (K.
rhaeticus P-1463).

Organisko skabju koncentraciju izmainas ir apkopotas 20. att€la. Stikalu barotne tika nov@rota minimala, bet statistiski
butiska organisko skabju uzkrasanas. Savukart, manitola barotné biitiski palielingjas glikonskabes koncentracija no 0,19 + 0,01
g/L 1idz 2,53 +£ 0,01 g/L, kas bija lielaka neka HS barotné (1,51 + 0,01 g/L). Visizteiktaka etikskabes uzkrasanas tika novérota HS
barotne (0,28 £ 0,01 g/L). Aprekinot organisko skabju iznakumu Yess no patéréta substrata vienibas, tika konstatéts, ka organisko
skabju iznakums siikalu barotné ir zemaks (Yris = 4,89%), salidzinajuma ar skabju iznakumu HS (8,4%) un manitola barotnés

(14,92%) attiecigi. Sada tendence tika konstatéta visos eksperimentos.
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14. attels. Organisko skabju (etikskabe un glikonskabe) koncentracijas izmainas standarta HS, stikalu un manitola barotng
eksperimenta gaita (K. rhaeticus P-1463).

Lidzigi ka pirmaja eksperimenta proteinu koncentracijas izmainas stikalu barotné netika konstatétas (3,15 + 0,08 g/L).
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pH izmainas eksperimenta laika tika apkopotas 6. tabula. Var konstatét, ka pH samazinajums stikalu barotné nebija tik

strauj$ (pH 5,72 £ 0,03) salidzinot ar HS (pH 3,54 + 0,02) un manitola (pH 3,24 + 0,02) barotném.

2. tabula
pH izmainas kultivacijas laika (K. rhaeticus P-1463).
pH
Barotne Eksperimenta sakuma 5. diena 10. diena
HS 5,97 +£0,01 3,92 +0,03 3,54 £ 0,02
Stukalas 6,03 + 0,02 5,84 + 0,02 5,72 +0,03
Manitols 6,04 + 0,01 4,38 +£0,01 3,24 +0,02
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Siikalu barotnes pirmsapstrades un sastava modificéSanas ietekme uz BC sintezi
Siikalu koncentracijas ietekme

Eksperimenta tika parbaudis, vai stikalu atSkaidiSana ietekmés BC sintézi, jo augsta laktozes koncentracija stikalas
potenciali var inhibét bakterijas augSanu un samazinat BC iznakumus (Khudair et al. 2018). Eksperimenta gaita tika konstatgts,
ka stkalu atSkaidiSana butiski samazinaja BC iznakumu no 1,68 £ 0,05 g/L neat$kaiditajas stkalas lidz 0,57 = 0,05 g/L (1:1
atskaidijums) un 0,46 + 0,05 g/L (1:2 atSkaidijums) (21. att€ls). Yrsis neatSkaiditajas siikalas bija 43,75 % un attiecigi 32,03 % (1:1
atSkaidijums) un 31,45 % (1:2 atskaidijums).

2.00
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o
E]
1
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0.00-
Bez atSkaidjuma 1:1 1.2

Atskaidijumi
15. attéls. K. rhaeticus P-1463 BC sintéze atkariba no stkalu barotnes atSkaidijuma 10 dienu kultivacijas laika.

Oglhidratu koncentracijas izmainas tika apkopotas 16. att€la. Cukuru patérins eksperimenta laika neat$kaiditaja barotng ir
lidzigs ieprieksgjiem eksperimentiem (14. un 19. attéls). Atskaiditajos paraugos netika noveérota biitiskas laktozes koncentracijas

izmainas (p > 0,05).
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16. attels. (A) Laktozes koncentracijas izmainas siikalu barotné eksperimenta laika (K. rhaeticus P-1463) atkariba no at$kaidijuma;
(B) Monosaharidu (glikozes un galaktozes) koncentracijas izmainas siikalu barotnés eksperimenta laika (K. rhaeticus P-1463)
atkariba no atSkaidijuma.
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Lidzigi ka ieprieks&jos eksperimentos, siikalu barotn€ bija novérotas minimalas statistiski batiskas (p > 0,05) organisko
skabju koncentracijas izmainds. Sis izmainas ir apkopotas 17. attéla. Vislielaka koncentracija tika novérota neatkaiditajos
paraugos, kur tika sasniegtas 0,11 + 0,01 g/L etikskabes un 0,13 + 0,01 g/L glikonskabes koncentracijas. Bitiskas (p > 0,05)

proteinu koncentracijas izmainas $T eksperimenta gaita netika konstatétas neviena no paraugu grupam.
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17. attéls. Organisko skabju (etikskabe un glikonskabe) koncentracijas izmainas eksperimenta laika (K. rhaeticus P-1463)
atkariba no stikalu barotnes atSkaidijuma.

Balstoties uz ieglitajiem rezultatiem, talakajos eksperimentos siikalu barotnes sagatavoSanas laika stkalas netika

atskaidttas.

Termiskas apstrades ietekme

Saja eksperimenta tika novértéta BC sintézes intensitate atkariba no barotnes sterilizésanas procediiras (pirmsapstrades).
BC sausa svara rezultati ir apkopoti 18. attéla. Vislielakais BC sausais svars ir noverots standarta siikalu termiskas pirmsapstrades
metodikas pielietoSanas gaita un sastada 1,78 = 0,04 g/L. Datu statistiska analize paradija ka BC sintéz& paraugiem ar $adiem

apstrades rezZimiem — 60°C 30 min; 80°C 1 min un 121°C 15 min nebija noverotas savstarpgji bitiskas atkiribas (p > 0,05).
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18. attels. BC sintéze atkariba no siikalu termiskas pirmsapstrades metodes péc 10 kultivacijas dienam (K. rhaeticus P-1463).
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20. attels. Izkalteti BC pléves paraugi.

Laktozes, glikozes un galaktozes analizu rezultati ir apkopotas 21. attela. Biitiskas laktozes koncentracijas izmainas tika
noverotas tikai standarta pirmsapstrades paraugu grupai (p = 0,045). Laktozes patérina izmainas pargjas grupas bija minimalas un
nav statistiski ticami savstarpgji atskirigas (p > 0,05). Glikozes un glakatozes patérin§ ir Iidzigs pargjiem eksperimentiem.
Organisko skabju izmainas ir apkopotas 27. attela. Datu statistiska analize paradija, ka bitiskas skabju izmainas tika konstatgtas
tikai stikalu standarta pirmsapstrades paraugiem. Savukart, paréjiem paraugiem netika konstatétas butiskas izmainas organisko

skabju koncentracijas (p > 0,05).
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21. attels. (A) Laktozes koncentracijas izmainas siikalu barotnés eksperimenta laika atkariba no termiskas pirmsapstrades (K.
rhaeticus P-1463); (B) Monosaharidu (glikozes un galaktozes) koncentracijas izmainas atkariba no termiskas pirmsapstrades
eksperimenta laika (K. rhaeticus P-1463).
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22. attels. Organisko skabju (etikskabe un glikonskabe) koncentracijas izmainas fermentacijas (K. rhaeticus P-1463) laika
atkariba no termiskas pirmsapstrades.

Proteinu analize parada, ka standarta siikalu pirmsapstrades procediira samazina proteinu koncentraciju barotng no ~8 lidz
~3,2 g/L. Savukart, pielietojot citus pirmsapstrades panémienus proteinu koncentracijas palika 7,8 — 8,1 g/L robezas, tas ir nav

butiski mainTjusas. Talakajos eksperimentos tika izmantota standarta siikalu pirmsapstrades procedira.

Hidrolitiskas apstrades ietekme

Saja eksperimenta tika parbaudits, vai siikalu hidrolize uzlabos BC sintézi. Rezultati tika apkopoti 23. attéla. Rezultati
liecina, ka BC sausais svars uz siikalu barotném bija vislielakais gadijuma, kad tika pielietota enzimatiskas pirmsapstrades metode
(2,41 £ 0,04 g/L). Stkalu kontroles paraugiem BC sausais svars sasniedza 1,61 + 0,03 g/L. Savukart, paraugiem, kur tika veikta
skabes hidrolize — BC sausais svars bija ievérojami zemaks neka stikalu kontroles grupai, t.i. 0,27 + 0,02 g/L H2SO4 1,5 h paraugu

grupai un 0,173 = 0,02 g/L H2SO4, 3 h paraugu grupai. Aprékinot BC iznakumu no substrata vienibas var secinat, ka enzimatiska
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hidrolize samazinaja produktivitati 11dz 20,93% salidzinajuma ar siikalu kontroles (bez papildus apstrades) grupas paraugu

produktivitati (36,42%). BC iznakums no substrata Yess skabes hidrolizes paraugiem bija 7,41% (H2SO4, 1,5 h) un 1,51% (H2SOs4,
3h).

23. attels. Hidrolitiski apstradatas stikalas izmantosana BC sintézei termostatos.
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3,507
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24. attels. BC sintéze (K. rhaeticus P-1463) atkariba no stikalu hidrolizes metodes péc 10 kultivacijas dienam.
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25. attels. BC pléve péc sintézes uz HS barotnes.

No 26. att€la var redzét, ka enzimatiska pirmsapstrade palielingja glikozes koncentraciju barotné lidz 5,14 + 0,15 g/L, ka
ar galaktozes daudzumu barotng 1idz 4,99 + 0,09 g/L. Laktozes koncentracija $aja barotn€ hidrolizes rezultata samazinajas lidz
39,62 + 0,83 g/L. Enzimatiskas hidrolizes cela palielinot brivas glikozes un galaktozes koncentraciju barotné bija iesp&jams
palielinat BC produktivitati (Qx = 0,27 g/L/d). Paraugos, kur tika veikta enzimatiska hidrolize fermentacijas gaita tika patéréta
visa briva glikoze un galaktoze. Ir svarigi atzimét, ka glikozes un galaktozes koncentracijas paaugstinajas ari skabas hidrolizes
grupam. Tomer tur BC sintézes intensitate bija butiski mazaka salidzinot ar kontroles paraugiem. Ar H2SOs tris stundas
hidrolizétajiem eksperimenta gaita paraugos netika pateréta visa briva glikoze (6,9 £ 0,05 g/L no 11dz 0,82 + 0,13 g/L) un galaktoze
(n0 6,3+0,01 Iidz 1,4 £ 0,08 g/L).
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26. attéls (A) Sukalu hidrolitskas apstrades panémiena ietekme uz laktozes koncentracijas izmainam eksperimenta gaita (K.
rhaeticus P-1463); (B) Stkalu hidrolitskas apstrades panémiena ietekme uz monosaharidu (glikozes un galaktozes) koncentracijas
izmainam eksperimenta gaita. (K. rhaeticus P-1463).

Organisko skabju koncentraciju izmainas ir apkopotas 27. atteéla. Kopuma sikalu hidrolize neietekméja skabju
koncentracijas izmainas tendences. Vienigi var atzimét glikonskabes koncentracijas izmainas H2SOs tris stundu hidrolizes

paraugiem no 0,06 + 0,01 g/L lidz 0,82 + 0,01 g/L.
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27. attels. Stkalu hidrolitskas apstrades panémiena ietekme uz etikskabes koncentracijas izmainam eksperimenta gaita (K.

rhaeticus P-1463); (B) Stkalu hidrolitskas apstrades panémiena ietekme uz glikonskabes koncentracijas izmainam eksperimenta
gaita (K. rhaeticus P-1463).

Ir svarigi atzimét, ka $aja eksperimenta salidzinot ar ir iepriek§€jiem tika novérota proteinu koncentracijas samazinasanas
fermentacijas gaita. Proteinu koncentracijas izmainas ir apkopotas 28. attéla. Var redzet, ka salidzinajuma ar kontroles grupu,
enzimatiskas hidrolizes grupai proteinu koncentracija (p = 0,02) samazinajas no 2,73 + 0,03 g/L lidz 2,5 = 0,01 g/L, kas atbilst

aptuveni 8,4% proteinu patérinam.
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28. attéls. Sukalu hidrolitskas apstrades panémiena ietekme uz proteinu koncentracijas izmainam eksperimentu laika (K. rhaeticus
P-1463).
Piedevu ietekme

Eksperimenta gaita tika parbaudits vai augSanas faktoru piedevas varétu palielinat BC sint&zi. Iegiiti rezultati tika apkopoti
31. attela. P&c iegiitiem rezultatiem var redzet, ka BC sint&ze uz siikalu barotnes kas papildinata ar melasi bija visaugstaka (2,7 +
0,02 g/L). BC Ypis bija viszemakais paraugiem ar pievienotu NH4H2PO4 (1,35 + 0,04 g/L). BC iznakums Yrp/s kombin&taja sukalu

/ melases barotn€ bija 21,88%, kas ir mazaks par iznakumu kontroles siikalu barotng bez pievienotam piedevam (32,24%).
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29. attéls. Dazadas piedevas siikalu barotnei.

30. attels. Statiska augSana sukalu barotné ar dazadam piedevam.
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31. attéls. Barotnes bagatinasanas (rauga ekstrakts, peptons, NHsH2PO4, melase) ietekme uz BC sintézi péc 10 kultivacijas dienam
(K. rhaeticus P-1463).

Cukuru patérin§ eksperimenta laika ir apkopots 38. attéla. Saja eksperimenta tika parbaudita papildus saharozes (no
melases) koncentracijas un melases sastava esoso augsanas faktoru ietekme uz BC sintézi. 32.B attéla var redzet, ka fermentacijas
gaita saharozes koncentracija kombingétaja stikalu un melases barotn€ samazinajas no 20,98 + 0,64 g/L lidz 11,98 £ 0,79 g/L.

Pargjas barotnes tika konstatéts [idzigs cukuru paterins ka ieprieksgjos eksperimentos.
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32. attéls (A) Laktozes koncentracijas izmainas sukalu barotné (K. rhaeticus P-1463) eksperimenta laika atkariba no piedevam
(rauga ekstrakts, peptons, NHsH2POa4, melase); (B) Monosaharidu (glikozes un galaktozes) koncentracijas izmainas (K. rhaeticus
P-1463) standarta HS un stikalu barotng eksperimenta laika atkariba no piedevam (rauga ekstrakts, peptons, NHsH2POa4, melase).
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Diskusija

Eksperimentu gaita tika pétitas siikalas ka potenciali 1&ta un perspektiva alternativa dargakam BC sintézes barotném.

Balstoties uz iegiitajiem rezultatiem, var secinat, ka stikalas var kalpot ka alternativa barotne BC sintézei. K. rhaeticus P-1463

celms uzradija vislielako BC iznakumu (1,95 + 0,15 g/L), salidzinot ar citiem pétjjuma izmantotajiem celmiem. Eksperimentu

laika iegutie K. rhaeticus P-1463 BC sintézes dati ir apkopoti biotehnologisko raditaju tabula (7. tabula).

7. tabula
BC sintézes biotehnologiskie raditaji uz stikalam (K. rhaeticus P-1463).
- BC iznakums no substrata | BC produktivitate (Qx),

Barotne BC sausais svars, g/L (Yeis), % g/L/d
Standarta HS barotne 3,32 £0,04 16,6 0,33
Stikalu barotne (bez pirmsapstrades) 1,95+0,15 34,32 0,2
Stikalu  barotne ar enzimatisku 241+04 20,93 0,24
hidrolizi
Stikalu un melases kombinéta 2,7+0,02 21,88 0,27
barotne

Salidzinot ar literatiras avotiem, K. rhaeticus P-1463 uzrada samérojami labus rezultatus stukalu barotné bez

pirmsapstrades (8. tabula).

BC sintéze (sausais svars) uz siikalam vai laktozi saturo§am barotném (p&c literatiiras avotiem).

8. tabula

BC
Celms Baronte iznakums, Avots
g/L
K. xylinus DSM 2325 Stukalu permiats péc enzimaniskas 6,77 (Rollini et al. 2020)
hidrolizes ar $-galaktozidazi
G. sucrofermentans B-11267 | Stkalas 5,45 (Revin et al. 2018)
G. xylinus PTCC 1734 Sukalas péc enzimatiskas hidrolizes ar - 3,55 (Salari et al. 2019)
galaktozidazi
K. rhaeticus P-1463 Siikalas 1,95 -
K. rhaeticus P-1463 Siikalas péc enzmimatiskas hidrolizes 2,41 -
ar B-galaktozidazi
K. sucrofermentans DSM | Stkalu barotne 1,6 (Tsouko et al. 2015)
15973
G. sacchari Stkalu barotne 0,08 (Carreira et al. 2011)
G. xylinus K3 Laktozes barotne 0,07 (Nguyen et al. 2008)

Salidzinot ar citam alternativajam barotném, pieméram, jélglicerinu, melasi, abolu sulu, siikalas, salidzino$i, neuzrada

labakus rezultatus (9. tabula). Salidzinot $aja petijuma iegiitus rezultatus ar literatiiras avotiem, var konstatet, ka vairakos p&tijjumos

BC sintéze uz stikalam bija salidzino§i zema (Thompson and Hamilton 2000; Battad-Bernardo et al. 2004; Nguyen et al. 2008).

9. tabula

BC iznakums izmantojot riipniecibas un lauksaimniecibas izejvielas vai blakusproduktus (Kolesovs and Semjonovs, 2020).

BC iznakums,
Barotne Celms sausais svars, Informacijas avots
g/L
Sikalu barotne (bez K. rhaeticus P-1463 1,95 -
pirmsapstrades)
Siikalas péc enzimatiskas | K. rhaeticus P-1463 2,41 -
hidrolizes ar
p-galaktozidazi
Stikalas G. sucrofermentans B-11267 5,45 (Revin et al. 2018)
Kukurtizas stiebru sula A. xylinum NRRL B-42 6,7 (Cerrutti et al. 2016)
Vinogu spiedpaliekas G. xylinus NRRL B-42 8,0 (Vazquez et al. 2013)
Spirta $kiedenis Gluconacetobacter oboediens 8,9 (Jahan et al. 2018)
Apelsinu sula A. xylinum NBRC 13693 5,9 (Kurosumi et al. 2009)
Abolu sula A. xylinum NBRC 13693 3,9 (Kurosumi et al. 2009)
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Ananasu sula A. xylinum NBRC 13693 3,9 (Kurosumi et al. 2009)
Melase A. xylinum BPR2001 53 (Bae and Shoda 2004)
Glicerinsls G. xylinus CGMCC no. 2955 5,97 (Zhong et al. 2013)
Auzu enzimatiskais A. xylinus ATCC 23770 8,3 (Chen et al. 2013)
hidrolizats

Kokosriekstu piens (Nata 712,9 (slapja | (Phong et al. 2017)

de Coco) BC)

Ka redzams, lielaka BC sintézes intensitate tika sasniegta tajas barotn&s, kur bija klatesosie brivie cukuri, saharoze, ka ari
daudzveidigi, kaut ar nedefinétie, augSanas papildus faktori, kas naca no dabiskas izcelsmes razoSanas vai lauksaimniecibas
blakusproduktiem un izejvielam. Tiek atziméts, ka laktoze ir problematisks C avots, un BC producenti patére to Iénak neka glikozi
vai saharozi (Jozala et al. 2015). Kas visticamak ir saistits ar lacZ géna trikkumu, kas ir atbildigs par B-galaktozidazes enzima
produkciju un laktozes $kelsanu (Battad-Bernardo et al. 2004). Nemot véra to, ka $aja p&tijuma tika noverota laktozes $kelSana,
var pielaut, par lacZ géna esamibu K. rhaeticus P-1463 genoma (14. attels). Tomér laktozes patérin$ eksperimenta laika bija
ievérojami zemaks neka G. sucrofermentans B-11267, kas pirmaja kultivacijas diena spgja samazinat laktozes koncentraciju
barotné no 42,1 g/L 1idz 22,4 g/L (Revin et al. 2018). K. rhaeticus P-1463 celma genoma sekvencé$ana dotu pilnu ainu par géniem,
kas iesaistiti laktozes metabolisma. Tostarp, uz doto bridi ir bijis maz méginajumu veidot genétiski modificétus BC producentu
celmus. Ka potencials risinajums laktozi saturo$u substratu izmantoSanas efektivitates uzlaboSanai varétu but genétiskas
inZenierijas metozu izmantosSana. levietojot producenta genoma génus, kas atbild par laktozes SkelSanu un proteazes aktivitati, var
panakt lielaku BC razu (Battad-Bernardo et al. 2004).

Svarigi atzimét, ka paildzinot kultivacijas laiku virs izvéletajam 10 dienam, BC sint€ze uz p&tamas barotnes ir augstaka,
Salidzinot ar BC sint&zes intensitati ar literatliras avotiem, ir jaatzimé, ka biitu lietderigi salidzinat nevis iegiito BC sauso svaru,
bet, pieméram, produktivitati (Qx), t.i. BC produktivitati diena vai stunda, jo kultivacijas laiks vairakos pétfjumos atskiras (no
divam l1idz 40 kultivacijas dienam), tom&r ne vienmer publikacijas parstaveti dati un eksperimentu apstaklu atskiribas lauj to veikt.
Literaturas avotu analize un §T darba rezultati rada, ka ir svarigi turpinat pétit BC sintezgjoSus celmus ar mérki atlasit efektivakus
BC producentus.

Petfjuma tika paradits, ka BC sintéze uz siikalam ir zemaks salidzinot ar standarta HS barotni un citiem alternativiem
oglekla avotiem, piem&ram, ar manitolu vai glicerinu (Oikawa et al. 1995; Zhong et al. 2013). BC sausa sausais svars uz sikalam
joprojam paliek par 40 — 50 % mazaks par iznakumu uz standarta HS barotnes. Neskatoties uz to, ka stikalas ir 1€ts substrats, to
izmantoSana ir problematiska mazas BC produktivitates del. Eksperimentu laika ar1 tika paradits, ka manitola barotne var kalpot,
ka laba alternativa HS standarta barotnei (2,39 + 0,05 g/L) (17. attéls). Tika paradits, ka G. xylinus ATCC 53524 sintezgja 3,37
g/L BC uz manitola barotnes (Mikkelsen et al. 2009), tomér Sobrid joprojam triikst pétijumu saistiba ar BC sintézi uz manitola ka
oglekla avota un biitu nepiecieSams optimiz€t manitola barotni ar mérki palielinat BC produktivitati uz $is barotnes.

Ir zinams, ka BC sint&ze ir butiski atkariga no barotnes virsmas uz kuras attistas BC pléve un barotnes tilpuma attiecibas,
proti skabekla pieejamibas BC veido3anai. Sis labi zindms parametrs nav ticis izvertéts $aja péfijumu stadija magistra darba
ietvaros, izvéloties ka optimalu literatiiras avotos noraditu attiecibu — 50 mL / 75 cm? (Ruka et al. 2012), ka ar nav nemts véra
BC produktivitates aprékinos. Ka jau min&ts ieprieks, ilgaks kultivacijas laiks nodrosinatu lielaku BC sauso svaru, bet ne vienmér
produktivitati (Qx).

Pieveér$ot uzmanibu metabolitu izmainam barotnés, K. rhaeticus P-1463 10 dienu kultivacijas laika patéréja aptuveni 7 —
8% no stikalu barotnes esoSas laktozes. Palielinot kultivacijas ilgumu, ir iesp&ams palielinat arT laktozes paterinu. Svarigs
noverojums, ka visos eksperimentos bakteriju kultivacijas laika tika patéréta galaktoze (14.C attéls). Ieprieksgjos pétijumos K.
rhaeticus P-1463 celms bija sp&jigs sintezét BC uz galaktozes, sasniedzot 0,79 g/L un Yrss 8,2% (Semjonovs et al. 2017b).
Neizslédzot citu skaidrojumu iesp&jamibu, kuri parbaudami talakos pétijumos, tas varétu nozimét, ka bakterijai ir raksturigs
laktozes transports ieksstinas telpa ar talako laktozes SkelSanu lidz glikozei un galaktozei. Ar to varétu izskaidrot, kapéc barotné
netika novérota galaktozes uzkrasanas, ka tam vajadz&tu bt novérojamam, kad baktérijas arpussiinas enzimi Skeltu laktozi, primari
patérgjot glikozi, savukart galaktoze uzskartos barotng, lidz nebiis patéréta ievérojama dala no brivas glikozes. Sadas hipotezes
verificé$anai ir nepiecieSams to eksperimentali apstiprinat turpmakajos p&tijumos. Visticamak visas siikalu barotné eso$ie brivie

monosaharidi tiek izteréti pirmajas eksperimenta dienas un tikai tad bakterijas sak Skelt laktozi (14. att€ls). Vienlaicigi ir

298



viennozimigi konstatéts (5. tabula), ka K. rhaeticus P-1463, izmanto galaktozi un laktozi ka vienigus C avotus maksligaja HS
barotn&. Tomér, cita pétijuma tika paradits, ka G. xylinus ATCC 53524 neasimilé galaktozi, un nav novérota BC producgsana uz
galaktozes barotnes, neskaitot 0,09 g/L, kas, domajams ir saistams ar sgjmateriala palieku klatbtitni analiz&jamaja kulttrskidruma
(Mikkelsen et al. 2009), kas liecina par §is tehnologiski svarigas Tpasibas specifiskumu konkrétajam producenta celmam. Lai butu
iespgjams iegiit viennozimigi interpret§jamus datus par oglhidratu metabolisma celiem, tiek turpinati K. rhaeticus P-1463
metabolisma pétijumi, ieskaitot ari T celma genoma struktiiras izpéti izp&tes turpmakos posmos.

Salidzinot organisko skabju (etikskabes un glikonskabes) sintézi uz HS un siikalu barotném, var konstatét, ka uz stikalu
barotnes etikskabes un glikonskabes uzkrasanas notika ievérojami 1€nak (15. attéls). BC sintéze notiek paraléli §inu biomasas
sint€zei (Hornung et al. 2007), ka redzams 13. attéla BC sintéze ir mazaka siikalu barotng, mazaka ir ar skabju sintéze (16. attels).
Spriezot p&c pH mérijumiem, var konstatet, ka siikalu barotng pH kritums notika 1eénak neka HS barotng (no 5,97 + 0,01 Iidz 3,54
+ 0,02) nesamazinoties zem pH = 5,72 + 0,03. Tas ir saistits ar mazaku organisko skabju sintézi sikalu barotn&. Rekinot produktu
iznakumu (Yrss), stikalu barotné notiek efektivaka substrata konversija par BC salidzinajuma ar HS vai manitola barotném,
vienlaicigi, organisko skabju iznakums no substrata siikalu barotné (4,89%) ir zemaks, salidzinot ar skabju iznakumu no substrata
vienibas HS un manitola barotn&s (8,4 % un 14,92% attiecigi). Tas varétu liecinat par to, ka, kaut ar1 siikalu barotn& BC sintéze ir
mazaka, tomér substrats tiek pateréts efektivak tiesi BC sintézei, nevis organisko skabju sintézei.

Sobrid triikst pétijumu par siikalas pirmsapstrades iespgjam ar mérki uzlabot BC sintézi (Kolesovs and Semjonovs 2020).
Biezi triikst datu par siikalas esoSo vielu koncentracijam, pieméram, laktozes, galaktozes un proteinu koncentracijam. Svarigi
atziméet, ka stikalu sastavs ir diezgan mainigs, kas var butiski ietekm&t eksperimenta rezultatus. Dati par stikalu sakotngjo sastavu
ne vienmgr ir parstaveti pat tajas nedaudzas publikacijas, kas Saja téma ir pieejamas (Jozala et al. 2015). Dazreiz ari informacija
par stkalu pirmsapstrades procediiram ir nepilniga, kas ar7 var ietekmé&t BC produktivitates salidzino$o izvertgjumu.

Eksperimentu laika tika konstatgts, ka, lai panaktu lielaku BC razu, ir svarigi veikt stikalu pirmsapstradi. Liels protetnu
saturs barotn€ traucé BC sintézei (siikalu termiskas priekSapstrades eksperimentos), ka ari proteini var iesaistities BC struktiira,
kas nav vélams veidojot produktus no BC. Ir paradits, ka svarigs faktors, kas ietekme BC iznakumu ir proteinu koncentracija
barotng, kas var mainities atkariba no pirmsapstrades procediiras. Siikalu termiskas pirmsapstrades eksperimenta standarta
pirmsapstrades metode, kad stikalas sakuma tika karsétas, tads centrifugétas un beigas autoklavétas, paradija savu efektivitati, jo
tika noverots lielakas BC sausais svars (1,78 £ 0,04 g/L) (24. att€ls). Standarta pirmsapstrades procediiras rezultata protetnu
koncentracija samazinas no ~8 lidz ~3 g/L, kas veicinaja BC veidoSanos, salidzinajuma ar citam pirmsapstrades metodeém (24.
att€ls). Proteinu koncentracija bija vienigais parametrs, kas izmainijas siikalu standarta pirmsapstrades rezultata. Piena parstrades
razoSanas mérogos izdalitus proteinus potenciali var izmantot citu produktu veidoSanai, pieméram iegistot kazeinu, sukalu
olbaltumvielu koncentratus u.c.

Stikalu hidrolitiska pirmsapstrade paradija, ka enzimatiska hidrolize var butiski palielinat BC sauso svaru (lidz 2,41 + 0,04
g/L). Ari citos pétijumos ir secinats, ka siikalu laktozes enzimatiska pirmsapstrade ar B-galaktozidazes enzimu palielina BC sauso
svaru (Das et al. 2015; Salari et al. 2019) (8. tabula). BC iznakums Yris enzimatiskas hidrolizes gadijuma bija zemaks (20,93%)
neka stukalu kontroles paraugam (36,42%) ar standarta pirmsapstradi bez piedevam. Nemot véra to, ka organisko skabju produkcija
enzimatiski apstradatajiem paraugiem nebija lielaka par skabju produkciju stikalu kontroles paraugiem, iesp&ams, ka BC
produktivitate bija zemaka dg] ta, ka substrats tika pateréts vairak biomasas vai eksperimenta gaita nekontrolétu metabolitu
veidosSanai. Eksperimenta laika tika konstatéts, ka laktozes koncentracija enzimatiskas hidrolizes rezultata samazinajas no 47,98
+ 0,74 11dz 39,62 = 0,83 g/L, kas atbilst aptuveni 17,43 % hidrolizétas laktozes (29. attéls). No ta var secinat, ka stikalu hidrolizes
pakape bija relativi zema, kas liek turpinat petijumus stkalu enzimatiskas hidrolizes procesa optimiz€Sanai, kas savukart
nodrosinatu lielaku BC sint€zi. Tomer ir jaatzimé, ka enzimatiska pirmsapstrade riipnieciskos razoSanas mérogos ir saméra darga
(Rollini et al. 2020), un varétu batiski palielinatu BC razoSanas izmaksas, ja §is papildus izmaksas neatsver butiski lielaku BC
sintézi. Sobrid literatiira §Is metodes izmanto$ana BC iegiiSanai nav pietiekami labi aprakstita, tapéc tiek turpinati magistra darba
ietvaros uzsakti pétfjumi. Cita metode, kas varétu uzlabot laktozes hidrolizi siikalas ir tas hidrolitiska apstrade ar skabém.
Eksperimenta tika izmantota H2SO4, un divi dazadi apstrades laiki: 1,5 stunda un trs stundas. Hidrolizes rezultata 1,5 stundu
grupai laktozes koncentracija barotné samazinajas no 47,98 + 0,74 lidz 45,09 = 0,01 g/L, kas atbilst aptuveni 6,4% hidroliz&tas

laktozes. Otraja grupa hidrolizes pakape sasniedza 25%, laktozei samazinoties 11dz 36,62 g/L. Tas ir augstaka hidrolizes pakape,
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kas tika sasniegta eksperimentu gaita. Var konstatét, ka ilgaks hidrolizes laiks noved pie augstakas hidrolizacijas pakapes.
Neskatoties uz to, skaba hidrolize paradija zemaku BC iznakumu salidzinajuma ar enzimatisko hidrolizi un kontroles paraugiem.
Tris stundu hidrolizes grupa 10. diena pat netika patéréti visi monosaharidi. Tas var€tu bt saistits ar to, ka H2SO4 ir agresiva
skabe, kas §im mérkim nav labi piemérota. Neitraliz&jot So skabi, barotné vargja izveidoties parak augsta salu koncentracija, kas
inhib&ja baktérijas augsanu un BC sintézi. Tiek turpinati pétijumi dazadu, tostarp organisko skabju (pieméram, pienskabe vai
etikskabe) ietekmes noteikSanai uz sitikalu hidrolizes procesu (koncentracijas, pH limenis, laiks, temperatiira) — tada rezima
atraSanai kas nodrosinas maksimalus BC iznakumus. Viens no iemesliem pieticigajam BC iznakumam p&c stikalu hidrolttiskas
apstrades ar H2SO4 varétu biit Maillarda reakcijas produktu raSanas, kuras pamata ir aminoskabju un cukuru savstarpgja reakcija,
kas var traucét bakt€rijam metaboliz&t barotné esosus oglekla avotus (Einarsson et al. 1983). Tuvakajos eksperimentos planots
izmantot zemaku hidrolizes temperatiiru, palielinot hidrolizes laiku. Ka jau teikts, literatiiras dati liecina, ka enzimatiska hidrolize
palidz saskelt laktozi 1idz glikozei un galaktozei, palielinot BC iznakumu (Das et al. 2015), tomér uz doto bridi trakst datu par
skabju hidrolizes izmantoSanu ar mérki ieglit BC uz stikalu barotnes.

Eksperimentali tika noteikta piedevu ietekme uz stikalu barotni. Tika konstatéts, ka liellopu galas bakteriologiskais
peptons, rauga ekstrakts un melase ievérojami palielina BC sintézi, savukart NH4H2PO4 pievieno$ana to samazinaja , salidzinot
ar kontroles paraugiem (23. attéls). It ipasi labi BC sausa svara pieaugumu var redzet sikalu un melases kombinétaja barotné (2,7
+ 0,02 g/L). Tas ir augstakais BC iznakums uz siikalam, kas tika panakts uz stikalu barotnes $o eksperimentu ietvaros. Augstaks
BC sausais svars $aja grupa var€tu biit saistits ar to, ka izmainijas C / N attieciba barotne, ka arT tika ievaditi papildus augSanas
faktori (Rouabhia et al. 2014). Melasé eso$a saharoze tika izmantota ka galvenais C avots (35. attéls) un sikalas eso$as
aminoskabes ka N avots. Domajams arT, K. rhaeticus P-1463 efektivak hidrolizé saharozi salidzinot ar laktozi. Melase ir cukura
razoSanas blakusprodukts lauksaimniecibas ar plasam pielieto$anas iesp&jam biotehnologijas, ka ari lopkopiba (Keshk et al. 2006).
So divu razoSanas blakusproduktu izmanto$ana varétu ne tikai samazinat BC raZo$anas izmaksas, bet arl samazindt vides
piesarnojumu, ko abas §Ts vielas rada ja tiek utilizetas neefektivi. Pétijumi ar optimalas C / N attiecibas noteik$anu stikalu / melases
barotnei turpinas, jo sagaidams, ka tas var ievérojami palielinat BC iznakumu (Zhong, 2013). NH4H2PO4 izmantoSana samazinaja
BC sintézi. Potenciali NH4H2PO4 vargja kalpot ka l&ta piedeva stikalu barotnei, tomér arT cita petijuma konstatets, ka ST
savienojuma pievienoSana pazeminaja BC iznakumu (Yodsuwan et al. 2012).

Uz doto bridi turpinas BC iegiiSana uz HS un stkalam ar meérki noteikt un salidzinat ieglita materiala fizikalas un
mehaniskas Tpasibas, jo ir zinams, ka substrats var biitiski ietekmét tas, pieméram, stikalu izmantoSana ka substratu, var samazinat
BC kristaliskuma indeksu un to mehanisko izturibu (Revin et al. 2018). Fizikalo un mehanisko Tpasibu izmainas var liela méra
ietekm@t vélama galaprodukta Tpasibas.

Kopuma var konstatet ka stkalas, neveicot to pirmsapstradi vai/un sastava optimize€Sanu ir sam&ra problematisks BC
sintézes avots. BC iznakums uz stikalam ir ievérojami zemaks neka uz glikozi vai manitolu saturo§am barotném (HS). Neskatoties
uz to, iznakums Ypys siikalu barotné ir augstaks neka standarta HS un manitola barotné&s. Tika konstatéts, ka enzimatiska hidrolize
uzlaboja BC sintezi, tomér nemot véra, ka enzimu izmantoSana riipnieciskos procesos rada saméra lielas papildus razoSanas
izmaksas, ta atrisinas galveno problému, kas ir saistita ar BC augstam raZoSanas izmaksam vienigi gadijuma, ja $is izmaksas atsver
ievérojami augstaki BC iznakumi. Sobrid tiek turpinati pétijumi skabju hidrolizes procesa optimiz&$anai, kas domajams, laus
palielinat BC iznakumu, vienlaicigi parmerigi nepalielinot raZzosanas izmaksas. Savukart, melases izmantoSana, kas arT ir partikas
ripniecibas blakusprodukts, varétu ievérojami palielinat BC veidosanos pateicoties izmainam C/ N attieciba, vieglak asimilgjamu
cukuru un papildus augsanas faktoru pieejamibai. Sobrid tiek turpinati pétfjumi siikalu kombingto barotnu sastiva un

pirmsapstrades procediiru optimiz€$anai.
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Secinajumi
Starp izvértétajiem BC producgjosiem celmiem K. rhaeticus P-1463 celms ir vislabak piemérots BC iegiiSanai uz
stikalam;
K. rhaeticus P-1463 izmanto galaktozi un laktozi ka vienigos C substratus maksligaja HS barotng, ka ari stikalas BC
sintézei,
Stikalas ka alternativa barotne ir piemérotas BC iegiiSanai, kaut arf nodroSina par aptuveni 40 — 50% mazaku BC
produktivitati Qx neka standarta HS barotné ar glikozi;
BC iznakums Yrss no patéréta substrata vienibas siikalu barotné bez piedevam un hidrolizes panémienu pielietoSanas
bija augstaks neka uz standarta HS barotnes par 40 — 50 %;
BC produktivitati Qx var butiski uzlabot (par 33,2%), veicot siikalu pirmsapstradi, tai skaita tas paklaujot enzimatiskajai
pirmsapstradei ar B-galaktozidazi, ka arT pievienojot papildus augSanas faktorus, kur vislabako efektivitati (par 40,8%)

nodro$ina melases pievienoSana.
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Melase ka alternativs avots bakterialas celulozes iegiSanai
Rezultati un diskusija

Optimalas melases koncentracijas noteik§ana bakterialas celulozes sintezei

Saja eksperimenta tika noteikta optimala melases koncentracija BC iegii§anai. Eksperimenta tika izmantots K.
rhaeticus P-1463 celms. Bija savstarpgji salidzinata BC sintéze trim melases koncentracijam (10 mL/L, 20 mL/L un 50 mL/L).
Iegutie dati liecina, ka lieclaka BC sint€ze bija novérota uz melases koncentracijas 20 mL/L, kas atbilst 0,28 + 0,09 g/L iegiitas
BC. Mazaka BC sintéze bija novérota uz melases koncentracijas 50 mL/L, kas atbilst 0,16 + 0,08 g/L (4. attéls). Ir zinams, ka

parmérigi augsta cukuru koncentracija var samazinat poliméru sintézi (Machado et al. 2018).

3. attéls. Statiski audz&ta BC dazadu melases koncentraciju barotnés.
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4. attels BC sausais svars uz melases barotnes ar dazadam melases koncentracijam (10 mL/L, 20 mL/L un 50 mL/L), izmantojot
K. rhaeticus P-1463 celmu péc 10 kultivacijas dienam.

Oglhidratu (saharozes, glikozes un fruktozes) koncentracijas izmainas ir apkopotas 6. att€la. Analizgjot saharozes un
tas hidrolizes produktu koncentracijas izmainas, var secinat, ka lielakais saharozes patérin§ tika noverots barotné ar melases
koncentraciju 20 mL/L no 19,65 + 0,20 g/L Iidz 10,70 + 0,25 g/L (6. att€ls). P&c eksperimenta iegiitajiem datiem var redz&t, ka
barotné ar melases koncentraciju 20 mL/L 10 dienu laika glikozes koncentracija samazinajas no 1,21 + 0,35 g/L lidz 0,03 +

0,01 g/L, bet fruktozes koncentracija palika nemainiga 0,05 + 0,01 g/L (p = 0,1). No iegiitajiem datiem var secinat, ka pie



melases daudzuma 20 mL/L tiek sintezets vairak BC neka pie paréjam koncentracijam. Melases koncentracija 20 mL/L atbilst
aptuveni 20 g/L saharozes koncentracijai barotng. Salidzinot ar literatliras avotiem, vairakos pétfjumos tika nemta 20 g/L
(Keshk et al. 2006; Esin Poyrazoglu Coban 2011; Machado et al. 2018), kas lauj sasniegt BC sauso svaru 4,01 g/L (Machado
et al. 2018). Apskatot attelus, var konstatét, ka saharoze un tas hidrolizes produkti ir piemérots oglekla avots BC iegiiSanai.
Talakajos eksperimentos tika izmantota melases koncentracija 20 mL/L. Svarigi atzimét, ka Sajos p&tijjumos tika modificgta
HS barotne, aizvietojot glikozi ar melasi, tapec, salidzinot ar literatiiras avotiem, butiski atskiras sintezéta BC daudzums (Keshk
et al. 2006; Esin Poyrazoglu Coban 2011; Machado et al. 2018).
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5. att€ls. pH noteikSana dazadas koncentracijas melases barotnés.
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6. attels. (A) Saharozes koncentracijas izmainas melases barotné eksperimenta laika, izmantojot K. rhaeticus P-1463 celmu;

(B) monosaharidu (glikozes un fruktozes) koncentracijas izmainas melases barotné eksperimenta laika, izmantojot K. rhaeticus
P-1463 celmu.

Organisko skabju koncentracijas izmainas ir apkopotas 7. attéla. Péc ieglitajiem datiem var redzgt, ka vairak organisko
skabju veidojas melases barotné ar koncnetraciju 50 mL/L. Kultivacijas beigas etikskabes daudzums bija 1,01 = 0,15 g/L, bet
glikonskabes daudzums bija 0,36 + 0,05 g/L. Mazaks organisko skabju daudzums tika noverots melases barotné ar koncetraciju
10 mL/L. Etikskabes daudzums kultivacijas beigas bija 0,02 £ 0,01 g/L un glikonskabes daudzums bija 0,83 + 0,05 g/L. Ir
konstatgjams, ka etikskabes koncentracija strauji pieaug péc eksperimenta piektas dienas, bet glikonskabes koncentracija sak

pieaugt jau no eksperimenta pirmas dienas, bet, sakot no piektas dienas, tas pieaugums paleninas. Barotnu pH mainijas
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proporcionali skabju koncentracijas pieaugumam. Ka arT ir iesp&jams novérot to, ka BC sinté€ze producentam ir paraléla skabju

sintézei barotné.
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7. attels. Organisko skabju (etikskabes un glikonskabes) koncentracijas izmainas melases barotné eksperimenta laika,
izmantojot K. rhaeticus P-1463 celmu.
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Efektivaka bakterialas celulozes producenta izvéele

Saja eksperimenta tika noteikts celms, kas ir piemérotaks BC iegii$anai ka substratu, izmantojot melasi. Bija savstarpgji
salidzinats BC iznakums diviem celmiem (K. rhaeticus P-1463 un K. hansenii B-22) uz standarta HS un melases barotnes.
Datu statistiska analize paradija, ka lielaka BC sintéze uz melases bija novérojama K. hansenii B-22 celmam, kas atbilst 0,38
+ 0,01 g/L BC. Lielakais BC iznakums uz standarta HS barotnes ari tika novérots K. hansenii B-22 celmam, kas atbilst 3,61 +
0,1 g/L BC (9. attels). Eksperimenta, izmantojot iepriek$ noteikto optimalo melases koncentraciju (20 mL/L), tika noteikts
efektivakais BC producents, kas ir K. hansenii B-22 celms. Otrs producenta celms K. rhaeticus P-1463 uzradija mazaku BC
sintézi par K. hansenii B-22 celmu abas barotnés. HS barotné sintezétais BC daudzums ir lielaks salidzindjuma ar melases
barotng sintezéto BC daudzumu, jo melases barotng var trikt N avoti, kas inhib& bakterijas augSanu. Lai uzlabotu BC sintézi,
ir nepieciesams palielinat N koncentraciju barotn&, mainot tas C / N attiecibu, kas paslaik ir novirzita ieveérojami vairak uz C
pusi (Zhang et al. 2016).

8. attels. Uzglabati melases paraugi saldétava talakam metabolitu parbaudém.
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9. attels. BC sausais svars uz melases barotnes, izmantojot dazadus celmus — K. rhaeticus P-1463, K. hansenii B-22 péc 10
kultivacijas dienam.

Oglhidratu (saharozes, glikozes un fruktozes) koncentracijas izmainas ir att€lotas 10. att€la. Analiz&jot saharozes un
tas hidrolizes produktu koncentracijas izmainas, var secinat, ka lielakais saharozes paterin§ melases baronte tika noverots K.
hansenii B-22 no 22,66 + 0,4 g/L lidz 15,41 + 0,3 g/L (B). P&c eksperimenta iegiitajiem datiem var redzgt, ka K. hansenii B-
22 celmam melases barotn€ 10 dienu laika glikozes koncentracija samazingjas no 1,05 + 0,05 g/L lidz 0,03 + 0,01 g/L, bet

fruktozes koncentracija palika nemainiga 0,15 + 0,01 g/L.
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10. attels. Oglhidratu (saharozes, glikozes un fruktozes) koncentracijas izmainas standarta HS barotné un melases barotné
K.rhaeticus P-1463 un K. hansenii B-22 celmiem eksperimenta laika.

Organisko skabju (etikskabes un glikonskabes) izmainas ir apkopotas 11. attgla. Pec ieglitajiem datiem var secinat, ka
HS barotné tika novérota ievérojami lielaka organisko skabju uzkraSana eksperimenta laika neka melases barotné. K. hansenii
B-22 celmam etikskabes koncentracija btiski (p = 0,05) palielinajas no 0,03 + 0,01 g/L 1idz 1,02 + 0,45 g/L un glikonskabes
koncentracija palielindjas no 0,02 + 0,01 g/L Iidz 5,83 + 0,1 g/L. Ir v@rojams, ka etikskabes koncentracija strauji pieaug p&c
eksperimenta piektas dienas, bet glikonskabes koncentracija sak pieaugt jau no eksperimenta pirmas dienas, bet, sakot no

piektas dienas, tas piecaugums pal€linas.
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koncentracijas izmainas K.rhaeticus P-1463 un K. hansenii B-22 celmiem eksperimenta laika.

Apskatot metabolitu grafikus, ir iesp&jams konstatét, ka saharoze un tas hidrolizes produkti ir piemérots oglekla avots

BC iegilisanai. Ka arT ir iespgjams noveérot to, ka BC sintéze producentiem ir paraléla skabju sintézei barotngs. Talakos

eksperimentos tika izmantots K. hansenii B-22 BC producgjosais celms.
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Saja eksperiment tika salidzinata melases barotne ar HS barotni un manitola barotni. Datu statistiska analize paradija,
ka lielaka BC sintéze 3,79 + 0,15 g/L bija novérota uz standarta HS barotnes. Uz manitola barotnes BC sint&ze bija novérota
lidziga ka uz standarta HS barotnes 3,40 + 0,1 g/L. Mazaka BC sintgze bija novérota uz melases barotnes 0,39 + 0,05 g/L (12.
attéla). Saja eksperimenta tika izmantota optimala melases koncentrécija 20 mL/L un par efektivaku atzits BC producents K.
hansenii B-22. Tika novérots, ka manitola barotne kalpoja ka laba alternativa barotne BC iegiiSanai. Salidzinot ar literatiiru,
var konstatét, ka manitola barotne var kalpot ka laba alternativa barotne HS standarta barotnei BC iegti$anai. P&tjjuma ar
Acetobacter xylinum KU-1 uz manitola barotnes tika iegits 2,8 g/LL BC (Oikawa et al. 1995). Melases barotne ka alternativa
barotne uzradija zemakus BC sint€zes rezultatus neka manitola barotne, kas ari ir alternativa barotne standarta HS barotnei.
Apskatot 14. att€lu ir iesp&jams konstatét, ka saharoze un tas hidrolizes produkti ir piemérots oglekla avots BC iegti§anai. Ka
ari ir iesp&jams noverot to, ka BC sintéze producentam ir paralé€la skabju sint€zei visas barotnés. P&c iegiitajiem rezultatiem
tika noskaidrots, ka melases barotnei ir nepiecieSama modifikacija, lai BC sintéze uz tas biitu vismaz tik pat efektiva ka uz

standarta HS un manitola barotném.
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12. attels. BC sausais svars uz standarta HS barotnes, manitola barotnes un melases barotnes, izmantojot K. hansenii B-22
celmu péc 10 kultivacijas dienam.

Oglhidratu (saharozes, glikozes un fruktozes) un manitola koncentraciju izmainas ir att€lotas 14. att€la. Analizgjot
saharozes un tas hidrolizes produktu izmainas, var secinat, ka saharozes, glikozes un fruktozes paterin§ melases barotné nav

butiski (p = 0,05) atskirigs, salidzinot ar ieprieksgjiem eksperimentiem.

W e
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13. attéls. Glikozes pieradiSana barotnu paraugos.
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Koncentracija, g/L
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Kultivacijas laiks, dienas

1 Glikoze,
HS barotne

+ Saharoze,

~ melases barotne

I Glikoze, melases
harotne

I Fruktoze, melases
harotne
Manitols, manitala
harotne

14. attels. Oglhidratu (saharozes, glikozes un fruktozes) un manitola izmainas standarta HS barotng€, manitola barotné un
melases barotng, izmantojot K. hansenii B-22 celmu eksperimenta laika.

Organisko skabju izmainas ir apkopotas 15. attéla. Péc ieglitiem datiem var redzet, ka standarta HS barotné tika

noveérota ieverojami lielaka organisko skabju uzkrasanas eksperimenta laika neka melases barotné un manitola barotné.

Kultivacijas beigas standarta HS barotnes etikskabes koncentracija bija 1,95 + 0,15 g/L un glikonskabes koncentracija

4,78 £ 0,15 g/L. Melases barotné etikskabes un glikonskabes koncentracijas bija mazakas neka manitola barotné. Melases

barotn€ p&c kultivacijas etikskabes koncentracija bija 0,50 + 0,05 g/L un glikosnkabes koncentracija 0,92 + 0,05 g/L. Manitola

barotng etikskabes koncnetracija bija 0,08 + 0,01 g/L un glikonskabes koncentracija 0,44 + 0,05 g/L. Ir vérojams, ka etikskabes

koncentracija strauji pieaug péc eksperimenta piektas dienas, bet glikonskabes koncentracija sak pieaugt jau no eksperimenta

pirmas dienas, bet, sakot no piektas dienas, tas picaugums palélinas.

Koncentracija, giL
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-0.05 T T T
0] 5 10

Kultivacijas laiks, dienas

15. att€ls. Organisko skabju (etikskabes un glikonskabes) koncentracijas izmainas standarta HS barotn€, manitola barotné un
melases barotng, izmantojot K. hansenii B-22 celmu eksperimenta laika.
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Melases barotnes sastava optimizésana

Saja eksperimenta tika modificéta melases barotne, tai pievienojot dazadus slapekla un augsanas faktoru avotus.
Melases barotnei tika pievienots: rauga ekstrakts (RE), diamonija fosfats (DF) un kazeina hidrolizats (KH). Datu statistiska
analize paradija, ka lielaka BC sintéze uz modific€tas melases barotnes bija novérota, pievienojot barotnei kazeina hidrolizatu,
kas atbilst 1,58 +0,05 g/L BC, kas ir par 70,25% vairak neka uz tiras melases barotnes (17. attéls). Pievienojot melases barotnei
rauga ekstraktu, BC sintézes iznakums bitiski (p = 0,05) neatskiras no melases barotnes bez piedevam — 0,47 + 0,05 g/L. BC
sint€ze netika noverota, melases barotnei pievienojot diamonija fosfatu.

Saja eksperimenta izmantoja optimalo melases koncentraciju 20 mL/L un optimalo BC producentu K. hansenii B-22.
Kazeina hidrolizata pievienos$ana bitiski (p = 0,05) palielinaja BC sintézi, jo kazeina hidrolizats kalpo ka optimals N avots
(Yodsuwan et al. 2012). Pievienojot rauga ekstraktu melases barotnei, BC sintéze nepalielinajas un rauga ekstrakts nekalpoja
ka optimals N avots. Pievienojot melases barotnei diamonija fosfatu, BC sintéze netika novérota, kas liecina, ka diamonija
fosfats nav piemérots N avots melases barotnei. Lidzigi ka (Yodsuwan et al. 2012) p&tijuma, kura barotnei pievienoja kazeina
hidrolizatu, tika panakts lielaks BC pieaugums. Apskatot cukuru koncentracijas izmainas (18. attéls A), ir iesp&jams konstatet,
ka saharoze un tas hidrolizes produkti ir piemérots oglekla avots BC iegtiSanai. Ka arT ir iesp&jams novérot to, ka BC sintéze

producentam ir paral€la skabju sintezei barotné. Tiek veikti talakie p&tijumi par melases un kazeina barotnes optimizaciju.

O

16. attéls. BC statiska audzgSana melases barotn&s ar piedevam.
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17. attels. BC sausais svars uz standarta HS barotnes, melases barotnes un melases barotném ar piedevam (DF — diamonija
fosfats, KH — kazeina hidrolizats un RE — rauga ekstrakts) p&c 10 kultivacijas dienam.

Oglhidratu (saharozes, glikozes un fruktozes) un organisko skabju (etikskabes un glikonskabes) koncentraciju izmainas
ir apkopotas 18. att€la. Analiz&jot saharozes un tas hidrolizes produktu koncentracijas izmainas eksperimenta laika, var secinat,
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ka melases barotné ar RE piedevu saharozes paterins batiski (p = 0,05) neatskiras no tiras melases barotnes saharozes paterina
lidz kultivacijas piektajai dienai, péc tam melases barotne ar RE piedevu saharozes patérins apstajas. Glikozes un fruktozes
patérin§ butiski (p = 0,05) neatskiras starp abam barotném. Etikskabes sintéze melases barotné ar RE piedevu eksperimenta
beigas bija batiski (p = 0,05) mazaks 0,09 £ 0,01 g/L neka melases barotné bez piedevam 0,19 + 0,05 g/L. Glikonskabes

daudzums melases barotné ar RE piedevu bija lielaks 0,07 + 0,01 g/L neka melases barotn& bez piedevam 0,03 + 0,01 g/L
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Kultivicijas laiks, dienas Kultivicijas laiks, dienas

18. attels. (A) Oglhidratu (saharozes, glikozes un fruktozes) koncentracijas izmainas melases barotn€ un melases barotng ar
rauga ekstrakta piedevu eksperimenta laika; (B) organisko skabju (etikskabes un glikonskabes) koncentracijas izmainas
melases barotn€ un melases barotn€ ar rauga ekstrakta piedevu eksperimenta laika.

Oglhidratu (saharozes, glikozes un fruktozes) un organisko skabju (etikskabes un glikonskabes) koncentraciju izmainas
ir apkopotas 19. attéla. Analiz&jot saharozes un tas hidrolizes produktu koncentracijas izmainas eksperimenta laika, var secinat,
ka melases barotn€ ar DF piedevu saharozes patérins butiski (p = 0,05) atSkiras no tiras melases barotnes saharozes patérina.
Melases barotn€ ar diamonija fosfata piedevu saharozes, glikozes un fruktozes koncentracijas eksperimenta laika nemainijas,
jo nenotika BC sintéze. Etikskabes sintéze melases barotné ar DF piedevu eksperimenta beigas bija biutiski (p = 0,05) lielaks
0,46 £ 0,05 g/L neka melases barotn€ bez piedevam 0,19 + 0,05 g/L. Glikonskabes daudzums melases barotné ar DF piedevu
bija nedaudz lielaks 0,05 + 0,01 g/L neka melases barotn€ bez piedevam 0,03 + 0,01 g/L.
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19. attels. (A) Oglhidratu (saharozes, glikozes un fruktozes) koncentracijas izmainas melases barotn€ un melases barotng ar
diamonija fosfata piedevu eksperimenta laika; (B) organisko skabju (etikskabes un glikonskabes) koncentracijas izmainas
melases barotn€ un melases barotn€ ar diamonija fosfata piedevu eksperimenta laika.

Oglhidratu (saharozes, glikozes un fruktozes) un organisko skabju (etikskabes un glikonskabes) koncentraciju izmainas
ir apkopotas 20. att€la. Analiz&jot saharozes un tas hidrolizes produktu koncentracijas izmainas eksperimenta laika, var secinat,
ka melases barotné ar kazeina hidrolizata piedevu saharozes patérins$ batiski (p = 0,05) atSkiras no saharozes patérina melases
barotné bez piedevam eksperimenta laika. Barotnei ar KH piedevu saharozes patérins notiek strauji no 19,9 + 0,10 g/L lidz

0,12 + 0,05 g/L. Glikozes patérins bitiski (p = 0,05) neatskiras starp abam barotném. Fruktozes sakuma koncentracijas atskiras

starp abam barotném, bet dinamika abam saglabajas vienada.
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20. attels. (A) Oglhidratu (saharozes, glikozes un fruktozes) koncentracijas izmainas melases barotné un melases barotné ar
kazeta hidrolizata piedevu eksperimenta laika; (B) organisko skabju (etikskabes un glikonskabes) koncentracijas izmainas
melases barotn€ un melases barotné ar KH piedevu eksperimenta laika.

Etikskabes sintéze melases barotné ar kazeina hidrolizata piedevu eksperimenta beigas bija lidziga tam 0,17 £ 0,05 g/L,
kada ta bija melases barotné bez piedevam 0,19 + 0,05 g/L. Glikonskabes daudzums melases barotné ar kazeina hidrolizata

piedevu bija butiski (p = 0,05) lielaks 0,29 + 0,05 g/L neka melases barotn& bez piedevam 0,03 + 0,01 g/L.
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Secinajumi
Salidzinot BC producentus, tika konstatéts, ka celms K. hansenii B-22 ir vislabak piemérots BC iegiiSanai uz melases
barotnes, nodrosinot BC iznakumu 0,28 £ 0,09 g/L
Salidzinot dazadas melases koncentracijas, tika konstatéts, ka BC sintézei vislabak piemérotaka melases
koncentracija ir 20 mL/L.
Nemodificéta melase bez barotnes sastava modificé$anas nav piemérota BC ieglianai.
Modificgjot melases barotni ar kazeina hidrolizata pievienoSanu, tika konstatéta par 70,25% lielaka BC sintéze neka
uz melases barotnes bez piedevam.
Abam kulttram (K. rhaeticus P-1463 un K. hansenii B-22) BC sint&ze ir paraléli proporcionala skabju (etikskabes
un glikonskabes) sintézei visas novertétajas barotnes.
Modificéta melases barotne ar kazeina hidrolizata piedevu nodro$ina par 55,92% mazaku BC sintézi, salidzinot ar

HS un manitola maksligajam barotném par 58,31% un 53,53%, attiecigi.
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Siikalu skabes hidrolizes optimizacija

Materiali un metodes
Ieprieks€jos eksperimentos tika konstatéts, ka stikalu skabes hidrolizes rezultata bitiski samazinajas BC sintéze.

Saja méginajuma tiks optimizéta siikalu hidrolizes metode, kas laus samazinat skabes negativu ietekmi uz BC sintézi.
Izmantotais celms: Komagataeibacter rhaeticus P-1463

Siikalu barotnes hidrolize ar HCI1
Eksperimenta H2SO4 skabe tika aizvietota ar HCI, kas tiek uzskatita par piemérotaku skabi siikalu hidrolizei

(Coughlin and Nickerson 1975). Stikalu barotnes hidrolizes procedira:

1. Sakalas vara 10 min +90°C atbilstosi izstradatai standarta metodei;

2. Pé&c karsg$anas siikalas centrifugé 8 000 rpm 10 min, lai atdalitu izgulsn&jusos proteinus. Tas nodro$ina proteinu
kopkoncentracijas samazinasanu no ~8 g/L lidz ~3 g/L;
Barotnei ar pipeti pievieno HCI, 1idz pH vértiba samazinas lidz pH = 3;
Sagatavotu $kidumu inkubg +80°C 120 min, ik p&c 10 min sakratot;
P&c hidrolizes, HCl neitralizé ar IM NaOH, lidz pH vértiba sasniedz pH = 7,

I

Veic barotnes sterilizaciju (+121°C 30 min).

Bakteriju kultivacija hidrolizétaja barotne
1. Sterilajos apstaklos sagatavo 250 mL kolbai pievieno 95 mL atbilstosas barotnes (HS kontrole, siikalu kontrole,
hidroliztas stikalas);
2. Barotnei pievieno 5% K. rhaeticus inokulatu;
Bakteriju kultivacija notiek statiski termostatos +30°C 10 diennaktis;

4.  P&c kultivacijas veic BC atmazga$anu atbilstosi standarta atmazgasanas procediirai.

Datu statistiska apstrade

2. tabula
BC sausais svars atkariba no barotnes veida — aprakstosa statistika.
Kartas Nr. Barotnes veids Vidgja vertiba Standartnovirze Atkartojumi
1. HS kontrole 3,27 +0,03 6
2. Stikalas - kontrole 2,11 +0,02 6
3. Hidrolizétas stikalas 0,61 +0,02 6
3. tabula
ANOVA analizes rezultati — BC sausais svars atkariba no barotnes veida.
Gadijumi Kvadratu summa df Vidéja kvadratiska F p p?
vertiba
Barotnes veids 16,056 2 8,028 3256,269 <0,001 0,998
Atlikums 0,027 11 0,002
Il tipa kvadratu summa
4. tabula
Post Hoc tests (Bonferoni) — barotnes veidi.
Vidgja starpiba SE t p
1 2 1,156 0,033 34,706 <0,001
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3 2,660 0,033 79,860 <0,001
2 3 1,504 0,031 47,893 <0,001
5. tabula
BC sausais svars atkariba no hidrolizes metodes — aprakstosa statistika.
Kartas Nr. Barotnes veids Vidgja vertiba SD Atkartojumi
1. HCI pH3 120 min 0,61 +0,02 6
2. H2S04 pH1 90 min 0,27 +0,02 5
3. H2S04 pH1 180 min 0,17 +0,02 5
6. tabula
ANOVA analizes rezultati — BC sausais svars atkariba no hidrolizes veida.
Gadijumi Kvadratu summa df Vidéja kvadratiska vertiba F n?
Media type 0,437 2 0,218 414,467 <0,01 0,987
Residuals 0,006 11 5,268e-4
11l tipa kvadratu summa
7. tabula
Post Hoc tests (Bonferoni) — hidrolizes veidi.
Vidgja starpiba SE t p
1 2 0,332 0,015 21,595 <0,01
3 0,428 0,015 27,830 <0,01
2 3 0,096 0,015 6,613 <0,01
Rezultati

Eksperimenta rezultati tika konstatéts, ka siikalu skabes hidrolize joprojam nodrosina viszemako BC sintézi (0,61 +

0,02 g/L BC sausa svara) salidzinajuma ar kontroles grupam (HS un siikalu barotnés 3,27 + 0,03 2,11 + 0,02 g/L attiecigi) (5.

attels).
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5. attéls. BC sausais svars péc 10 kultivacijas dienam K. rhaeticus P-1463 celmam atkariba no izmantotas barotnes (standarta
HS, nehidrolizetas siikalas, hidrolizétas stikalas ar HC1 pH = 3).
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HCI hidrolizes procediira butiski uzlaboja (p < 0,01) BC sintézi salidzinajuma ar ieprieksgja eksperimenta
rezultatiem (0,27 + 0,02 g/L H2SO4 90 min grupai un 0,173 £ 0,02 g/L H2SO4 180 min grupai) (6. attéls). Hidroliz&jot stikalas
péc jaunas metodologijas, BC sintéze hidroliz&taja barotné pieauga uz 54% un 72% salidzinajuma ar H2SO4 90 min grupu un
H2S04 180 min grupu attiecigi. HCl izmantosana stikalu hidrolizei ir piem@rotaka neka H2SO4. Papildus fermentacijas procesus
ietekmgja augstaks hidrolizes pH (pH = 3) salidzindjuma ar pirmo eksperimentu (pH = 1). Augstaks pH lava neitralizet skabi
ar mazaku NaOH, rezultata veidojot mazaku sals (NaCl) daudzumu. Ir zinams, ka NaCl var batiski ietekmét baktériju augSanu,
jo tam ir raksturiga antimikrobiala aktivitate (Kurita and Koike 1982). Savukart, hidrolizes laika temperattira neparsniedza
+80°C, kas nepielava cukuru karamelizaciju, kas bija novérojama iepriek§gjos meéginajumos. Ir nepiecieSams turpinat petit

atSkirigu hidrolizes faktoru ietekmi uz BC sintézi.

080 I

o
in
=}

1

o
=
=

1

o
w
=}

1

BC sausais svars, g/L

T
1T

0.204

1
I

T T T
Sikalas HCI pH=3 120 Sokalas H2S04 pH =1 Sokalas H2S03 pH =1
min 90 min 180 min
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6. attéls. BC sausais svars pec 10 kultivacijas dienam K. rhaeticus P-1463 celmam atkariba no izmantotas barotnes (hidrolizétas
stikalas ar HCI pH = 3, hidrolizétas sukalas ar H2SO4 pH = 1 90 min, hidroliz&tas siikalas ar H2SO4 pH = 1 180 min).

Secinajumi
HCI hidrolizetas siikalas joprojam nenodrosina optimalu BC sint€zi. Savukart, HCI hidrolizes metode lauj palielinat
BC sintézi salidzinajuma ar ieprieks izmantotu hidrolizes metodi ar H2SOa4. Ir nepiecieSama talaka skabes hidrolizes metodes

optimizacija.
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Abolu sulas ka BC sintézes substrata novertejums

Materiali un metodes
Abolu sula var kalpot ka alternativs substrats BC sintézei, galvenokart pateicoties augstam cukuru (glikoze, fruktoze,
saharoze) daudzumam (Kurosumi et al. 2009). Paglaik abolu sulas izmanto$ana BC sintézei ir maz izpétita. Saja eksperimenta

tiks parbaudita neapstradatas abolu sulas ietekme uz BC sintézi.

Izmantotais celms: Komagataeibacter rhaeticus P-1463

Abolu sulas barotnes sagatavosana un bakteériju kultivacija
1.  Ar mércilindru noméri 0,5 L abolu sulas;

Abolu sulu parlej durana stikla pudelg;

2

3. Barotni sterilizé (+121°C 30 min);

4. Kultivacijai izmanto 250 mL kolbas ar 47,5 mL abolu sulas barotni un 5% inokulatu;
5

Bakterijas kultive statiski termostatos 10 diennaktis +30°C.

Datu statistiska apstrade

8. tabula
BC sausais svars atkariba no barotnes veida — aprakstosa statistika.
Kartas Nr. Barotnes veids Vidgja vertiba SD Atkartojumi
1. HS kontrole 3,07 + 0,06 5
2. Abolu sula 0,156 +0,01 5
9. tabula
ANOVA analizes rezultati — BC sausais svars atkariba no barotnes veida
Gadijumi Kvadratu summa df Vidgja F p n?
kvadratiska
vertiba
Barotnes veids 18,870 1 18,870 10898,4 <0,001 0,999
Atlikumi 0,012 7 0,002
11l tipa kvadratu summa
10. tabula
Post Hoc tests (Bonferoni) — barotnes veidi
Vidgja starpiba SE t p
1 2 2,914 0,028 104,395 <0,001
Rezultati

Eksperimenta tika paradits, ka abolu sula var nodrosinat BC sint&zi (0,156 + 0,01 g/L BC, sausais svars). Tomer ta
ir butiski zemaka (p < 0,001) salidzindjuma ar standartu HS barotni (3,07 + 0,06 g/L). Eksperimenta rezultati ir apkopoti 7.

attela.
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7. attéls. BC sausais svars p&c 10 kultivacijas dienam K. rhaeticus P-1463 celmam atkariba no izmantotas barotnes (standarta
HS barotne un abolu sula).

legiitais rezultats sakrit literatira esoSiem datiem (Kurosumi et al. 2009). Par galveno @bolu sulas triikumu uzskata
zemu slapekla (N) saturu, kas ir nepiecieSams baktériju augSanai un eksopolisaharidu sintézei. Lai uzlabot BC sint&zi, abolu
sulu ir jalieto kombinacija ar citu N avotu, pieméram, peptonu, (NH4)SOs vai NH4NOs (Sperotto et al. 2021). Papildus abolu
barotn€ var triikst citu baktérijam nepiecieSamu komponentu, pieméram fosforu (P), natriju (Na) vai magniju (Mg) (Son et al.
2003). Papildus ir nepiecieSsams noteikt optimalu abolu sulas koncentraciju, jo tai ir biitiska ietekme uz celma sp&ju sintezet
BC. Parak augsta cukuru koncentracija var inhib&t BC produkciju. Talakajos eksperimentos tiks veikta detalizeta abolu sulas
sastava izp@te, ka ar sulai tiks pievienots N avots. BC sint€ze alternativajas barotn&s ir bitiski atkariga no izmantotas bakterijas

celma (Jozala et al. 2015). Lai uzlabotu BC sintézi, ir nepacieSams izpétit citus BC sintez&josus celmus.

Secinajumi
Abolu sula var kalpot ka BC sintézes substrats K. rhaeticus P-1463 celmam, sasniedzot 0,156 + 0,01 g/L sausa svara.
Tomér BC sintéze abolu sulas barotng ir bitiski (p < 0,001) zemaka par BC sintgzi standarta HS barotng (3,07 &+ 0,06 g/L).
Talakajos eksperimentos ir nepiecieSama detaliz&tas abolu sulas sastava izpete, ka arT ir nepiecieSams nodrosinat N klatbGitni

barotné.
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Melases barotnes modifikacija

Materiali un metodes
Saja eksperimenta turpinajas darbi, kas ir saistiti ar melases barotnes modifikaciju. Lidz §im bija konstatgts, ka N
avota pievieno$ana melases barotnei biitiski uzlabo BC sintézi. Saja eksperimenta tiks izpétitas divas melases barotnes

kombinacijas: melase ar kazeina hidrolizatu un melase ar stikalam.
Izmantotais celms: Komagataeibacter rhaeticus P-1463

Modificétas barotnes sagatavoSana un baktériju kultivacija

1. Melases barotnei ar kazeina hidrolizatu sagatavoSanai nosver 20 mL/L melases un 2 g/L kazeina hidrolizata un
parnes varglazg;

2. Iz8kidini reagentus ar 1 L dH20;

3. Melases barotnes ar stikalam izmanto 20 mL/L melases un iz8kidini tas 0,5 L stkalas p&c standarta pécapstrades;

4. P&ctam skidumam pievieno 0,5 L H20, lai stikalas ir divreiz atSkaiditas (nepiecieSams, lai samazinatu kop&ju cukuru
koncentraciju barotng);

6. Barotni sterilizé (+121°C 30 min);

7. Kultivacijai izmanto 250 mL kolbas ar 47,5 mL abolu sulas barotni un 5% inokulatu;

8.  Bakterijas kultive statiski termostatos 10 diennaktis +30°C.

Datu statistiska apstrade

11. tabula
BC sausais svars atkariba no barotnes veida — aprakstosa statistika.
Kartas Nr. Barotnes veids Videja vertiba SD Atkartojumi
1. HS kontrole 2,916 + 0,06 6
2. Melase ar kazeinu 4,047 + 0,06 6
3. Melase ar siikalam 4,635 +0,05 6
12. tabula
ANOVA analizes rezultati — BC sausais svars atkariba no barotnes veida
Gadijumi Kvadratu summa df Vidgja F p n?
kvadratiska
veértiba
Barotnes veids 8,204 2 4,102 1435,52 <0,001 0,995
Atlikumi 0,040 14 0,003
Il tipa kvadratu summa
13. tabula
Post Hoc tests (Bonferoni) — barotnes veidi
Vidgja starpiba SE t p
1 2 -1,131 0,032 -34,931 <0,001
3 -1,719 0,032 -53,108 <0,001
2 3 -0,588 0,031 -19,063 <0,001
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Rezultati
BC sintéze ir apkopota 8. attéla. Modificétas melases barotnes sasniedza bitiski lielaku (p < 0,001) BC sintézi
(melase ar kazeina hidrolizatu 4,05 + 0,06 g/L un melase ar stikalam 4,64 + 0,05 g/L) salidzinajuma ar standartu HS barotni
(2,92 + 0,06 g/L). BC produktivitate 3ajas barotnés ir apkopota 14. tabula. Saja eksperimenta bija izstradatas alternativas
barotnes bija labakas salidzinajuma ar standarta HS barotni. Tas ir var bt saistits ar to, ka $is barotnes nodrosina plasaku

baribas vielas spektru salidzinajuma ar standarta HS barotni.

BC sausais svars, g/L
o]
(%) ]
T

HS Welase ar kazelnu Welase ar skalam
Barotnes veids

8. attels. BC sausais svars péc 10 kultivacijas dienam K. rhaeticus P-1463 celmam atkariba no izmantotas barotnes (standarta
HS barotne, melase ar kazeina hidrolizatu un melase ar stikalam).

14. tabula
BC produktivitate atkariba no izmantotas barotnes.
Barotne BC sausais svars, g/L Produktivitate, g/L/d
Standarta HS barotne 2,92 +0,06 0,29
Melase ar kazeinu 4,05+ 0,06 0,41
Melase ar stikalam 4,64 +0,05 0,46

9. attéls. BC pléve no melases barotnes ar kazeina hidrolizatu (K. rhaeticus P-1463 celms).

Ieprieksgjos eksperimentos bija konstatéts, ka kombin€taja melases/stikalu barotné baktérijas patéré saharozi no
melases, bet nepatéré laktozi. Laktoze ir galvena vides piesarnojosa viela stikalas (gadijuma ja stikalas notekiideni netiek

atbilstosi apsaimniekoti un nonak apkartgja vide), tap&c ir nepieciesams veicinat laktozes patérinu fermentacijas procesa.
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Saja eksperimenta siikalu koncentracijas samazinajums uzlaboja BC sintézi salidzinajuma ar iepriekigja
eksperimenta BC sintézi kombinétaja melases/stikalu barotné (2,7 £ 0,02 g/L). Tas var but saistits ar kop&ju cukuru
koncentracijas samazinajumu, kas var inhibét BC sintézi. Talakajos eksperimentos ir nepiecieSams plasak izpé&tit cukuru

sastavu un melases/siikalas koncentracijas.

Secinajumi
BC sintéze uz iegiitam alternativam barotném (melase ar kazeina hidrolizatu 4,05 + 0,06 g/L un melase ar stikalam
4,64 + 0,05 g/L) parsniedza BC sintezi uz standarta HS barotnes (2,92 * 0,06 g/L). Nepiecie$ama talaka barotnes optimizacija

un detalizétaka cukuru patérina izpéte.
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Kukuriizas ekstrakta un abolu sulas izmantoSana BC sintezei
Materiali un metodes
Eksperimenta tiks parbaudits kukuriizas ekstrakts (KE; angl. corn steep liqour) — lauksaimniecibas blakusprodukts,
kuru potenciali var izmantot BC sintézei. Paslaik trikst pétijumu par BC sintézi $aja barotng. Dazos pétijjumos KE tika

izmantots ka N avots (Vazcuez et al. 2013; Costa et al. 2017).

Izmantotais celms: Komagataeibacter rhaeticus P-1463

Modificétas barotnes sagatavosana un baktériju kultivacija

Izmantotu barotnu sastavi ir apkopoti 15. tabula. KE koncentracija tika nemta atbilstosi Costa et al. 2017 p&tjjumam.

15. tabula
Alternativo barotnu sastavi.
Barotnes komponentes
Barotne _
KE, mL/L Abolu sula, mL/L H20, mL/L
KE bez piedevam 40 - 960
Abolu sula bez piedevam - 1000 -
KE ar abolu sulu x2 40 480 480
10. attels. Sagatavotas alternativas barotnes BC sint&zei (abolu sula un KE ar abolu sulu).
Datu statistiska apstrade
16. tabula
BC sausais svars atkariba no barotnes veida — aprakstosa statistika.
Kartas Nr. Barotnes veids Vidgja vertiba SD Atkartojumi
1. HS kontrole 2,94 + 0,06 5
2 KE bez piedevam 2,04 +0,01 5
3. Abolu sula bez piedevam 0,16 +0,01 5
4 KE ar abolu sulu x2 3,03 +0,04 5
17. tabula

ANOVA analizes rezultati — BC sausais svars atkariba no barotnes veida
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Gadijumi Kvadratu summa df Vidgja F p n?

kvadratiska
vértiba
Barotnes veids 25,833 3 8,511 8602,28 <0,01 0,999
Atlikumi 0,015 15 0,001
11 tipa kvadratu summa
18. tabula
Post Hoc tests (Bonferoni) — barotnes veidi
Vidgja starpiba SE t P
1 2 0,899 0,021 42,363 <0,001
3 2,782 0,021 131,093 <0,001
4 -0,091 0,020 -4,311 0,004
2 3 1,883 0,020 94,113 <0,01
4 -0,991 0,020 —49,505 <0,01
3 4 —2,874 0,020 -143,618 <0,01
Rezultati

BC sausie svari ir apkopoti 11. attéla. Var redzet, ka KE bez piedevam var nodrosinat saméra augstu BC sintézi
(2,04 £0,01 g/L) salidzinajuma ar citam neapstradatam barotném, piemeram, melase, abolu sula, neapstradatas siikalas. Tomér
KE bez piedevam nodro$ina batiski zemaku (p < 0,001) BC sintézi salidzinajuma ar standarta HS barotni (2,94 + 0,06 g/L).
Visaugstaka BC sint&ze bija novérota KE + abolu sulas barotng (3,03 £ 0,04 g/L). Saja barotng abolu sula kalpoja ka C avots
un KE ka N avots. BC produktivitate diena ir apkopota 19. tabula.
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11. attéls. BC sausais svars p&c 10 kultivacijas dienam K. rhaeticus P-1463 celmam atkariba no izmantotas barotnes (standarta
HS barotne, KE bez piedevam, KE ar glikozi, KE ar abolu sulu).
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19. tabula
BC produktivitate atkariba no izmantotas barotnes.

Barotne BC sausais svars, g/L Produktivitate, g/L/d
HS kontrole 2,94 £0,06 0,29
KE bez piedevam 2,04 £0,01 0,20
Abolu sula bez piedevam 0,16+ 0,01 0,02
KE ar abolu sulu x2 3.03+ 0,04 0,30

Saja eksperimenta netika parbaudita cukuru koncentracija, tomér tas ir svarigs faktors BC sintézes procesa. Parak
augsta oglhidratu koncentracija (gan no abolu sulas, gan no KE) samazina BC sintézi. Talakajos eksperimentos ir nepiecieSams

detaliz&tak izp&tit un optimizet kombinétu KE + abolu sulu barotni.

Secinajumi
Visaugstako BC sintézi nodrosina KE + abolu sulas barotng (3,03 + 0,04 g/L), kura abolu sula kalpoja ka C avots
un KE ka N avots. Tomér ir nepiecieSams turpinat barotnes optimizaciju, jo izmantotie alternativie substrati vél nav pietiekami

izpéetiti.
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Kukuriizas ekstrakta un melases izmanto$ana BC sintézei

Materiali un metodes

Ieprieksgja eksperimenta bija paradits, ka KE var kalpot ka optimals N avots alternativajas barotngs. Saja

méginajuma tiks parbauditas alternativas barotnes ar melasi un glikozi ka C avotu un KE ka N avots.

Izmantotais celms: Komagataeibacter rhaeticus P-1463

Modificétas barotnes sagatavosana un baktériju kultivacija

Izmantotu barotnu sastavi ir apkopoti 20. tabula

20. tabula
Alternativo barotnu sastavi.
Piedeva KE ar melasi KE ar glikozi
KE, mL/L 40 40
Glikoze, g/L - 20
Melase, mL/L 25 -
H20, mL/L 940 960
Datu statistiska apstrade
21. tabula
BC sausais svars atkariba no barotnes veida — aprakstosa statistika.
Kartas Nr. Barotnes veids Vidgja vertiba SD Atkartojumi
1. HS kontrole 2,85 +0,05 4
2. CSL ar melasi 2,99 +0,07 4
3. CSL ar glikozi 5,93 +0,07 4
22. tabula
ANOVA analizes rezultati — BC sausais svars atkariba no barotnes veida
Gadijumi Kvadratu summa df Vidgja kvadratiska vertiba F p n?
Barotnes veids 22,940 2 11,470 2768,71 <0,001 0,996
Atlikumi 0,033 8 0,004
11l tipa kvadratu summa
23. tabula
Post Hoc tests (Bonferoni) — barotnes veidi
Vidéja starpiba SE t P
1 2 -0,134 0,049 -2,729 0,078
3 -3,077 0,049 —62,582 <0,001
2 3 -2,942 0,046 —64,653 <0,001
Rezultati

Statistiska analize parada, ka starp standartu HS barotni (2,85 + 0,05 g/L) un kombin&tu KE barotni ar melasi (2,99

+ 0,07) nav statistiski butiskas atskiribas (p = 0,078). Savukart, BC sintéze barotne ar KE un glikozi 20 g/L sasniedza 5,93 +
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0,07 g/L. Uz dotu bridi ir visaugstakais BC sintézes rezultats, kas tika sasniegts pétijumu ietvaros. Produktivitate $aja barotng
sasniedz 0,59 g/L/d.
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12. att€ls. BC sausais svars p&c 10 kultivacijas dienam K. rhaeticus P-1463 celmam atkariba no izmantotas barotnes (Standarta
HS barotne, KE ar melasi un KE ar glikozi 20 g/L).

13. attels. BC pléves uz alternativo barotnu virsmas (K. rhaeticus P-1463 celms).
Secinajumi

Visaugstaka BC sintéze tika sasniegta KE barotng ar 20 g/L glikozi (5,93 + 0,07 g/L). Talakajos eksperimentos ir

nepieciesams aizvietot tiru glikozi ar alternativu C avotu ar optimalu koncentraciju.
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Alternativu substratu novertéjums bakterialas celulozes iegiiSanai

BC sintéze ar K. Rhaeticus P 1463 uz standarta HS (ar glikozi), modificétas HS (glikoze aizstata ar galaktozi vai
laktozi) un sukalam

Saja eksperiment tika noteikts vai K. rhaeticus P 1463 ir spgjigs augt standarta HS barotng, izmantojot ka vienigos
C avotus laktozi vai galaktozi. No ieglitajiem rezultatiem ir iesp&jams secinat, ka BC sintéze notiek barotnés, kur ka vienigais
C avots ir laktoze vai galaktoze (3. attéls). Standarta HS barotng ar laktozi BC sausais svars bija 0,26 = 0,01 g/L un standarta
HS barotné ar galaktozi BC sausais svars bija 0,25 + 0,03 g/L. Ka salidzinajums tika izmantota arT standarta HS barotne bez
pievienotiem cukuriem un HS barotne ar glikozi, kur BC sausais svars bija 0,09 = 0,01 g/L un 3,05 + 0,06 g/L. Salidzinot ar
literatliras datiem, §is celms sasniedz mazu BC sauso svaru. Salidzinajumam, izmantojot Gluconabacter sucrofermentans B
11267 celmu uz stikalu barotnes, tika iegiits BC sausais svars 5,45 g/L (Revin et al. 2018). Ir p&tfjumi, kuros izmantotie BC
celmi sniedz mazaku BC sauso svaru. Salidzinot BC iznakumu Komagataeibacter hansenii B 22, Komagataeibacter hansenii
DSM 5602 un K. rhaeticus P 1463, tika novérots, ka K. hansenii B 22 un K. hansenii DSM 5602 BC sintéze ir zemaka neka
K. rhaeticus P 1463 celmam, respektivi 1,42 + 0,13 g/L, 1,26 0,15 g/L un 1,95 £ 0,15 g/L (Kolesovs 2021, Semjonovs et al.
2017). Izmantojot Komagataeibacter sucrofermentans DSM 15973, iegiitais BC sausais svars bija 1,6 g/L (Tsouko et al. 2015)
un izmantojot Acetobacter xylinum, tika iegiits Iidzigs rezultats 1,62 g/L (Embuscado et al. 1994). Ka arT izmantojot
Gluconacetobacter xylinus, BC sintéze barotné, kas saturgja laktozi, praktiski nenotika. Tika iegiits BC sausais svars 0,07 g/L
(Nguyen et al. 2008). Sie rezultati liecina par to, ka ne visi BC sintezgjosie celmi ir sp&jigi efektivi izmantot laktozi ka vienigo
pieejamo C avotu augSanas barotne. Ka arT daudzi celmi vispar nespgj patérét laktozi BC sint€zei (Thompson and Hamilton
2001).
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3. attels. BC sausais svars standarta HS (ar glikozi) un modificéta HS (ar laktozi vai galaktozi), izmantojot K. rhaeticus P 1463

celmu p&c 10 kultivacijas dienam.

Cukuru (glikozes, galaktozes un laktozes) koncentracijas ir apkopotas 7. tabula. Augstakais cukura paterins tika
novérots standarta HS barotnei ar glikozi. Saja barotné tika patéréts pilnigi viss cukurs. Standarta HS barotng, kur glikoze ir
aizvietota ar laktozi vai galaktozi, tika novérots pavisam neliels cukuru patérins. Barotnei ar pievienoto galaktozi, cukura
koncentracija samazinajas no 20,59 + 0,21 g/L lidz 16,84 + 0,19 g/L. Barotnei ar pievienotu laktozi cukura patérin$ tika
novérots lidzigs ka barotnei ar galaktozi — no 21,74 + 0,32 g/L 1idz 18,38 + 0,18 g/L. Augstaks galaktozes patérin$ salidzinot
ar laktozi butu skaidrojams ar to, ka galaktoze ir monosaharids, bet laktoze ir disaharids. Bakterijam vieglak ir paterét
monosaharidus neka disaharidus, jo nav nepiecieSamibas veikt disaharidu SkelSanu (Keshk and Sameshima 2005). Standarta
HS barotné bez cukura novérotais glikozes daudzums ir saistits ar inokulata ieneSanu barotng. Inokulats tiek audzgts standarta
HS ar glikozi, tapéc cukuru analiz€s uzradas neliels glikozes daudzums barotné bez cukura. Noveérotais cukura samazinajums

salidzinot ar p&tfjumu, kur tika izmantos Gluconabacter sucrofermentans B-11267 celms, ir mazs. Eksperimenta laktozes
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koncentracijas samazinajums bija gandriz puse no kopgja cukura daudzuma — no 42,10 g/L lidz 22,40 g/L respektivi (Revin et
al. 2018).

1. tabula
Cukuru koncentracijas izmainas kultivacijas laika (10 dienas) standarta HS barotng, HS barotné glikozi aizvietojot ar laktozi
vai galaktozi, stikalu un standarta HS bez cukura barotn&s izmantojot K. rhaeticus P 1463. (S0 — koncentracijas pirmaja diena;

S1 - koncentracija desmitaja diena; AS — starpiba).

Barotne Cukurs So, g/L Sy, g/L Os, g/L

HS — glikoze Glikoze 20,31+0,04 0,03 +0,05 20,28 £ 0,06
HS — laktoze Laktoze 21,74 40,32 18,38 £ 0,18 3,36 +0,39
HS — galaktoze Galaktoze 20,59+0,21 16,84 + 0,19 3,75+0,25
Sakalas Glikoze 1,32 £0,07 0,01 £ 0,01 1,31 +0,05

Galaktoze 1,02 £ 0,05 0,03 + 0,04 0,99 £0,04

Laktoze 50,21+0,23 46,21 £ 0,18 4,00+0,22
HS bez cukura Glikoze 1,02+0,01 0,02 £ 0,03 1,00 £ 0,02|

Organisko skabju koncentracijas izmainas ir apkopotas 8. tabula. P&c iegiitajiem datiem var secinat, ka vairak
organisko skabju veidojas standarta HS barotng, kur ka vienigais C avots ir izmantota laktoze vai galaktoze, ka arT stkalu
barotng. Standarta HS barotng ar glikozi, ka vienigo C avotu, veidojas mazak organisko skabju. Kultivacijas beigas standarta
HS barotng ar laktozi etikskabes un glikonskébes daudzums bija lielakais, 0,19 = 0,05 g/L un 0,35 £ 0,08 g/L respektivi.
Viszemakais etikskabes daudzums tika novérots standarta HS barotng ar glikozi 0,17 + 0,03 g/L, bet zemakais glikonskabes

daudzums tika novérots standarta HS bez pievienotiem cukuriem 0,03 + 0,02 g/L.

8. tabula
Organisko skabju (etikskabes un glikoskabes) koncentracijas izmainas kultivacijas laika (10 dienas) standarta HS, modificetaja
HS kur glikoze aizvietota ar laktozi vai galaktozi, stikalu un HS bez cukura barotnés izmantojot K. rhaeticus P 1463. (SO —

koncentracijas pirmaja diena; S1 — koncentracija desmitaja diena; AS — starpiba).

Barotne Skabe So, B/L Sy, g/L As, gfL
HS —glikoze Etikskabe 0,01+0,02 0,17 £0,03 0,16 +0,03
Glikonskabe 0,12 0,07 0,31 10,06 0,19 + 0,07
HS — laktoze Etikskabe 0,01+0,02 0,19 0,05 0,12 +0,04
Glikonskabe 0,02 +0,13 0,35 + 0,08 0,33+0,12
HS — galaktoze Etikskabe 0,02 + 0,02 0,19 0,09 0,17 £ 0,07
Glikonskabe 0,03 0,02 0,32£0,06 0,29 0,05

BC sintezi limitejoSais faktors siikalas

Saja eksperimenta tika novérota dazadu neorganisko komponentu ietekme uz siikalu barotni. BC sintézes biitisku
(p<0,01) palielinajumu deva rauga ekstrakta un peptona pievienosana stikalu barotnei, 1,75 + 0,08 g/L un 1,88 £+ 0,04 g/L,
attiecigi, kas ir 55,56% un 59,68% no sniegta BC sausa svara uz standarta HS barotnes 3,15 + 0,03 g/L (4. attels). MgSO4
pievienosana stikalu barotnei nedeva rezultatu un BC sausais svars bija vienads ar siikalu barotni bez piedevam — 1,59 + 0,17
g/L un 1,57 £ 0,10 g/L. Pretgju efektu sniedza (NH4)2SO4, NaH2PO4 un etanola pievienoSana, rezultgjoties BC sausajam
svaram bitiski mazakam (p<0,01) neka siikalu barotnei bez pievienotam piedevam. Datu analize norada uz to, ka stkalu
barotné ir pietickams daudzums N, jo, pievienojot papildus N avotus, BC sausa svara pieaugums ir neliels vai tiesi pret&ji
samazinas. Tas ir skaidrojams ar to, ka parlieku liela kadas vielas koncentracija var art inhib&t baktériju augsanu, tadgjadi
samazinot BC sauso svaru. Visticamak, galvenais faktors, kas inhibé BC sintézi, ir laktoze (Thompson and Hamilton 2001;
Nguyen et al. 2008). Salidzinot ar literatiras avotiem, dazadu neorganisko salu (MgSO4, (NH4)2S0O4, NaH2PO4) un etanola

pievienosana BC augsanas barotnei palielindja BC sausa svara iznakumu attieciba pret standarta HS barotni (Son et al. 2003).
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4. attels. BC sausais svars uz standarta HS, nemodificétam siikalam un siikalam ar piedevam (rauga ekstrakts,

peptons, MgSOa, (NH4)2S04, NaH2PO4 un etanols) izmantojot K. rhaeticus P 1463 péc 10 kultivacijas dienam.

Siikalu hidrolitiskas apstrades ietekme uz BC produktivitati

Saja eksperimenta tika salidzinatas dazadas siikalu hidrolizes procediiras. Tika izmantota siikalu enzimatiska
hidrolize ar B-galaktozidazes enzimu un stikalu skaba hidrolize ar HCl un HPOq4 (5. attéls). P&c datu analizes tika secinats, ka
laktoze siikalas visvairak tika hidrolizétas enzimatiski, salidzot ar skabes hidrolizi Ka arT ar siikalu enzimatisko hidrolizi tika
sasniegts lielakais BC sausais svars 4,95 + 0,25 g/L, kas ir par 33,53% vairak neka uz standarta HS barotnes 3,29 + 0,12 g/L
un par 67,47% vairak neka uz nehidroliz€tam stkalam 1,61 + 0,10 g/L. Barotn€m, kas tika hidrolizétas ar skabi, BC sausais
svars bija butiski (p<0,01) mazaks neka nehidrolizétam stikalam. Respektivi hidrolizgjot ar HCI 1,01 £ 0,14 g/L un hidrolizgjot
ar HsPO4 0,58 + 0,06 g/L. Enzimatiski hidrolizgjot siikalas tika hidrolizéta gandriz puse no laktozes satura siikalas, laujot
veiksmigak notikt BC sint€zei baktérijam uznemot monosaharidus. Hidroliz&jot ar skabi, procesa laika barotne iesp&jams saka
veidoties attiecigo skabju sali, kas inhib&ja BC sintézi, samazinot BC sausa svara iznakumu. Salidzinot ar literatiiras avotiem.
Petijumos, izmantojot citus BC celmus ka Acetobacter xylinum, ir iegiti augstaki BC sausie svari 7,05 + 0,14 g/L (Lappa et
al. 2021). Cita pétijuma, veicot siikalu hidrolizi, izmantojot BC celmu G. xylinus PTCC 1734, tika iegtits BC sausais svars
3,55 g/L (Salari et al. 2019). Lai arT stikalu hidroliz&sana ir lieliska metode ka palielinat BC sausa svara iznakumu, taja pasa

laika §1s metodes izmantosana palielina izmaksas jau eso$i dargajam BC sintézes procesam (Amaro et al. 2019).
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5. attéls. BC sausais svars uz standarta HS barotnes, siikalu barotnes un hidrolizétu (enzimatiski un skabes) stikalu barotném

izmantojot K. rhaeticus, péc 10 kultivacijas dienam.

Cukuru (glikozes, galaktozes un laktozes) koncentracijas izmainas var redzet 9. tabula. Veicot sukalu hidrolizi ar
enzimu B-galaktozidazi, tika iegiits labakais rezultats laktozes hidrolizéSana par galaktozi un glikozi — 17,36 + 0,25 g/L un
18,95 + 0,08 g/L. Hidrolizgjot stikalas ar skabi (sérskabi un ortofosforskabi) laktozes hidrolize bija vaja. Attiecigi, iegttais
monosaharidu daudzums hidrolizgjot ar sérskabi: glikoze 0,85 + 0,09 g/L; galaktoze 0,25 £ 0,05 g/L un ar ortofosforskabi:
glikoze 0,84 + 0,03 g/L; galaktoze 0,22 + 0,02 g/L. Veicot stkalu hidrolizi tiek iegits lielaks monosaharidu daudzums, ko
bakterijas var efektivak asimilét. Palielinot efektivi asimiléjamu cukuru daudzumu barotng, tiek palielinats arT BC sausa svara

iznakums (Keshk and Sameshima 2005).

9. tabula
Cukuru (glikozes, galaktozes un laktozes) koncentracijas izmainas kultivacijas laika (10 dienas) siikalu, hidrolizétu (B-
galaktozidazes, sérskabes, ortofosforskabes) sikalu barotnés izmantojot K. rhaeticus P 1463. (SO — koncentracijas pirmaja

diena; S1 — koncentracija desmitaja diena; AS — starpiba).

Barotne Cukurs So, g/L Sy, g/L As, g/L

Sakalas Glikoze 0,99+0,15 0,02+0,01 0,97 £0,09
Galaktoze 1,20 £ 0,06 0,04 £0,03 1,16 +0,05
Laktoze 49,66 + 0,68 46,03 + 0,47 3,63+0,74
Glikoze 18,95 £ 0,08 0,13 £0,09 18,82+0,10
Galaktoze 17,36 £ 0,25 1,24+0,12 16,12+ 0,26

Sukalas — Laktoze

Enzimatiska 12,04 £0,28 10,92+0,19 1,12+0,27

hidrolize

Sakalas — HCI Glikoze 0,85 +0,09 0,15%0,11 0,70+0,09
Galaktoze 0,25 0,05 0,01+0,01 0,24 £0,05
Laktoze 48,84 +1,17 46,55+ 0,65 2,29+0,84

Sokalas — H3PO: Glikoze 0,84 0,03 0,12 £0,02 0,72 0,02
Galaktoze 0,22 +0,02 0,01+0,01 0,21+0,03
Laktoze 47,93 +0,86 45,01 +0,68 2,92+1,07
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Organisko skabju (etikskabes un glikonskabes) koncentracijas ir apkopotas 10. tabula. Augstako etikskabes un
glikoskabes pieaugumu uzradija enzimatiski hidroliz&tu stkalu barotne, respektivi 0,26 + 0,05 g/L un 0,45 + 0,04 g/L.
Zemakais organisko skabju picaugums tika novérots nemodificéta sukalu barotng, kur etikskabe bija 0,13 + 0,04 g/L un
glikoskabe 0,04 + 0,03 g/L. Augstais organisko skabju koncentraciju pieaugums enzimatiski hidroliz&tu siikalu barotné btitu
skaidrojams ar palielinatu monosaharidu daudzumu. Tas liecina par to, ka baktérijam patérgjot vairak substratu, veidojas vairak

ar blakusprodukta, kas ir organiskas skabes.

10. tabula
Organisko skabju (etikskabes un glikonskabes) koncentracijas izmainas kultivacijas laika (10 dienas) stkalu, hidroliz&tu (-
galatozidaes, s€rskabes, ortofosforskabes) siikalu barotn&s izmantojot K. rhaeticus P 1463. (SO — koncentracijas pirmaja diena;

S1 — koncentracija desmitaja diena; AS — starpiba).

Barotne Skibe Sar B/L S g/L Ag, g/l

Sakalas Etikskabe 0,02 £0,03 0,13 0,04 0,11£0,03
Glikonskabe 0,01+0,02 0,04 0,03 0,03 £0,05

Sakalas — Etikskabe 0,04 £0,03 0,26 0,05 0,22 £0,02

enzimatiska Glikonskabe 0,06 0,04 0,45 + 0,04 0,39 £0,06

hidrolrze

Sakalas — HCl Etikskabe 0,02 0,01 0,22 0,06 0,20 £0,03
Glikonskabe 0,02 £0,03 0,33 £ 0,03 0,31 £0,04

Sakalas — HaPOe Etikskabe 0,08 £0,04 0,20 £ 0,04 0,12 £0,02
Glikonskabe 0,02 £0,02 0,34 £ 0,04 0,32 £0,05

Siikalu un citu alternativo barotnu kombinacijas

Tika parbauditas atskirigas alternativo barotnu kombinacijas. Stikalu barotnei tika pievienota melase, abolu sula un
KE. Ka arT tika apskatitas abolu sulas, melases un KE barotnes bez cita pievienota alternativa substrata (6. attéls). Analizejot
datus ir redzams, ka abolu sulas barotne un melases barotne bez pievienotiem citiem alternativiem substratiem sniedz zemakos.

BC sausa svara rezultatus, 0,16 £ 0,03 g/L un 0,18 + 0,02 g/L respektivi. Kukuriizas ekstrakta barotne bez
pievienotiem citiem alternativiem substratiem sniedza bitiski (p<0,01) lielaku BC sausa svara rezultatu neka suikalu barotne —
2,04 £ 0,08 g/L un 1,68 + 0,09 g/L. Lielakos BC sausa svara rezultatus uzradija stikalu barotne ar kukurtizas ekstraktu un
melases barotne ar kukuriizas ekstraktu 5,05 + 0,23 g/L un 5,53 + 0,21 g/L respektivi. Kas ir par 39,60% un 44,85% vairak
neka uz standarta HS barotnes (3,05 + 0,07 g/L) ka arT par 66,73% un 69,62% vairak neka uz stkalu barotnes. Talakam
eksperimentam, kur tiktu optimizéta iegiita barotne ar augstako BC sauso svaru, tika izv€léta stikalu barotne ar kukuriizas
ekstraktu, jo §T grupa uzradija vislielaku BC sint&zi. Savukart, nebija statistiski biitiskas atSkiribas no melases ar KE grupas.
Stikalu iesaiste alternativaja barotn@ ir svariga, lai nakotné samazinatu siikalu apjomus un negativo ietekmi uz apkartgjo vidi.
Salidzinot ar literatliras avotiem, iesp&jamais iemesls tam, kapéc barotnés, kuram tika pieveinots KE, tika sasniegts lielakais
BC sausais svars, ir KE sastava eso$a metiontna klatbiitnes d&l. Metionina klatblitne barotng palidz samazinat lag fazi, ka arT
veicina augsanas fazes sakumu (Matsuoka et al. 1996) un KE piemit bufer&josas ipasibas (Noro et al. 2004). KE bufergjosas
pasibas palidz augsanas barotng uzturét ilgak nemainigu pH limeni. Iesp&jami noturigakais pH limenis ir svarigs etikskabes
bakteriju augsana, jo ka blakusprodukti tiek izdalitas organiskas skabes, kas samazina barotnes pH un baktgrijas, vairs nespgj
augt (Keshk and Sameshima 2005) un sintezé&t BC. No augSanu veicinoSiem faktoriem var izslégt papildus viegli
metaboliz&jamu cukuru (glikozes) ieneSanu kopa ar KE, ta ka pievienota koncentracija ir zema, ienestais glikozes daudzums
ir 1 — 1,5 g/L, kas butiski neietekmé BC augSanu. Ar KE ienestais glikozes koncentracijas ir redzamas 11. tabula. Kada
petijuma tika apskatitas barotnes ar dazadiem cukuriem tika noskaidrots, ka BC sint&ze ir visintensivaka kombinacijas, kur ir

gan monosaharids, gan disaharids (Hungund 2013).
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6. attels. BC sausais svars uz standarta HS, stikalu, stikalu un abolu sulas, stikalu un KE, siikalu un melases, abolu sulas un

KE, melases un KE, abolu sulas, KE un melases barotnes, izmantojot K. rhaeticus P 1463 péc 10 kultivacijas dienam.

Alternativas barotnes sastava optimizacija

Tika veikta barotnes optimizacija, lai noskaidrotu optimalo stikalu un KE koncentraciju (7. att€ls). Stikalu barotnei
pievienoja KE koncentracija no 5% Iidz 15%. Ka arT siikalas tika atSkaidttas 1:1 ar destilétu tideni un pievienots KE tadas
pasas koncentracijas. Augstako BC sauso svaru uzradija neatskaidita siikalu barotne ar 15% KE piedevu 6,97 + 0,17 g/L.
Salidzinot 7. att€la ieglitos datus grupas, neatskaiditu siikalu un atskaiditu siikalu tendence ir lidziga. Abas grupas lielako BC
sauso svaru deva barotne ar 15% KE piedevu. legiitais BC susais svars stikalu barotn& ar 15% KE piedevu ir 78,91% vairak
neka uz stikalu barotnes (1,47 £ 0,01 g/L). Atskaiditu stikalu ar 15% KE piedevu BC sausais svars (4,78 £ 0,23 g/L) ir 69,25%
vairak neka uz stikalu barotnes. Talakos eksperimentos biitu javeic optimizétas barotnes talaka modifikacija, pievienojot klat
EB nepiecieSamos vitaminus, aminoskabes vai palielinot vl KE koncentraciju barotng. Ka art biitu jaapsver esos$a celma
salidzinasana specifiski ar citiem BC sintez&joSiem celmiem, kas ir sp&jigi paterét laktozi ka vienigo C avotu barotng. Nakotne

varétu apsvert eso$a celma genétisku modifikaciju, tada veida uzlabojot ta potencialu asimilét laktozi BC sintez&Sanai.
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7. att€ls. BC sausais svars uz siikalu barotnes, stikalu barotnes ar KE piedevu (5%, 10% un 15%), atskaiditas stkalas 1:1 ar

destilgtu fideni, izmantojot K. rhaeticus P 1463 p&c 10 kultivacijas dienam.

Cukuru (glikozes, galaktozes un laktozes) koncentracijas ir apkopotas ir 11. tabula. Laktozes un galaktozes
koncentracijas ietekmgja tikai stikalu daudzums barotné. Glikoze neliela koncentracija (1 — 1,5 g/L) stikalu barotng tika ienesta
ar KE. Lielakais laktozes patérin$ bija novérojams stikalu barotnés ar pievienotu KE 15% koncentracija. Iespgjams lielaks
cukuru patérins, it Ipasi laktozes patérins, ir iesp&jams KE sastava eso$as metionina un citu augsanas faktoru klatbutnes dél,
kas iesp&jams ir uzlabojis BC sintézi. Ka arT KE sastava ir daudzas citas aminoskabes, makro un mikro elementi, kas var

stimul€t bakteriju augSanu un lidz ar to arT cukuru izmantoSanu (Matsuoka et al. 1996).

11. tabula
Cukuru (glikozes, galaktozes un laktozes) koncentracijas izmainas kultivacijas laika (10 dienas) stikalu, stikalu ar (5%, 10%
un 15%) KE piedevu, atSkaiditu stikalu 1:1 ar destilétu Gdeni ar KE piedevu (5%, 10% un 15%) izmantojot K. rhaeticus P

1463. (SO — koncentracijas pirmaja diena; S1 — koncentracija desmitaja diena; AS — starpiba).

Barotne Cuburs S, B S, gl A, gL
Sikalas Glikoze 104 +0,05 0,02+0,01 1,02 +0,02
Galakioze 132£0,04 0,04+002 1,28+0,05
Laktoze 49,85 + 0,61 26,01+ 0,53 3,81 20,75
Sdkalas+ KE 5% Glikoze 1E80£0,03 001+001 1,79+0,03
Galaktoze 1,50 £ 0,05 0,03 £0,02 1,47 0,06
Laktoze 25,002 115 33312066 5062097
Stkalas+KE 1096 | Glikoze 2,42 £0,14 0,02 £0,01 2,30+ 0,12
Galakioze 102 £0,06 003002 100004
Laktoze 28,212 0,54 41,3520,77 6,86 0,88
SOkalas+ KE 15% | Glikoze 357 £0,03 0,04 £ 0,01 2,3330,06
Galakioze 129 £0,05 0,05+003 1,24+0,02
Laktoze 45532 0,68 39,312 0,83 3,62 £0,77
Sdkalas 1:1+ KE 5% | Glikoze 0,53 +0,02 0,04+002 0,85 0,04
Galaktoze 0,69 £0,02 0,02 £0,02 0,67 20,05
Laktoze 2583111 2171059 34722126
Sikalas 11+ KE Glikoze 1,24£0,03 0,02£0,01 1,22:0,04
10% Galakioze 0,73 £0,04 0,02£0,01 0712003
Laktoze 26,07 £ 0,44 20,70 0,52 5371067
Sdkalas 1:1+ KE Glikoze 168 £0,05 0,03+002 165+0,03
15% Galakioze 0,84 £0,03 0,02£0,01 0322004
Laktoze 7474 £ 0,65 18432 0,51 5,31 0,66
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Organisko skabju (etikskabes un glikonskabes) koncentracijas apkopotas 12. tabula. Apskatitajas stikalu un KE
barotnu kombinacijas organisko skabju pieaugums bija lidzigs un netika novérota bitiska (p<0,01) atskiriba starp kadu no
barotnes kombinacijam. Tas iespgjams biitu skaidrojams ar to, ka bakt@rijas atrodas tam optimala vidé. Veicot BC sintézi
baktérijas visu savu energiju novirza uz disaharidu $kelSanu BC sintézei, nevis uz blakusproduktu sintézi (Keshk and

Sameshima 2005).

12. tabula
Organisko skabju (etikskabes un glikonskabes) koncentracijas izmainas barotnés kultivacijas laika (10 dienas) stkalu, stikalu
ar 5%, 10% un 15% KE piedevu, atSkaiditu stikalu 1:1 ar destilétu Gideni ar (5%, 10% un 15%) KE piedevu izmantojot K.

rhaeticus P 1463. (SO — koncentracijas pirmaja diena; S1 — koncentracija desmitaja diena; AS — starpiba).

Barotne Skabe So g/l S /L Ae gL
Siikalas Etikskabe 0,01£0,01 0,11%0,04 0,10 0,03
Glikonskabe 0,01+ 0,01 0,03 %002 0,02 £0,02
Siikalas + KE 5% Etikskabe 0,01£0,01 0,13£0,03 0,12£0,04
Glikonskabe 0,01%0,01 0,05 % 0,02 0,04 £ 0,03
Shkalas+ KE10% | Etikskabe 0,02£0,01 0,14£0,05 0,12£0,04
Glikonskabe 0,01 %0,02 0,03%0,01 0,020,001
Shkalas+ KE15% | Etikskabe 0,05 £0,03 015003 0,10£0,04
Glikonskibe 0,05+ 0,03 0,07+ 0,04 0,02 £0,05
Sitkalas 1-1+ KE 5% | Etikskabe 0,01+ 0,01 0,08 % 0,02 0,07 0,03
Glikonskibe 0,02 % 0,01 0,05+ 0,04 0,03 0,02
Sitkalas 1-1+ KE Etikskabe 0,01+0,02 0,10+ 0,03 0,08+0,04
10% Glikonskibe 0,05 £ 0,04 0,11£0,03 0,06 £ 0,05
Sitkalas 1-1+ KE Etikskabe 0,05 £ 0,02 0,09 %004 0,04 £ 0,03
15% Glikonskibe 0,11£0,04 0,13+0,02 0,02 £0,02

Biotehnologisku parametru noteik§ana labakam alternativam barotném

Balstoties uz BC sintézes rezultatiem, tika aprékinati biotehnologiskie raditaji izvélétam barotném — standarta HS
barotnei, nemodificgtai stikalu barotnei, enzimatiski hidroliz&tai stikalu barotnei un kombin&tai stikalu un 15% koncentracija
KE barotnei. Analizgjot iegiitos datus, biitiski (p<0,01) lielakie rezultati ir iegiiti kombingjot siikalas ar KE koncentracija 15%,
kur BC sausais svars bija 6,97 + 0,17 g/L, BC iznakums no patéréta substrata 50,50 + 3,01 % un BC produktivitate 0,70 + 0,02
g/L/d. Kombingtaja barotné (siikalas ar KE piedevu 15% koncentracija) iesp&jams bija citi cukuri, kas netika konstatgti ar
ENRK. Otrs lielakais BC iznakums no patéréta substrata bija nemodificétai siikalu barotnei (28,19 £ 1,54 %), kas, iesp&jams,
biitu skaidrojams ar to, ka nemodificéta siikalu barotn€ substrata konversija par BC salidzinot ar standarta HS (15,39 + 0,85
%) un enzimatiski hidroliz&tu siikalu barotni (13,73 + 2,28 %) notiek efektivak. BC iznakums no patéréta substrata enzimatiski
hidroliz&tu stikalu barotnei ir butiski (p<0,01) zemaks neka nemodificetai siikalu barotnei. Iesp&jams tas ir skaidrojams ar to,

ka enzimatiski hidrolz&tu siikalu barotné substrats tika vairak patéréts biomasas un organisko skabju veidosanai (10. tabula).

13. tabula
BC sint&zes biotehnologiskie raditaji celmam K. rhaeticus P 1463.

BC sausais BC rmdkums no  [Skibju imdkums no BC_ _

Barotne cvars. L patéréta substrita | patSréta subs_trﬁra produkm':t_ﬁte

= (Yps). %a (Tps). % Q). g/Lid
Emggﬂ HS 311006 1539085 1.73+£0.32 031001
Siikalu barotnel 1.61 =010 2819154 283074 016001
Enzimatiski
hidrolizétai sikalun | 495025 1373228 1.69+0.735 0,50 +0,03
harotmel
Eombingta sikalu
um KE (13%) 697017 50.30+3.01 1.91+041 0,70 =002
barotnel
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Secinajumi
K. rhaeticus P-1463 izmanto laktozi un galaktozi ka vienigos C avotus standarta HS barotng, sasniedzot BC sauso
svaru attiecigi 0,26 + 0,01 un 0,25 + 0,03 g/L.
Neorganisko slapekla avotu pievienosana nedeva vai deva minimalu BC produktivitates uzlabojumu stikalu barotng.
Enzimatiska hidrolize tika novertéta ka efektivakais siikalu apstrades veids, kas deva BC sauso svaru 4,95 + 0,25
g/L, tas ir, par 67,47% vairak neka uz nehidroliz&tu stikalu barotnes.
Kukurtizas ekstrakta pievienosana siikalu barotnei deva visaugstako BC sintgzes pieaugumu, salidzinot ar kontroli
starp izvertétajam piedevam, biitiski paaugstinot BC iznakumu siikalu barotn&s.
Optimizgjot stikalu barotnes sastavu, vislielako efektivitati izradija 15% kukuriizas ekstrakta piedeva, nodrosinot

6,97 + 0,17 g/L BC sausa svara un 50,50 = 3,01 % iznakumu no pat€réta substrata.
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Abolu sulas izmantoSana bakterialas celulozes iegiSanai

Dazadu abolu sulas koncentraciju ietekmes novértéjums uz BC sintézi
Pirmaja eksperimenta tika salidzinatas dazadas abolu sulas koncentracijas, lai noteiktu vispiemerotako atskaidijumu
BC sintézei. Eksperimenta tika izmantots K. hansenii B22 celms. Tika noteikts, ka abolu sulas optimala koncentracija ir 1:6
(abolu sula : dH20) un kopgja cukuru koncentracija $aja atSkaidijuma bija 19,12 + 0,56 g/L un tika iegtts 0,89 + 0,01 g/L

sausa BC svara.
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Abolu sulas koncentracija
2.attels. BC sintéze atkariba no dazadam abolu sulas koncentracijam (abolu sula : dH20) 10 dienu kultivacijas laika (K.

hansenii B22).

Visvajaka BC sintéze tika novérota neatikaiditai abolu sulai. Sadas atskiribas BC sint&zg ir skaidrojamas ar to, ka
parlieku liela cukuru koncentracija veicina organisko skabju sint€zi barotng, kas samazina barotnes pH un bitiski ietekm&
§tinu dzivotsp&ju un BC sintézi. Ir zinams, ka D-glikoze ka C avots tiek izmantota energijas ieguvei un pari palikust glikoze
tiek parveidota glikonskabé ar dehidrogenazu palidzibu, tapéc, ja sakotngji ir augsta glikozes koncentracija, ta nepalielinas BC
ieguvi, bet to samazinas. (Vandamme et al.1997). Tadgjadi parlieku liela cukuru koncentracija neveicinas BC sintézi, bet tiesi
pretgji, to samazinas. Savukart, lielaki abolu sulas atSkaidfjumi izraisija baribas vielu trikumu un BC netika pilnvertigi

sintez&ta, radot mazakus BC iznakumus. Talakiem eksperimentiem tika izmantota 1:6 abolu sulas koncentracija.

Efektivaka BC producenta noteik$ana abolu sulas barotnei
BC sintéze uz atskirigiem substratiem dazadiem baktériju celmiem var butiski atskirties, tapéc ir svarigi novertet
tris celmi K. hansenii B22, K. rhaeticus P 1463 un K. hansenii DSM 5602, lai noteiktu to efektivitati BC ieguvei ka substratu
izmantojot abolu sulu. Vislielaka BC sintéze bija novérojama K. hansenii B22 celmam, ar to tika iegfiti 0,79 + 0,03 g/L sausa
BC svara, bet visvajak BC sintez&ja K. hansenii DSM 5602 (0,26 + 0,03 g/L). Eksperimenta tika izmantota abolu sula ar
koncentraciju 1:6 (abolu sula : dH20), kas ieprieksgja eksperimenta tika noteikta, ka visefektivaka koncentracija BC sintézei.

P&c $aja eksperimenta iegiitajiem rezultatiem ar turpmakajos eksperimentos tika izmantots K. hansenii B22 celms.
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3. attéls. BC sinteze atkariba no dazadiem EB celmiem (K. rhaeticus P 1463, K. hansenii B22, K. hansenii DSM 5602) 10

dienu kultivacijas laika.

Salidzinot ar literattra izmantotajiem BC producentiem K. hansenii B22 uz abolu sulas sp&ja visefektivak sintezet
BC. Ir zinots, ka viena no p&tijumiem tika izmantots Acetobacter xylinum NBRC 13693 uz nemodificétas abolus sulas un tika
iegiits 0,15 g/L BC sausa svara, savukart cita p&tijuma tika izmantots Gluconobacter xylinum CCM 3611T un BC sausai svars
bija 0,2 g/L (Kurosumi et al. 2009; Bandyopadhyay et al. 2018). BC sausa svara rezultati atskiras, lai gan abos pétijumos tika
izmantota nemodificéta abolu sula ar lidzigu cukuru koncentraciju, un viens no Siem iemesliem varétu bit celmu izvéle

specifiskajai barotnei.

Abolu sulas barotnes sastava optimizacija ar dazadiem N avotiem
Saja eksperimenta tika salidzinatas vairakas N avotu piedevas optimalai modificétas abolu sulas barotnes izveidei
un ka tas ietekm&ja BC sintézi. Abolu sulas barotnei (1:6) tika pievienots rauga ekstrakts, kazena hidrolizats, kukuriizas
ekstrakts, (NH4)2HPO4, galas ekstrakts, siikalu proteini un peptons. Vislabaka BC sintéze tika novérota modificgtajai abolu
sulas barotnei ar 5 g/L galas ekstraktu, kas atbilst 2,38 + 0,21 g/L BC, tomér salidzinot ar kontroles grupu — HS barotni, kuras
BC sausai svars bija 4,22 + 0,03 g/L, modific€tajai barotnei bija biitiski (p < 0,001) mazaks.
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4.attels. K. hansenii B22 BC sintéze atkariba no dazadam N piedevam (rauga ekstrakts, kazeina hidrolizats, kukurtizas
ekstrakts, (NH4)2HPO4, galas ekstrakts, stkalu proteinu koncentrats, peptons) abolu sulas (1:6) barotnei 10 dienu kultivacijas

laika.

Galas ekstrakts kalpo ka optimals N avots BC sintézei un parasti tiesi organiska N avoti ir ieteicami efektivai BC
sintézei (Hungund et al. 2010). Minétaja pétijuma izmantojot Gluconacetobacter persimmonis GH-2 celmu glikozes barotné
arT galas ekstrakts (0,5%) bija vislabakais N avots, kas deva 6,25 g/L sausa BC svara. Galas ekstrakts nodrosinaja barotni ar
dazadiem mineralvielu, uzturvielu, vitaminu un aminoskabju avotiem, kas uzlaboja $tinu biosintézi un augsanu. Tika sasniegts
optimalais N daudzums, kas neietekméja citu uzturvielu uznemsanu bakteriju §inam, jo parlieku liela N koncentracija var
pasliktinat BC sintézi (Hungund et al. 2010). Kukuriizas ekstrakta un (NH4)2HPO4 pievienoSana, salidzinot ar kontroli —
nemodificétu abolu sulas barotni, BC sintézi samazinaja.

Citos pétTjumos ar abolu sulas barotni norada arT, ka barotnei nepiecieSami papildus N avoti. Ir zinots, ka abolu sulai
ar Acetobacter xylinum NBRC 13693 tika pievienoti papildus N avoti, tadi ka peptons 20 g/L, rauga ekstrakts 5 g/L, un BC
sausais svars salidzinot ar nemodificétu barotni uzlabojas par 3,7 g/L, cita pétijuma ar Gluconobacter xylinum CCM 3611T,
pievienojot N avotu - amonija sulfatu 8 g/L, uzlabojas par 0,2 g/L (Kurosumi et al. 2009; Bandyopadhyay et al. 2018).

Atskiribas starp Siem ieglitajiem BC sausajiem svariem norada uz to, ka labaks ir organiskais N avots nevis neorganiskais.

Galas ekstrakta koncentracijas izvértéjums dazadas abolu sulas barotnes koncentracijas

Saja eksperimenta tika noteikta optimalad abolu sulas un piedevas — galas ekstrakta koncentracija BC ieguvei.
Savstarpgji tika salidzinatas Cetras abolu sulas koncentracijas (1:0, 1:2, 1:4, 1:6) un katrai no tam tika pievienota piedeva
dazadas koncentracijas — 5 g/L, 10 g/L un 15 g/L galas ekstrakta. legfitie rezultati liecina, ka vislabaka BC sintéze tika novérota
ar galas ekstrakta koncentraciju 15 g/L un 1:2 abolu sulas atSkaidijumu, kas deva 17,27 + 0,07 g/L sausa svara BC iznakumu.
Saja eksperimentd visefektivaka modificétas abolu sulas koncentracija at$kiras no pirmaja eksperimentd noteiktas
nemodificetas abolu sulas koncentracijas, kas skaidrojams ar to, ka palielinoties N daudzumam barotng, tas ietekmgja Stinu
metabolismu, tadgjadi palielinot Stinu aktivitati, sp&ju augt un attistities atrak un tam bija nepiecieSams lielaks oglekla avotu

daudzums gan §tinu augsanai, gan BC raZo$anai (Som-ord et al. 2012).
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16 16 1.4 1.2

Barotne

S.attels. K. hansenii B22 BC sintéze atkariba no modificétas abolu sulas barotnes galas ekstrakta koncentracijas 10 dienu

kultivacijas laika.

Salidzinot ar kontroles variantiem (HS, nemodificéta abolu sula) iegiitais BC sausais svars biitiski at$kiras (p <
0,001). Ar HS barotni tika iegtts 4,07 = 0,02 g/L, bet ar nemodificgtu abolu sulu 0,78 + 0,02 g/L sausa BC svara, kas ir
ievérojami mazak par abolu sulas barotni ar papildus pievienotu 15 g/L galas ekstraktu. Salidzinot ar citam alternativajam
barotn€m, piemeéram, vairakam noraditajam 7.tabula, BC sausais svars ar1 ieverojami at$kiras, uzradot daudz labaku rezultatu

par citam izmantotajam barotn€m, kas liecina par to, ka ta var€tu bt laba alternativa barotne maksligai HS standartbarotnei.

Abolu cukuru sastava izmainas pirms un péc sterilizacijas
Abolu sulas barotne sakotngji lielakoties sastavéja no fruktozes un saharozes, bet veicot barotnes sterilizaciju var
secinat, ka ir notikusi saharozes dal&ja hidrolize, jo péc sterilizacijas barotng ir palielinajies fruktozes un glikozes daudzums,
toties samazinajies saharozes. Sterilizacijas procesa ietekm& notika dal&ja saharozes hidrolize, ka rezultata saharozes
koncentracija vidgji samazinajas no 65,73 + 3,73 g/L lidz 28,37 + 0,38 g/L. Glikozes koncentracija palielinajas no 20,10 +
2,14 g/L lidz 32,57 + 4,46 g/L un fruktozes koncentracija no 72,88 + 2,28 g/L lidz 101,89 + 8,23 g/L. Tad&jadi ari izmainijas
sakotngja glikozes : fruktozes : saharozes attiecibano (2 : 7,3 : 6,5) par (3,3 : 10 : 2,8).
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6.attels. Cukuru (glikozes, fruktozes, saharozes) koncentracijas izmainas pirms un p&c barotnes sterilizacijas (K. hansenii B22).

Saharoze paaugstinatas temperatliras, ka, piem€ram, autoklav&Sanas apstaklos un zema pH apstaklos, var
hidrolizéties, veidojot glikozi un fruktozi (Staden et al. 1999). K. hansenii celmi BC sintézé izmanto monosaharidus, ka glikozi,
fruktozi (Uzyol et al. 2016), tapéc saharozes hidrolize netraucé BC sintézei. Visvairak izmantotie oglekla avoti BC iegliSanai

ir glikozi un fruktozi saturosas izejvielas (Hungund et al. 2010).

Secinajumi

1. Salidzinot dazadas abolu sulas koncentracijas, tika konstatéts, ka nemodificétas abolu sulas optimala atskaidisanas
attieciba ir 1:6 (abolu sula : dH20) ar kopg&jo cukuru koncentraciju 19,12 + 0,56 g/L, kas lava iegiit 0,89 = 0,01 g/L
BC sausas masas.

2. Salidzinot dazadus BC producentu celmus, tika noteikts, ka Komagataeibacter hansenii B22 celms ir
vispiemérotakais BC sintézei abolu sulas barotng.

3. Starp novértétajam N avotu piedevam abolu sulas barotnei vislabakos rezultatus deva galas ekstrakts, kuru
pievienojot abolu sulai (1:6) 5 g/L koncentracija tika iegtts 2,38 + 0,21 g/L BC sausa svara.

4. Optimizgjot abolu sulas barotnes sastavu tika noteikts, ka visefektivaka abolu sulas koncentracija ir 1:2 kopa ar 15
g/L galas ekstrakta piedevu, kas lauj iegit 17,27 + 0,07 g/L BC sausas masas, iznakums no substrata (YP/S)

sasniedzot 36,52 + 0,97 %, kas ieverojami vairak salidzinot ar nemodific€tas abolu sulas barotni.
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AVENU KVALITATES RAKSTUROJOSO PARAMETRU IZVERTEJUMS (2020)

Rudens Avenes
Valters Dambe (D)

SIA “Skoru Darzi” (S)

Uzglabatas dzesétava +4 +1 © C RH 75+2%, t=72st.

K - kontrole

Koncentracija

L1-1% levana skidums+1% dekstrana skidums

L3-3% levana Skidums+2% glicerina $kidums

Lai parbauditu un noveértétu biopolimeru parklajumu efektivitati uz avenu kvalitati uzglabasanas laika, mérita avenu

virsmas L* a* b* krasas ogu paraugiem telpa un dzes€tava (1.tabula). Avenu virsmas sarkana krasa p&c apstrades ar

biopolimériem kluva izteiktaka pec vienas dienas uzglabaSanas, salidzinot ar kontroles paraugiem, par to vargja secinat pec

krasas a* vértibas palielinasanas (DL 3.1 14,3%; DL1.1. 18,1% un SL1.1 15,2%; SL3.1. 15,5%).

1.tabula
Avenu virsmas krasas izmainas uzglabaSanas laika

Uzglabasanas . L* a* b*

laiks Paraug! D D D

0 diena K 24.44 21.88 20.66 16.48 8.23 6.70
L3 25.00 21.98 24.12 19.44 10.73 7.49
L1 26.01 20.81 25.23 19.50 10.69 7.73

1 diena K 25.25 22.61 21.23 18.04 8.57 6.51
L1 24.93 22.05 23.68 18.58 9.91 6.80
L3 24.44 21.96 23.16 20.86 9.73 8.26

5 dienas K 25.20 22.95 20.25 17.32 8.22 6.30
L1 25.11 22.36 22.35 18.17 8.83 6.92
L3 24.22 21.69 22.58 19.38 9.24 7.13

Avenu ogu virsmas krasu L*, a* un b* vértibas komponentu kopgjas izmainas uzglabasanas laika atspogulo diferencu

summa A E*(1. att.).
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1. Att. Krasu kopgjas izmainas A E* uzglabasanas laika

Mazakas krasu komponentu A E*, konstatéjam ar biopolimériem apstradatajiem D L1 0,9 un S L1 1,4 paraugiem

péc piecu dienu uzglabasanas dzesétava. Analiz&jot datus, konstat€jam, ka mazakas avenu virsmas krasu izmainas ir péc

apstrades ar biopolimériem L1.

P&c apstrades ar biopolimériem avenu ogu cietiba uzglabasanas laika butiski nemainijas, salidzinot ar kontroles
paraugiem (2.att.).

0,9 -

oD oS
0,8 A
0,7 A
0,6 A %
7z 05
é o 0,63
2 0319 057 0,59 0,62
O ’ 0.5 0,47 0,48
2] (|
0,1 4 | |
' 0,58 0,49 0,54 0,47 0,56 0,63 0,60
0,0 J 1 1 1 1 1 1 1 1 1 1 1 1 1 1
K K L1 L3 K L1 L3
0 diena 1 diena 5 diena

Uzglabasanas laiks

2. att. Avenu ogu cietibas izmainas uzglabasanas laika

[zvertgjot, cietibas rezultatus uzglabasanas laika beigas, ir vérojama parklajuma efektivitates ietekme, jo p&c piecu
dienu uzglabasanas dzesétava visiem ar biopolim€riem apstradatajiem paraugiem cietibai bija tendence paaugstinaties. Ta bija
nedaudz lielaka, salidzinot ar kontroles paraugiem (DK 0,47 attiecigi DL1 0,48N un DL3 0,62N; SK 0,56N attiecigi SL1
0,63N un SL3 0,60N).

Uzglabasanas laika skisto$as sausnas saturs aven&m biitiski nemainijas, kuras bija ievaktas SIA “Skoru Darzos”,
tadu péc apstrades ar biopolimériem tas nedaudz samazinajas, salidzinot ar avenu kontroles paraugiem. Avenu (S) paraugu

$kistosas sausnas satura izmainas apkopotas 3.attéla.
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3.att. Avenu ogu (D) Skistosas sausnas satura izmainas uzglabasanas laika

5 diena

L1

Izvertgjot otra avenu pétjjuma (Dambe) SkistoSas sausnas rezultatus, redzams, ka $ada skistosas sausnas satura

samazina$anas tendence saglabajas (4.att.). P&c vienas dienas uzglabasanas DK 10,1Brix%; DL1 9,5Brix%; DL3 9,7 Brix%
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4. att. Avenu ogu ( D) $kistosas sausnas satura izmainas uzglabasanas laika

L1

5 diena

Kopégja skabes satura daudzums aveném pétijuma laika samazinajas visos paraugos (5.att.).

L3
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Uzglabasanas laiks

5.att. Kopgja skabes satura izmainas avenu paraugos

Kopgjais skabes daudzums avenu paraugos (Dambe) p&c dienas uzglabaSanas samazinajas nedaudz 1-4% (attiecigi
ar biopolimériem apstradatajos paraugos L1 1%;L3 4%; K 2,4 %), bet p&c piecu dienu uzglabasanas K 12,2% un L1 7,2%; L3
8,8%. Attiecigi “Skoras Darzos” vakto avenu paraugos skabes saturs péc piecam dienam samazinajas K par 5,4%, L1 14,3%
un L3 7,1%.

Antocianinu saturs avenu paraugos petjjuma laika mainijas (6. un 7 att.). Avenu (S) kontroles paraugos uzglabasanas
laika (pirmaja un piektaja diena) antocianinu saturs palielindjas salidzinot ar (0) dienas kontroli ( attiecigi par 79,7%, 59,3%).
Izvertgjot antocianinu satura izmainas ar biopolimériem apstradatajos paraugos, secinam, ka péc apstrades pirmaja diena
antocianinu saturs palielindjas salidzinosi mazak neka K paraugiem (vidgji par 24 %), un ar1 p&c piecam uzglabasanas dienam

vairak ( vid&ji par 50 %).
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<

Avenes ( S)

6.att. Antocianinu satura izmainas avenu paraugos

Antocianinu satura izmainas uzglabasanas laika vargja ietekmét ar sakotn&ja ogu gatavibas pakape. Antocianinu
saturs un ta izmainas pétjjuma laika starp abiem avenu paraugiem (Skirni no Dambes (D) un SIA Skoras Darzi (S)) bija

atSkirigas (7.att.).
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7.att. Antocianinu satura izmainas avenu paraugos

Otras skirnes kontroles avenu D paraugiem antocianinu satura palielinajums nebija izteikts p&c vienas dienas
uzglabasanas (7,7%), bet péc piecu dienu uzglabasanas (20,5%). Biopoliméru apstrade Skiet aptur€jusi antocianinu satura
izmainas uzglabaSanas laika, jo p&c dienas uzglabasanas tas nepaaugstinajas, bet pat nedaudz samazinajas attiecigi (L1 5.8 %
un L3 8.5 %). Antocianinu saturs pétfjuma beigas paraugiem, kas bija apstradati ar biopolimériem tomer paaugstinajas
salidzinajuma ar kontroli KO (L 11.17%; L24.4%).

Kopgja fenolu satura izmainas pétijuma laika redzamas 8. att€la (Skoras Darzi). Kopgjo fenolu saturs avenu kontroles
paraugos visa uzglabasanas laika nedaudz palielindjas (pirmaja diena 7%, piektaja diena 13%)). Savukart ar biopolimériem
apstradatajos paraugos uzglabasanas laika konstatetas vel zemakas kop&jo fenolu satura izmainas. Tas bija nelielas pirmaja

diena L1 4%; L3 1% un piektaja nedaudz lielakas L1 10% un L3 4%.
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8.att. Kopgja fenolu satura izmainas avenu (S) paraugos

Otras saimniecibas (Dambe) avenu paraugu izmainas pétijuma laika redzamas 9.attéla. Izanaliz&jot datus,
konstatgjam, ka nav butisku atskiribu uzglabasanas laika starp kontroles un ar biopolimériem apstradatajiem avenu paraugiem.

Kopgjo fenolu daudzums uzglabasanas laika palielinas visos paraugos.
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9.att. Kopgja fenolu satura izmainas avenu paraugos

P&c vienas dienas uzglabasanas kopgjais fenolu saturs palielingjas K par 17,9 % un ar biopolimériem apstradatajos

paraugos lidzigi L1 18,2%, L3 13.5%, p&c piecam dienam K par 27.4 % un ar biopolim&riem attiecigi L1 29.3%; L3 27

Uzglabasanas laika konstat€ti mitruma zudumi visos avenu paraugos, kas apkopoti 2.tabula. Izvertgjot avenu masas
(mitruma) zudumus, ir redzams, ka ar biopolimériem apstradatajiem paraugiem tie ir nedaudz lielaki, salidzinot ar kontroles
paraugiem. P&c vienas diena uzglabasanas K paraugos masa samazinajas minimali no 0,45-0,50%. Ar biopolim&riem
apstradatajiem avenu paraugiem masas zudumi bija nedaudz lielaki Dambe paraugiem L1 0,50 Un L3 0,53%, Skoras Darzi”

attiecigi L1 0,54% un L3 0,64%.

2.tabula

Avenu masas zudumi procentos uzglabasanas laika

K (D) K (S) L1 (D) L1(S) L3 (D) L3 (S)
Laiks
1 diena 0.45 0.50 0.50 0.54 0.53 0.64
2 diena 0.78 0.96 0.84 0.99 1.07 1.23
5 diena 1.17 1.40 1.24 143 1.54 1.56

[zvertgjot rezultatus secinams, pirmkart, ar biopolimériem apstradatajiem paraugiem mitruma zudumi ir nedaudz
augstaki salidzinajuma ar K paraugiem, otrkart L3 apstradatiem paraugiem mitruma zudumi ir lielaki salidzinajuma ar L1 (

attiecigi D L1 1,24; SL1 1,43 un D L3 1,54; S L3 1,56).

Linijskalas sensora novértejuma garsas, cietibas, krasas, izskata un smarzas rezultati redzami 9.att€la. Par avenu
(Skoras Darzi) ar biopolimériem apstradato paraugu izskatu vertétaju domas dalijas, sakuma tas bija novertéts augstak,
salidzinot ar kontroli (K 8,1; L1 10; L3 9.7), uzglabasanas piektaja diena nedaudz zemak, bet p&tijuma beigas augstak paraugs
L3 10.
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9.att. Linijskalas (gar$as, cietibas, krasas, izskata, smarzas) sensorais novert&jums

Uzglabasanas laika smarZa augstak novertéta kontroles paraugiem. Pétijuma pédgja diena vertetaji biitiski zemak
novertgjusi ar biopolimeriem apstradatos L1 un L3 paraugus 1,6,bet K 2,4. Pec krasas pétijuma laika K paraugi visas dienas

bija noverteti bija noverteti augstak, bet uzglabasanas beigas piektaja diena L3 bija novertets nedaudz augstak (9,4).

P&c sensoras vertesanas rezultatiem, augstako garSas novertejumu sanémusi K paraugi p&tijuma sakuma un beigas.
P&tijuma sakuma kontroles paraugu cietiba tika novértéta augstak, bet pétijuma beigas ar biopolimériem apstradatajam

paraugam L1 7,4,

Staru diagramma 10 att€la, redzams avenu (S) pétijuma Linijskalas garSas, cietibas, krasas, izskata un smarzas

sensora novertgjuma rezultatu apkopojums.
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10.att. Avenu paraugu (S) sensorais novert§jums

Otras saimniecibas (Dambe) K avenu paraugu krasa pirmajas pétjjuma dienas vertetajiem patikusi labak, bet petfjuma beigas

— piektaja diena ar biopolimériem apstradata parauga L1 krasa bija noveértéti augstak 10,3 (10.att.).
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11. att. Linijskalas sensorais novertéjums

P&c izskata uzglabasanas laika avenu kontroles paraugi bija novertéti augstak, bet p&tijuma beigas ar biopolimériem
apstradatie avenu paraugi (L1 9,8; L3 9,2). Uzglabasanas laika augstakais smarZas novert&jums bija kontroles paraugiem.

Pétfjuma otra diena smarzas novertejums starp K un ar biopolimériem apstradatajiem paraugiem butiski neatskiras.

P&c sensora novértéjuma garsa noveértéta nedaudz augstak pirmaja uzglabasanas diena (DK 7,3; DL1 6,6; DL3 6,2),
salidzinot ar p&tijuma sakumu vai beigam. P&tijuma beigas (piektaja diena) paraugi novertéti ievérojami zemak K 2,7; L1 2,5;

L3 1,6. Paraugu cietibas sensorais novertgjums pétijuma sakuma K bija augstaks, kas uzglabasanas laika samazinajas no 8,3
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I1dz 6,4. 1zvertgjot cietibas sensoros veértejumus, redzams, ka pirmaja diena ar biopolim&riem apstradato paraugu cietiba bija
noverteta salidzinosi augstak L1 7,5; L3 7,9 ka K parauga K 7,2. Staru diagramma 12 att€la, redzams avenu (D) pé&tijuma

Linijskalas garsas, cietibas, krasas, izskata un smarZas sensora novértéjuma rezultatu apkopojums.

12 ——0diena

——1 diena

1 diena

Cietiba Izskats L1

1 diena
L3

——5 diena

——5 diena
L1

——>5 diena
Garsa Smarza L3

12.att. Avenu paraugu (D) sensorais novertgjums

Izvertgjot raugu un pelgjuma kopskaita izmainas avenu paraugos uzglabasanas laika redzamas, ka augstaks
piesarnojums konstatets kontroles paraugos 1. un 5. uzglabasanas diena (13. att.). Biitiska atkiriba tika novérota raugu un

pel&jumu kopskaita izmainam starp uzglabasanas dienam un paraugu piegades saimniecibam.
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13.att.Raugu un pel&juma kopskaita izmainas aveném uzglabasanas laika (2020. pétjjuma gada)

Izvertgjot bakteriju un pienskabes baktériju kopskaita izmainas uzglabasanas laika redzams, ka augstaki bakteriju

raditdji bija kontroles varianta péc uzglabasanas (14. att.). Butiska atSkiriba bakteriju kopskaita starp apstrades veidiem netika

konstateta (14. att., bakterijas). Savukart pienskabo bakteriju skaits butiski pieauga 5 uzglabasanas diena, atSkiriba starp

apstrades veidiem netika konstatéta, bet no mikrobiologiska viedokla svaigakas ogas bija no S saimniecibas, jo pienskabes

bakteriju kopskaits bija butiski zemaks salidzinosi ar saimniecibu D (14. att., pienskabes bakterijas).
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AVENES (2021.GADS)

Projekta uzdevumu ietvaros 8. un 21. septembri veikts komplekss pétijums avenu uzglabasanas laika pagarinasanai,
izmantojot apstradi ar biopolim&riem un biopoliméru ieliktnus. Lai novertétu biopolimeru parklajumu apstrades un ieliktnisu
efektivitati uz avenu kvalitati uzglabasanas laika, testéta avenu kvalitate, noteikti fizikalie raditaji (krasa, cietiba, masas

zudumi), kKimiskie un sensorie raditaji.

Testéta avenu ogu virsmas krasa. Noteiktas krasu L* a* b* vértibas ogu paraugiem, kuri bija uzglabati telpa
(dzesétava (4+1°C). Krasu vértibas CIE L*axb* krasu sistéma: L* vertiba-intensitate ( 0 = melns, 100 = balts); a* vértiba (—
ax = zal§, +a* = sarkans) un b* veértiba (b= = zils, +b* = dzeltens). Avenu krasu L*, a* un b* vértibas komponentu kopgjas

izmainas uzglabasanas laika atspogulo diferencu summa A E*.

Pétfjuma laika testétas ogu virmas krasu vértibas un aprékinatas krasu izmainas apkopotas tabulas. Pirmaja tabula
noraditi avenu paraugu virsmas krasu L* a* b* raditaju test€Sanas rezultati, kas iegiiti test€jot avenes, kuras ievaktas Dambes
saimnieciba, bet otra tabula avenes, kuras ievaktas saimnieciba “Skoras Darzi”. P&c piecu dienu uzglabaSanas dzesetava
novérotas pirma vakuma avenu virsmas krasas izmainas, ta kluvusi tumsaka, krasojums un sarkanaks. K paraugam a* vértiba
(sarkana krasa) palielinajas par 13,8%, bet apstradatajam A paraugam par 21,1%. Bitiski lielakas krasas izmainas konstatétas
kontroles paraugam par to noradija diferen¢u summa AE*(4,6 ). Avenu virmas krasojums uzglabasanas laika mainijas, kluva

piesatinataks, tumsaks. Par to norada krasas piesatinatiba C*ab pirmaja diena K 21,4, bet p&c 5 dienam 24,6.

1. Tabula
Avenu (D) virsmas krasu raditaju L* a* b* izmainas (C AE*) uzglabasanas laika
TestéSanas | Paraugi Krasu L*a*b*vertibas
laiks L* a* b* AE*Lab C*a
VID STDEV VID STDEV VID STDEV VID VID
0 diena K 255 1,4 19,9 2,4 7,9 3,0 - 21,4
5 dienas K 22,2 2,2 22,6 2,6 9,5 1,3 4,6 24,6
A 252 1,7 24,1 2,3 9,7 1,6 4,6 26,0
| 26,5 1,7 23,8 2,8 9,8 1,6 4,5 25,7
1R 26,3 1,7 229 31 9,7 1,6 3,6 24,8
1RA 258 1,7 24,0 2,7 9,7 1,4 4,5 25,9
1A 252 35 238 4,3 10,1 21 4,5 25,9
2RA 248 1,9 22,2 2,1 9,0 1,4 2,7 24,0
2R 27,1 1,2 24,6 33 10,3 1,9 5,5 26,7
7 dienas 1RSL 24,4 1,5 23,9 3,2 9,0 1,8 43 25,5
KSL 22,7 1,1 238 2,2 8,6 1,4 4,9 25,3
ISL 219 1,5 23,5 3,0 8,2 1,7 51 24,9
2RSL 25,1 1,9 247 2,8 8,9 1,4 5,0 26,3

P&c 5 dienu uzglabasanas dzesgtava avenu paraugiem (S) ogu virmas krasa kluva tumsaka (2.tabula). a* vértiba
palielinajas K paraugam 10,6%, bet par&jiem paraugiem lidz 15,2%. Izveért&jot ogu paraugus, kuri glabajas SHELF LIFE (SL)
telpas temperatiira redzams, ka ir krasu diferenéu summa izmainas AE* atSkirigas. Biopolimeru apstrades un ieliktnu
efektivitate (diferencu summa AE*Lab biitiski mazaka) novérota paraugiem:1RSL 2,6; 2RSLA2.4; 1ISL 2,5, bet kontroles
paraugiem (diferenéu summa AE*Lab augstaka) KSL 4,4 KSLA4,8.
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2. tabula.

Avenu (S) virsmas krasu raditaju L* a* b* izmainas (C AE*) uzglabasanas laika

Krasu L* a* b* vertibas
TesteSanas Paraugi L* a* b* AE*Lab C*ab
laiks
VID Stdev VID Stdev VID Std VID VID
0 diena K 24,2 14 18,5 2,2 18,5 1,2 - 18,5
5 diena K 22,4 14 20,5 1,9 20,5 0,9 34 20,5
A 22,6 1,0 19,9 18 19,9 1,0 2,6 19,9
| 21,2 0,9 20,4 2,1 20,4 11 4,1 20,4
1R 21,9 2,0 20,9 3,1 20,9 1,5 4,2 21,0
1RA 20,5 2,6 21,3 3,4 21,3 1,5 55 21,3
1A 21,8 1,2 20,8 2,4 20,8 1,2 41 20,8
2RA 22,0 14 20,0 2,9 20,0 14 31 20,0
2R 23,1 11 20,4 15 20,4 0,7 2,9 20,4
7 diena 1RSL 21,7 1,6 18,4 2,9 18,4 1,5 2,6 18,5
1RSLA 20,9 1,6 18,0 2,3 18,0 0,9 34 18,1
2RSL 21,9 11 19,6 18 19,6 1,0 2,8 19,6
2RSLA 21,9 1,3 18,9 2,3 18,9 1,1 2,4 18,9
KSL 21,6 1,6 17,9 2,8 17,9 1,3 4,4 18,0
KSLA 20,3 2,3 16,6 2,7 16,6 11 4,8 16,6
ISL 21,8 19 18,3 2,4 18,3 11 2,5 18,3
IASL 21,2 1,2 18,0 1,2 18,0 0,8 3,2 18,0

Pétfjuma laika D un S venu paraugu viena dala ogu paraugu uzglabati SHELF LIFE apstaklos, un to masas

zudumi aprékinati un apkopoti 3.tabula.
3.tabula

Masas zudumi procentos

Avenes (D) Avenes (S)

Paraugi 5 dienas 7 dienas 9 dienas 5 dienas 7 dienas 9 dienas
KSL 2,3 3,3 4,1 2,1 3,2 4.4
ISL 1,7 2,6 41
KSLA 2,1 3,0 3,8 2,0 2,8 44
IASL 2,1 3.1 4,1 2,0 2,9 5,7
1RSL 2,0 2,8 3,6 1,8 2,6 38
2RSL 19 2,8 3,5 2,3 3,9
1RSLA 2,3 3,3 43 1,7 2,7 47
2RSLA 2,1 2,9 39 2,3 34 5,2
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D avenu paraugiem, lielakie ogu masas zudumi p&c piecu dienu uzglabasanas telpas temperatiira 2,3% KSL un

IRSLA paraugam, bet mazakie 1,7% ISL. Savukart S avenu
paraugiem lielakie zudumi p&c apstrades 2RSLA 2,3%, bet mazakie 2RSL 1,6%.
Avenu cietibas izmainas nebija biitiskas, tikai paradijas tendence, kas varbiit norada par apstrades efektivitati ar

biopolim&riem (1. att.).
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1.att. Avenu cietibas izmainas petijjuma laika

Avenu cietiba biitiski nemainijas p&tjjuma laika pirma vakuma ogam. K un I paraugiem pé&c piecu dienu uzglabasanas ta
minimali samazingjas (no 0,39N Iidz 0,37N un 0,38N). Savukart ar biopolimériem apstradatajiem paraugiem ta nedaudz
paaugstinajas salidzinot ar pirmo dienu no 2 lidz 7% (1RA un 2RA), iznemot 2R (kur samazinajas par 8%).P&tfjuma beigas

parauga 1RSL (4,0 N) ar biopolim&riem apstradato avenu cietiba bija augstaka salidzinajuma ar K (0,36N) paraugu.

Avenu (S) paraugu cietibas test€Sanas rezultati un izmainas redzamas 2. att€la. Avenu (S) ogam (vérojama
tendence) cietiba uzglabasanas laika ( péc piecam dienam) samazinajas. Lielakais samazinajums novérots aveném péc
apstrades A(21%) un 2R (17%). Nedaudz mazaks cietibas samazinajums bija paraugiem K (16%), I (13%), 1R (9%) un IA

(7%). Savukart paraugiem 1RA un 2RA vérojama tendence uz ogu cietibas palielinasanos.

5.tabula
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Skisto$as sausnes saturs petijuma laika D un S aveném mainijas. Pec piecam avenu D paraugu uzglabasanas dienam

dzesétava tas palielindjas no 4,6% (A) 1idz 10,6% (I) paraugos, bet 0,6% (K) 1idz 11,9% (I) avenu S paraugos (3.attgls).
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att. Skistosas sausnas satura izmainas pétijuma laika

1RSL KSL

10,8
M 104
Ea
ISL  2RSL
7 dienas

Savukart D un S avenu ogu paraugiem, kas uzglabati SHELF LIFE apstaklos, skisto$as sausnes saturs, palielinajas

salidzino8i mazak, attiecigi 1,7 lidz 5,6% (avenes D) un 0,1% Iidz 8,2% ((avenes S).
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4.  att. Skistosas sausnas satura izmainas petjjuma laika

Starp paraugiem sausnas saturs nebija btiski atskirigs, bet p&c apstrades ar biopolimériem tas nedaudz palielinajas,
kas skaidrojams ar biopoliméru kimisko sastavu. Skistodds sausnes saturs abu vakumu K paraugiem samazinajas 3.15 un 9,7%,

kas saistits ar ogu pargatavosanos.

Avenu (D) paraugu kopgjas skabes satura testeSanas rezultati apkopoti 5.attéla. P&c piecu dienu uzglabasanas kopgjas
skabes saturs avenu D kontroles bija samazinajies attiecigi par 17,3% .Izveért&jot pirma vakuma ar biopolimériem apstradatos

0gu paraugus, verojama neliela apstrades ietekmes efektivitate gan p&c piecu dienu uzglabasanas, gan SHELF LIFE perioda.
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5. att. Kopgjas skabes satura izmainas p&tjjuma laika

Avenu (S) paraugu kopgjas skabes satura testéSanas rezultati apkopoti 6.attela. P&c piecu dienu uzglabasanas kopgjas

skabes saturs avenu S kontroles bija samazinajies attiecigi par 7,5%.
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6. att. Kopgjas skabes satura izmainas pétijuma laika

Abos gadijumos kopgjas skabes satura samazinajums ir mazaks, neka K paraugam iznemot ISL paraugu.

161 169 169 164 162 157 154 161

Axis Title

2RASL

Antocianinu satura izmainas avenu D paraugiem pétijjuma laika apkopotas 4. tabulda. Antocianinu saturs

uzglabasanas laika avenu K parauga palielinajas (vid&ji par 22,2 %), salidzinot ar kontroli 0 diena. Izvértgjot ar biopolimé&riem

apstradatajos paraugus, secinam, ka péc paraugu piecu dienu uzglabasanas dzes€tava, antocianinu saturs paraugos palielinajas

lidzigi (vid&ji par 22,8 %). Izvertgjot paraugus, kuri uzglabajas Shelf Life, redzams, ka antocianinu saturs tajos palielinajas

vairak. K 31,4%, bet apstradatajos 1RSL (47,2%);2RSL (46,4%), bet ar ieliktni ISL 58,8%.

Pétfjuma laika kopgja fenolu satura palielinajuma izmainas péc 5 dienu uzglabasanas dzesétava K paraugos (11,4%)

lidzigas ar biopolimériem apstradato paraugu fenolu satura izmainam, kas ir nedaudz augstakas (vidgji 14,1%) (4.tabula).

Izvertgjot paraugus, kuri uzglabajas Shelf Life, redzams, ka kopgjais fenolu saturs ar biopolimériem apstradatajos paraugos

palielinajas vairak (Iidz 22,3%), salidzinot ar K (vidgji 12,1%). Kopgjais fenolu satura palielinajums (vidgji 17,7%) péc

apstrades varétu bt skaidrojamas ar pasu biopoliméru kimisko sastavu.

4. tabula.
Kopgja antocianinu un fenolu satura izmainas uzglabasanas laika D avenés
*Kopgjais antocianinu saturs, ) *Kopgjais fenolu saturs, mg 100 )
Datums Paraugs mg 100 g* fzmaigas gt fzmaipas
Vid. Stdev % Vid. Stdev %
0 diena K 20,1 0,8 105,9 3,4
K 24,5 0,0 22,2 117,9 52 11,4
A 239 0,5 19,0 1143 6,5 8,0
| 24,9 0,2 24,0 117,8 8,2 11,3
 diena 1R 24,2 1,7 20,4 115,5 8,4 9,1
1RA 25,4 1,6 26,8 124,3 49 17,4
1A 24,8 1,0 23,6 125,6 2,9 18,7
2RA 243 0,5 20,9 124,0 6,9 17,2
2R 25,1 0,2 249 123,7 0,7 16,8
7diena | KSL 26,4 0,6 31,4 118,7 2,0 12,1
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1RSL 29,5 11 47,2 122,7 1,9 15,9
ISL 31,9 0,7 58,8 129,5 1,7 22,3
2RSL 29,4 0,5 46,4 121,6 11,4 14,9
*Kopé&jais antocianinu saturs izteikts cianidin 3glikozida ekv. mg100 gt
*Kopgjais fenolu saturs, izteikts ar galluskabes ekv. mg 100 g
Antocianinu un kopgja fenolu satura izmainas avenu S paraugiem pétijuma laika apkopotas 5.tabula.
5. tabula
Kopgja antocianinu un fenolu satura izmainas uzglabasanas laika S avenés
*Kopgjais antocianinu saturs, ) *Kopgjais fenolu saturs, mg 100 )
Datums Paraugs mg 100 g** lzmaigas gt fzmaigas
Vid. Stdev | % Vid. Stdev | %
0 diena K 31,0 0,6 146,8 8,6
K 31,8 0,3 2,8 128,1 53 -12,7
A 39,5 2,5 27,5 130,5 9,0 -111
| 36,3 1,8 17,0 178,9 13,9 21,9
 diena 1R 37,6 1,9 21,4 163,3 3,2 11,3
1RA 41,8 2,0 35,0 148,7 12,8 1,3
1A 38,5 53 24,3 175,3 0,5 19,4
2RA 44,7 1,8 44,3 199,0 2,0 35,6
2R 38,7 1,2 25,0 155,1 3.9 57
KSL 43,2 0,7 39,3 156,2 0,7 6,4
KSLA2 455 1,7 46,8 157,7 1,8 74
ISL 46,7 0,6 50,6 170,8 52 16,4
7 diena IASL 45,0 0,3 45,2 159,9 55 9,0
1RSL1 46,4 0,3 49,8 165,6 9,5 12,8
1RSL1A 44,2 0,4 42,7 154,5 0,5 53
2RSL 45,3 2,6 46,3 152,3 8,4 38
2RSL2A 429 0,1 38,4 154,1 19 50

*Kopé&jais antocianinu saturs izteikts cianidin 3glikozida ekv. mg100 gt

*Kopgjais fenolu saturs, izteikts ar galluskabes ekv. mg 100 g

Antocianinu saturs avenu K parauga péc piecam dienam palielinajas pavisam nedaudz 2,8%, salidzinot ar p&tijuma

pirmo dienu (0), bet ar biopolim&riem apstradatajiem paraugiem antocianinu saturs palielinajas butiski vairak vidgji par 27,8%.

Lielakais palielindjums bija p&c apstrades ar biopolimeriem 2RA (44,3%) un 1RA (35%).1zvertgjot antocianinu saturu p&c

ShelfLife uzglabasanas (septinam dienam), apstradajos paraugos ISL un IASL ir lidzigs (45,5 un 46,7mg 100 g™), bet nedaudz

augstaks, ka paraugam K (43,2 mg 100 g1).

P&c piecu dienu uzglabasanas kop&jais fenolu saturs K paraugam (vid. 128,1 mg 100 g'1), bet p&c apstrades ar

biopolimériem ievérojami paaugstinajas 2RA 1idz 199 mg 100 g starp apstradatajiem paraugiem vidgjais 166,01 mg 100 g

Shelf Life uzglabasanas laika fenolu saturs starp apstradatajiem paraugiem biitiski neatskiras tas bija vidgji 156,7 mg 100 g%;

ar ieliktni bija nedaudz augstaks ISL 170,8 mg 100 g, bet ar ieliktni un apstradi TASL 159,2 mg 100 g™*.
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Sensora vertésana.

Avenu (D) sensora vertésanas rezultati pec linijskalas apkopoti 6.tabula. K(0) ir pirma avenes ir degustétas pétijuma
uzsaks$anas diena, K un pargjie avenu paraugi ir testéti pétijuma piektaja diena. P&c sensoras vertésanas rezultatiem secinams,
ka vertetajiem péc krasas, péc piecu dienu avenu (D) uzglabasanas, vislabak patikusi paraugi A (10,9), ka nakosie bija K un
2R (10,5), kas bija novérteti vienadi. P&c izskata augstak novertéti paraugi K(0) un 2R vienadi ar 10,7. P&c garsas vertetajiem
vislabak paticis paraugs péclR novertéts (10,9), bet mazak patikusi paraugi péc citu receptiiru apstrades. Tie novertéti no
intervala 6,9 (A) lidz 9,9 (2R). P&c smarzas - aromatiskakas un cietakas ir bijusas K ogas ( vertejums attiecigi 5,0 un 8,7), bet

no apstradatajam 1R (attiecigi 4,9 un 8,5).

6. tabula
Pirma vakuma avenu sensoro Ipasibu intensitates novertgjums
) Krasa Smarza Izskats Garsa Cietiba
Laiks Paraugs _ _ _ _ _
Vid. Stdev. | Vid. Stdev. | Vid. Stdev. | Vid. Stdev. | Vid. Stdev.
Odiena | K(O) 9.4 0.7 1.8 0.6 10.7 0.4 8.9 7.8 0.6 1.2
1R 10.4 0.3 49 1.2 10.1 0.5 10.9 8.5 0.2 0.8
K 10.5 0.2 5.0 15 10.4 0.3 10.5 8.7 0.2 0.6
A 10.9 0.3 4.7 1.2 8.9 0.4 6.9 8.1 14 0.6
] 2R 10.5 0.2 24 0.8 10.7 0.1 9.9 7.7 0.5 0.7
5 diena
2RA 9.7 0.3 4.2 0.6 9.2 0.6 9.1 6.7 0.7 0.9
| 10.2 0.3 3.0 11 9.1 0.5 7.3 7.6 1.0 0.7
1A 10.1 0.4 2.9 1.2 9.0 0.4 8.2 6.6 0.6 1.2
1RA 5.7 1.3 3.7 0.7 94 0.9 8.9 6.9 0.9 0.8

Avenu D paraugu sensoro Ipasibu: izskata, krasas, smarzas, cietibas un garSas vert€Sanas rezultati pec linijskalas

apkopoti 7.attela.
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Krasa
12

Cietiba Smarza
Garsa Izskats
——~0dienaK (O) 5 diena 1R 5 diena K 5 diena A —5 diena 2R
——5 diena2RA ——5 dienal ——5 diena IA ——5 diena 1RA

7.att. Avenu (D) paraugu linijskalas sensorais novertejums

Izvertgjot otras skirnes avenu (S) paraugu Linijskalas sensora novertgjuma rezultatus, mes redzam, ka vislabakais
noveértgjums ir K(0) paraugam visam ipasibam (7.tabula). Analiz&jot, avenu (S) paraugu rezultatus, péc piecu dienu
uzglabasanas, ar biopolimériem apstradatos paraugus un pargjos paraugus, redzams, ka péc krasas augstakais novertejums I
(8,8) un 2RA (8,6), bet p&c izskata 1R un 2R (8,7). Vertetaji ka aromatiskakas péc smarzas atzinusi I un K (3,7), bet ka
garsigakas I (8,1) paraugu ogas. Savukart ka stingrakas un cietakas bijusas 2R (6,8) ogas.

7. tabula
Otra vakuma avenu sensoro Ipasibu intensitates noveértéjums
Krasa Smarza lzskats Garsa Cietiba
Laiks Paraugs _ _ _ _ _
Vid. Stdev. | Vid. Stdev. | Vid. Stdev. | Vid. Stdev. | Vid. Stdev.

0 diena K (0) 9,9 0,9 4,2 0,9 9,6 1,0 8,8 0,9 8,9 1,1

1R 8,4 1,1 3,7 1,0 8,5 1,1 7,4 1,1 6,4 1,0

K 8,1 1,2 25 0,8 8,6 1,0 79 1,0 6,2 0,8

A 8,8 1,1 3,7 0,8 8,5 1,0 8,1 0,8 5,8 0,9

2R 8,3 1,1 3,0 0,9 8,7 1,0 7,6 1,2 6,2 1,0
5 diena

2RA 8,4 1,1 3,2 0,6 8,7 1,1 7,7 1,0 6,8 0,9

| 7,8 1,2 2,8 0,8 8,6 0,9 8,0 0,8 6,7 0,9

1A 8,2 1,2 3,2 0,5 8,1 1,0 7,7 0,9 6,7 0,9

1RA 8,6 1,0 3,0 0,6 7,6 1,0 7,4 1,0 72 0,9
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P&tfjuma avenu S paraugu sensoro Ipasibu: izskata, krasas, smarzas, cietibas un garSas vért€sanas rezultati

uzglabasanas laika p&c linijskalas apkopoti 7.attéla.

Cietiba

Smarza
Garsa Izskats
——0diena K (0) ——5 diena K  e===5 dienaA ——5 dienal ——5 diena 1R
——5 diena2R  ——5 dienalA ——5 diena 1IRA ——5 diena 2RA

7.att. Avenu (D) paraugu linijskalas sensorais novertgjums

Bitiski zemaks raugu kopskaits noverots avenu paraugiem no saimniecibas S (8. att.). Biitiska atSkiriba starp paraugu

veidiem aveném netika novérota. Butiska atSkiriba novérota starp paraugu piegades saimniecibam.

7.00

6.00 T

5.00 { T {
o
< 4.00 I \ |
2
g
= 3.00 — B
=y 5.24 :
3 4.70 5'03 B 4.65 ) | 4.70 uS
@ 200 139 .

1.00 —

0.00

K K A | 1R 1RA 1A 2RA 2R
Odiena 5diena
Uzglabasanas laiks

359



8. att. Raugu kopskaita izmainas aveném uzglabasanas laika (2021. p&tijuma gada)

Pétfjuma sakuma (0 diena) kontroles (K) paraugam konstatétas mikroskopiskas sénes (9. att.). Savukart uzglabasanas laika
daZiem paraugiem to skaits samazinajas savukart citiem pieauga (9. att.). Lidz ar to vél reiz gribas uzsvert, ka p&tijums jaturpina

treso gadu.
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9. att. Pelgjuma kopskaita izmainas aveném uzglabasanas laika (2021. p&tijjuma gada)

Iegtti dati bakteriju kopskaitam ir pretrunigi (10. att.), secinajumu par apstrades efektivitati viennozimigi nav iespgjams

veikt, tade] pétijums tiks turpinats treSo gadu.
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10. att. Baktériju kopskaita izmainas aveném uzglabasanas laika (2021. p&tijuma gada)

Augsts pienskabes baktériju raditajs bija konstatéts kontroles paraugam K no saimniecibas D (11. att.), uzglabasanas laika visi
apstrades veidi (iznemot IA, 2R) samazinaja pienskabes bakteriju attistibu. Kas var, liecina par apstrades veida efektivitati pret
noteikto baktériju sugu. Savukart paraugam A un 1R saimniecibas S pienskabes bakteriju skaits biitiski picauga, iesp&jams tas

ir saistitas ar sekundaru bojasanas kas tika radita paraugu uzglabasanas laika.
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11. att. Pienskabes bakteriju kopskaita izmainas avenem uzglabasanas laika (2021. p&tjjuma gada)
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AVENES 2022

Projekta uzdevuma ietvaros 2022. gada 12. septembri veikts komplekss pétijums (1. att.), avenu ogu Skirném “Imara”,
“Enrosadira” no zemnieku saimniecibam Valters Dambe (D) un SIA “Skoru Darzi” (S). Ogu kvalitates saglabasanai
uzglabasanas laika izmantojot biopoliméru apstradi un ieliktnus, kas bija izstradati un sagatavoti LU un DI. LU izstradats
parklajums un ieliktni galvenokart sastavéja no biocelulozes. DI izstradata parklajuma un ieliktnu receptiiras ir atspogulotas
protokolos: ,,Levana, dekstrana parklajumu izstrade un izvértésana”, ,,Jaunizveidota iepakosanas kompozitmaterialu prototipa
receptiira, pielietojot EPS”. Paraugu Sifréjums: K — Kkontrole, A — apstrade, 1R -plévju pirma receptiira, 2R — plévju otr;a
receptiira, 1RA —plévju pirma receptiira apstradats, 2RA— otra receptira apstradats, | — ieliktnis (abolu) IA- ieliktnis(abolu)
apstradats, C- ieliktnis ar celulozes pamatsastavdalu 1 receptiira, CA- ieliktnis ar celulozes pamatsastavdalu 1 receptira,

apstrade. Paraugi C un CA analizgti tikai avenu ogam no saimniecibas “Skoru Darzi” (S).

Avenu paraugu apstrade ar
biopolimériem

T =

1. att. Avenu ogu paraugu kompleksais petijjums

Lai vispusigi novertétu biopolimeru parklajumu apstrades un ieliktniSu efektivitati uz avenu kvalitati uzglabasanas
laika pagarinasanai, testéta avenu kvalitate, noteikti fizikalie raditaji (krasa, cietiba, masas zudumi), kimiskie (2. att.) un

sensorie raditaji.
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2.att. Avenu paraugu kimisko parametru izvértésana nosakot kvalitates izmainas uzglabasanas laika.

Testeta avenu ogu virsmas krasa ar spektrofotometru CM-2500c. Noteiktas krasu L* a* b* vértibas ogu paraugiem
visa pétjjuma laika. Krasu vertibas CIE L*a*b* krasu sistema: L* veértiba-intensitate ( 0 = melns, 100 = balts); a* vértiba (—
ax = zal§, +a* = sarkans) un b* veértiba (b= = Zils, +b* = dzeltens). Avenu krasu L*, a* un b* vértibas komponentu kopgjas

izmainas uzglabasanas laika atspogulo diferencu summa A E*.

Petfjuma laika testtas ogu virmas krasu raditaju vértibas. Tas fiks€tas un aprékinata AE* un krasas piesatinatiba
C*ab, kuru izmainas apkopotas tabulas. Pirmaja tabula noraditi avenu paraugu virsmas krasu L* a* b* raditaju testeSanas
rezultati, kas iegiiti testgjot avenes, kuras ievaktas Dambes saimnieciba. Savukart otraja tabula apkopoti rezultati p&c avenu
testSanas, kuras ievaktas saimnieciba “Skoras Darzi”. P&c apstrades ar biopolimériem avenu virsma kluva nedaudz tumsaka.
P&c piecu dienu uzglabasanas dzes€tava visu avenu virsmas krasa kluvusi tumsaka, sarkanais krasojums piesatinataks. P&c
krasu testa rezultatiem redzams, ka krasu vertibas L*; a* b* mainas uzglabasanas laika. K parauga L* vertiba (gaiSais tonis)

samazinajas 2,2 %, bet apstradatajiem A par 4,1%.

1.Tabula
Avenu (D) virsmas krasu raditaju L* a* b* izmainas (C AE*) uzglabasanas laika
Krasu L*a*b*vertibas
Laiks Paraugi L* a* b* AE*Lab C*ab
Vid. Stdev Vid. Stdev | Vid. Stdev Vid. Vid.

0 diena K 27.7 13 22.7 2.8 9.4 2.0 246
K 27.1 22 20.7 32 8.5 1.8 2.3 224
A 26.5 11 22.0 3.1 9.3 1.9 13 239
1R 26.7 1.9 22.3 3.0 9.5 1.8 1.0 24.2

5dienas | 2R 26.6 18 224 2.7 8.6 1.6 14 240
1RA 25.7 1.7 204 24 79 15 35 21.8
2RA 24.5 1.2 20.6 2.0 8.5 1.0 3.9 22.3
| 26.0 2.2 221 3.2 9.4 1.7 1.8 24.0
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1A 241 2.5 19.7 2.5 7.9 1.7 4.9 21.2
KSL 225 4.6 17.9 3.7 8.5 1.7 7.1 19.8
1RSL 23.4 3.0 18.7 29 7.3 1.3 6.2 20.1
2RSL 25.1 2.8 18.4 35 7.5 1.9 54 19.8
7 dienas 1RASL 231 3.9 17.6 3.8 7.4 1.6 7.1 191
2RASL 25.2 3.9 191 3.6 7.1 1.8 5.0 204
ASL 22.8 3.8 17.1 25 6.9 1.2 7.8 18.5
ISL 24.8 3.6 18.0 4.6 7.3 2.4 6.0 19.4
IASL 21.3 2.2 21.0 1.2 9.7 1.2 6.6 231

P&c piecu dienu uzglabasanas avenu paraugu (D) mazakas virsmas krasu izmainas bija 1R paraugam AE*(1,0), bet
lielakas ar IA (4.9). Savukart pec 7 dienu uzglabasanas mazakas AE* izmainas 2RASL (5,0), bet vislielakas virsmas krasu

izmainas bija (ASL 7.8).

Avenu (D) virmas vispiesatinatakais krasojums (C*ab) p&c piecam dienam bija 1R(24,2) paraugam, bet mazak
piesatinataks — gaisaks IA ((21,2). P&c septinam dienam attiecigi mazakais C*ab paraugam ASL(18,5), bet piesatinatakais
IASL(23,1).

Peétfjuma laika “Skoras Darzi” paraugu (S) virsmas krasu izmainas p&c uzglabaSanas dzesgtava apkopotas 2.tabula.
Avenu virsmas krasa uzglabasanas laika kluva tumsaka, par to liecina L* ve@rtibas samazinaSanas. Pec piecu dienu
uzglabasanas L* vértiba, salidzinot ar 0 dienu, samazinajas par 10 % K paraugam, bet paraugiem 1RA par 5%, 2R; 2RA, I un
CRA par 8%. Izvertgjot krasu vertibu-diferencu summas AE* rezultatus, paraugiem, kuri glabajas SHELF LIFE temperatiira,
redzams, ka izmainas ir atSkirigas. Vislielaka AE* ir K paraugam (4,3), bet butiski mazaka ir ar biopolimé&riem apstradatajiem

paraugiem:1RSL 2,6; 1RSLA 3,3; 1ISL 3,7.

2. tabula.
Avenu (S) virsmas krasu raditaju L* a* b* izmainas (C AE*) uzglabasanas laika
Krasu L* a* b* vertibas
Laiks Paraugi L* a* b* AE*Lab C*ab
Vid. Stdev | Vid. Stdev Vid. Stdev | Vid. Vid.

0 diena K 24.0 1.2 13.0 25 4.7 11 13.8
K 215 26 14.6 29 6.1 1.2 3.3 15.8

A 211 21 13.6 2.0 5.0 0.6 3.0 14.5

1R 21.8 1.8 13.8 24 5.0 0.7 2.4 14.7

2R 22.1 2.7 13.4 2.6 49 1.0 19 14.3

& dienas 1RA 22.9 1.2 14.9 25 55 0.9 2.4 15.9
2RA 22.1 3.3 13.9 2.9 5.2 1.2 2.2 14.8

| 22.1 24 14.7 2.7 55 55 2.7 15.7

1A 20.8 2.8 145 2.8 53 1.0 3.6 15.5

CR 20.9 25 133 19 51 0.7 32 14.3

CRA 22.1 1.7 14.1 2.0 5.6 0.8 2.4 15.1

7 dienas KSL 20.3 24 15.1 1.8 54 0.7 4.3 16.0
1RSL 215 14 13.9 18 4.8 0.8 2.6 14.7
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2RSL 21.0 2.7 15.0 2.7 6.2 1.2 3.9 16.2
1RASL 21.0 2.7 14.4 25 51 0.8 3.3 15.2
2RASL 21.4 1.3 15.6 24 59 1.0 3.9 16.7
ASL 21.0 14 153 0.7 6.6 1.7 4.2 16.6
ISL 214 0.9 154 2.2 56 0.8 3.7 16.4
IASL 215 18 16.2 2.2 5.7 1.0 4.2 17.2
C.SRSL 215 24 13.8 2.0 7.6 1.0 3.9 15.7
C.SRASL 20.8 1.5 153 2.5 54 1.0 4.0 16.2

P&c piecu dienu SHELF LIFE uzglabasanas avenu (S) virmas vispiesatinatakais krasojums (C*ab) bija 1RA (15,9),
bet mazak piesatinatakais krasojums 2R un CR (14,3), bet p&c septinam dienam attiecigi lielakais C*ab ISL(17,2) un mazakais
C*ab 1RSL (14,7).

Pétijuma laika, péc piecam un septinam uzglabasanas dienam, fikséti D un S avenu paraugu masas zudumi.

Masas zudumu izmainas procentos (%) paraugos apkopotas 3.tabula.
3.tabula

Masas zudumi procentos

Paraugi Avenes (S) Avenes (D)
5 dienas 7 dienas 5 dienas 7 dienas

K 19 4.7 25 4.8
A 4.0 51 2.9 53
1R 2.2 4.2 2.0 4.0
2R 24 4.0 2.0 4.3
1RA 25 5.6 2.2 51
2RA 3.0 53 24 5.0
| 2.2 4.3 2.0 4.3
1A 2.3 6.4 24 4.6

CR 2.5 5.1 - -

CRA 4.5 5.3 - -

Lielakie ogu masas zudumi p&c piecu dienu uzglabasanas S avenu paraugiem, kas apstradati ar biopolim@riem: A
(4,0%) un CRA (4,5%), bet mazakie K paraugam (1,9%). Péc SHELF LIFE septinu dienu uzglabasanas lielakie masas zudumi
bija aveném péc apstrades A (5,3%), bet mazakie paraugam 1R (4,0%).

Izvertgjot avenu ( D) paraugus, redzams, ka mazakie masas zudumi péc piecu dienu uzglabasanas bijusi p&c
biopolim@ru apstrades 2,0% paraugiem:1R, 2R un I bet lielakie zudumi paraugam A (2.9%). Savukart p&c septinu dienu

uzglabasanas mazakie zudumi 1R 4,0 %, bet lielakie zudumi 1RA 5,1%.

Avenu cietibas izmainas nebija butiskas, tomeér ir ve€rojama cietibas palielinaSanas tendence p&c septinu dienu

uzglabasanas, kas norada par biopolimériem apstrades efektivitati (3. att.).
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3.att. Avenu (D) cietibas izmainas pétijjuma laika.

Cietiba péc piecu dienu uzglabasanas samazinajas visiem paraugiem. P&c apstrades ar biopolimériem no 7,4% (IA) 1idz 30,9%
(2R). Savukart p&c septinu dienu uzglabasanas K paraugam cietiba samazinajas par 32,2%, bet ar ar biopolim&riem

apstradatajiem paraugiem ta samazinajas mazak no 15,3% (1RSL) Iidz 28,2% (IASL).

Avenu (S) paraugu cietibas testéSanas rezultati un izmainas redzamas 4. att€la. Avenu (S) paraugiem
uzglabasanas laika ( p&c piecam dienam) cietiba samazinajas. Lielakais samazinajums noverots p&c biopoliméru apstrades
paraugiem: 2RA(18,2%) un 1RA, CR un I (17,4%). Minimals cietibas samazinajums bija paraugiem K (16%), I (13%), 1R

(9%) un IA (7%). Savukart paraugiem 1RA un 2RA vérojama tendence uz ogu cietibas palielinasanos.
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4.att. Avenu (S) cietibas izmainas pétijuma laika

Skistosas sausnes saturs pétijuma laikd nedaudz paaugstinajas (D) avenu paraugos. Avenu (D) paraugos, p&c piecam
uzglabasanas dienam dzesgtava, §kisto$as sausnas saturs palielinajas par 2% K parauga, un p&c apstrades ar biopolim&riem no
3 Iidz 11% (5.attels).
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5. att. Skisto3as sausnas satura izmainas avenu (D) paraugos.

Avenu (D) ogu paraugiem p&c septinam uzglabasanas dienam, kas uzglabati SHELF LIFE apstaklos, Skisto$as
sausnes saturs, palielinajas paraugos péc apstrades ar biopolimeriem 1idz 13%. Skistosas sausnas saturs starp paraugiem nebija
butiski atSkirigs, bet uzglabasanas laika tas nedaudz palielinajas, kas var€tu biit skaidrojams ar biopoliméru apstradi.

Biopolimeru apstrades kimiskais sastavs vargja izraisit $kisto$as sausnas satura paaugstinasanos.

Avenu (S) paraugos $kistoSas sausnas satura izmainas petijuma laika redzamas 6. att€la. P&c piecam uzglabasanas

dienam sausna nedaudz paaugstinajas visos paraugos. K parauga lidz 1%, bet péc apstrades no 2 lidz 6%.
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Uzglabasanas laiks

6. att. Skisto$as sausnas satura izmainas avenu (S) paraugos pétljuma laika.

P&c septinam uzglabasanas dienam K paraugos $kistosas sausnas saturs samazinajas lidz 4%, bet pargjos tas palika

nemainigs (2RSL, CRSL, C.RASL) vai paaugstinats (ASL, IASL,1RSL,1RASL, 2RASL).

Avenu (D) paraugu kopgjas skabes satura test€Sanas rezultati apkopoti 7. attéla. P&c piecu dienu uzglabasanas
kopgjas skabes saturs avenu (D) K parauga bija samazinajies attiecigi par 44 %, bet p&c apstrades ar biopolimériem ievérojami
mazak no 17% (2R) lidz 28% (IA). Savukart péc septinu dienu uzglabasanas skabes saturs samazinajas K parauga par 45%,
bet parjos paraugos no 32% lidz 35%. Izvertgjot pirma vakuma ar biopolimériem apstradatos ogu paraugus, vérojama
apstrades ietekmes efektivitate péc piecu dienu uzglabasanas, bet SHELF LIFE perioda nedaudz, jo avenes p&c septinam

dienam tomér pargatavojas un §aja procesa sakas ari organisko skabju noardisanas.
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7. att. Kopéjais skabes satura izmainas pétijuma laika.

Avenu (S) paraugu kopéjas skabes satura test€Sanas rezultati apkopoti 8. att€la. Pec piecu dienu uzglabasanas

kopgjas skabes saturs avenu (S) kontroles paraugam bija samazinajies attiecigi par 23%, bet ievérojami mazak péc apstrades

ar biopolimériem attiecigi no 8% (A) lidz 17% (IA).

< Avenes (S)
£ 20 11,66
2 ’ 1,52 1,50 1,49 1,49 1,50
5 161 128 1,38 1,40 138 " 1251211,241,261,23 138 135 1,871,32 1,30 1 75
é 1,2
% 0,8
= 04
g 00

Y ¥ € @ r < < T << xx < S 4J4 J4 9 g9 J g9 9 4J
2 | N oz o S oz 2 28222%°2%

— N

C.RSL
C.RASL

0 diena 5 dienas 7 dienas
Uzglabasanas laiks

8. att. Kopgjais skabes satura izmainas pétijuma laika.

Pec septinu dienu uzglabasanas kopgjais skabes saturs turpinaja samazinaties visos paraugos. Tomér mazaks
kopgjais skabes sazinajums bija vérojams p&c apstrades ar biopolimériem (K 27% un no 17% IRASL lidz 25% CRASL). Abu

vakumu (S) un (D) avenu paraugos kopgjais skabes satura samazinajums ir mazaks p&c biopoliméru apstradem.

Antocianinu satura izmainas avenu (D) paraugiem pétjjuma laika apkopotas 4. tabula. Antocianinu saturs
uzglabasanas laika avenu K parauga palielinajas (vid&ji par 54 %), salidzinot ar kontroli 0 diena. Izvértgjot ar biopolimériem
apstradatajos paraugus, secinam, ka péc apstradato paraugu piecu dienu uzglabasanas dzesétava, antocianinu saturs paraugos
palielinajas lidzigi (no 43% IA 1idz 68% 1RA vidgji par 53 %). Izvert&jot paraugus, kuri uzglabajas Shelf Life, redzams, ka
antocianinu saturs tajos palielindjas vairak. Parauga K 72%, bet apstradatajos no 61% (ASL) Iidz 76% (IASL).

P&tfjuma laika kopé€ja fenolu satura palielindjuma izmainas p&c 5 dienu uzglabasanas dzesetava K paraugos (3.2%)

lidzigas ar biopolimériem apstradato paraugu fenolu satura izmainam, kas ir nedaudz augstakas (vidgji 3.6%) (4.tabula).

4. tabula.
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Kopgja antocianinu un fenolu satura izmainas uzglabasanas laika (D) avenés

*Kopgjais antocianinu saturs, *Kopgjais fenolu saturs, mg 100
Izmainas Izmainas
Datums Paraugs mg 100 g* gl
Vid. Stdev % Vid. Stdev %
0 diena K 19.9 0.5 129.4 35
K 30.6 0.7 54.2 133.6 53 3.2
A 316 2.3 58.9 130.2 0.7 0.6
1R 28.8 0.9 453 132.1 2.5 2.0
. 2R 29.8 3.2 49.9 132.9 6.9 2.6
5 dienas
1RA 333 14 67.7 136.0 9.1 51
2RA 31.7 0.5 59.4 135.0 1.0 4.3
| 294 0.6 48.3 135.5 2.3 4.6
1A 28.3 0.5 425 137.3 1.2 6.1
KSL 34.0 21 715 130.6 1.0 0.9
ASL 320 3.0 61.2 137.1 8.3 5.9
1RSL 33.0 35 66.1 139.3 53 7.6
) 2RSL 34.7 3.2 74.6 143.6 8.1 10.9
7 dienas
1RASL 343 21 727 136.1 3.3 51
2RASL 33.8 2.0 70.1 136.1 8.3 51
ISL 35.2 0.7 77.2 139.8 1.1 8.0
IASL 349 1.4 75.9 141.7 6.5 9.4

*Kopé&jais antocianinu saturs izteikts cianidin 3glikozida ekv. mg100 g

*Kopgjais fenolu saturs, izteikts ar galluskabes ekv. mg 100 g

Izvertgjot avenu paraugus, kuri uzglabajas Shelf Life, redzams, ka kopgjais fenolu saturs ar biopolim&riem
apstradatajos paraugos palielinajas vairak (I1dz 11%), salidzinot ar K (vidgji 1%). Kopgjais fenolu satura palielinajums (vidgji

7,4%) péc apstrades varétu bt saistits ar antocianinu satura paaugstinasanos uzglabasanas laika.

Avenu (S) paraugu antocianinu un kopgja fenolu satura apkopotie rezultati, kas iegliti pétijuma laika redzami

5.tabula.

5. tabula

Kopgja antocianinu un fenolu satura izmainas uzglabasanas laika (S) avenés

*Kopgjais antocianinu saturs, mg ) o )
Izmainas | *Kopgjais fenolu saturs, mg 100 g1 | Izmainas
Datums Paraugs 100 g*

Vid. Stdev % Vid. Stdev %

369



Odiena | K 37.2 33 1723 9.7
K 55.2 31 281 1802 0.9 46
A 515 16 384 1738 13 0.8
i 50,8 23 363 1749 5.1 15
R 521 07 200 18338 38 6.7
o | A 53.0 107 423 1772 46 29
A 54.0 5.9 449 1777 08 31
2R 54.2 10 454 1742 71 11
2RA 5.6 10 294 1765 62 24
CR 452 49 214 1723 38 0.0
CRA 436 25 172 1731 14 05
KSL 64.7 34 738 1864 48 82
ASL 63.2 25 69.8 1805 04 47
1RSL 64.7 0.2 736 1766 5.0 25
2RSL 6523 33 754 1809 23 5.0
1RASL 64.6 2.9 735 1748 46 14
7 dienas ST 650 3.0 744 186.6 45 83
ISL 655 38 75.7 1886 18 9.4
IASL 62.5 40 67.8 1817 3.9 5.4
CRSL 65.9 6.9 768 1773 74 2.9
CRASL 65.2 0.4 751 1890 38 97

Antocianinu saturs avenu K parauga péc piecam dienam palielinajas 1idz 48%, salidzinot ar p&tfjuma pirmo dienu

(0), bet ar biopolimériem apstradatajiem paraugiem antocianinu saturs palielindjas biitiski mazak vidgji par 37%. Lielakais

palielinajums bija p&c apstrades ar biopolimériem 2R (49%) un mazakais CRA (17 %).Izvertgjot antocianinu saturu péc

ShelfLife uzglabasanas (septinam dienam), apstradajos paraugos K un apstradatajos paraugos tas bija lidzigs (vidgji 65 mg

100 gb).

P&c piecu dienu uzglabasanas kopgjais fenolu saturs butiski neatskiras starp K un ar biopolimeériem apstradatajiem

paraugiem (K 180,2 un apstradatie paraugi vid. 176,4 mg 100 g1).

laika bitiski neat3kiras starp analizétajiem paraugiem (tas bija vidgji 182 mg 100 g™2).

Sensora vértésana.

Kopgjais fenolu saturs arT péc Shelf Life uzglabasanas

Avenu (S) sensora vertésanas rezultati péc linijskalas apkopoti 6.tabula. K(0) ir pirma avenes ir degustétas p&tijuma

uzsaks$anas diena, K un pargjie avenu paraugi ir testéti petijjuma piektaja diena.

6. tabula
Avenu (S) sensoro ipasibu intensitates novéertéjums
) Krasa Smarza Izskats Garsa Cietiba
Laiks | Paraugs
Vid. Stdev. Vid. Stdev. Vid. Stdev. Vid. Stdev. Vid. Stdev.
Odiena | K(O) 9.1 0.4 6.8 0.6 8.1 0.8 7.2 0.6 6.3 0.6
5 diena K 8.3 0.8 55 0.6 7.0 0.8 7.0 0.8 53 0.7
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A 6.5 0.6 5.0 0.3 56 0.7 52 0.7 4.5 0.6
1R 7.3 0.8 4.9 0.3 8.0 0.7 6.3 0.6 7.5 0.8
2R 8.5 1.0 5.0 0.5 7.7 0.9 7.2 0.8 6.7 0.8
1IRA 8.6 0.8 4.7 0.6 7.9 0.7 7.6 0.8 7.4 0.9
2RA 7.6 0.7 4.2 0.2 7.3 0.5 7.2 0.4 6.8 0.6
| 8.8 0.9 53 0.4 7.5 0.8 6.9 0.8 6.4 0.6
1A 8.2 0.7 4.2 0.2 7.1 0.9 6.0 0.0 5.0 0.5
CR 8.8 0.7 4.3 0.4 7.9 1.0 8.0 0.7 6.9 0.7
C.RA 8.8 0.8 4.7 0.6 5.7 1.0 5.9 0.8 6.9 0.9

P&c sensoras veértésanas rezultatiem secinams, ka vertétajiem péc krasas, péc piecu dienu avenu (S) uzglabasanas,

vislabak patikusi paraugi I, C.R un C.RA (8.8), ka nakoSie bija paraugi 1RA (8,6) un 2R (8,5, kas bija noverteti nedaudz

mazak. P&c izskata augstak novertéti paraugi 1R (8,0) un 1Ra (7,9), bet vismazak paticis paraugs C.RA (5,7). Péc garsas

vertétajiem vislabak paticis paraugs péc CR noveértéts (8,0), bet mazak patikusi paraugi péc apstrades A (5,2) un C.RA (5,9).

P&c smarzas - aromatiskakas un cietakas ir bijusas K (0 )ogas ( vert€jums attiecigi 6,8 un 8,1) , bet p&c piecam uzglabasanas

dienam aromats samazinajies vertejums (5,5) un cietiba arT ogdm ieverojami samazinajusies K (5,3) . P&c piecam uzglabasanas

dienam vertétajiem skita , ka ar biopolimériem apstradatas ogas ir cietakas, attiecigi tam veért€jums ir augstaks 1R 7,5 un 1RA

(7,4).

Avenu (S) paraugu sensoro pasibu: izskata, krasas, smarzas, cietibas un garsas vertéSanas rezultati pec linijskalas

apkopoti 9. attgla.
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Cietiba Smarza
Garsa Izskats
——0 diena K (O) ——5 diena K 5 diena A
5diena 1R ——>5 diena 2R ——>5 diena 1RA
Avenes (S) ——>5 diena 2RA ——>5 diena | ——>5diena IA
——>5diena C.R ——5diena C.RA

9. Avenu (S) paraugu linijskalas sensorais novertéjums.

Izvertgjot otras skirnes avenu (D) paraugu Linijskalas sensora novértgjuma rezultatus, redzams, ka visaugstakais

novertgjums visam ipasibam ir K(0) paraugam (7.tabula).

7. tabula
Avenu (D) sensoro ipasibu intensitates novertéjums
Krasa Smarza 1zskats Garsa Cietiba
Laiks | Paraugs

Vid. Stdev. | Vid. Stdev. | Vid. Stdev. | Vid. Stdev. | Vid. Stdev.
0 diena | K(O) 9.0 0.8 6.2 0.5 9.4 0.8 8.0 0.9 8.9 0.8
K 7.7 0.9 4.2 0.7 6.3 0.9 6.0 0.9 5.7 0.8
A 9.3 0.3 6.3 0.6 9.1 0.6 8.0 0.4 8.2 0.3
1R 8.0 0.8 4.0 0.0 8.7 0.7 7.6 0.5 5.7 0.9
) 2R 8.4 0.8 53 0.7 6.4 0.9 8.2 0.6 6.9 0.7

5 diena
1RA 7.8 0.8 4.8 0.5 8.1 0.7 7.5 0.7 6.2 0.7
2RA 8.2 0.9 45 0.5 8.2 0.7 7.9 0.4 7.5 0.5
| 8.5 0.7 5.1 0.5 5.8 0.8 7.7 0.6 5.7 0.5
1A 7.4 0.5 53 0.4 6.7 0.6 5.8 0.6 5.3 0.5
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Analizgjot, sensoro Ipasibu vértgjumu rezultatus péc piecu dienu uzglabasanas ir secinams, ka augstakais
novertéjums visam sensorajam ipasibam ir A paraugam. Zemako novertejums ogu krasai ir sanémis IA paraugs (7,4), bet péc
izskata I (5,8). Vertetajiem ka nearomatiskakas péc smarzas ogas IR (4,0), bet ka negarsigakas (5,8) un mikstakas (5,5)
bijusas IA paraugu ogas. Pétfjuma avenu (D) paraugu sensoro 1pasibu: izskata, krasas, smarzas, cietibas un garas vertéSanas

rezultati uzglabasanas laika péc linijskalas apkopoti 10. attéla.

Cietiba Smarza
Garsa lzskats
——O0dienaK (O) ——5dienaK 5 diena A
Avenes (D) ——>5diena 1R ——>5diena 2R ——5diena 1RA
——>5diena2RA ——5dienal ——>5diena IA

10. Att. Avenu (D) paraugu linijskalas sensorais novertéjums.

Vértgjot mikrobiologiskos raditajus avenu ogu uzglabasanas laika, konstatéts, ka analiz&tie paraugi bija maz
piesarnoti, iznemums bija piesarnojums ar bakteriju kopskaitu. Analiz&jot baktériju kopskaita izmainas uzglabasanas laika
(11. att.) konstatgts, ka salidzinosi ar 0 p&tjjuma dienu bakteriju kopskaits pieauga. [zn@mums bija paraugs I no saimniecibas
D. Savukart, ja vert€ bakteriju kopskaita izmainas 5. uzglabasanas dienas ar kontroles variantu redzams, ka apstrade un/vai

uzglabasana biopoliméru pléves samazinaja baktériju attistibu.
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11. att. Baktériju kopskaita izmainas aveneém uzglabaSanas laika (2022. pétijuma gada)

Produkta bojasanas bieZi vien asocigjas, ar produkta netipiskas mikrofloras veidos$anos, ta var but pienskabes bakterijas
attistiba. Izvertgjot (12. att.) pienskabes bakteriju kopskaita izmainas uzglabasanas laika konstatgts, ka 0 diena mikroorganismi
bija konstat&ti saimnieciba D, kas var liecinat, ka kada oga no parauga bija pargatavojusies. Savukart ogam no saimniecibas S
mikroorganismi netika konstatéti. Pielaujams, ka paraugiem pirms uzglabasSanas, saimnieciba S nebija konstat&ta pienskabes
baktériju klatbuitne, jo tie atradas anabiozes stavokli (organisma stavoklis, kura lidz minimumam paléninas vielmaina un
izbeidzas dzivibas izpausmes, un spgja atkal atjaunot dzivibas procesus). Bet péc piecu dienu uzglabasanas mainoties
kimiskajam sastavam kontroles variantiem pienskabes bakteriju kopskaits pieauga un bija vis augstakais. Tas liecina, ka
kontroles varianta ogu paraugi saka atrak bojaties. Ka var redzet apstrade un/vai uzglabasana biopoliméru pléves samazinaja
pienskabes baktériju kopskaita pieaugumu pat tadiem paraugiem ka 1RA, 2RA (saimnieciba D), un I, IA, CR (saimnieciba

S). Jo ieprieks ming&tiem paraugiem mikroorganismu attistiba bija zemaka salidzinosi ar kontroles variantu.
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12.att. Pienskabes bakteriju kopskaita izmainas aveneém uzglabasanas laika (2022. petijjuma gada)

Izvertgjot raugu kopskaitu avenu ogu paraugos redzams, ka pirms uzglabasanas raugu klatbiitne tika konstatéta abos
analiz€jamos paraugos (13. att.). P&c uzglabasanas raugu kopskaits samazinajas vai netika konstatéts visiem paraugiem. Ne
vienam no paraugiem netika konstatéts raugu kopskaita pieaugums, kas var liecinat par nelabvéligiem apstakliem raugu

attistibai ogu uzglabasanas laika.
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13.att. Raugu kopskaita izmainas aveném uzglabasanas laika (2022. pétijuma gada)

Analizgjot avenu ogu, iegiitos datus redzams, ka pelejuma mikroskopisko sénu kopskaits nebiitisks konstatéts pirms

ogu uzglabasanas (14. att.). P&c piecu dienu uzglabasanas vairakos paraugos pelgjumu kopskaits netika konstatéts. Savukart

375



paraugiem I un IA, bija identisks ka kontroles varianta pirms uzglabasanas. Kas var liecinat, ka iepriekS mingtie apstrades

veidi nesamazina mikroskopisko sénu (pelgjuma) kopskaita samazinasanu.

12
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i, KVV g-1

&jumi,

0.4 + ED

Pel

K ‘ K A 1R 2R 1IRA 2RA | 1A CR CRA‘

Odiena‘ 5diena ‘
Uzglabasanas laiks

14.att. Mikroskopisko sénu (peléjuma) kopskaita izmainas aveném uzglabasanas laika (2022. pétijuma gada)

Kopsavilkums/Secinajumi

Biopoliméru apstrade nedaudz ietekme ogu fizikalos un kimiskos kvalitates raditajus uzglabasanas laika, bet buitiski
neizmaina sensoras Ipasibas. Péc apstrades ar biopolimériem avenu virsmas ogu krasa kluva nedaudz tumsaka. P&c piecu dienu
uzglabasanas dzesétava ogu virsmas sarkanais krasojums piesatinataks, kas ari bija saistits ar antocianinu satura palielinaSanos
uzglabasanas laika.

P&c septinu dienu ogu uzglabasanas mazaki masas zudumi bija aveném péc apstrades 4-4,3%, bet K paraugam 4,7-
4,8%.Tatad biopoliméru parklajums samazinaja ogu mitruma zudumus (ogu izzisanu).

Avenu ogam ve@rojama cietibas palielinasanas tendence pé&c septinu dienu uzglabaSanas, kas norada par
biopolim&riem apstrades pozitivo efektivitati. Paraugiem p&c apstrades: 1RA un 2RA péc septinu dienu uzglabasanas noverota
tendence uz ogu cietibas palielinasanos.

Skistosds sausnes saturs pétijuma laika ogas nedaudz paaugstinajas, kas varétu biit saistits ar biopoliméru parklajuma
sastavu-pienesumu ogam. Biopoliméru apstrades kimisko sastavu, kas var€ja izraisit $kistosas sausnas satura paaugstinasanos.

Kopgjas skabes saturs pétijuma laika samazinajas mazak apstradatajiem ogu paraugiem (17% 2R 1idz 28% IA un K
44 %) verojama apstrades ietekmes efektivitate. Biopoliméru apstrade mazinaja antocianinu sastava izmainas (K parauga péc
piecam dienam antocianinu saturs palielindjas [idz 48%, bet ar biopolime&riem apstradatajiem paraugiem vid&ji par 37%).

Sensoras vértésanas rezultati liecina par to, ka vertetajiem nav iebildumi pret biopoliméru apstradi, jo péc garsas Sie
paraugi ir noverteti lidzvertigi vai pat augstak.

Ogu apstrade un vai uzglabasana biopolimaru pléve/ parklajuma bitiski samazinaja raugu, mikroskopisko sénu un
pienskabes bakteriju attistibu. Ka ari nedaudz palénindja bakteriju attistibu. Izvertgjot tris gadu ogu uzglabasanas iegiitos datus
secinats, ka izmantojot apstradi un /vai uzglabasanas biopoliméru pléve/ parklajuma, ogu (zemenes, avenes) deriguma termins

ir septinas dienas dzesétava, +4 +1 °C, gaisa relativais mitrums 75+2 %.
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ZEMENU KVALITATES RAKSTUROJOSO PARAMETRU IZVERTEJUMS (2020)

T-Uzglabasanas telpas temperatiira (+23+1 ° C, RH 50+£2%, t=24 st.)
D-Uzglabasanas dzesétava temperatiira (+4 1 ° C, RH 75+2%, t=72st.)
1-Vaksanas reize

2-Vaksanas reize

3-Vaksanas reize

K-kontrole

L1-1% levana skidums

L3-3% levana $kidums

G2-2% glicerina $kidums

D1-1% dekstrana skidums
Lai parbaudttu un vispusigi raksturotu biopolimeru parklajumu efektivitati uz ogu kvalitati uzglabasanas laika, tika

noteikta zemenu paraugu virsmas krasa paraugiem telpa un dzesétava. Krasu vértibas CIE L*axb* krasu sistéma: L* veértiba-

intensitate ( 0 = melns, 100 = balts); a* vértiba (—a* = zal§, +a* = sarkans) un bx vértiba (—b* = zils, +b* = dzeltens).

Pirma vakuma zemenu kontroles paraugiem otra diena bija noverotas virsmas krasojuma izmainas, pec vienas dienas
uzglabsanas telpa (1.att.). Krasu a* vértiba kontroles paraugiem palielindjusies par 14,4%, bet ar biopolimériem apstradatajiem
zemenu paraugiem a* vertiba palielinajas nedaudz mazak, attiecigi T (L1+D1)12,9% un T(L3+G2) 13,8%. Savukart zemenu
virsmas sarkanais krasojums palika intensivaks-sarkanas krasas — a*vertibas paliclinasanas bija noveérota p&c piecu dienu
uzglabasanas dzesétava + 4°C temperatiira paraugiem, kuri bija apstradati ar biopolimériem (attiecigi D (L1+D1)20,5% un

D(L3+G2) 28,3%.

1 vakums
40 -
2 35 - } 314
o b2 p 2%.3 ]1E
.’§ 30 - 28,5 ; ;0 P87
= 3 D D
& 25 7 3,9 3,9
B 20,1
£ 20 - 7 3 oy 2
A ) g 174
*®
s 15 - Jﬁg
*®
= 10
K TK T(L3+G2) T (L1+D1) D-K D (L3+G2) D (L1+D1)
0 diena 1 diena 5 diena
OoL* ma*

1. att. Zemenu virsmas krasas izmainas

Otra vakuma kontroles paraugiem zemenu virsmas krasas a*vertibas — sarkana krasojuma intensitates butiskas

izmainas uzglabasanas laika nebija konstatétas (2.att.).
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asu vertibas

L*, a* b* kr
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K TK  T(L3+G2) T(L1+D1) D-K D (L3+G2) D (L1+D1)
0 diena 1 diena 5 diena

OL* Oa* @b*

2. att. Zemenu virsmas krasu izmainas

a* vertiba-virsmas krasojums butiski neatSkiras starp analiz€tajiem zemenu paraugiem: Kontroles un ar

biolopim@riem apstradatajiem. Analiz&jot datus noverots, ka dzes€tava ar biopolim@riem apstradatajiem, uzglabatajiem

paraugiem pickta diena a*vertibai ir tendence paaugstinaties ( attiecigi D K a* 25,4 beta* D (L3+G2)28,2; D (L1+D1) a*29,8).

Savukart tresa vakuma zemenu paraugiem, kuri bija apstradati ar biopolimériem, uzglabasanas laika konstatetas

butiskas krasas atskiribas (3.att.). Kontroles paraugu zemenu virsmas krasas a*vértiba péc vienas dienas uzglabasanas telpa

palielinajas par 24,1%, toties ar biopolimériem ievérojami mazak attiecigi: T (L1+D1)11.8 % un T(L3+G2) 16,0%. Toties péc

divu dienu uzglabasanas dzesétava a* vertiba palielindjas attiecigi: kontroles paraugam 17.6%, bet apstradatajiem paraugiem:

D (L1+D1)19.8% un D(L3+G2) 25,0%.

L*, a* b* krasu vertibas

45,0
40,0
35,0
30,0
25,0
20,0
15,0

10,0

3 vakums

17,4
T (L3+G2)

1 diena

21,4

T (L1+D1)

OL* Oa* @b*

att. Zemenu virsmas krasu izmainas

26,0

D-K

325

21,3

27,3
D (L3+G2)

5 diena

20,4

255

D (L1+D1)

Zemenu virsmas krasu L*, @* un b* vértibas komponentu kopgjas izmainas uzglabasanas laika atspogulo diferencu

summa A E*(1.tabula). Izvértgjot krasu komponentu izmainas, novérojam, ka péc vienas dienas uzglabasanas telpa mazaka A
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E* (3, 7) bija otra vakuma ar biopolimériem apstradatajiem zemenu paraugiem. Izveért€jot rezultatus pec uzglabasanas

dzesgtava, konstatejam, ka mazakas krasu izmainas A E* bija ar biopolim@riem apstradatajam zemen&m pirma vakuma D

(L1+D1) 15,57, otra vakuma D (L3+G2) 4,5. Savukart starp tre$a vakuma ar biopolimériem apstradatajiem zemenu paraugiem

un K nebija batiskas atskiribas .

Zemenu virsmas krasu L*, a* un b* izmainas uzglabasanas laika

1.tabula

, AE*
Paraugi
1vakums 2vakums 3vakums

TK 10,0 3,7 9,0
T (L3+G2) 9,2 47 9,3
T (L1+D1) 9,9 3,7 14,3
D-K 16,2 46 16,7
D (L3+G2) 19,2 4,5 18,6
D (L1+D1) 15,7 7.4 16,7

Cietiba visu vakuma kontroles paraugiem, kuri, uzglabati dzesétava, nedaudz samazinajas, bet, uzglabgjot telpa,

palielinajas (4A;4B. att. un 5 att.). Savukart ar biopolimériem apstradatajiem zemenu paraugiem cietiba paaugstingjas,

uzglabajot telpa, pirma vakuma paraugiem cietiba paaugstinajas par 9.5 % T (L1+D1), 11,1 % T (L3+G2), otra vakuma

paraugiem no 0.8 % T (L1+D1), 13.5% T (L3+G2), bet tresa vakuma zemen&m ieveérojami mazak (attiecigi par 0.5 % T

(L1+D1) un 1.7 % T (L3+G2)).

1 vakums
D (L1+D1) | = 237
e
% D(L3+GZ) 1 |_|_| 2,64
0 e —
D-K - —14,80
T (L1+D1) 284
e
S T(L3+G2) 2479
— ——
TK ——252
[1+]
°o& K - 197
o
0 1 2 3
Cietiba, N
4.A att.

2 vakums
D (L1+D1) 18,87
g
2 D (L3+G2) =-8,23
wn
D-K =-2,69
T (L1+D1) —-8,52
e
% T (L3+G2) =-8,07
i
TK B-8,05
g
S K 12196
(e]
1 2 3 4
Cietiba, N
4.B. att.

4A:4B att. Cietibas izmainas uzglabasanas laika (1 un 2 vakums)
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Kopuma, izvertgjot cietibas test€Sanas rezultatus, verojama biopoliméru apstrades efektivitate visu vakumu
zemen&m. Dzesétava ar biopolimériem apstradatajiem zemenu paraugiem uzglabasanas laika cietiba palielinajas, salidzinot ar
kontroles paraugu pirma vakuma zemeném no 31.8-47.1%, otra vakuma zemeném 20.2 -42.1%, bet tresa vakuma zemen&m

no 13.9-15.7% (5.att.).

4 - 3 vakums
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0 diena 1 diena 5 diena

5.att. Cietibas izmainas uzglabaSanas laika (3 vakums)

P&c uzglabasanas telpa un dzes€tava kontroles paraugiem (zemen@m) $kisto$as sausnas saturam (Brix%) bija
tendence palielinaties, bet pec apstrades ar biopolimeriem tas butiski palielinajas, kas skaidrojams ar biopoliméru kimisko

sastavu (3.tabula).

3. Tabula
Skisto§as sausnas saturs ( Brix%) uzglabasanas laika
1 vakums 2 vakums 3 vakums
Urglabasanas laiks Paraugi VID STDEV VID STDEV VID STDEV
0 diena K 135 0.2 145 0.3 12.3 0.0
T-K 135 0.1 145 0.2 12.0 0.2
1 diena T-(L1+D1) 14.8 0.5 17.1 0.0 16.1 0.1
T-(L3+G2) 155 0.1 15.2 0.2 13.0 0.6
D-K 16.4 0.7 14.2 0.1 14.6 0.0
5 diena D(L1+D1) 17.7 0.8 145 0.1 15.4 0.1
D(L3+G2) 16.8 0.0 14.2 0.6 15.2 0.1

Kopgjais skabes saturs visu vakumu zemenu kontroles un ar biopolimériem apstradatajos paraugos uzglabasanas

laika butiski nemainijas ( 4.tabula).

380



Kop¢gjais skabes saturs uzglabasanas laika

4 tabula

1 vakums 2 vakums 3 vakums
VID STDEV VID STDEV VID STDEV
0 diena K 1.43 0.03 1.47 0.00 1.44 0.05
T-K 1.54 0.09 1.61 0.00 1.44 0.05
1 diena T-(L3+G3) 1.54 0.00 1.54 0.09 1.62 0.21
T-(L1+D1) 1.44 0.05 1.57 0.05 1.54 0.00
D-K 1.47 0.00 1.44 0.05 1.47 0.00
5 diena D(L1+D1) 1.71 0.05 141 0.00 1.34 0.00
D(L3+G2) 1.64 0.05 1.98 0.00 1.34 0.00

Kopgjais skabes saturs nebija atskirigs no apstrades, bet nedaudz palielinajas atseviskiem paraugiem, tas varétu biit

saistits ar mitruma zudumu-svara izmainam, gan ari ar ogu gatavibas pakapi.

Antocianinu satura izmainas zemenu paraugos bija atkarigas no uzglabasanas un apstrades veida (6.att.). Uzglabajot

kontroles paraugus telpa, pirma un tre§a vakuma zemen&s antocianinu saturs bitiski palielinajas salidzinajuma ar petijuma

sakuma dienu (0 dienu, attiecigi par 37% un 28.6 %).Savukart otra vakuma zemeném antocianinu saturs minimali palielinajas

telpa par 0.74%, bet dzesétava samazinajas gan K, gan ar biopolimériem (attiecigi par K 7,8% un D(L1+D1) 30,6 % ;D
(L3+G2) 23,7%).

Antocianinu saturs,
Cianidm 3-glu. mg 100g -1
= N w o ()] (o)) ~
o o o o o o o

o

K

0 diena

TK

01 vakums O2 vakums

=
37,3 36,

T-(L3+G3) T-(L1+D1)
T (1 diena)

O3 vakums

D-K

6.att. Antocianinu satura izmainas pirma, otra un tre$a vakuma zemeném

*Kopgjais antocianinu saturs izteikts cianidin 3glikozida ekv, mg100 g*

D(L1+D1)
D (5 diena)

D(L3+G2)
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Antocianinu saturs ar pirma un tresa vakuma ar biopomériem apstradatajos zemenu paraugos péc uzglabasanas telpas
palielingjas, salidzinot ar kontroles paraugiem mazak, attiecigi:1vak. T (L1+D1)-29,8% un T ( L3+G2) 17,0%, bet 3vak.
T(L1+D1)-11,9% un T(L3+G2) 18,0%. Izvertgjot antocianinu saturu starp zemenu vakumiem, paraugos, kuri uzglabajas

dzesetava, redzams, ka tas ir nedaudz augstaks treSajam vakumam, gan kontroles gan ar biopolimériem apstradatajos paraugos.

P&tfjuma laika kopgjais fenolu saturs, visu vakumu analiz&tajos zemenu paraugos uzglabasanas laika paaugstinajas
(7.att.). Kopgjais fenolu saturs paaugstinajas pirma vakuma zemenu paraugiem p&c vienas dienas uzglabasanas telpa (attiecigi
T (L3+G2) par 16,1% un T (L1+D1) 24,9%), bet p&c uzglabasanas dzes€tava mazak (attiecigi (D (L1+D1) 4,4% un D (L3+G2)
10,5%). Savukart tresa vakuma ar biopolim&riem apstradatajos zemenu paraugos, kopgjais fenolu saturs, péc vienas dienas
uzglabasanas telpa palielindjas mazak (attiecigi T (L3+G2) par 3,6 % un T (L1+D1) 4,6 %), bet p&c piecu dienu uzglabasanas
dzesgtava vairak (attiecigi D (L1+D1)14,1% un D (L3+G2)14,5%). Kop&jo fenolu satura izmainas zemenu uzglabasanas laika
ir saistitas ar antocianinu satura izmainam-palielina$anos. Zemenés dazadi biologiski procesi turpinas arT p&c ogu novaksanas,

kuri arf izraisa ogu uzturvértibas un kvalitates izmainas uzglabasanas laika.
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Uzglabasanas laiks

4. att. Kopgja fenolu satura izmainas pirma, otra un tresa vakuma zemeném

*Kopgjais fenolu saturs, izteikts ar galluskabes ekv, mg 100 g

Petijuma laika, analizgjot visu vakumu zemenu kontroles, un ar biopolimé&riem apstradatos zemenu paraugus,
konstatéts, ka tresa vakuma paraugi butiski atSkiras no abiem vakumiem. Kopgjo fenolu satura izmainas tresa vakuma
paraugiem pétijuma laika ir Iidzigas — nenozimigas. Kopgjais fenolu saturs bija lielaks ar biopolimériem apstradatajos zemenu

paraugos salidzinajuma ar kontroles paraugiem, tas skaidrojams ar pasu biopoliméru kimisko sastavu.

P&c vienas dienas uzglabasanas mitruma saturs zemengs samazinajas 1idz ar to masa ar samazindjas. Zemenu masa

pec vienas dienas uzglabasanas telpa paraugiem samazinajas vidgji 1,8% (4.tabula).
4.tabula

Mitruma samazinajums zemenu paraugos

Uzglabasanas

) Paraugi 1 vakums 2 vakums 3 vakums
laiks

1 diena TK 1.9 1.17 1.74
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T(L1+D1) 1.6 1.37 1.95
T(L3+G2) 1.9 1.36 1.99
TK 2.6 2.72 2.92
2 diena T(L1+D1) 35 3.25 3.57
T(L3+G2) 34 3.06 3.25
D-K 21 1.87 1.83
5 diena D(L1+D1) 2.0 2.02 2.31
D(L3+G2) 21 1.96 2.37

Pirma vakuma kontroles zemenu paraugiem péc vienas dienas uzglabasanas masas zudumi bija Iidzigi (1,9%),
salidzinot ar biopolimériem apstradatajiem paraugiem (D ( L1+D1) 1,6 un D ( L3+G2) 1.9%, bet p&c piecu dienu uzglabasanas
tresa vakuma zemeném tie bija lielaki (D ( L1+D1)-2,31% un D( L3+QG2) 2,37%). Lielakie zudumi uzglabasanas laika bija ar
biopolim@riem apstradatajiem paraugiem, kuri uzglabajas telpa. Pirma un tre$a vakuma paraugiem masas zudumi bija attiecigi
pirmajam T (L1+D1)-3,5% un T ( L3+G2) 3.4%), bet treSajam T (L1+D1)-3,6 % un T (L3+G2) 3.3%). Kontroles paraugiem
péc zemenu uzglabasanas telpa ogu masa otra un tre§a vakuma zemen&m samazinajas mazak (2 vakuma 1,17% un 3 vakuma

1,74%) salidzinajuma ar biopolimériem apstradatajiem paraugiem (biopolimériem apstradatajiem paraugiem.

Zemenu paraugiem pétijuma laika veikta sensora vert€sana p&c Linijskalas. P&c iegiitajiem rezultatiem, redzams, ka
pirma un otra vakuma kontroles paraugu zemenu krasa gan pétjjuma sakuma gan beigas novértéta augstak, salidzinot ar
biopolimériem apstradatajiem paraugiem (sakuma kontrole 1v -10.7; 2v-10.2 beigas 1v-;10.6; 2v-9.2 un 1v. ( L1+D1)-7.9 un
1lv (L3+G2) 10.2; 2 v. ( L1+D1)-8.5 un ( L3+G2) 7.2).Tresa vakuma zemenu kontroles paraugu krasa, péc sensora
novertgjuma, pétijuma beigas bija zemaka (8,1), salidzinot ar biopolim&riem apstradatos paraugus ( L1+D1)-8,6 un D (L3+G2)
9,5.

P&c sensoras vertesanas rezultatiem redzams, ka smarza péc apstrades ar biopolimé- riem bija butiski mazaka,

salidzinot ar kontroles paraugiem ( 6.att.).

Smarza

12

10 92 9,1

8 ] 7,6 7,9
8 [l %58 59 60 63 5g 3
= 6 46
@ 96 H |_| 42 42 H '

4 7,1 |_| |_|

2 ‘ ‘ 4.4 46 49 o7 L|:|2

: L T I T

K TK T (L1+D1) T (L3+G2) DK D (L1+D1) D (L3+G2)
0 diena 1 diena 5 diena

01 vakums O2 vakums O3 vakums

6. att. Smarzas sensorais novert§jums pirma, otra un tresa vakuma zemeném

Izvertgjot visu vakumu zemenu smarzas novertgjumu, redzams, ka pétijjuma sakuma bijusas aromatiskakas otra vakuma

zemenes, bet treSaja diena DK pirma vakuma zemenes.
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Vertetaji péc garsas visaugstak novertejusi pirma neapstradato zemenu garsu ( 7.att.).
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7.att. Garsas sensorais novert&jums pirma, otra un tre$a vakuma zemeném

P&c sensoras veértéSanas rezultatiem, redzams, ka péc vienas dienas uzglabaSanas telpa vertétaji ka garSigakos

atzinu$i pirma vakuma ar biopolimériem apstradatas zemenes T(L1+D1) paraugus, nedaudz zemak T(L3+G2), bet batiski

zemak novertejusi tresa vakumu ar biopolimériem apstradato paraugu zemenu garsu. P&c tris dienu uzglabasanas dzesétava

vertetaji, ka garsigakos atzinusi K pirma vakuma paraugu. Savukart izvertgjot ar biopolimériem apstradatos paraugus redzams,

ka visaugstak novertéts pirma vakuma D(L3+G2) un otra vakums D(L1+D1).

Zemenu paraugu cietibas sensorais novertgjums pa vakumiem bija atskirigs (8.att.).
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8.att. Cietibas sensorais novert&jums pirma, otrd un tre$a vakuma zemen&m

Augstako cietibas novertéjumu pétijuma laika sanéma tre$a vakuma DK un ar biopolim&riem apstradatas zemenes,

kas bija uzglabatas dzes€tava D ( L1+D1), bet telpa pirma vakuma T ( L3+G2).Savukart kontroles paraugu D K un TK cietibas

vertgjums starp vakumiem un uzglabasanas veidiem atskirigs.

384



P&c izskata visaugstako novertgjumu sanémusi pirma un otra vakuma kontroles paraugi p&tijuma sakuma un beigas

(9.att.).
Izskats

9,9

8,2 8.0 — —738 __

8,7 8,7 8,7
4 8,2 8,1 75

K TK T(L1+D1) T (L3+G2) DK D (L1+D1) D (L3+G2)
0 diena 1 diena 5 diena

O1 vakums O2 vakums B3 vakums

9.att. Izskata sensorais novértejums pirma, otra un tre$a vakuma zemeném

Pétfjuma beigas tresa vakuma zemenu paraugi péc izskata bija novertéti augstak neka nultaja diena. P&c izskata
pirma un tre$a vakuma ar biopolimériem D (L3+G2) apstradatas zemenes bija novértétas augstak, salidzinot ar kontroles

parauga zemeném.

Pirma, otra un tre$a vakuma zemenu pétijuma linijskalas sensoro Tpasibu krasas, cietibas, smarzas, izskata un garSas

novertgjuma rezultati atspoguloti atseviskos att€los (attiecigi 10.;11. un 12.attela).
12 0 diena K
—— 1 diena TK

ldiena T

Cietiba Smarza (L1+D1)

=1 diena T
(L3+G2)

-5 diena D K

5 diena D
(L1+D)

Garsa Izskats ——5dienaD
(L3+G2)

10. att. Linijskalas sensorais novertgjums pirma vakuma zemen&m
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Krasa
12

Cietiba

Garsa Izskats

11. att. Linijskalas sensorais novérté€jums otra vakuma zemeném

Krasa

12

Cietiba

Garsa Izskats

12. att. Linijskalas sensorais novertgjums tresa vakuma zemen&m

—— (0 diena K

——1 diena TK

—=—=1diena T
SmarZa (| 1+D1)

=1 diena T
(L3+G2)

———5 diena D
K

——5 diena D
(L1+D)

—>5diena D
(L3+G2)

——~0dienaK

— 1 diena TK

1 diena T

Smarza (L1+D1)

—1diena T
(L3+G2)

——5 diena D K

——5 diena D
(L1+D)

—5diena D
(L3+G2)
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D(L1+D1)

5 diena

T(L1+D1)

1 diena

TK

diena

Izvertgjot raugu kopskaitu zemenu paraugos, konstatéts, ka lielakais to daudzums bija otraja vakuma pirms uzglabasanas (13.

att.) arT uzglabagana telpa iepriek§ minétajam paraugam biitiski nesamazinaja raugu kopskaitu (5.2 log KVV g™1). Savukart

zemaki rauga kopskaita raditaji bija visiem paraugiem apstradatiem ar levéna skidumu 3% un glicerinu 2% (L3%+G2%).
13.att. Raugu kopskaita izmainas zemeném uzglabasanas laika (2020. pétijuma gada)

Izvertgjot pienskabas bakteériju daudzumu redzams, ka lielakais to kopskaits bija otra vakuma uzglabasana telpa (14. att.). Tas

1 vakums 2 vakums 3 vakums
D(LL+D1) D(L1+D1)
g
D(L3+G2) 2 D(L3+G2) o D(L3+G2)
s n
D-K D-K DK
T(L1+D1) T(L1+D1)
2 g
T(L3+G2) £ T(L3+G2) £ T(L3+G2)
— -
TK TK
]
K 8 K o5 K
° . ° . ~
0.0 20 40 6.0 0.0 20 40 6.0
" Raugi,log KWV ¢-1 " Raugi, log KWV g-1 ¥ Raugi, log KWV ¢-1

liecina, ka $o ogu paraugiem ir sacies bojasanas process. Zemakais pienskabes baktériju kopskaits konstatéts apstradatiem paraugiem
(L3%+G2%), kas liecina par noteikta apstrades veida efektivitati.

o 1 vakums
D(-1+D1) D(L1+D1) D(L1+D1)
A .
s D) £ pLac) £ pLyc)
n a | -
D-K 36 DK D-K
T(L1+D1) T(L1+D1) T(L1+D1)
S ©
g g g
2 T(L3+G2) 2 T(L3+G2) 2 T(L3+G2)
- — "E: o -
TK TK TK
_ EE— o
s k |fpo o5 K °2 K IS L
° : - ’ : ’ k] ‘ ‘ S # ~ # Py #
00 10 20 30 40 00 20 40 60 00 10 20 30 40 50
B Pienskabes bakterijas, log KVV g-1 B Pienskabes bakterijas, log KVV g-1 ® Pienskabes baktérijas, log KVV g-1

14.att. Pienskabes bakteriju kopskaita izmainas zemen€m uzglabasanas laika (2020. petjjuma gada)

Bakteriju kopskaits apstradatajiem paraugiem (L3%+G2%), uzglabajot 5 dienas, dzes€tava noradija zemakas vertibas (15.

att.), kas vél reiz apliecina apstrades veida efektivitati.

1 vakums 2 vakums 3 vakums
D(L1+D1) D(L1+D1) D(L1+D1)
(]
c © ©
c =
f D(L3+G2) £ D(L3+G2) & D(L3+G2)
w n
DK DK DK
T(L1+D1) T(L1+D1) T(L1+D1)
g < ©
2 T(3+62) g T3+e2 § T(3+G2
5] 2 T ) 2 T(L3+G2)
— - -
TK TK TK
© © <
5 K 0 Jog K o5 K 0
S rd © -~ ~ P © , e _, P o
0.0 2.0 4.0 6.0 8.0 00 10 20 30 40 50 0.0 20 4.0 6.0 8.0
® Baktérijas, log KVV g-1 B Baktérija,log KVV g-1 = Bakt€rijas, log KVV ¢-1

15.att. Bakteriju kopskaita izmainas zemen&m uzglabasanas laika (2020. p&tijuma gada)
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5 diena

1 diena

diena

Pel&juma sénite konstatéta tikai pirma un tre$a vakuma paraugiem (16. att.), savukart otram vakumam pel&juma klatbtitne
netika konstatéta. Pirmaja vakuma paraugiem pel&juma sénite konstatéta vairakiem paraugiem péc uzglabasanas (16. att. 1
vakums), kas liecina par sekundaro paraugu piesarnosanos uzglabasanas laika.

D(L1+D1)
D(L3+G2)
D-K
T(L1+D1)
T(L3+G2)
TK

K

1 vakums

0.0 0.5 1.0 15 2.0 25
H Pelgjumi, log KVV g-1

1 diena

Odiena

T(L1+D1)

T(L3+G2)

TK

3 vakums

o4 r d # #

0.0 05 1.0 15 2.0

B Pelgjumi, log KVV g-1

Pelgjuma kopskaita izmainas zemeném uzglabasanas laika (2020. pétjjuma gada)

16.att.
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ZEMENES 2021

Projekta uzdevumu ietvaros 9, un 21, julija veikts komplekss pétijums zemenu kvalitates saglabasanai uzglabasanas
laika, izmantojot biopoliméru apstradi un ieliktnus, Lai novertétu biopolimeru parklajumu un ieliktniSu ietekmes efektivitati
uz avenu kvalitati uzglabasanas laika, testéta avenu kvalitate, noteikti fizikalie raditaji (krasa, cietiba, masas zudumi), kimiskie

un sensorie raditaji,

Lai vispusigi raksturotu biopolimeru parklajumu efektivitati uz ogu kvalitati uzglabasanas laika, testéta zemenu
virsmas krasa kontroles un apstradatajiem zemenu paraugiem, Krasu vértibas CIE L*a*b#* krasu sistéma: L* vertiba-intensitate
(0 = melns, 100 = balts); a* vertiba (—a* = zal§, +a* = sarkans) un b= vértiba (—b* = zils, +b* = dzeltens), Zemenu krasu L*,

a* un b* vertibas komponentu kop€jas izmainas uzglabasanas laika atspogulo diferencu summa A E*,

Pirma vakuma zemenu kontroles paraugiem péc uzglabasanas dzes€tava + 4°C temperatiira, piektaja diena bija
novérota virsmas krasojuma maina, ta bija kluvusi tumsaka (1.tabula). Krasas a* vértiba péc uzglabasanas K palielinajusies
par 15.2 %. Savukart ar biopolim@riem apstradatajam A zemenu paraugam a* veértiba (sarkana krasa) izmainijusies-
palielinajusies mazak, attiecigi 10.9%, bet 1RA paraugam par 16.5 %. Savukart sarkanas krasas — a*vertibas palielinasanas
bija novérota ar pargjiem ar biopolimériem apstradatajiem paraugiem (attiecigi 1R 33,8%, 1RA 36,0% un 2RA 34,4%).

Mazakas krasas izmainas diferencu summa A E* salidzinajuma ar K bija A (10.9) un 2R paraugam (11.9).

1.tabula
1 vakuma zemenu virsmas krasas raditaju L* a* b* izmainas
L* a* b*
Datums | Paraugi AE*
Vid. Stdev Vid. Stdev Vid. Stdev

0 diena K 30.65 1.93 25.01 281 16.85 2.12
K 27.63 2.37 33.15 2.49 29.31 3.69 15.19
1R 26.59 1.23 33.45 2.89 28.97 2.97 15.32
A 24.76 2.16 28.61 2.85 25.22 3.53 10.85
) 1RA 24.64 2.74 34.00 3.29 29.33 2.92 16.52
> diena | 25.88 2.24 31.25 3.35 28.96 3.83 14.44
1A 26.07 1.74 33.66 2.19 28.75 291 15.41
2R 25.40 2.09 30.08 2.98 26.22 4.65 11.88
2RA 25.53 1.24 33.61 3.06 29.39 3.56 16.05

Otra vakuma zemenu virsmas krasas izmainu rezultati apkopoti 2.tabula. Otra vakuma zemenu virsmas krasa L* p&c
piecu dienu uzglabasanas dzesetava K paraugiem kluva par 9.3 % mazaka ( paraugi kluva tumsaki), salidzinot ar K(0). L*
vertibas izmainas butiski at$kiras no zemenu paraugiem, kuri bija apstradati ar biopolimériem. Biitiski mazakas L* vértibas
izmainas bija paraugiem 2RA 3.3%;, IA 4.8 %; 2R 5.5 %. Mazakas a*vertibas sarkanas krasas izmainas péc uzglabasanas
dzesetava bija 2R paraugam attiecigi 1.1 % un mazaka krasu izmainas diferen¢u summa 2R A E* 1,6, bet lielakas krasu

izmainas diferen¢u summa 1RA 49 AE”.
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2.tabula

Otra vakuma zemenu virsmas krasas raditaju L* a* b* izmainas

L* a* b*
Datums | Paraugi A E*
Vid, Stdev | Vid, Stdev | Vid, Stdev
0 diena | KO 27.61 1.00 23.69 3.18 12.72 2.35
K 26.18 1.94 2151 2.54 10.65 144 3.33
1R 2649 | 142 20.00 | 251 1251 | 231 3.87
Al 2580 | 1.34 2230 | 147 10.86 | 1.57 2.95
. 1RA1 25.44 1.67 19.97 251 10.30 2.76 4.94
> diena | 26.19 1.63 20.17 3.45 10.70 2.01 4.30
1A 26.56 | 1.50 2255 | 232 1228 | 1.19 1.62
2R 2790 | 1.05 2238 | 1.88 11.86 | 1.13 1.60
2RA 26.09 211 22.92 2.85 11.66 2.72 2.01

Pirma vakuma zemené&m cietibas izmainas p&c uzglabasanas dzesétava redzamas 1. attéla. P&c piecam uzglabasanas

dienam cietiba nedaudz samazinajas visos paraugos, iznemot ar biopolimeriem apstradato paraugu 2RA ( cietiba 2.03 N).

Cietiba, N

3,00
2,50
2,00
1,50
1,00
0,50
0,00

MMM

l 90 1,73 1,85 1,76 1,88 ‘ ‘ 1,69
K 1R A | 1RA 2RA 1A
0 diena 5 diena

Uzglabasanas laiks

1 att. Pirma vakuma zemenu cietibas izmainas

Uzglabasanas laika dzes&tava zemenu cietiba bitiski nemainijas, to neietekméja ari apstrades veids ar biopolimériem vai

ieliktni karbinas. Tomér ir veérojamas nelielas cietibas izmainas tendences p&c piecam uzglabasanas dienam (2RA).

Otra vakuma zemen&m, cietiba uzglabasanas laika dzes@tava palielinajas nedaudz ar biopolimériem atseviskiem

testtajiem paraugiem (2. att.), kas vartu bt skaidrojams ar ogu nevienmérigo gatavibas pakapi, jo arf K paraugam cietiba

palielinajas nedaudz (1,8 N). Cietiba bija nedaudz paaugstinajusies zemeném, kuras glabajas karbinas ar ieliktni I (1,84N).
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2,50

“AARARAAAR

Z 0
o
=
5 1,71 180 1,69 173
e H H H H H H H

0,00

K
0 diena 5 diena

Uzglabasanas laiks

2. att. Otra vakuma zemenu cietibas izmainas

P&c piecu dienas uzglabasanas mitruma saturs zemenés samazinajas lidz ar to arT masa-svars samazinajas. 3.attéla
redzamas masas zuduma izmainas procentos pétijuma laika pirma vakuma zemeném, Lidzigas izmainas bija novérotas ari otra
vakuma zemeném. Zemenu masa pec piecu dienas SHELF LIFE uzglabasanas telpa samazinajas vidgji 2,2 % K paraugiem un

1RSLA, 2RSLA, bet pargjiem ar biopolimériem apstradatajiem paraugiem 2,3% (ISL, SLA, 1RSL) un 2,4% (2RSL).

B[ vakums BE2vakums

2.8 2.7
I I I I 22I 22I

1RSL 2RSL 1RSLA 2RSLA
Paraugl

Svara zudumi, %
O O Fr P NN ®W®
o 01 O O O o1 o u»

Masas zuduma

izmainas pirma vakuma zemeném

Pirma vakuma zemen€m péc piecu dienu uzglabaSanas dzes€tava K paraugiem $kisto$as sausnas saturs biitiski
nemainijas (3.att.). Atseviskiem paraugiem p&c apstrades ar biopolimériem tas nedaudz palielingjas: I (par 3,7%), 2RA (6,7%),

kas skaidrojams ar biopoliméru kimisko sastavu,

. 130
o 10,9
E 102 102 102 105 07 9.9 10,0 08 e
3 100 = = E3 _L_ —F = -
4
= X
£%70
® -
@ m
2
240
z
& 1,0
kontrole K 1RA [ A 2RA 1R IA 2R
0 diena 5 diena

Uzglabasanas laiks
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3. att. Sl,(istoﬁs sausnas satura izmainas zemengés (1vakums)

Otra vakuma zemeném péc piecu dienu uzglabasanas dzes€tava visiem paraugiem $kistosas sausnas saturs batiski

paaugstinajas salidzinajuma ar pirmo dienu (K (13,07,) 14,0 Brix% lidz 18,5 Brix% (IA un 2RA). Sausnas satura izmainas

redzamas 4. attela. Zemeném K par 25%, bet par€jiem paraugiem péc apstrades ar biopolimériem vairak, attiecigi no 26,8%

(IR) 1idz 31,6 (IA), kas varétu bt arT saistits-skaidrojams ar biopolim&ru kimisko sastavu.

Eo210
m
g 18,0
§ 15,0
3 12,0
Z
é 9,0
18 6,0
>
o
Z 30
M“
e 0,0

14,0

0 diena

17,5

—==

17,8

IRA

18,1

E

18,2 18,5 18,2 18,5 18,1
=

—— = —=

A

2RA 1R IA 2R

5 diena

Uzglabasanas laiks

4. att. Skistosas sausnas satura izmainas zemenes (2 vakums)

Kopgjas skabes saturs zemeném uzglabasanas laika, salidzinajuma ar K(1) piekto dienu, butiski samazinajas

(5.attelu-tabulu). P&c piecam dienam, skabes saturs samazinajas pirmda vakumu, zemenu ar biopolimeriem apstradatajos

paraugos, salidzinot ar K (1), attiecigi par A;IA 39,6%; IR 45,8%; 2R 27,1%; 1RA; 2RA 37,5% un K(2) 25%.

Savukart ofra vakuma zemenu, ar biopolimériem apstradatajos paraugos skabes saturs, salidzinot ar K (1), péc

piecam dienam, samazinajas attiecigi 1R, 2R 12,9%; IRA 14,5%; 1A 16,1%; 1, 2RA 19,4%, A21% un K(2) 17,7%.

1 Izmainas, 2 Izmainas,
vakums % vakums %
K (0) - K (0) -
K (5d) 25,0 K (5d) 17,7
1(5d) 33,3 1(5d) 19,4
A(5d) 39,6 A(5d) 21,0
1A (5d) 39,6 IA(5d) 16,1
1R(5d) 458 1R(5d) 12,9
2R(5d) 27,1 2R(5d) 12,9
1RA(5d) 37,5 1RA(5d) 14,5
2RA(5d) 37,5 2RA(5d) 19,4

Kopgjais skabés saturs, %

2,5
2,0
15
1,0
0,5
0,0

20 27 1.8 18
17 18 I T A e
kontrole K 1RA | A 2RA 1R IA 2R
0 diena 5 diena

Uzglabasanas laiks

@1 vakums @2 vakums

S.att. Kopgjas skabes satura izmainas pirma un otra vakuma zemenu paraugos

Pétfjuma laika antocianinu saturs bija atskirigs starp pirma un otra vakuma zemenu paraugiem. To saturs butiski

atSkiras viena vakuma ietvaros starp analiz€tajiem paraugiem (6.att.). Visos zemenu paraugos antocianinu saturs butiski
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palielinajas salidzinajuma ar pirmo dienu (0) dienu. Pirma vakuma ogam péc uzglabaSanas - piektaja dienam lielakais

antocianinu saturs bija zemeném paraugam ar ieliktni I (56,3 mg 100 g™1), bet zemakais apstradatajam zemenu paraugam

karbina ar ieliktni IA (48,3 mg 100 g™2).

Savukart otra vakuma ogam péc piecam dienam lielakais antocianinu saturs zemenés bija paraugam 2R (64,0 mg

100 g), bet zemakais apstradatajam zemeném karbina ar ieliktni 2RA (51,1 mg 100 g2).

5.tabula

Antocianinu satura procentualas izmainas pirma un otra vakuma zemengs

Paraugs 1 vakums 2 vakums

K 19,2 23,2

| 26,0 47,6

A 12,0 29,6
1A 8,0 42,1
1R 20,4 48,6
2R 21,3 51,8
1RA 18,4 26,3
2RA 25,5 21,2

Pirma vakuma paraugiem, salidzinajuma ar 0 dienu p&c piecu dienu uzglabasanas dzesétava (+4+1°C), antocianinu saturs
palielinajas, par norada aprékinatas procentualas izmanas: K (19,2%), bet paraugos ar ieliktni I 26 %). Otra vakuma zemenu

paraugos antocianinu saturs bija palielinajies vél vairak: K (23,2%), bet paraugos p&c apstrades ar biopolim&riem 2R 51,8%.

Kopgjo fenolu satura rezultati, kas iegiiti petfjuma laika, test€jot pirma vakuma zemenes, apkopoti un aprékinatas

procentualas izmainas, p&c piecu dienu uzglabasanas dzesétava, Rezultati redzami 6.attéla.
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80 - 1 vakums 100 2 vakums
= 5
S [ 56,3 56,1 ]
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x =< = K IRA | A 2RA 1R IA 2R
; M
0 5 diena 0 5 diena
diena diena
*K opgjais antocianinu saturs izteikts cianidin 3glikozida ekv, mg100 g*
5. att. Antocianinu satura izmainas pirma un otra vakuma zemenu paraugos
Antocianinu satura procentualas izmainas pec piecu dienu uzglabaSanas dzes€tava aprékinatas un apkopotas 5.
tabula.




1 vakums

350 303,9 286.8
300 1 261,7 266,3 ’
234,5 2484 9349 2597 242,9 i

kontrole K 1IRA | A 2RA 1R 1A 2R

*Kopéejais fenolulsaturs, mg
100 g
=
(2

0 diena 5 diena

6.att. Kopgja fenolu satura rezultati un izmainas pétijuma laika pirma vakuma zemengés

*Kop@&jais fenolu saturs, izteikts ar galluskabes ekv, mg 100 g

Minimalas kopgjo fenolu satura izmainas, salidzinot ar K p&c piecu dienu uzglabasanas dzesétava, bija

konstatétas paraugam ar ieliktni (0,5%) un apstradi 1A (3.6%), bet vislielakas tikai 2R ( 22.3%). Varbiit varétu teikt, ka

apstrade ar biopolimériem samazinaja kopgjo fenolu satura izmainas,

Otra vakuma zemenu paraugiem iegitie kop&ja fenolu satura testéSanas rezultati apkopti 7.attéla. PEtjjuma pirmaja

diena kopé&jais fenolu saturs 153,3 mg 100 g1, bet péc piecam dienam palielinajas Iidz 170,6 mg 100 g™

2 vakums

H'w 450 -

] 376,7 3728 3706 3747
S 400 24l 2 363,0 ; ,
— , —
e 0 m o O
~ 300 1 [
5 250 A
g 200
=
E 150 ~
< 100 A
g 50 -
10
5 0 -
= K IRA I A 2RA 1R 1A 2R

0 diena 5 diena

7. att. Kopg&ja fenolu satura rezultati un izmainas otra vakuma zemeném

P&c piecu dienu uzglabasanas dzesétava kopgjais fenolu saturs palielinajas K parauga par 11,3%, karbina ar ieliktni par | un
1RA par 8,3%, bet ar visos ar biopolim&riem apstradatajos paraugos attiecigi vairak A18,4%; 2RA 22,9%; 1R 21,6% ; 1A
20,9% un 2R2,2%.

Pétijuma laika, pirma vakuma zemenu paraugiem, veikta sensora vert€Sana, izmantojot Linijskalu, testeta krasa,

izskars, garsa un cietiba. legiitie vért€Sanas rezultati apkopoti tabula 6. tabula un 8. attela.
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Pirma vakuma zemenu sensoras vertéSanas rezultati

6.tabula

Paraugi/sifréjums

Ipasibas K 1R 2R | 1A A 1RA 2RA

KOdiena | (5diena) | (5diena) | (5diena) | (5diena) | (5diena) | (5diena) | (5diena) | (5 diena)
Krasa 9,1 8,9 9,8 10,0 10,1 9,2 9,6 9,8 10,0
Izskats 9,9 8,5 9,3 9,5 9,3 8,2 8,4 8,6 8,1
Garsa 6,7 7,6 8,5 9,0 8,4 7,8 8,3 8,6 8,9
Smarza 1,7 3,9 4,4 49 55 3,9 57 47 39
Cietiba 5,6 9,3 8,7 9,9 9,4 9,1 9,2 9,3 9,1

STDEV STDEV STDEV STDEV STDEV STDEV STDEV STDEV STDEV
Krasa 0,92 1,34 0,59 0,58 0,57 0,41 0,51 0,45 0,55
Izskats 1,16 1,15 0,52 0,50 0,49 0,84 0,61 0,28 0,65
Garsa 1,49 1,17 0,38 0,61 0,64 0,89 0,69 0,48 0,37
SmarZa 1,42 0,89 0,94 1,27 1,04 1,01 0,81 1,37 1,12
Cietiba 0,91 0,66 0,71 0,29 0,73 0,70 0,51 0,53 0,65

Krasa
12
Cietiba Izskats
Smarza Garsa
——0dienaK0 =5 diena K 5 diena 1R
1 vakums 5 diena 2R ——>5diena | ——5diena IA
——>5diena A ——>5diena 1RA ——>5diena 2RA

8.att. Sensorais novertgjums pirma vakuma zemen&m

P&c iegiitajiem rezultatiem, redzams, ka krasa p&c uzglabasanas piecam dienam pirma vakuma paraugam K (0) bija noverteta

zemak (8,9), salidzinot ar pargjo paraugu: ar ieliktniem, ar biopolimériem apstradato krasu. Siem paraugiem krasa novértéta

diapazona no 9,2 (IA) Iidz 10,1 (I), Labakais izskats péc piecam dienam bijis 2R (9,5), bet p&c vértejuma sliktakais izskats
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2RA. P&c garsas augstak novertéts 2R (9,0), bet zemak novertéts K paraugs (7,6). Aromatiskakas ogas- péc marzas augstak
novertetas bija A paraugs, bet zemak (3,9) bija noverteti tris paraugi: K, IA un 2RA, P&c piecu dienu uzglabasanas ogas

stigrakas, cietiba noveértéta augstak (9,9) paraugam 2R, bet zemak (8,7) paraugam 1R .

Otra vakuma zemenu paraugu sensora novertéjuma rezultati apkopoti 7. tabula un att€loti 9.attela.

7.tabula
Otra vakuma zemenu sensoras vert€Sanas rezultati
Paraugs/Sifr&jums
Ipasiba KO0 K 1R 2R | A 1A 1RA 2RA
0 diena 5 diena 5diena | 5diena | 5diena | 5diena | 5diena | 5 diena 5 diena
Krasa 10,9 7,7 9,8 8,8 7,9 8,5 9,2 9,3 8,9
I1zskats 10,9 7.8 6,8 6,1 6,7 1,7 7,5 7,0 7,2
Garsa 74 9,1 8,0 7,7 9,2 8,2 8,4 9,2 7,5
Smarza 4.6 3,5 59 7,0 49 53 3,8 5,2 6,8
Cietiba 10,3 8,3 8,9 7,6 8,3 8,9 8,6 9,0 9,3
Stdev Stdev Stdev Stdev | Stdev | Stdev Stdev Stdev Stdev
Krasa 0,2 0,8 0,5 0,5 0,8 0,6 0,8 0,9 0,9
Izskats 0,3 0,7 0,8 1,0 0,5 0,5 0,9 11 0,8
Garsa 0,6 0,8 0,9 11 1,0 0,9 0,9 0,8 0,7
SmarZa 1,5 1,1 1,3 1,0 0,9 0,6 0,1 0,7 11
Cietiba 0,2 0,9 0,9 0,6 0,9 1,0 1,0 0,8 11

P&c sensoras vert€sanas rezultatiem verojams, ka pec apstrades ogu krasa ir uzlabojusies, jo vertetaji picktaja diena augstak ir
novertgjusi zemenu krasu péc apstrades. Zemakais krasas noveértéjums K paraugam (7,7), bet augstakais IR (9,8). Tomeér péc
izskata apstradatas ogas vertétajiem nav patikusas, jo K paraugs novértéts augstak (7,8), bet apstradatas ogas zemak 7,7 (A)
lidz 6,1 (2R). P&c garSas apstradatais paraugs un paraugs ar ieliktni novertéti nedaudz augstak (I un 1RA 9,2) tas butiski
neatskiras no K, kas noveértéts nedaudz zemak (K 9,1). Smarza visaugstak novértéta 2R (7,0), bet uz pusi mazak K paraugam

(3,5). Cietiba augstak novérteta 2RA (9,3), bet zemak 2R (7,6).
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Krasa

Cietiba

Izskats
Smarza Garsa
2vakums ——0diena K0 ——5 diena K ——5diena 1R
———5diena 2R ——>5 dienall ——5 diena IA
——>5diena A ——>5diena 1RA ——>5 diena 2RA

7. att. Sensorais novertéjums pirma vakuma zemeném

Izvertgjot raugu kopskaitu zemenu paraugos 1 un 2 vakuma konstatéts (8. att.), ka augstaki to raditdji bija
apstradatiem (A, 1RA, paraugiem 1 vakums un A, IA paraugiem 2 vakums) paraugiem. Tadel var secinat, ka apstrade

pétitajiem paraugiem neietekméja raugu attistibu uzglabasanas laika. Peléjuma sénite zemenu paraugos 2021. pétijuma

gada pirms un péc uzglabasanas neviena no paraugiem netika konstatéta.

6.00 1 vakums 700 2 vakums
5.00 6.00
. 400 1 5.00
o 4.00 -
2 3.00 5
¢ =300 -
s 5 3.00
S 2.00 2
- @ 2.00 -
g
& 100 ] 1,00 -
0.00 - 0.00 -
A 2R | 2R |
0diena 5diena 0diena 5diena
Uzglabasanas laiks Uzglabasanaslaiks

8.att. Raugu kopskaita izmainas zemeném uzglabasanas laika (2021. pétjjuma gada)

ArT augstaks bakteriju kopskaits zemenu paraugos bija novérots pirma un otra vakuma apstradatiem paraugiem (9. att.). Lidz

ar to viennozimigu secindjumu nav iesp&jams izdarit, dati ir pretrunigi pétijums jaturpina treso gadu.
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1 vakums 2vakums

2R I 1RA 2RA IA
5 diena Odiena 5diena
Uzglabasanas laiks Uzglabasanas laiks
9.att. Baktériju kopskaita izmainas zemeném uzglabasanas laika (2021. p&tijuma gada)
Savukart pienskabo baktériju kopskaits it augstaks paraugam 1RA 1 vakums, K, IR, 2R., 2 vakums (10. att.) kas liecina par
bojasanas procesa saksanos iepriek§ minétajiem paraugiem. Pienskabes baktrijas nav zemenu dabiga mikroflora un to
parmériga paradiSanas parauga liecina par nevélamiem procesiem paraugos.

. 1 vakums 2 vakums
7,300 7,600
E 2.50 g 5.00
=) o
= 200 I I 2 400
= 150 T £ 300 -
2 <200 -
g g 1.00 -
g g
£ 2
-9 & 0.00 -
K K 1R A 2R | 1IRA 2RA IA 2R |
0diena 5diena Odiena 5diena
Uzglabasanaslaiks Uzglabasanaslaiks

10.att. Pienskabes baktériju kopskaita izmainas zemeném uzglabasanas laika (2021. pétijuma gada)
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ZEMENES 2022

Projekta uzdevuma ietvaros 2022. gada 18. julija veikts komplekss pétijums zemenu kvalitates saglabasanai
uzglabasanas laika, izmantojot biopoliméru apstradi un ieliktnus, kas bija izstradati un sagatavoti LU un DI. LU izstradats
parklajums un ieliki galvenokart sastavéja no biocelulozes. DI izstradata parklajuma un ieliktnu receptiiras ir atspogulotas
protokolos: ,,Levana, dekstrana parklajumu izstrade un izvértésana”, ,,Jaunizveidota iepakosanas kompozitmaterialu prototipa
receptira, pielietojot EPS”.

P&tfjuma laika, lai novertétu biopolimeru parklajumu apstrades un ieliktniSu ietekmes efektivitati uz zemenu kvalitati
uzglabasanas laika noteikti fizikalie raditaji (krasa, cietiba, masas zudumi), kimiskie raditaji (Skistosas sausnas, kopgjas skabes
saturs, kop€jo fenolu un antocianinu saturs) un veikta sensora vértésana.

Testéta zemenu virsmas krasa kontroles un apstradatajiem zemenu paraugiem uzglabasanas laika SHELF LIFE (SL)
perioda. Fiksetas krasu vértibas CIE L*a*b* krasu sisteéma: L* veértiba-intensitate (0 = melns, 100 = balts); a* vértiba (—ax =
zal§, +a* = sarkans) un b= vértiba (-b* = zils, +b* = dzeltens). Zemenu krasu L*, a* un b* vértibas komponentu kopgjas
izmainas uzglabasanas laika atspogulo diferen¢u summa A E*. P&tijuma laika iegtitie test€Sanas rezultati analizeti un apkopoti
tabulas. P&c piecu dienu uzglabasanas dzes€tava visgaiSakais virsmas krasojums bija K parauga zemen&m, bet vissarkanakas

— vislielaka a*vertiba bija péc otras apstrades C paraugiem CIRA un C2RA (29.4 un 29.5). TestéSanas rezultati apkopoti

1.tabula.
1.Tabula
Zemenu virsmas krasu raditaju L* a* b* izmainas ( AE*) uzglabasanas laika
L* a* b*
Datums Paraugi
Vid. Stdev. Vid. Stdev. Vid. Stdev AEx
0 diena K 24.4 2.69 32.49 4.67 26.61 2.84 -
27.3 2.7 25.6 4.68 17.08 4.19 12.1
27.7 1.49 23.7 33 16.51 2.79 13.8
1R 28.7 1.63 27.4 3.04 17.57 2.57 11.2
2R 28.9 1.8 26.2 4.38 16.75 3.61 12.5
1RA 28.6 2.13 25.2 4.04 16.26 45 133
2RA 28.6 2.45 275 3.30 17.81 2.00 11
5 diena | 28.5 2.39 28.7 3.06 19.02 2.98 9.4
1A 28.0 2.09 27.3 3.82 18.59 3.22 10.2
CA 29.9 231 27.9 2.77 18.9 4.15 10.5
CIR 28.1 231 27.3 3.06 17.87 3.67 10.8
C2R 27.9 1.96 25.7 4.76 16.74 3.95 12.5
C1RA 29.8 2.7 29.5 3.73 19.84 4.42 9.1
C2RA 30.0 1.55 294 2.69 20.13 2.95 9.1
KSL 27.89 2.93 25.78 3.38 15.28 3.33 13.6
SLA 27.94 35 26.77 441 15.88 431 12.7
1RSL 29.21 2.74 27.75 35 17.52 3.54 11.3
2RSL 30.21 2.48 27.26 4.37 19.49 3.87 10.6
1RSLA 28.71 2.24 28.23 3.97 16.93 431 11.4
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2RSLA 27.31 3.7 28.21 431 18.29 4.03 9.8
ISL 28.21 3.68 28.24 4.07 18.29 4.19 10.1
ISLA 28.05 3.75 27.79 4.46 17.75 3.71 10.7
7 dienas
CSLA 28.95 2.29 27.34 38 17.63 3.67 11.3
C1RSL 27.83 311 27.3 4.22 19.81 3.49 9.2
C2RSL 27.31 3.67 25.8 4.29 16.37 3.43 12.6
C1RSLA 28.78 3.76 27.86 4.07 17.11 4.04 114
C2RSLA 26.6 4.58 26.3 4.05 15.66 3.42 12.8

Mazakas kopgjas krasu izmainas A E* 9.1 bija péc otras apstrades veida C1IRA un C2RA paraugiem péc piecu dienu
uzglabasanas, bet lieclakas A E* 13.8 A parauga zemen&m par biopolimeru apstradi. Zemenu virsmas krasojuma mazakas L*

vertibas izmainas bija K paraugam 11.8% p&c piecu dienu uzglabasanas (2.tabula).

2.tabula
Zemenu virsmas krasu raditaju L* a* procentualas izmainas (%) uzglabasanas laika
Paraugi
Radrtaji | K A 1R 2R 1IRA | 2RA | I 1A CA CIR | C2R C1RA | C2RA
L* 118 | 136 | 174 | 184 | 170 | 173 | 16.7 | 145 | 223 150 | 145 21.9 22.7
a* 213 | 269 | 158 | 194 | 224 | 154 | 117 | 158 | 143 16.0 | 20.9 9.1 95

Péc Shelf life krasu raditaju datu novertgjuma, péc vienas nedélas uzglabasanas dzesétava, redzams, ka mazakas L* vértibas
izmainas bija 2RSLA un C2RSL zemenu paraugiem11.9%. Savukart zemenu virsmas sarkana krasojuma-a* veértibas mazakas
izmainas bija paraugiem 1RSLA un ISL 13,1% (3.tabula).

3. tabula

Zemenu virsmas krasu raditaju L* a* procentualas izmainas (%) uzglabasanas laika

Paraugi
Raditaji | K SLA | 1R 2R 1R 2R ISL || C CiR C2R CiR C2R
SL SL SL SLA SLA SLA | SLA | SL SL SLA SLA
L* 142 | 144 | 19.7 | 23.7 17.6 119 | 156 | 149 | 186 | 140 11.9 17.9 8.9
ax 20.7 | 176 | 146 | 16.1 131 132 | 131 | 145 | 159 | 160 20.6 14.2 19.1

Pétijuma laika ieglitie zemenu cietibas testé$anas rezultati apkopoti un att€loti 1.att€la. Zemenu cietiba K paraugam
pétijuma sakuma bija 4,5N, bet p&c piecam uzglabasanas dienam samazinajas 1idz 4,2N, bet p&c apstrades ta zemeném nedaudz

palielinajas. Zemenu cietiba butiski nemainijas p&c piecu dienu uzglabasanas.
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Cietiba, N
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K K A IR 2R 1RA 2RA | IA. CA C1R C2R C1RACZRA

0 5
Paraugi, uzglabasanas laiks, dienas.

1. Attels Cietibas izmainas p&c piecu dienu uzglabasanas

Izvertjot ieglitos rezultatus, verojama cietibas palielinaSanas tendence ar biopolim&riem apstradatajiem zemenu
paraugiem. Ta palielinajas paraugiem A,1R,2R attiecigi par 4%, bet paraugiem 1RA, 2RA 11dz 20%. Savukart zemenu ogam
ar otra veida biopoliméru apstradi cietiba palielinajas paraugiem CA, CIR, C1RA, C2RA no 3-23% salidzinajuma ar K

paraugu. Cietibas procentualas izmainas p&c piecu dienu un SHELF LIFE uzglabasanas apkopotas 4. tabula.
4.tabula

Cietibas procentualas izmainas uzglabasanas laika

Nr.p.k Paraugi Izmainas, % | Paraugi Izmainas, %
péc 5 péc 7
dienam dienam

1 K 8.5 KSL -7.9

2 A 4.4 SLA -1.1

3 1R 4.2 1RSL 21.3

4 2R 4.4 2RSL 18.8

5 1RA 131 1RSLA 18.2

6 2RA 19.6 2RSLA 2.8

7 | 122 ISL 1.2

8 1A 20.5 ISLA 15.3

9 CA 7.4 CSLA 315

10 CiR 17.6 C1RSL 16.6

11 C2R 34 C2RSL 1.2

12 CiRA 234 C1RSLA 115

13 C2RA 13.3 C2RSLA 17.9

Zemenu cietibas test€Sanas rezultati péc septinu dienu uzglabasanas SHELF LIFE apstaklos redzami 2.attéla. KSL
paraugam cietiba (4.16 N) nedaudz samazinajusies par 8%, salidzinajuma pé&tfjuma sakumu (0 dienu K 4.5N). Savukart

paraugam ar otru CSLA cietiba bija 5.94N, ta paaugstinajusies butiski.
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Paraugi
2.  attéls Cietibas izmainas péc SHELF LIFE septinu dienu uzglabasanas

P&c septinu dienu uzglabasanas cietiba biitiski palielindjas zemen€m p&c abam biopoliméru apstradém. P&c pirmas
apstrades paraugiem: 1RSL, 2RSL, 1RSLA, 2RSLA un ISLA cietiba uzglabasanas SHELF LIFE laika palielindjas no 3 lidz
21%, p&c otras apstrades paraugiem CSLA, C1RSL, CIRSLA un C2RSLA cietiba palielinajas no 12 -31%.

P&tijuma laika p&c piecam un septinam dienam tika analiz&ti zemenu mitruma zudumi, iegtitie rezultati apkopti 5. tabula.

5.tabula
Masas ( mitruma) zudumi

Uzglabasanas laiks 5 dienas Uzglabasanas laiks SHELF LIFE 7
dienas

Paraugs % STDEV Paraugs % STDEV

K 2.48 0.14 | KSL 3.69 0.54
A 3.47 0.84 | KSLA 4.01 0.28
1R 2.77 0.20 | 1RSL 4.39 0.42
2R 2.77 0.38 | 2RSL 3.63 0.44
1RA 2.70 0.34 | 1IRSLA 4.44 0.25
2RA 1.71 0.82 | 2RSLA 3.98 0.54
| 2.85 0.16 | ISL 3.39 0.02
1A 2.38 0.16 | ISLA 3.46 0.09
CA 2.39 0.20 | CSLA 3.32 0.07
C1R 3.05 0.42 | C1IRSL 4.22 0.21
C1RA 2.54 0.17 | CIRSLA 3.58 0.44
C2R 2.69 0.07 | C2RSL 4.08 0.30
C2RA 2.66 0.18 | C2RSLA 3.89 0.39

Mazakie mitruma zudumi péc uzglabasanas piecam dienam bija 2RA zemeném 1,71%, bet lielakie mitruma zudumi A
paraugam 3,47%. [zvertgjot mitruma zudumus, redzams, ka salidzinosi mazakie zudumi bijusi paraugiem ar ieliktniem ISL un
ISLA. Péc SELF LIFE uzglabasanas mitruma zudumi starp abam apstradém bija lidzigi. P&c otra apstrades veida nedaudz

mazaki no 3.32% lidz 4.22%, bet péc biopolimeru apstrades no 3.39% 1idz 4.44% .
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Skistosas sausnas saturs zemeném pétijuma laika nedaudz mainTjas, kas varétu bt saistits ar ogu elposanu. Skistosas sausnas
saturs pec piecam uzglabasanas dienam samazinajas visos paraugos (3.attels).

3. attéls Skistosas sausnas saturs zemenu paraugos

[y
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Uzglabasanas laiks dienas, paraugi.

K paraugam $kistosas sausnas saturs samazinajas par 11%, p&c pirmas biopolime&ru apstrades par 11,2%, bet p&c otras apstrades

(C) vidgji par 14,5%. Péc SHELFE LIFE uzglabasanas $kisto$as sausnas saturs samazinajas vidgji par 10,2% ( 4.attels).
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SHELF LIFE Paraugi
4. attels Skisto§as sausnas saturs zemenu paraugos

Zemenu paraugu kopégjas skabes satura test€Sanas rezultati apkopoti 5 un 6.att€la. Péc piecu dienu uzglabasanas

kopgjas skabes saturs zemenes K bija samazinajies attiecigi par 21% (5. attels).
S 16 7137
22
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. Uzglabasanas laiks, paraugi.
diena Z8 pataug

5. attels Kopgja skabes satura izmainas zemenu paraugos
P&c pirma biopoliméru veida apstrades mazakais kopgjas skabes satura samazinajums bija konstatéts zemenu paraugos

I, IRA un 2RA (attiecigi 12%;13% un 15%). P&c otra apstrades veida skabes samazinajums uzglabasanas laika zemenu
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paraugos C1RA un CA bija lidzigs ( attiecigi 13 un 15%). Izvértgjot SHELF LIFE paraugus redzams, ka kopgjas skabes satura

izmainas — samazinajums mainigs ( 6.attels).
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SHELF LIFE paraugi

6. attéls Kopgjais skabes saturs SHEL LIFE zemenu paraugos

Kopgja skabes satura neviendabigas izmainas starp paraugiem vargja izraisit ar1 ogu lielums un gatavibas pakape. P&c
pirmas biopoliméru apstrades mazakais skabes samazinajums bija I un IA paraugiem ar ieliktniem ( 11%).Savukart p&c otra
veida apstrades skabes samazinajums bija nedaudz mazaks zemen€m paraugiem, kuri bija apstradati CA un C1RA ( 6,1 un
9,7). Lielakais kopgjas skabes samazinajums zemen&m konstatéts p&c otra apstrades veida paraugam C2RA (20%).

Antocianinu satura daudzums starp paraugiem péc piecu dienu uzglabasanas ir atskirigs, kas skaidrojams ar zemenu
ogu lielumu un ari gatavibas pakapi (6.tabula).

6. tabula.

Antocianinu saturs un izmainas zemenés pétijjuma laika

Uzglabasanas laiks, 5 dienas Uzglabasanas laiks, 7 dienas (SHELF LIFE)
Antocianinu saturs, mg/100g Izmainas Antocianinu saturs, mg/100g Izmainas
Paraugi | VID STDEV % VID STDEV %

K (0) 34.95 0.69
Kontrole 35.56 0.32 -1.75 0.78 55
A 0.45 6.5 31.86 1.32 8.9
1R 31.94 1.51 9.2 32.15 0.71 8.0
2R 29.03 0.24 18.5 34.25 2.25 2.0
1RA 27.97 0.06 24.1 27.58 0.35 21.1
2RA 27.19 1.08 27.8 0.96 1.3
| 1.14 8.9 1.56 -10.6
1A 26.93 0.34 24.7 27.81 1.09 20.4
CA 27.77 1.56 26.7 32.29 0.22 7.6
CIiR 34.18 1.39 2.8 35.45 3.19 -14
C2R 34.12 2.04 24 36.07 1.78 -3.2
C1RA 28.05 151 20.2 30.88 5.46 11.6
C2RA 29.92 2.11 17.9 30.53 1.13 12.7

P&c piecu dienu uzglabasanas antocianinu saturs K zemeném nedaudz palielingjas (1,8%), bet zemenu paraugos pec

biopolim@ru apstrades samazinajas. Vismazakais samazinajums bija ar otro apstradi C2R un CIR (2.4 attiecigi un 2.8 %).
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Mazakais antocianinu samazinajums ar pirmo biopolimé&ru apstradi bija paraugiem A (6.5%), ar ieliktni I (8,9%) un 1R (9.2%).
Péc SHELF LIFE - péc septinu dienu uzglabasanas mazakas antocianinu satura izmainas bija p&c pirmas biopoliméru apstrades
paraugiem 2RA un 2R ( attiecigi 1.3% un 2.0%), bet p&c otras apstrades nedaudz lielakas paraugiem CIR un C2R (attiecigi
1.4 un 3.2%).

Kopgjo fenolu saturs un ta izmainas, zemengs péc abam apstradém pétijuma laika apkopotas un §ie rezultati redzami

7. tabula.
7.tabula
Kopgjais fenolu saturs un izmainas zemengs pétijuma laika
Uzglabasanas laiks, Uzglabasanas laiks, 7 dienas (SHEL
5 dienas LIFE)
. Izmainas Izmainas
Paraugi Kopgjo fenolu saturs, GAE Kopgjo fenolu saturs,
mg/100g GAE mg/100g
VID STDEV % VID STDEV %

K (0 diena) 256.7 3.2

K 310.8 17.1 17.4 321.7 22.8 20.2
A 338.6 3.1 24.2 312.1 8.8 17.8
1R 356.8 2.9 28.1 315.8 14.0 18.7
2R 330.8 7.3 22.4 306.4 20.0 16.2
1RA 366.9 246 30.0 3421 1.7 25.0
2RA 369.8 1.9 30.6 333.9 20.1 23.1
| 377.9 5.8 321 313.3 23.7 18.1
1A 3404 3.2 24.6 275.0 8.0 6.7
CA 343.7 231 253 337.9 27.9 24.0
CIR 319.1 121 19.6 315.4 16.4 18.6
C2R 323.7 3.6 20.7 348.3 27.0 26.3
C1RA 3375 4.1 23.9 327.0 0.6 215
C2RA 339.3 12.2 24.3 284.6 30.1 9.8

Kopgjais fenolu saturs péc piecu dienu uzglabasanas paaugstinajas visos zemenu paraugos. K parauga kopgjais fenolu
saturs palielinajas par 17.4%. Paraugiem ar biopolimeéru apstradi kopgjo fenolu palielinajums bija robezas no 24.4% (2R
paraugam) lidz 30.6% ( I paraugam). Paraugiem ar otro apstradi palielindjums no 19.6% (C1R) lidz 25.3% (CA). Péc SHELF
LIFE uzglabasanas 7 dienam kopgja fenolu satura mazakas izmainas salidzinajuma ar K (0 dienu) bija IA paraugam (6.7%) ar
biopolim@ru apstradi, bet lielakas C2R (26.3%) p&c otras apstrades.

Petfjuma sakuma un p&c piecam uzglabasanas dienam viesiem zemenu paraugiem veikta sensora vértéSana. Zemenu

paraugu sensora vertésanas rezultati péc linijskalas apkopoti 8.tabula.

8.tabula
Zemenu sensoro Ipasibu intensitates novertejums
Laiks | Paraugs Krasa I1zskats Garsa Smarza Cietiba
Vid. Stdev. Vid. Stdev. Vid. Stdev. Vid. Stdev. Vid. Stdev.
0 diena K (0) 9.1 0.5 9.5 0.5 8.2 0.5 5.8 0.6 9.2 0.6
K 9.1 0.6 8.8 0.6 9.2 0.6 6.3 0.5 9.7 0.6
5 diena A 8.2 0.7 9.2 0.6 8.3 0.6 4.4 0.5 8.7 0.5
1R 0.5 0.6 7.6 0.5 4.2 0.5 0.5
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2R 8.8 0.7 8.6 0.6 8.3 0.6 4.6 0.5 8.0 0.5
2RA 8.1 0.5 7.2 0.5 79 0.5 3.8 0.4 7.7 0.5
1RA 7.6 0.4 7.5 0.4 7.0 0.6 39 0.5 7.1 0.3

| 8.2 0.6 7.3 0.4 8.1 0.5 4.7 0.4 8.4 0.5

A 8.3 0.6 7.6 0.5 79 0.5 0.3 7.7 0.5
CA 8.3 0.6 7.1 0.4 8.4 0.6 4.7 0.5 0.5
CIR 8.5 0.7 6.8 0.5 8.9 0.7 3.8 0.2 8.1 0.5
C2R 8.4 0.5 7.9 0.5 8.4 0.5 4.6 0.4 8.5 0.5
C1RA 7.0 0.5 7.7 0.5 7.3 0.6 5.0 0.3 8.0 0.4
C2RA 7.8 0.6 8.2 0.6 7.2 0.4 4.9 0.4 8.1 0.4

P&c sensoras vertesanas rezultatiem pec krasas, izskata redzams, ka pec uzglabasanas piecam dienam vertetajiem
vislabak paticis zemenu paraugs 1R, bet zemak noverteti zemenu paraugi pec otra apstrades veida C1RA un C1R. Savukart

péc garsas labak paticis K paraugs ( 7.att€ls).

Krasa
10

Cietiba Izskats

Smarza Garsa

K A 1R 2R 1RA 2RA |

7.attéls Linijskalas sensorais novertéjums péc biopoliméru apstrades

Linijskalas sensora noveért€juma parametru krasas un izskata rezultatus apkopojums attelots 8.attela. Izvertgjot
apstrades efektivitati, pec novertg§juma datiem redzams, ka vertetajiem pec krasas un izskata vislabak patikusi paraugi péc
pirmas apstrades (ar biopolim&riem) 1R un 2R. No otra apstrades veida p&c rezultatiem redzams, ka labak paticis C2R

paraugs.
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8.att€ls Zemenu paraugu krasa un izskata sensorais novertgjums

Izvertgjot zemenu garSas rezultatus par apstradém, redzams, ka augstakais novértéjums péc K parauga bija otras
apstrades C1R (8,9) paraugam (9.att€ls), kuram bija vis nearomatiskas, mazakais smarzas novértejums (3.8). Izvertgjot Sos

rezultatus, var secinat, ka tomér ir manama biopoliméru apstrades ietekme.

Krasa
10

Cietiba Izskats

Smarza Garsa

K CA CiR C2R CiRA C2RA

9.attels Linijskalas sensorais noveért&jums péc otra apstrades veida
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Ka redzams péc cietibas novertejuma, vertetaji K parauga - neapstradatas zemenes atzinusi ka cietakas, novertgjums

9.7, bet abam apstradém novertgjums 9.0 paraugiem 1R un CA. Mikstakas zemenes - zemakais cietibas novertéjums péc pirmas

biopoliméru apstrades 1RA paraugam. 10. att€la redzams, pirmas un otras zemenu paraugu apstrades, gar$as, smarzas un

cietibas sensora novert€juma datu apkopojums.

10. att€ls GarSas, smarzas un cietibas sensorais noveértéjums pec abiem apstrades veidiem
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C2R

80 8.1

50 9

i &
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Garsas, smarzas un cietibas sensorais noveért€jums p&c piecu dienu uzglabasanas K paraugam bija augstaks neka K

(0). Salidzinot abus zemenu apstrades veidus redzams, ka otras apstrades paraugs CA noveértets augstak péc visiem trim

parametriem. Otrs augstak novertetais paraugs bija ar1 no otras apstrades C2R, kas novertets augstak pec garSas un smarzas.

Izvertgjot raugu kopskaitu zemenu paraugos redzams, ka pirms uzglabasanas raugu klatbiitne netika konstateta (11.

att.). P&c piecam uzglabasanas dienam raugu kopskaits kontroles varianta biitiski paaugstinajas, kas liecina par ogu kvalitates

pasliktinaganos un bojasanas procesa sakumu. Ogu apstrade ar biopolimériem un uzglabasana biopoliméru plévé paléninaja

raugu attistibu. Efektivaka ogu uzglabasana bija biopolim&ru plévé 2. receptiira (ar receptliras sastavdalam var iepazities

protokola: ‘Jaunizveidota iepakoSanas kompozitmaterialu prototipa receptura, pielietojot EPS’). Butiski neietekmgja raugu

kopskaita attistibu apstrade ar biocelulozi (CA), un uzglabasanu ar biocelulozes ieliktni.
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11.att. Raugu kopskaita izmainas zemeném uzglabasanas laika (2022. p&tijuma gada)

Analizgjot pelgjuma kopskaita izmainas zemeném uzglabasanas laika, var redz&t, ka to skaits palielinajas paraugiem

IA,IRA, 2RA, IR, CA, CIR, CIRA, C2RA (12. att.). Visticamak, ka tas saistits ar, sekundaru paraugu piesarnosanos

uzglabasanas laika.
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12.att. Pelgjumu kopskaita izmainas zemeném uzglabasanas laika (2022. pétijuma gada)

Viens no raditajiem, kas liecina par produkta bojasanas procesa sakumu, ir pienskabes bakteriju picaugums (tas
attiecas tikai uz produktiem kuriem pienskabes baktérijas nav raksturiga produkta mikroflora). Ka var redzeét (13. att.)
uzglabasanas laika pienskabes bakteriju kopskaits biutiski picauga kontroles varianta. Uzglabasanas 2R un I bija nelabvéliga
vide pienskabes bakteriju attistibai. Parsvara pétitie uzglabasanas veidi biitiski nomaca pienskabes bakteriju attistibu,

izn@mums bija paraugi 1RA, CA, C2R,C2RA (13. att.), kuri pienskabes bakteriju attistibu biitiski nomaca.
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13.att. Pienskabes bakteriju kopskaita izmainas zemeng&m uzglabasanas laika (2022. p&tijuma gada)

Analizg&jot bakteriju kopskaita pieaugumu uzglabasanas laika (14. att.) noteikts, ka nebiitiski bakteriju skaits
palielinajas paraugam 1R. Tas liecina, ka receptiira numur 1. palénina bakteriju attistibu. Citi analiz&tie paraugi nedaudz
palénindja bakteriju kopskaita attistibu salidzino$i ar kontroles variantu. Parauga CI1R (14. att.) baktriju skaits palielinajas

nebiitiski, bet tas tomér bija lielaks salidzinosi ar kontroles variantu.
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Bakterijas, log KVV g1

C2R CI1IRA C2RA

Uzglabasanas laiks

14.att. Bakteriju kopskaita izmainas zemeném uzglabasanas laika (2022. p&tijuma gada)

Izvertgjot tris gadu zemenu uzglabasanas laika analiz&tos datus (fizikali — kimiskos, sensoros, mikrobiologiskos)
konstat&ts, ka ir nov@rota tendence ar parklajumu un/vai plévi uzglabato ogu deriguma termina paildzinasanai. Turklat fizikali-
kimiskie, sensorie raditaji bija augstaki apstrades variantam salidzino$i ar kontroles paraugiem. Ari mikrobiologiskie raditaji
kopuma bija sliktaki péc uzglabasanas kontroles variantam salidzinosi ar apstradatiem un/vai plévé uzglabatiem paraugiem.
Lidz ar to ir pieradita biopoliméra efektivitate ogu deriguma termina pagarinasanai. Bet nav pieradita biopoliméra rentabilitate

pielietojot to, ka ogu deriguma termina pagarinasanas iesp&ju (metodi).

410



KOMPOZITMATERIALI NO KARTUPELU CIETES UN BAKTERIALAS CELULOZES
Darba atskaite par pavasari
I. Teoretiskais apskats

1.1. Bakteriala celuloze (BC) un tas izmanto$ana

No naftas iegiitie poliméri (polietiléns, polipropiléns, polistirols u.c.) kluva par nopietnu piesarnojuma avotu, jo tie
praktiski nenoardas daba. ST iemesla dgl pedeja laika mekle netoksiskus un bionoarddmus aizstajéjus. Viens no $adiem
alternativiem materialiem ir bakteriala celuloze (BC). AtSkiriba no augu celulozes, BC ir labakas mehaniskas ipaSibas
(augstaks kristaliskums, izturiba, tidens aizturé$ana utt.) un augstaka tiriba (pieméram, nav lignina un hemicelulozes). Tac¢u
tiras BC pléves paslaik ir loti dargas, jo bakteriju kultivésana (Gluconacetobacter, Komagataeibacter u.c.) prasa sterilus
apstaklus. Tapéc BC visbiezak izmanto ka kompozitmaterialu sastavdalu kopa ar létiem biopolimériem (kartupelu vai
kukuriizas ciete, dekstrans, ksantans utt.) un plastifikatoriem (sorbits, glicerins), lai iegiitu loti izturigas pléves partikas
iepakoSanai [1]. Tacu veiksmiga pléve prasa precizu sastavdalu attiecibu un noteiktu pagatavosanas procediiru. Ta ka viens no

1etakajiem biopolim&riem Latvija ir kartupelu ciete, ta kluva par galveno kompozitu sastavdalu.

1.2. Bionoardami parklajumi, to raZoSana un izmantoSana

Parklajumi no édamiem biopolimériem ir Iéts veids svaigu auglu deriguma termina pagarinaSanai: §1 tehnologija lauj
aizvietot energoietilpigu saldeéSanu vai nobrieSanas inhibitoru izmanto$anu. Piem&ram, banani ar cietes un karaginana
parklajumu nesabojajas 12 dienu laika (kontrole sak bojaties péc 6 dienam). Cietes parklajumi pal€lina etiléna biosintézi (kas
izraisa augla nobrieSanu), samazina gaisa apmainu ar vidi un masas zudumus iztvaikoSanas del. Parklatu bananu uzglabasanas
termins vid&ji palielinas par 40% leénakas nobrieSanas dgl, par ko liecina izteikta cietiba, augstaks hlorofila saturs un zemaks
glikozes saturs. Péc argja izskata parklati banani praktiski neatskiras no kontroles: novéroja identisku krasojumu un atspidumu.
Rezultata nesamazinas parklato bananu pievilcigums pircgjiem. Parklajums noveér§ mizas plaisu rasanos, kas arT izskaidro

lenaku auglu bojasanos [2].

Vairakkartgja auglu parklasana labak samazina masas zudumus. Piem&ram, tiTs parklajuma slani palielina plimju adas
mitrumu par 20% (viens slanis — par 11%). Art atklaja, ka stikalu proteini uzlabo parklajumu kvalitati. Cietes parklajums
samazina tidens apmainu uz 60%, bet cietes-siikalu proteTnu parklajums — uz 75% (salidzinajuma ar kontroli). Var secinat,

ka parklajumi no €damiem biopolim@riem ir 1&ts, efektivs un videi draudzigs risinajums, kas lauj aizvietot plastmasas pleves

(3]

Edamus parklajumus var ari izmantot ka 18tu piedevu nesgju: sastivam var pievienot vitaminus, antioksidantus,
plastifikatorus, virsmas aktivos Iidzeklus, ka arT netoksiskus antibakterialus un pretsénisu lidzeklus. Parklajumus visbiezak
razo no cietes, tapec ka §is bezkrasains polisaharids ir loti izplatits ar piem€rotam mehaniskam ipasibam, tam ari nav
specifiskas garSas vai smarzas. Cietei piemit arT izteiktas skabekla barjera ipasibas. Izplatitakie cietes avoti ir kukurtiza (65%
no pasaulé sarazotas cietes), kartupeli (13%) un kasava (11%). Lielakais cietes trikums ir hidrofilitate, ko parasti risina,
pievienojot hidrofobas piedevas (pieméram, oleinskabe, Selaka, lipidi utt.). Tacu jaatceras, ka parklajums ar1 nedrikst biit parak

hidrofobs, jo pretgja gadijuma nebiis iesp&jams vienmerigi parklat auglus vai darzenus. [4, 10.3390/coatings8050152].

Tween 80 ieverojami samazina virsmas spraiguma koeficientu, kas atvieglo parklasanu. Sorbitols un glicerins ir loti
izplatiti un 1&ti plastifikatori, kuri novérs plaisu veidosanos parklajuma. Cieti lipidi uzlabo parklajuma pretestibu pret tdens
iedarbibu un samazina gazu un @idens tvaiku apmainu. Cietes kristaliskums (jeb nesazarotas amilozes saturs) arT ietekmé&
parklajuma tpasibas. Loti kristaliska ciete veido blivaku parklajumu, kas labak ierobezo gazu apmainu. Noveéroja, ka vislabakos

rezultatus dod parklajumi, kuros cietes masas dala ir mazaka neka 5%. Plastifikatora daudzums ir tie$i atkarigs no cietes un
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citu piedevu daudzuma: jo vairak ir citu sastavdalu, jo vairak pievieno plastifikatora. Glicerina vai sorbitola daudzums parasti

ir robezas no 0,6% lidz 25%. [4].

Sentsu izplatiba auglos un darzenos ir svariga probléma, jo apdraud cilvéku veselibu. Edamiem parklajumiem var
pievienot mikotoksinus un konservantus: benzoatus, sorbatus, karbonatus, parabénus. Pastav arT dabigi aizvietotaji: &teriskas
ellas, augu ekstrakti (marsila, rozmarinu, citronu sorgo, kanéla ellas, aloe vera utt.) un mikrobu antagonisti (bakterijas un
raugi). [4]. Var secinat, ka cietes parklajumi var klat par I&tu, efektivu un elastigu risindgjumu svaigu produktu uzglabasanai.

Galvenais $kérslis ir masveida raZo$anas un izsmidzinasanas tehnologija, lai apstradatu takstoSiem tonnu auglu vai darzenu.

1.3. Bionoardamas pléves, to raZoSana un izmantoSana

Atskiriba no parklajumiem, pleveém atskiras pagatavosanas un uzneSanas procediira: pléves parasti zZave un tikai tad aptin
razu, kas péc savas bitibas loti lidzigs polietiléna iepakojumiem. Bionoardamas pléves var razot no polisaharidiem, lipidiem
vai protetniem ar nelielu plastifikatora daudzumu. Labai plévei jabit izturigai, tievai un viendabigai, lai nodroSinatu labako

=

auglu aizsardzibu pret fidens iztvaikoSanu un kaitigiem mikroorganismiem. Tika veiksmigi izstradata “sausa” (ekstrudesana)

=9

un “mitra” (lieSana) plévju razoSanas procediira. Laboratorijas apstaklos biezi izmanto lieSanu, jo ta ir loti I&ta un vienkarsa
metode, tatu fidens izzavesana ir loti darbietilpigs posms. STiemesla d&] riipnieciska méroga izmanto ekstrudesanu, kas spéj
sarazot pléves ievérojami atrak. Tacu $1 metode ir gritaka un dargaka, jo prasa specialu ekstrudésanas aparatu (jeb ekstruderi)
un vairakus optimiz&tus apstaklus: ekstrudésanas atrums, silditaja temperatiira, spiediens, ekstrudera uzgali un formas utt. Gan
lieSana, gan ekstrudéSana lauj iegiit augstas kvalitates pléves, kuras praktiski neatskiras péc savas struktiiras un mehaniskas

izturibas [5].

Ciete nav vienigais polisaharids, kas der bionoardamo plévju raZoSanai. Biezi izmanto algu polisaharidus: agaru,
karaginanu un alginatus. Siem savienojumiem piemit laba elastiba un barjeru Tpasibas, un to lineara struktiira stabilize pléves,
novérdot plaisu veido$anos. V&l var izmantot augu svekus (akacija, tara koks, guara, ksantana u.c.). Sie sveki sastav no
hidrofiliem polisaharidiem (parsvara sazarota arabinoze ar nelielu protetnu daudzumu (~2%). Sveki ir loti leastigi, tacu tiem
ir parak liela skidiba Gideni. Tapéc Sos polisaharidus visbiezak izmanto ka piedevu cietei, lai uzlabotu pléves elastibu. Citas
noderigas piedevas ir pektins un celuloze. Pektini ir anjonu kompleksi, kas sastav no B-1,4 saistitiem metilétas o-D-
galakturonskabes atlikumiem. Pektiniem ir labas mehaniskas 1pasibas, tacu sliktas mitruma barjera Ipasibas, tap&c tos iesaka
izmantot ka plastifikatorus. Celuloze ir labs plévju materials, jo tai ir labas barjera IpaSibas gazém un tidenim, izteikta pretestiba
pret tauku un ellu iedarbibu, elastiba. Celulozei nav krasas, smarzas vai gar$as. Celulozes metiléSana paaugstina tas skidibu
tdent (augu celuloze slikti $kist, jo tai ir parak daudz starpmolekularu Gidenraza saiSu, kas traucg saistities ar fideni).
Metilceluloze nodrosina labu aizsardzibu pret mitrumu, bet hidroksipropilceluloze — zemu gazu caurlaidibu. Cita noderiga
plévju sastavdala ir hitins, kas parsvara sastav no B-(1-4)-2-amino-D-glikozes. To ieglist no garnelém, veicot ekstrakciju ar
10% natrija hidroksida $kidumu. Hitosans ir netoksisks un nealergisks materials, kuram ir izteikta antibakteriala iedarbiba,

laba mehaniska izturiba. Tomer ta lielakais triikums ir parak augsta $kidiba fident [5].

Plévju liesana prasa cietes karsésanu tideni. Pati ciete GidenT neskist, tacu augsta temperattira notiek t.s. Zelatinizacija
(cietes granulu nobriesana un kristalisku k&Zu sabruksana). Iegiito emulsiju ielej forma un izzavé. Udens iztvaiko3ana izveido
jaunu sakartotu struktiiru no amilozes un amilopektina. Vairaki apstakli ietekmé pléves kvalitati un mehaniskas 1pasibas:
emulsijas pH (parak skaba vide hidrolize un izskidina oglhidratus), Zavésanas temperatiira un laiks, gaisa mitrums utt. Slikta
apstaklu izvele var radit trauslas pléves. Polisaharidu plévju mehaniska izturiba parasti ir robezas no 15 lidz 70 MPa. Ta ka
bionoardamas pléves sastav no polariem oglhidratiem, tie labi trauc€ nepolaru gazu parnesei (O2 un CO2). Pléves un parklajumi
ieveérojami samazina gazu parneses raditaju (POz un PCOg, attiecigi). Piem&ram, tomatu PCOz2 ar aizsargpl&vi samazinas no

10,7 mL kg™t h™! (kontrole) Iidz 2,8 mL kg™t h™* [5].
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I1. Praktiskie darbi
Kompozitplévju un parklajumu sastavu izstrades process

Zuluaga et al. veiksmigi izstradaja plévi no kartupelu cietes un BC uz tidens pamata: 4% cietes (péc masas), 1,3%

glicerina, 7,5% BC un 0,2% konservanta (kalija sorbats) [1]. Kalija sorbata vieta Saja darba izmantoja natrija benzoatu.

Bakterialas celulozes apstrade

Bakterialo celulozi atdala no kultir§kiduma un mazga tekosa tideni lidz neitralam pH. Tad plévi ievieto varglaze,
pievieno 0,5-1 L 1% NaOH $kiduma un vara vienu stundu, lai atdalitu no tas bakterijas. Tad plévi atkal mazga tekosa Gdent
I1dz neitralam pH. Plévi 3 reizes mazga ar dejoniz&tu tideni un ar sk&rém sagriez nelielos gabalos. Tad BC gabalinus vienu
stundu dezintegré virtuves blenderT ar nelielu daudzumu tdens. Iegiito suspensiju centrifugé, atdala no lieka tidens un tad

sterilizé 121 °C. Celulozi uzglaba ledusskapi (4 °C) [6].

Vispariga plévju gatavosanas procediira

Plévju izveidei izmanto parastu lieSanu silikona vai teflona forma. Visus komponentus suspendgja tideni un kartigi
maisija vismaz 30 mintites. Tad suspensiju kars€ja maisot vismaz 30 mindtes. Izslédz karsésanu, kad ciete pilnigi Zelatinizgjas.
P&c tam maisijumu degazgja vakuuma 30-60 mindtes. Tad maisijumu ielgja forma un zavéja silikona forma 3 dienas 50 °C
temperattira. AtSkiriba no Zaluaga raksta, péc ZavéSanas negaidija 15 dienas, lai paatrinatu plévju izméginasanas atrumu:

pléves iznéma no krasns un lava tam atdzist lidz istabas temperatiirai. P1&vju kvalitati novertgja subjektivi péc ar¢ja izskata.

Parklajumu sastavi (noradita masas dala)
1. Maisijums A:

- 7,5% desktrana.

- 20% glicerina.

- 0,2% natrija benzoata.

Ieguva bezkrasainu un loti lipigu sastavu. Parak daudz glicerina: neder ka parklajums!

2. Maisijums B:
- 25% sorbitola.
- 3% dekstrana.
- 0,2% natrija benzoata.

Ieguva dzeltenigu parklajumu. Loti lipigs: neder ka parklajums.
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2.1. Maisijums B1:

- 5% sorbitola.

- 3% dekstrana.

- 0,2% natrija benzoata.

Ieguva bezkrasainu parklajumu, kas praktiski nav lipigs. Labi der talakiem eksperimentiem.

2.2. Maisijums B2:

- 10% sorbitola.

- 3% dekstrana.

- 0,2% natrija benzoata.

Ieguva bezkrasainu maisijumu, kas ir loti lidzigs B1. Diezgan lipigs.

2.3. Maisijums B3:
- 15% sorbitola.

414



- 3% dekstrana.
- 0,2% natrija benzoata.

leguva bezkrasainu maistjumu, kas ir loti I1dzigs B1 un B2, bet izteikti lipigs.

3. Maisijums C:
- 3% dekstrana.
- 20% sorbitola.
-1,5% BC.
- 0,2% natrija benzoata.

leguva bezkrasainu parklajumu, kas ir mazak lipigs neka B.

4. Maisijums D:
- 6% BC.
- 2% sorbitola.
- 0,2% natrija benzoata.

Ieguva puscaurspidigu dzeltenigu maisijumu, kas praktiski nav lipigs.
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5. Maisijums E:
- 1,5% kartupelu cietes.
- 0,5% dekstrana.
- 40% glicerina.
- 0,2% natrija benzoata.

V.

Praktiski identisks maisjjumam A: parak lipigs péc zavésanas. Neder.

6. Maisijums F:
- 3,1% kartupelu cietes.
-3,3% BC.
- 15% glicerina.
- 0,2% natrija benzoata.

Ieguva loti lipigu parklajuma sastavu: parak liels glicerTna saturs.

Var secinat, ka sastavi B1 un D labi der ka parklajumi. NepiecieSams atrast citus optimalus sastavus un salidzinat tos
sava starpa. Ari nepiecieSams izmé&ginat piedevas (piem&ram, lipidi, sikalu proteini u.c.), lai novértétu to ietekmi uz

parklajumu Tpasibam.

Plévju sastavi (noradita masas dala)

1. maisijums G:

- 7,5% BC.

- 4% cietes.

- 1,3% glicerina.

- 0,2% natrija sufita (natrija benzoats vel nebija pieejams).

Ieguva dzeltenigi puscaurspidigu elastigu plévi.
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2. Maisijumi G ar ksantanu (pagatavoja G ka kontroles plévi)
3.1. Maistjums GX1:

- 4% cietes.

- 1,3% glicerTna.

- 7,5% BC.

- 0,5% ksantana.

- 0,2% natrija benzoata.

Ieguva dzeltenu materialu, kas ir cietaks neka kontrole. Daudz plaisu.

3.2. Maisijums GX2:

- 4% cietes.

- 1,3% glicerTna.

- 7,5% BC.

- 1% ksantana

- 0,2% natrija benzoata.

Ieguva dzeltenu cietu materialu.

3.3. Maistjums GX3:

- 4% cietes.

- 1,3% glicerina.

- 7,5% BC.

- 2% ksantana

- 0,2% natrija benzoata.

Ieguva loti cietu plévi, kas plist péc lociSanas.

Secinajums: ksantans slikti der plévju izstradei. PlI&ves ir parak cietas.
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3. Maisijums H (pléves G kontrole bez BC):
- 4% cietes.

- 1,3% glicerina.

- 0,2% natrija sulfita.

Ieguva dzeltenigi puscaurspidigu trauslu plévi. Seko, ka BC bitiski uzlabo elastigumu.

4. Maisijums H2:

- 8% cietes.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva loti lipigu plévi, kuru nespgja atdalit no formas: pléve salip kopa. Jasamazina cietes saturs.
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5. Maisijumi HX un HX2:
- 4% cietes.

- 0,5% ksantana.

- 1,3% glicerTna.

- 0,2% natrija benzoata.

leguva dzeltenigu puscaurspidigu plévi. Elastiga, tacu ir nelieli caurumi.

6. Maisijums H3:
- 2% cietes.
- 1,3% glicerna.

- 0,2% natrija benzoata.

419



Ieguva planu caurspidigu plévi. Nav lipiga. Neplist rokas. Labs sastavs.

7. Maisijums H4:

- 3% cietes.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva caurspidigu elastigu plévi. Salidzinosi labs sastavs.

P&c H4 saka izmantot vakuuma eksikatoru, lai veiktu maisijuma degazaciju pirms lieSanas.

8. Maisijums H5:

- 3% cietes.

-1,5% BC.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva blivu un elastigu bezkrasainu plévi bez burbuliem vai plisumiem. Labs sastavs. Seko, ka nepieciesams neliels

daudzums BC, lai iegiitu kvalitativu plévi. HS ir optimals sastavs.
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9. maisijums H6:

- 3% cietes.

-0,75% BC.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva planu elastigu plévi, kas ir loti Iidziga H4.

10. Maisijumi H7-H10 (ar mainigu BC saturu)
11.1. Maisfjums H7:
- 2,5% cietes.

-0,5% BC.
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- 1,3% glicerina.

- 0,2% natrija benzoata.

leguva planu elastigu plévi.

11.2. Maistjums HS:
- 2,5% cietes.

- 1% BC.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva planu elastigu plévi.

11.3. Maisijums H9:
- 2,5% cietes.
-1,5% BC.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva planu elastigu plévi.

11.4. MaisTjums H10:
- 2,5% cietes.

-2% BC.

- 1,3% glicerTna.

- 0,2% natrija benzoata.

Ieguva planu elastigu plévi.

Secinajums: pléves ir lidzigas sava starpa.

11. Maisijums H11 (H6 kontrole bez BC):

- 2,5% cietes.
- 1,3% glicerina.

- 0,2% natrija benzoata.
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Ieguva bezkrasainu planu plévi, kas salip kopa. Var secinat, ka ir ieteicams izmantot BC, lai paaugstinatu pléves izturigumu.

12. Maisijums H5_AC (pléve ar acilétu cieti un acilétu BC).

Vispirms veica cietes acilésanu: 10 g kartupelu cietes pirms aciléSanas zavéja 24 stundas 50 °C temperatiira. Tad cieti
iebéra 100 mL burcina no karstumizturiga stikla, tad ielika magnéstisko maisitaju un pievienoja 10,30 mL (10,8 g; 180
mmol) etikskabes. Iegiito emulsiju maisija 10 miniites. P&c tam pa pilienam pievienoja 17,0 mL (18,4 g; 180 mmol)
etikskabes anhidrida un maisija 5 mindtes. Tad pievienoja 0,444 g joda (1,75 mmol) un apmaisija lidz visi joda kristali
iz8kist. Tad stikla burku neblivi aiztaisija ciet ar korki un ielika 300 W mikrovilni. Reakcijas maisTjumu uzmanigi karsgja
aptuveni 2 mintites, nepielaujot maisijuma variSanos. Tad reakcijas maisijumu atdzes€ja un pakapeniski pievienoja
piesatinatu natrija tiosulfata skidumu, 1idz paziid joda krasa. Pievinoja etanolu, lai izgulsn&tu cieti. Tad cieti filtré, mazga ar

etanolu un dejonizétu tidens, centrifuge un zave. leguva 7,826 g acilétas cietes [7].

Tad veica bakterialas celulozes (BC) acilé$anu: 10 g mitras sasmalicnatas BC tris reizes mazgaja ar ledus etikskabi un
centrifuggja, lai atbrivotu celulozi no tidens. Tad celulozei pievienoja 15 mL ledus etikskabes, 18,75 mL toluola un 0,100
mL perhlorskabes. Iegiito suspensiju energiski maisija 1 minditi. Tad suspensijai uzmanigi pievienoja 7,5 mL etikskabes
anhidrida un atkal energiski maisija 1 minati. Tad to maisija 1 stundu istabas temperatiira. P&c reakcijas beigam acilétu BC

izmazgdja ar etanolu un tad ar dejoniz&tu tideni. leguva vismaz 7,5 g acilétas BC [8].

Tad pagatavoja plévi HS AC tdeni:
- 3% cietes acetata.

- 1,5% BC acetata.

- 1,3% glicerina.

- 0,2% natrija benzoata.
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leguva dzeltenu graudainu plévi ar caurumiem. Aciléta ciete slikti nobriest fident un neveido vienveidigu gelveida struktaru.

Seko, ka nepiecieSams saderigs §kidinatajs. NepiecieSams arl izméginat celulozes metiléSanu un salidzinat rezultatus.

13. Maisijumi augu izcelsmes celulozi
13.1. Maistjums H5 C1:

- 3% cietes.

- 0,5% augu celulozes.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva puscaurspidigu plévi graudainu plévi. Nav tik elastiga salidzinajuma ar HS.

13.2. Maisfjums H5 C2:
- 3% cietes.

- 1% augu celulozes.

- 1,3% glicerna.

- 0,2% natrija benzoata.

13.3. Maistjums H5 C3:

- 3% cietes.

- 1,5% augu celulozes.
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- 1,3% glicerina.
- 0,2% natrija benzoata.

Ieguva necaurspidigu baltu plévi. Loti trausla un graudaina.

13.4. Maisijums H5_C4:
- 3% cietes.

- 2% augu celulozes.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva necaurspidigu baltu plévi. Loti trausla un graudaina.

13.5. Maistjums H5 CS5:
- 3% cietes.

- 0,25% augu celulozes.
- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva caurspidigu un elastigu plévi. Nedaudz graudaina. Seko, ka augu celuloze der tikai loti nelielos daudzumos. Augu

celuloze pieskir plevém nepatikamu “smil$papira” sajiitu. Bakteriala celuloze labak der plévju izgatavosanai.

14. Maisijumi ar bakterialu celulozi bez cietes.
14.1. MaisTjums G2:
- 7,5% BC.

- 0,25 natrija benzoata.

425



Ieguva baltu papiram lidzigu plévi. Pléve ir loti trausla.

14.2. Maistjums G3:

- 7,5% BC.

- 1,3% glicerina.

- 0,25 natrija benzoata.

Ieguva loti planu elastigu plévi, kas salip kopa.

Var secinat, ka ciete ir svariga plévju sastavdala.

15. Maisijumi I ar agaru
15.1. Maisijums I1 (kontrole):
- 4% cietes.

- 1,3% glicerTna.

- 0,2% natrija benzoata.

leguva plévi, kas péc savam Tpasibam ir identiska maisjjumam H.

15.2. Maistjums 12:

- 3,5% cietes.

- 0,5% agara.

- 1,3% glicerTna.

- 0,2% natrija benzoata.

leguva dzeltenigu elastigu plévi, kas ir lidziga kontrolei.

15.3. Maistjums [3:

- 3% cietes.

- 1% agara.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva dzeltenu elastigu plévi, kas péc savam Tpasibam ir lidziga kontrolei.

15.4. MaisTjums 14:
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- 2,5% cietes.

- 1,5% agara.

- 1,3% glicerina.

- 0,2% natrija benzoata.

leguva tumsi dzeltenu cietu plévi.

15.5. MaisTjums I5:

- 2% cietes.

- 2% agara.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva tumsi dzeltenu trauslu plévi.

15.6. Maisijums 16:

- 1,5% cietes.

- 2,5% agara.

- 1,3% glicerTna.

- 0,2% natrija benzoata.

Ieguva cietu brinu kristalisku vielu. Pléve netika iegiita.

15.7. Maisijums 17:

- 1% cietes.

- 3% agara.

- 1,3% glicerTna.

- 0,2% natrija benzoata.

Ieguva cietu tumsi brinu kristalisku vielu. Pléve netika iegtita.

15.8. MaisTjums I8:

- 0,5% cietes.

- 3,5% agara.

- 1,3% glicerina.

- 0,2% natrija benzoata.

Ieguva cietu tumsi briinu kristalisku vielu. Pléve netika iegtita.

15.9. Maistjums 19:
- 1% agara.
- 1,3% glicerina.

- 0,2% natrija benzoata.
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Ieguva cietu brinu kristalisku vielu. Pléve netika iegiita.

Secinajums: liels agara daudzums slikti der plévju izgatavosSanai.

Talakais darba plans:
1. Izstradat optimalu parklajumu sastavu.
2. Izméginat pléves un parklajumus, salidzinat apstradatus auglus/darzenus ar kontroli.

3. Savakt kvantitativus datus par plévém un parklajumiem (Junga modulis, plisuma punkts, stiepes izturiba,

biezums, gazu un Gdens tvaiku caurlaidiba, atspidums utt. — sadarbiba ar RTU vai LU).
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BAKTERIALAS CELULOZES PARAUGU FIZIKALI MEHANISKA ANALIZE

e  BC paraugiem (skatit tabulu) tika noteiktas strukturalas, mehaniskas un viskoelastiskas 1pasibas
Visi mérfjumu rezultati ir pievienoti pielikuma 1.

1. HS kontrole SEM, XRD, stiepe, reologija, uzbrie$ana, blivums
2.A.S.x7 SEM, XRD, stiepe, reologija, uzbriesana, blivums
3. A.S.+g.ex3 SEM, XRD, stiepe, reologija, uzbrie$ana, blivums
4. As. x1 galas. Eksrt. SEM, XRD, stiepe, reologija, uzbrie$ana, blivums
5. HS kontrole SEM, XRD, stiepe, reologija, uzbrie$ana, blivums
6. Stkalas kontrole SEM, XRD, stiepe, reologija, uzbriesana, blivums
7. Stikalas ar enzimiem SEM, XRD, stiepe, reologija, uzbrie$ana, blivums
8. stikalas ar CSL. SEM, XRD, stiepe, reologija, uzbrie$ana, blivums

e  Stiepes analize
Tinius Olsen 25ST (USA), atrums 1 mm/min.

P&c iznemsanas no vides uzreiz tika testeti 3 paraugi (10 mm x 40 mm).

e RTG analize
Panalytical X’Pert PRO. CuKa A =0.154 nm; 26 = 2 - 25 deg, 40 kV, 0.125 deg/s.

Paraugi tika liofiliz&ti pirms analizes.

e SEM analize
Tescan, Mira//LMU Schottky, 25 kV, gold-palladium (Emitech, K550X).

Paraugi tika liofilizéti un parklati ar zelta paladija sakausgjumi.

e  UzbrieSana
Uzbriesana tika veikta DI tideni. Zaveésana veikta termoskapi pie 105 gradiem.

e Blivums
Blivums tika aprékinats ar svérSanas metodi zinot parauga geometriskos izmérus

e  Reologija
Anton Paar Conus-Plate MCR 702.

Pagarinajuma un frekvences kontrole, 1 Hz oscilacijas rezims. Viskoelastiskas Tpasibas atkariba no deformacijas.

Stiepes dati
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Tabula: Stiepes analizes datu apkopojums

Pagarin sausais uzbriesa
modulis stipriba . g - nas blivums
error error ajums error atlikums
MPa MPa pakape g/cm3
% % ;
%

1. HS

2413 | 334 451 8.8 31,8 2,6 0,49 2938 0,958
kontrole
2.ASX7 210,7 | 264 117,4 28,7 385 114 0.4 2162 1,328
3. 1318 | 191 22,9 5,1 67,2 215 2 1328 1,055
A.S.+g.e.x3
4. As.xl 49,7 8,0 25,8 5,6 62,0 3,5 1,64 1653 0,931
galas. Eksrt.
5. HS

2413 | 334 45,1 8,8 31,8 2,6 0,79 2194 1,039
kontrole
6. Sakalas 1733 | 393 88,2 4,7 36,9 3.1 0,86 2431 1,098
kontrole
7. Sukalas 232 | 60,0 67,5 95 30,3 33 13 1362 1,076
ar enzimiem
8. sukalas 1755 9,7 454 97 394 95 127 1245 14
ar CSL.
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Mehaniskas 1pasibas

5. HS kontrole 6. Sukalas kontrole 7. Sukalas ar enzimiem 8. stikalas ar CSL.
modulis trikSanas modulis trikSanas modulis trikSanas modulis trikSanas
Mpa speks Mpa | Pagarinajums% Mpa speks Mpa | Pagarinajums% Mpa speks Mpa | Pagarinajums% Mpa speks Mpa | Pagarinajums%
233 52,4 33 154 88,7 39,7 230 76,2 339 167 51,5 35,1
232 32,7 33,8 129 91,9 38,6 173 57,4 27,3 189 415 28,1
211 50,1 32,3 193 81,4 36,5 293 68,9 29,8 170 33,7 49,2
289 45 27,9 217 90,8 32,6 176 54,9 45
241,3 45,1 31,8 173,3 88,2 36,9 232,0 67,5 30,3 175,5 45,4 39,4
334 8,8 2,6 39,3 4,7 3,1 60,0 9,5 3,3 9,7 9,7 9,5
3. A.S.+g.e.x3 4. A.s. x1 galas. Eksrt. 1. HS kontrole 2.A.SX7
modulis trikSanas modulis trikSanas modulis trakSanas modulis traksanas
Mpa speks Mpa | Mpa speks Mpa | Pagarinajums% Mpa speks Mpa Pagarinajums% Pagarinajums% Mpa speks Mpa | Pagarinajums%
234 28,8 233 52,4 33 115 106 51 51,5 52,3 26,5 59,1
97,4 20,2 232 32,7 33,8 354 96,2 36 91,7 40,7 19,8 65,9
63,9 19,8 211 50,1 32,3 163 150 28,6 58,4 56 31 60,9
131,8 22,9 241,3 451 31,8 210,7 117,4 38,5 67,2 49,7 25,8 62,0
90,1 51 334 8,8 2,6 126,4 28,7 11,4 215 8,0 5,6 35
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BC paraugu reologija

X- Shear Strain % , G’ -storage modulus Pa, G*’-loss modulus Pa
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Loss modulus Pa
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Loss modulus Pa
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X —Hz, G’ -storage modulus Pa, G”-loss modulus Pa
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G"(loss)



6. Sikalas kontrole
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BC SEM mikroskopija
1. HS kontrole

SEM MAG: 100 kx  Vac: Hivac MIRAN TESCAN

SEM HV: 5.00 kV Date(m/d/y); 06/28/22 50 pm q
WO: 10.19 mm Det: SE Riga Technical University I

SEM MAG: 1.00 kx R T . MIRA\ TESCAN

SEM HV: 5.00 kV Date(m/d/y): 06/28/22 50 pm g
WD: 10.18 mm Det: SE Riga Technical University n
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SEM MAG: 5.00 kx
SEM HV: 5.00 kv
WD: 10.19 mm

SEM MAG: 5.00 kx
SEM HV: 5.00 kv
WD: 10.18 mm

' Vac: HiVac

Date(m/d/y). 06/28/22 10 pm
Det: SE

Vac: HiVac
Date(m/dly): 06/28/22 10 uym
Det SE

MIRA\ TESCAN

L4
Riga Technical University u

MIRAW TESCAN

~
Riga Technical University n
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SEM MAG: 10.00 kx  Vac: HiVac MIRA\ TESCAN

SEM HV: 5.00 kV Date{m/d/y): 06/28/22 5 pm g
WOD: 10.19 mm Det: SE Riga Technical University n

AT ST e

-

SEM MAG: 1000 kx  Vac: Hivac e " MIRAW TESCAN
SEM HV: 5.00 kV Date(m/d/y): 06/28/22 5 um f
WD: 10.18 mm Det: SE Riga Technical University n
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SEM MAG: 500 x Vac: Hivac FEUSYETEW MIRAW TESCAN
SEM HV: 5.00 KV Date{m/d/y): 06/28/22 100 um g
WD: 10.18 mm Det SE Riga Technical Unmrsltyn
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2.A.S.X7

SEM MAG: 1.00 kx Vac: HiVac MIRAW\ TESCAN
SEM HV: 5.00 kV Date(mid/y): 06/22/22 50 pm i
WD: 10.01 mm Det: SE Riga Technical Un‘watsityn

-~

SEMMAG 1.00 kx  Vac: Hivac ' MIRAW TESCAN

SEM HV: 5.00 kV Date(m/d/y). 06/22/22 50 pm rk
WD: 10.02 mm Det: SE Riga Technical University n
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- !
?’)fe' ‘i.

SEM MAG: 500 kx  Vac: Hivac 1 MIRAWN TESCAN
SEM HV: 5,00 kV Date(m/dsy): 06/22/22 10 pm 4
WO: 10.05 mm Det: SE Riga Technical Unlverslyn

SEM MAG: 5.00 kx Vac: HiVac MIRAW TESCAN
L

SEM HV: 5.00 kV Date(m/dfy): 06/22/22 10 pm
WO: 10.02 mm Det: SE Riga Technical University u
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Ty . g o 1.4 S
SEM MAG: 10.00 kx  Vac: Hivac ‘ ! MIRAW TESCAN
SEM HV: 5.00 kV Date(m/d/y). 06/22/22 5 pm u’
ity

WD: 10.01 mm Det: SE Riga Technical Univers

3y

WMADZ3T /ARIM 98ViH 128V x 002 ‘OAM M32
-

my 00F  SS\SS\30 :(y\b\m)stsQ VA00.2 VH M32
“ izysvinU Is2inrasT spifl 32 150 mm S0.0r -aw
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3. AS.+g.e.x3

SEMMAG: 100 kx  Vac: HiVac ¥ MIRAW TESCAN

SEM HV: 5.00 KV Date(m/dly): 06/22/22 50 pm ”
WD: 10.12 mm Det SE Riga Technical University n

. 5 4
SEM MAG: 1.00 kx Vac: HiVac MIRAW TESCAN
SEM HV: 5.00 kV Date(m/dly): 06/22/22 50 pm i
WD: 10.03 mm Det SE Riga Technical University n
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SEM MAG: 5.00 kx  Vac: HiVac ' ; MIRA\ TESCAN
SEM HV: 5.00 kV Date(m/d/y): 06/22/22 10 pm
WD: 10.12 mm Det SE Riga Technical

»
University n

P!

SEM MAG: 5,00 kx  Vac: HVac FEFUERUETH “MIRAW TESCAN
SEM HV: 5.00 KV Date(m/dly): 06/22/22 10 pm -
WD: 10,02 mm Det SE Riga Technical Unwersity n
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-

\

SEM MAG: 10.00 kx  Vac: HiVac MIRAW TESCAN

SEM HV: 5.00 kV Date(m/dly): 06/22/22 5 pm

L 4
WD: 10.12 mm Det SE Riga Technical University n

- v _ 2N

s T RN
Dal

5 \4, y » 2

s’?,' \

. e BB ! 3 Y ’ ' o
SEM MAG: 10.00 kx  Vac: HiVac MIRAW TESCAN
SEM HV: 5.00 kV Date(m/dly): 06/22/22 5 pm g
WD: 10.02 mm Det SE Riga Technical University n
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£

SEM MAG: 100 x Vac: Hvac  Ley ; MIRAW TESCAN

SEM HV: 5.00 kv Date(m/dly): 06/22/22 500 pm 4

WD: 10.22 mm Det SE Riga Technical University n
» : ' W% B

4 -

SEMMAG: 500X  Vac: HVac THE MIRAW TESCAN

SEM HV: 5.00 kV Date(m/d/y): 06/22/22 100 ym -
WD: 10.03 mm Det SE Riga Technical University n
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5. A.s. x1 galas. Eksrt.

SEM MAG: 1.00 kx Vac: Hivac MIRAW TESCAN
SEM HV: 5.00 kV Date(m/dly): 06/22/22 50 pm 7
ersty

WD: 10.65 mm Det SE Riga Technical Un

.

B Sy g

SEM MAG: 100 kx ' ~ MIRA\ TESCAN

SEM HV: 5.00 kV Date(m/d/y): 06/22/22 50 pm ”
WD: 10.48 mm Det SE Riga Technical University n
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SEM MAG: 5.00 kx Vac: HiVac MIRAW TESCAN

SEM HV: 5.00 KV Date(m/dly): 06/22/22 10 pm .
WD: 10.65 mm Det SE Riga Technical University n
- < »

5 . - '-- 4“1’
g o |

o

SEMMAG: 500 kx  Vac: Hivac : : MIRAW TESCAN
SEMHV:500kV  Date(midly): 06/22/22 10 pm ”
WD: 10.50 mm Det SE Riga Technical University I
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SEM MAG: 10.00 kx  Vac: HiVac MIRAW TESCAN

SEM HV: 5.00 kv Date(m/dly): 06/22/22 5 pm é

WD: 10.65 mm Det SE Riga Technical University n
~

- - i
SEM MAG: 10.00 kx  Vac: HiVac | MIRAW\ TESCAN
SEM HV: 5.00 kV Date(m/dly): 06/22/22 5 pm r
WD: 10.50 mm Det SE Riga Technical University n

459



SEM MAG: 500 x Vac: HiVac MIRAW\ TESCAN

SEM HV: 5.00 kV Date(m/dly): 06/22/22 100 pm 7
WD: 10.48 mm Det SE Riga Technical University n
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5. HS kontrole

2 '}e.",." . . ¢ i St
SEM MAG: 1.00 kx Vac: HiVac MIRAW TESCAN
SEM HV: 5.00 kV Date(m/dly): 06/22/22 50 pm

L4
Riga Technical University n

L

WD: 10.78 mm Det SE

j . 27

SEM MAG: 1.00 kx  Vac: HiVac ' MIRAW TESCAN
SEM HV: 5.00 KV Date(m/dly): 06/22/22 50 pm -
WD: 10.83 mm Det: SE Riga Technical University u
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e ™ | »
SEM MAG: 5.00 kx Vac: HiVac | MIRAW TESCAN
SEM HV: 5.00 kV Date(m/dly): 06/22/22 10 ym 7
WD: 10.78 mm Det SE Riga Technical University n

: e .
SEM MAG: 5.00 kx Vac: Hivac MIRAW TESCAN
SEM HV: 5.00 kV Date(m/dly): 06/22/22 10 pm r
WD: 10.89 mm Det SE Riga Technical University n
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SEM HV: 5.00 kV
WD: 10.77 mm

SEM MAG: 10.00 kx
SEM HV: 5.00 kV
WD: 10.89 mm

Date(m/dly): 06/22/22 5 pm
Det SE

Vac: HiVac
Date(m/dly): 06/22/22 5 pm
Det SE

MIRAW TESCAN

L4
Riga Technical University n

MIRAW TESCAN

~
Riga Technical University n
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v

¥ ‘.,‘ . - > .
SEM MAG: 500 x Vac: HiVac MIRAW TESCAN
SEM HV: 5.00 kV Date(m/d/ly): 06/22/22 100 ym ~
WD: 10.83 mm Det SE Riga Technical University n
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6. Stikalas kontrole

—

MIRAW TESC.

SEM HV: 5.00 kV Date(m/dly): 06/28/22 50 pm 7
WD: 10.76 mm Det SE Riga Technical University n

{ty

SEM MAG: 1.00 kx Vac: Hivac MIRAW TES
SEM HV: 5.00 kV Date(m/dly): 06/28/22 50 pm s
WD: 10.66 mm Det SE Riga Technical University n
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- el 4
7

) - - " /B " - 1 5\
SEM MAG: 5.00 kx Vac: HiVac MIRAW TESCAN
SEM HV: 5.00 kV Date(m/dly): 06/28/22 10 pm e
WD: 10.76 mm Det SE Riga Technical University n

SEM MAG: 500 kx  Vac: Hivac
SEM HV: 5.00 KV Date(m/dly): 06/28/22 10 pm ”
WD: 10.66 mm Det SE Riga Technical University n
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— B o
SEM MAG: 10.00 kx  Vac: HiVac W MIRAW TESC
SEM HV: 5.00 kV Date(m/d/ly): 06/28/22 5 pm n’

WD: 10.76 mm Det SE Riga Technical University

SEM MAG: 10.00 kx  Vac: Hivac : MIRAW TESCAN

SEM HV: 5.00 kV Date(m/d/y): 06/28/22 5 pm 7
WD: 10.65 mm Det SE Riga Technical University n
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SEM MAG: 500 x vVac: Hvac TR | T MIRAW TESCAN
SEM HV: 5.00 kV Date(m/d/y): 06/28/22 100 pm 4
WD: 10.69 mm Det SE Riga Technical University n

SEM MAG: 500 x Vac: Hvac T MIRAW TESCAN
SEM HV: 5.00 kv Date(m/dly): 06/28/22 100 pm 4
WD: 10.66 mm Det SE Riga Technical University n
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7. Sukalas ar enzimiem

00k« Vac Hvac ; ~ T MIRAW TESCAN

SEM HV: 5.00 kV Date(m/d/y): 06/28/22 50 pm 7
WD: 9.982 mm Det SE Riga Technical University n

SEM MAG: 100 kx  Vac: HiVac
SEMHV: 500KV Date(midly): 06/28/22 50 pm ”
WD: 9.944 mm Det SE Riga Technical University I
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SEMMAG: 500 kx  Vac HVac MIRAW TESCAN
SEM HV: 5.00 kV Date(m/d/y): 06/28/22 10 pm
WD: 10.20 mm Det SE

L 4
Riga Technical University n

e .

: ) " " $ ~o 1 & \ A ﬂ- ) ; l
g Vs - S A 2 </ *
SEM MAG: 5.00 kx Vac: HiVac MIRAW TESCAN
SEM HV: 5.00 KV Date(m/dly): 06/28/22 10 pm -
WD: 9.925 mm Det: SE Riga Technical University n
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>

B { «“ y 8
SEM MAG: 10.00 kx  Vac: HiVac TN MIRAW TESCAN
SEM HV: 5.00 kV Date(m/d/y): 06/28/22 5 pm &
WD: 10.20 mm Det SE Riga Technical University n

5

¢ 2

=g

SEM MAG: 10.00 kx  Vac: HiVac FHE MIRA\ TESCAN
SEM HV: 5.00 kV Date(m/d/y): 06/28/22 5 pm ”
WD: 9.925 mm Det SE Riga Technical University n
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SEM MAG: 500X Vac: Hivac : MIRA\ TESCAN
SEMHV: 500KV Date(m/dly): 06/28/22 100 pm 4
WD: 9.988 mm Det SE Riga Technical University n
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8. siikalas ar CSL.

SEMMAG: 100 kx  Vac: HiVac MIRAW TESCAN
SEMHV: 500KV Date(midly): 06/28/22 50 pm -
WD: 10.92 mm Det SE Riga Technical University I

P
e

<

SEM MAG: 1.00 kx Vac: HiVac MIRAW TESCAN

SEM HV: 5.00 kV Date(m/dly): 06/28/22 50 pm s
WD: 11.05 mm Det SE Riga Technical University n
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SEM MAG: 5.00 kx Vac: lflnvac MIRAW TESCAN
SEM HV: 5.00 kV Date(m/d/y): 06/28/22 10 pm e
WD: 10.92 mm Det SE Riga Technical University n

'\.\'. 3 . . ‘ 3 g ‘/'
A . A

SEM MAG: 5.00 kx : ' MIRAW TESCAN
SEMHV:500kV  Date(midly) 06/28/22 10 pm -
WD: 11.05 mm Det SE Riga Technical University I
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»

SEM MAG: 10.00 kx  Vac: Hivac
SEMHV: 500KV Date(midly): 06/28/22 5 pm »
WD: 10.92 mm Det SE Riga Technical University I

SEM MAG: 10.00 kx  Vac: HiVac MIRAW TESCAN
SEM HV: 5.00 kV Date(m/dly): 06/28/22 5 pm r
WD: 11.01 mm Det SE Riga Technical University n
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SEM MAG: X Vac: HiVac ' A MIRAW TESCAN
SEM HV: 5.00 kv Date(m/d/ly): 06/28/22 100 ym e
WD: 11.05 mm Det SE Riga Technical University n
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Polimers - BC kompozicijas

Stiepes dati

Bakteridla celuloze

QD-. —— 40% Bcell, 50% PVS, 10% glicerins

Stress (MPa)

0 —
0 2 4 6 8 10 12 14
Strain (%) (bcell)
Beell Bcell-pvs

modulis | trikSanas modulis | trik$anas Pagarinajums

Mpa speks Mpa Pagarinajums % | Mpa speks Mpa %
2600 56,2 3,09 1820 70 8,87
3430 69,5 4,53 1910 61,4 11,7
3390 61,7 3,93 74,6 12,6
2500 56,3 5,16 2240 62,2 5,22
3790 72,4 5,07 2150 70,9 13
avg 3142 63,22 | 4,356 2030 67,82 10,278
stdev 563,53 7,47 0,86 197,48 577 3,26
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