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1. UZ PARSKATA PERIODU ATTIECINAMAS PROJEKTA AKTIVITATES LAIKA

POSMA NO 01.03.2026. LIDZ 31.05.2026.

1.1. turpinata SA1 izpilde (kulturu skrinings),

1.1.1. no Latvijas Universitates Mikroorganismu kulturu kolekcijas (LU MKK) uzglabatajiem 14

pienskabes bakteériju (LAB) un pieciem laktozi fermentéjosajiem raugiem (LFY) atlasitas sesSas

biologiski aktivos savienojumus (BAS) intensivak sintezéjosas LAB kultiiras, kuras vienlaikus uzkraj

peptidu frakciju (PF) un viena perspektivaka PF veidojosa LFY kultura:

a) izstradats standartizéts protokols BAS un PF sintezéjoSo mikroorganismu kultivéSanai;

b) optimizéts protokols un iegutu salidzinami dati atlasito kulturu augSanu, antiolsidantu (AO) 1paSibas un BAS
sintézes aktivitatei;

c) raksturota sukalu proteina SkelSanas un PF uzkrasanas dinamika 24 stundu ilga fermentacijas perioda,
izmantojot PAAG elektroforézi;

d) veikto eksperimentu laika raksturota LAB un LFY Stnu skaita dinamika.

1.1.2. turpinata datu uzkrasana par a/s “Cesvaines piens” izmantoto siera ierauga kulturu ietekmi uz

sukalu biokimisko sastavu

a) uzkrata sistematizetu datu kopa par piena un siera stukalu biokimisko sastavu no 2025, gada julija lidz 2026. gada

marta beigam,;
b) aprobeétas statistikas pieejas datu kopas analizei;
c) sistematizéeti dati parizmantoto rupniecisko ieraugu ipasibam un sastavu.



1.2. Turpinata SA2 izpilde (sukalas saturoso barotnu un mikroorganismu

augsanas apstaklu optimizacija)

1.2.1. petitas iespéjas ar vienkarsu baribas vielu maisijumu un konkretu

savienojumu papildinasanu palidzibu stimuléet sukalas peéc siera graudu

atdalisanas saglabajusos mikroorganismu aktivitati

a) atlasita stukalu pécfermentaciu potenciali stimuléjoSo savienojumu kopa un izveidotas tos saturoSo
sukalu barotnu formulacijas;

b) veikta eksperimentu sérija BAS un AO savienojumu sintézes dinamikas noskaidrosanai papildinatas
sukalas pecfermentacijas apstaklos, izmantojot ajtivizétas atlikuso industrialo oeraugu kulturas;

c) ar statistiskas analizes metodem noskaidroti butiskakie pécfermentacijas aktivitati iespaidojosie
faktori unizstradata pieeja talakajai metodes optimizacijai.

1.3.Publicitates pasakumi: zinojumi starptautiskajas konferences
1.3.1. Dzivibas zinatnu konference "The COINS 2026 Vilnas universitate, Lietuva;
1.3.2. konference Biosystems Engineering 2026 Tartu DzZU, Igaunija.



2. TURPMAKAJAI IZPETEI PERSPEKTIVAKO LAB un LFY
KULTURU ATLASE

Projekta pirma apaksSaktivitate paredz pakapenisku izmantojamo mikroorganismu
kultidra skaita samazinasanu, orientéjoties uz lielaku potencialu PF un BAS
uzkrasana, izmantojot siera razoSanas procesa péc pirmas koagulacijas fazes
veidoto (NPW), ka ar1 ar ultrafiltraciju atdalot udeni iegutas apm. pieckartigi
koncentreto sukalu (CW) frakcijas. Sakotneja faze tika petitas 14 LAB un piecas LFY
kulturas no LU MKK, salidzinajumam izmantojot vienu industriala ierauga kulturu.
No tam turpmakajai analizei atlasitas sesas BAS intensivak sitezejosas LAB un viena
lielaku PF veidojo$a LFY. Saja posma padzilinati raksturota atlasito kultdru aktivitate
ar merki (1) turpinat perspektivako kulturu izveli, samazinot izpetes objektu skaitu;
(2) identificet kandidatus kopkulturu veidosanai, lai optimizétu BAS un PF
akumulaciju. Fermentacija izmantotas pie 100°C apstradatas stkalas, no kuram
atdalis potenciali citu partikas produktu razosanai izmantojama proteina frakcija.



EKSPERIMENTA SHEMA LAB UN LFY IPASIBU RAKSTUROSANAI
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Collection No.

LMKK 697

LMKK 549
LMKK 551

LMKK 547

LMKK 176

LMKK 1156
LMKK 1454

LMKK 1458
LMKK 1277
LMKK 799

LMKK 657

LMKK 798

LMKK 1479
LMKK 1452

Cesvaine

Cesvaine

FC150
FC170

Species

Lactiplantibacillus plantarum

L actobacillus delbrueckii

Lactiplantibacillus plantarum

Lacticaseibacillus paracasei

l actococcus lactis subsp. lactis

L acticaseibacillus rhamnosus
Lacticaseibacillus rhamnosus

L actobacillus delbrueckii
Lactobacillus johnsonii

Lactobacillus helveticus

Lactobacillus acidophilus

l actococcus lactis subsp. lactis

Limasilactobacillus fermentum

Lacticaseibacillus paracasei

SAKOTNEJA SKRININGA IEKLAUTIE LAB CELMI

Full name

Lactiplantibacillus (Lactobacillus) plantarum DSM 20205,
ATCC 8014

Lactobacillus delbrueckii

Lactiplantibacillus plantarum (Lactobacillus plantarum)

Lacticaseibacillus paracasei subsp. paracasei (Lactobacillus
casei subsp. alactosus) VKPM B-4079

Lactococcus lactis subsp. lactis (Microbacterium lacticum 392)
153

Lacticaseibacillus (Lactobacillus) rhamnosus (Crystal)
Lacticaseibacillus (Lactobacillus) rhamnosus (Crystal)

Lactobacillus delbrueckii
Lactobacillus johnsonii (Crystal)

Lactobacillus helveticus DSM 20075, ATCC 15009

Lactobacillus acidophilus (Crystal)(Lactococcus cremoris (L.
lactis subsp. cremoris)) (Crystal)

Lactococcus lactis subsp. lactis

Limosilactobacillus (Lactobacillus) fermentum (API)

Lacticaseibacillus (Lactobacillus) paracasei (Crystal)

Description/origin

Food testing, quality control, organic acid production. DSM < ATCC
< E. McCoy, 17-5 (Lactobacillus arabinosus).

LU MBI
LU MBI Riga, skabbarnba

Riga, raudzéeta cukurbieSu sula

Riga, 1961, epifits, lucernas virszemes dalas no Pierigas

Riga, 2011., Padélu ezera sapraopelis
Riga, 2014, biSu zamu trakts

Riga, 2015.

Riga, 2012., skabbariba

DSMZ, Emmental (Swiss) cheese, Serological group A. DSM <
ATCC < PA_ Hansen, Lh12 < 5. Orla-Jensen, 12 (Thermobacterium
helveticum). Tipa kultdra

Riga, 2002, piemasijums pie maizes rauga Saccharomyces minor
MSCL 575

Riga, 2008.

Riga, 2015_, biogazes reaktors
Riga, 2014, biSu zamu trakts

Firmas Hansen izmantotie industrialie ieraugi; lactococcus lactis subtipu maisijums



SAKOTNEJA SKRININGA IEKLAUTIE LFY CELMI

Kluyveromyces marxianus 79

Kluyveromyces marxianus 282

Kluyveromyces marxianus 285

Kh;yvemmyces marxianus 286

Kiluyveromyces marxianus 831

Y5

“/'
Y2

~

Y4




Strain no.

1

Strain ID
697

551

176

1277

1479

1452

Industrial
150
286

TURPMAKAJIEM PETIJUMIEM ATLASITIE MIKROORGANISMU CELMI

Species

Lactiplantibacillus plantarum

Lactiplantibacillus plantarum

Lactococcus lactis subsp. lactis

Lactobacillus johnsonii

Limosilactobacillus fermentum

Lacticaseibacillus paracasei

Industrial bacterial strain

Kluyveromyces marxianus

Type

Bacteria

Bacteria

Bacteria

Bacteria

Bacteria

Bacteria

Bacteria

Yeast

to ipasibas un izvéles kriteériji

Main Tricine-SDS-PAGE observation Proteolytic activity / peptide formation

Main whey protein bands remained mostly Low
unchanged from 0 to 24 h in both whey
types. No strong new low-molecular-weight

bands.

Similar band pattern at 0, 6, and 24 h. Major
bands remained stable.

Low
Major bands remained visible. Minor Low to moderate
changes may be present, but not strong.
More visible low-molecular-weight
bands/smearing around ~15-30 kDa,
especially in highlighted areas.

Moderate to high

Clearer low-molecular-weight Moderate
region/smearing, especially in
concentrated whey.

Band profile mostly stable over Low
fermentation time. No obvious
disappearance of main whey bands.
Main bands remained stable across 0, 6,

and 24 h. Changes were not very clear.

Low

Broad low-molecular-weight bands/smears
around ~15-35 kDa, especially visible in
highlighted region.

Conclusion

Limited visible whey protein hydrolysis during 24 h
fermentation.

Weak proteolytic effect; little evidence of protein
degradation.

Some possible proteolysis, but not clearly strong by
Tricine-SDS-PAGE.

One of the better bacterial strains for peptide
formation/protein hydrolysis.

Shows evidence of peptide formation; promising strain
for whey protein hydrolysis.

Limited detectable proteolytic activity under tested
conditions.

Weak visible proteolysis; not a strong peptide producer
in this experiment.

Yeast showed the strongest apparent low-molecular-
weight peptide/protein pattern; most promising, but
bands may also include yeast biomass proteins.



TURPMAKAJIEM PETIJUMIEM ATLASITIO MIKROORGANISMU CELMU IZCELSME

MSC # Nomenclature name, identification Source Place, time and Notes
source of
distribution
697 Lactiplantibacillus (Lactobacillus) plantarum |DSMZ N/A Food testing, quality control, organic acid
DSM 20205, ATCC 8014 production. DSM < ATCC < E. McCoy, 17-5
(Lactobacillus arabinosus).
551 Lactiplantibacillus plantarum (Lactobacillus  |LU MBI Riga, silage Can be used for silage fermentation
plantarum)
176 Lactococcus lactis subsp. lactis (Crystal) LU MBI Aboveground parts [Stimulates plant growth and development,
(Microbacterium lacticum 392) 153, 392 of Lucerne, 1961, |increases sugar beet yield. Synthesizes
from Pieriga. group B vitamins and heteroauxin.
1277 |Lactobacillus johnsonii (Crystal) LMKK Riga, silage, 2012
1479 |Limosilactobacillus (Lactobacillus) fermentum|LMKK Riga, 2015, biogas
(API) reactor
1452 |Lacticaseibacillus (Lactobacillus) paracasei |LU BF Riga, 2014, bee
(Crystal) intestinal tract
286 Kluyveromyces marxianus 1215 LU MBI N/A For the determination of nicotinamide
(vitamin PP)




3. BAS UN AO SINTEZE ATLASITAJAS MIKROORGANISMU KULTURAS

Saja pétijumu posma péc ieprieks attélotas eksperimentu shémas tika parbauditas
skriniinga atlasito 6 LAB un vienas LFY kulttru BAS un AO veidojosa aktivitate stkalu
preparatos, kuru raksturoja pec mikroorganismu enzimu vai enzimu kompleksu
spéjas mijiedarbiba ar krasu veidojoSiem substratiem mainit reakcijas maisijuma
absorbcijas intensitati pie noteikta gaismas vilna garuma.

QR -hinona reduktaze. Raksturo antioksidanta ipasibas.

DHA - dehidrogenaze. Raksturo kop€jo enzimatisko aktivitati.

L-DOPA - levo-dopamina sintéze. BAS sinteze.

FDA - fuorescina diacetata hidrolize. AugSanas aktivitates visparéjs raksturojums.
DPPH un ABTS atkrasosanas inhibicija. Aktiva skabekla radikalu (ROS) saistiSana,
AQO aktivitate.



DHA, DEHIDROGENAZU, AKTIVITATES DINAMIKA

DHA, NPW, 1h incubation with reaction mixture DHA, NPW, 21h incubation with reaction mixture DHA, NPW, 21h incubation with reaction mixture
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The DHA assay demonstrated clear differences among the tested isolates.

On NPW little activity was observed during the initial incubation period, as most values remained close to zero. However,
after longer incubation, several isolates exhibited a marked increase in activity.

LAB 176, 1277, and 1479 showed the strongest responses, suggesting a greater general metabolic activity over time.

CW produced more variable results. While some isolates maintained positive activity, others showed reductions or even
negative values after prolonged incubation.

Overall, the DHA results indicate that activity is strongly influenced by both incubation time and growth conditions, with
isolates 176, 1277, and 1479 displaying the most pronounced responses.



L-DOPA, LEVODOPAMINA SINTEZES AKTIVITATES DINAMIKAL-

DOPA, NPW, 1h incubation with reaction mixture DOPA, NPW, 24h incubation with reaction mixture DOPA, NPW, 24h incubation with reaction mixture
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The DOPA assay revealed a generally decreasing trend over time.

In NPW mostisolates showed negligible activity during extended incubation.

The effect was even more pronounced in CW, where several isolates, particularly 551 and ind150, exhibited
substantial reductions in activity.

DOPA assay shows depletion of the measured compound during incubation.



QR, HINONA REDUKTAZES AKTIVITATES DINAMIKAL-
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QR assay highlighted significant differences among the isolates.

In NPW, most isolates showed minimal activity during the early incubation with gradual increse after
extended incubation,

Strain 1277 displayed most positive response.

In CW QR variability increased considerably. Strain 1479 exhibited one of the strongest positive results, but
strains 1452 and ind150 showed the biggest decrease.



FDA, FUORESCINA DIACETATA HIDROLIZES AKTIVITATES DINAMIKA
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FDA hydrolysis showed a moderate increase in activity in NPW .

® Among all tested strains, MSC 176 exhibited the highest values, suggesting strong metabolic activity.

® CW samples were variable; several strains experienced decline during extended incubation. Ind 150
showed the most pronounced decrease, but 1479 showed a significant increase, followed by stagnation

® CW mightimpose stress-reducing metabolic performance for some strains.
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ABTS, 2,2'-AZINOBIS-3-ETILBENZILTIAZOLINSULFOSKABES KRASAS MAINAS TESTS
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Demonstrated a relatively stable antioxidant activity across all isolates and incubation periods.

Changes over time were generally small.
Most strains maintained positive values both in NPW and CW. The strongest activities were observed

in strains 551, 286 (Yeast), and 697, while 1479 and 1277 generally showed lower values.



DPPH, 2,2-DIFENIL-6-PIKROHIDRAZINA KRASAS MAINAS TESTS
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In NPW, many isolates initially displayed positive antioxidant activity, which declined substantially with time.

In CW, the declines were even greater, with several isolates exhibiting strongly negative values at the final point.
Strains ind150 and 1452 showed particularly severe reduction in AO activity during incubation.

DPPH and ABTS tests should only be done by initial reading at point «0» and then after an hour.



ENZIMU AKTIVITATES DINAMIKAS MERIJUMU KOPSAVILKUMS FERMENTETOS SUKALU
PREPARATOS, IZMANTOJOT ATLASITOS MIKROORGANISMU CELMUS

6h
NPW

30min

5min

21h

21h

21h

21h

DPPH

ABTS

DHA

DOPA

FDA

QR

697

2.20493

44.2621

0.35267

-0.20933

0.37

0.16633

551

14.3969

176

4.28016

30.1786

1277

5.57717

33.4828

0.49567

0.98833

0.12133

-0.11533

0.24933

0.41367

-0.06833

1479

5.31777

30.612

1.074

-0.046

0.16633

0.07867

0.02633

1452

3.76135

35.8662

0.085

0.06033

0.01267

-0.15767

ind 150

7.9118

32.6162

0.56767

0.00967

0.137

286-Y3

1.68612

41.6621

-0.22433

-0.25733

0.14233

CwW

0.09567

DPPH

ABTS

697
551
176

16.2127

8.94942

44.8579

31.6953

DHA

0.378

DOPA

-0.21067

FDA

QR

0.21167

-0.07967

0.241

-0.07833

0.993

0.075

0.28933

0.069

1277
1479
1452

8.69001

-0.1297

39.1162

1.03233

0.01333

0.23967

-0.006

31.8578

0.848

0.07567

0.401

0.12933

ind 150

8.17121

286-Y3

10.7652

29.5286

33.2662

0.56867

-0.11733

0.05067

0.035

0.586

0.038

-0.06767

-0.22633

0.05233

-0.05733
-0.06333

When all assays are considered together, Strain 176, 1277, and
1479 emerge as the strongest performers.

Strain 176 consistently demonstrated high metabolic and
enzymatic activity, particularly in the DHA and FDA hydrolysis
assays.

Strain 1277 showed strong responses in both the DHA and QR
assays, while strain 1479 exhibited substantial QR activity and
generally positive performance across several measurements.

In contrast, isolate ind150 was among the least stable performers.
It frequently displayed declining activity, particularly in the FDA
hydrolysis and DPPH assays, suggesting greater sensitivity to
incubation conditions.

Isolate 286-Y3 showed intermediate performance, with results
varying depending on the assay used.

Comparing the two experimental conditions, NPW generally
supported more favorable biological activity, whereas CW often
resulted in greater variability and more pronounced declines during
prolonged incubation. This suggests that NPW may provide a
more suitable environment for maintaining metabolic and
enzymatic activity in the tested isolates.



Treatment

NPW | Strain ind 150 | 6h 4

ENZIMU AKTIVITATES DINAMIKAS MERIJUMU KOPSAVILKUMS FERMENTETOS SUKALU
PREPARATOS, IZMANTOJOT ATLASITOS MIKROORGANISMU CELMUS

Top 20 Treatments Based on Overall Standardized Enzymatic Mean

0 h excluded

NPW | Strain 1452 | 6h
CW | Strain 176 | 24h
CW | Strain 1479 | 24h
NPW | Strain 1277 | 6h
NPW | Strain 1479 | 6h -
CW | Strain 1277 | 6h -
NPW | Strain 176 | 6h -
CW | Strain 176 | 6h -
CW | Strain 1479 | 6h -
NPW | Strain 1277 | 24h
NPW | Strain 697 | 6h

CW | Strain 1452 | 6h -

CW | Strain ind 150 | 6h -
NPW | Strain 176 | 24h -
NPW | Strain 551 | 6h
CW | Strain 551 | 6h 4
CW | Strain 1277 | 24h
NPW | Strain 551 | 24h -

NPW | Strain 1479 | 24h 1

o
o
o
(4]
-
o

Mean standardized enzymatic score

The highest overall standardized enzymatic
activity was shown for strain 1452
(Lacticaseibacillus (Lactobacillus) paracasei)
after 6h fermentation in NPW, followed by strains
176 (Lactococcus lactis subsp. lactis) and 1479
(Limosilactobacillus (Lactobacillus) fermentum)
fermented in CW for 24h.

Whey type

CcW
NPW

697 - Lactiplantibacillus (Lactobacillus) plantarum DSM 20205, ATCC 8014
551 - Lactiplantibacillus plantarum (Lactobacillus plantarum)

176 - Lactococcus lactis subsp. lactis

1277 - Lactobacillus johnsonii

1479 - Limosilactobacillus (Lactobacillus) fermentum

1452 - Lacticaseibacillus (Lactobacillus) paracasei

Ind 150 - Industrial bacteria strain

286-Y3 - Kluyveromyces marxianus 1215



4. PROTEINA UN PEPTIDU FRAKCIJAS AR ATLASITAJAM LAB
UN LFY KULTURAM FERMENTETAO SUKALU PREPARATOS

10% poliakrilamida denaturéjosa géla (dPAAG) elektroforéezes rezultati Na-dodecilsulfata
(SDS) klatbutné Tric;ina bufert liecina, ka sukalu fermentacija ar atlasitajiam
mikroorganismu kultiram radija izmainas sukalu proteina sadalijuma, kuras galvenokart
bija redzamas ka zemas molekulmasas peptidu zonas pveidosanas un vairaku lielakas
molekulmasas proteinu zonu koncentracijas samazinasanas vai izzusana. Lielaka dala LAB
celmu 24 stundu laika galvenos sukalu proteinus pilniba nesaskéla. Starp testétajam
kulturam lielako proteolitisko vai peptidu producésanas aktivitati uzradija Lactobacillus
johnsonii MCS 1277, Limosilactobacillus fermentum MCS 1479 un it 1pasSi raugs
Kluyveromyces marxianus MCS 286.

Salidzinot ar NPW ,CW fermentacija veidojas intensivakas, bet daléji parklajosas proteinu
zonas, kas apgrutina rezultatu interpretaciju. Kopuma dPAAG géli liecina, ka vairakas, bet
ne visas atlasitas kulturas spéj veidot peptidu frakcijas sukalu fermentacijas laika.



SUKALU PROTEINS PEC FERMENTACIJAS. AR CBB-R250 KRASOTS 10% dPAAG-TRICINA GELS

— Strain 1 — Strain 2

~ MRS SN-ON __ 6h  24h Oh  6h c _ M SN-ON Oh 6h 24h C Oh 6h 24h C

M = Marker NPW = Non-pasteurized autoclaved whey CW = Conc autoclaved whey SN-ON= Supernatant of overnight culture
C = uninoculated whey 0, 6, 24 hours = incubation period MRS= MRS media uninoculated

Strain 1 = 697 strain Lactiplantibacillus plantarum

Strain 2 = 551 strain Lactiplantibacillus plantarum




SUKALU PROTEINS PEC FERMENTACIJAS. AR CBB-R250 KRASOTS 10% dPAAG-TRICINA GELS

— Strain 3 — Strain 4 —
MRS SN-ON Oh 6h 24h C 0h 6h 24h (o4 ‘0 M SN-ON Oh 6h 24h C Oh 6h 24h C
a o T j

- 250
- 150

- 100

TEENINERE
=

M = Marker NPW = Non-pasteurized autoclaved whey CW = Conc autoclaved whey SN-ON= Supernatant of overnight culture
C = uninoculated whey 0, 6, 24 hours = incubation period MRS= MRS media uninoculated

Strain 3 = 176 strain Lactococcus lactis subsp. lactis

Strain 4 = 1277 strain Lactobacillus johnsonii



SUKALU PROTEINS PEC FERMENTACIJAS. AR CBB-R250 KRASOTS 10% dPAAG-TRICINA GELS

—Strains — .
NPW. _ ‘_Strams
£ 2 2 £ 3 c—NPWq
MRS SN-ON Oh 6h 24h € Oh 6h 24h C
M SN-ON Oh 6h 24h C

- 250
- 150

100

AN

M = Marker NPW = Non-pasteurized autoclaved whey @ CW = Conc autoclaved whey SN-ON= Supernatant of overnight culture
C = uninoculated whey 0, 6, 24 hours = incubation period MRS= MRS media uninoculated

Strain 5 = 1479 strain Limosilactobacillus fermentum

Strain 6 = 1452 strain Lacticaseibacillus paracasei



SUKALU PROTEINS PEC FERMENTACIJAS. AR CBB-R250 KRASOTS 10% dPAAG-TRICINA GELS

— Strain 7 — — Strain 8 —
kDa M SN-ON Oh 6h 24h C Oh 6h 24h 2 YPG SN-ON Oh 6h 24h C Oh 6h 24h C

- 250
- 150

100

TRENINERE S

M = Marker NPW = Non-pasteurized autoclaved whey CW = Conc autoclaved whey = SN-ON= Supernatant of overnight culture
C = uninoculated whey 0, 6, 24 hours = incubation period YPG= YPG media uninoculated

Strain 7 = Industrial 150

Strain 8 (Yeast) = 286 strain Kluyveromyces marxianus



4. MIKROORGANISMU SKAITA DINAMIKA SUKALU
PREPARATU FERMENTACIJAS LAIKA

Dzivotspéjigo sunu koloniju veidojoSo vienibu (KVV) skaits uz agarizétas MRS barotnes
atlasitajas LAB un LFY kulttras 24 stundu ilga inkubacijas laika NPW un CW sukalas
vispariga veida raksturo mikroorganismu spéju saglabat fiziologisko aktivitati, kas
nepieciesama ar1 BAS, AO un PF veidosanai.

Orientéjosie KVV dinamikas rezultati rada (1) butiskas atskiribas atlasito baktériju kulttru
dzivotspéja 24 stundas fermentéejot sukalu substratus; (2) kopuma intensivaku bakteériju
skaita pieaugumu CW substrata salidzinajuma ar nelielu pieaugumu vai pat skaita
samazinasanos, fermentéjot NPW, (3) butisku dzivotspéjigu rauga sunu samazinajumu ka
NPW, ta ari CW fermentacijas laika.

Lai armt KVV skaita noteikSana veikta tris atkartojumos katra substrata, eksperimentu
nepiecieSams atkartot. Mikroorganismu dzivotspéjas faktors janem vera, planojot un
vértejot turpmakos fermentacijas eksperimentus.



>

w The number of culturable cells, CFU/mL

[he number of culturable cells, CFU/mL

BAKTERIJU UN RAUGU KVV SKAITA DINAMIKA FERMENTACIJAS SUBSTRATA 24 STUNDU LAIKA

NPW, autoclaved, centrifuged, May 2026

1.00E+14 The number of culturable cells in cultures of seven bacterial

strains and one yeast strain during fermentation in

1.00E+10 autoclaved and centrifuged NPW (A) and CW (B). n.d. - not
1.00E+08 = 0h detected.

1.00E+06 = 6h * - bacterial contamination of autoclaved CW was detected.
1.00E+04 B 24h

1.00E+02

1.00E+00

1977 1479 1457 ind150 2863 The number of culturablg bacteria in NPW and CW after
inoculation changed during fermentation from Oh to 24h. These
changes were strain-specific and also depended on the type of

CW, autoclaved, centrifuged, May 2026 whey (i.e., NPW or CW).
The highest initial CFU count was shown for strains “1452”,

1.00E+12 “ind150”, and 286-Y3, reaching up to 12-13 log after the
1 00E+10 resuspension of inoculum in NPW. After 6h and 24h of
fermentation, the CFU counts have been reduced by 3 and 5
1.00E+08 log.
1.00E+06 = Oh The changes in the CFU count in CW showed another trend.
1 00E+04 m 6h Specifically, the strains “551”, “176”, and “1277” after
W 24h resuspending in CW did not show a colony forming ability at Oh,
1.00E+02 while after 6h the CFU count of 6-9 LOG was recovered in these
n.d cultures, followed by further increase by 2 log values.
697

1.00E+00
1977 1479 1452 ind 150 286G6-Y3

1.00E+12

Strains



5. A/S “CESVAINES PIENS” IZMANTOTO SIERA IERAUGA
KULTURU IETEKME UZ SUKALU BIOKIMISKO SASTAVU

Apkopoti un sistematizéti dati par galvenajiem industrialo ieraugu tipiem, kurus
uznémums A/s «Cesvaines piens» izmanto siera razosana.

Apkopoti dati par 906 siera razosanai izmantotajiem sukalu paraugiem kops 2025. gada
1, julija hdz 2026. gada 24.martam.

A/s «Cesvaines piens» lielakoties izmanto Chr. Hansen / Novonesis (Danija) kontinentalo
sieru ierauga kulturas. Ap 10% sieru izgatavoSanai izmantoti ari Mediterranea Biotech
(Francija) ieraugi.

Lidz Sim veikta analize parada, ka industrialas ierauga kultturas vairak iespaido sukalu
tauku, mazak proteina vai laktozes saturu.

No paréjiem ieraugiem butiski atskirigu sukalu sastavu iegust, izmantojot ieraugus, kuru
sastava iek|auts firmas Hansen DCC265 vai DCC260 kulturu maisijums.



CHR. HANSEN / NOVONESIS INDUSTRIALO IERAUGU KLASIFIKACUJA

O kultdras ir tikai skabi veidojoSas baktérijas; L kultGras satur Leuconostoc aromata veidoSanai; LD kultlras satur gan
Leuconostoc, gan L. lactis biovar diacetylactis un ir tradicionalas Gouda/Edam kulturas; D kultlras galvenokart
izmanto aromata veidoSanai.

Kultiras tips Sastavs Raksturojums Tipiski sieri
o Lactococcus lactis subsp. Homofermentativas, Cheddar, Feta, Cottage
lactis un cremoris neveido CO, cheese
Veido aromatu un nelielu
L O + Leuconostoc spp. Edam, Gouda
CO, daudzumu
O + Lactococcus lactis |zteikta diacetila (sviesta) . _. o
D ) _ ) ~ L Svaigie un krejuma sieri
biovar diacetylactis aromata veidosanas
LD O + Leuconostoc + Aromats + CO, + acu Gouda, Edam, Havarti,
diacetylactis veidoSanas Danbo
Streptococcus i _ .
ST ] Termofilas kulttras Mozzarella, Pasta filata
thermophilus

Lacticaseibacillus (agrak . _ o
LH/LB , Nogatavinasanas kulttuiras Cietie sieri
Lactobacillus) spp.

.. ] , _ o Acu veidosSanas, riekstu
Propionibacterium Propionskabes baktérijas » Emmental, Maasdam
aromats



CHR. HANSEN / NOVONESIS INDUSTRIALO IERAUGU NOMENKLATURA

Kultura

Flora C150, 170,
190

BS20, 30, 40

PS 80

CSK L100

DCC 280, 265

tips

)

N/A

D

D vai LD

Galvenie mikroorganismi

Lactococcus lactis ssp. lactis, L. lactis ssp.

cremoris

Lactococcus lactis, subsp. lactis

Propionibacterium freudenreichii

Lactobacillus helveticus

Lactobacillus helveticus. Lactobacillus
paracasei. Lactococcus lactis subsp.
cremoris, Lactococcus lactis subsp. lactis
biovar. diacetylactis, Lactococcus lactis
subsp. lactis, Leuconostoc species,

Streptococcus thermophilus

Raksturojums
Homofermentativa, neveido CO.,,
maiga garSa, slegta siera struktura.
Mérens aromats, neliela CO,
veidoSanas, Gouda/Edam tipa
sieri.

Emmental, Maasdam
Intensivaka garSa un acu
veidoSanas.

Paredzéta diacetila (sviesta
aromata) veidosSanai.

A/s «Cesvaines piens» lielakoties izmantotais Mediterranea Biotech (Francija) ieraugi péc LAB sugu sastava

atbilst Hansen DCC ieraugiem



A/SCESVAINESPIENS»SIERA RAZOSANA IZMANTOTIE IERAUGI

Kods lerauga nos. Razotajs LAB sugas

1 FloraC170, BSXX H Lactococcus lactis subsp. cremoris
Lactococcus lactis subsp. lactis

2 Flora 190(150);BSXX H Lactococcus lactis subsp. cremoris
Lactococcus lactis subsp. lactis

3 |1+CSKL100 H pap. Lactobacillus helveticus

4 |2+CSKL100 H pap. Lactobacillus helveticus

5 |[PS80 satuross H Propionibacterium freudenreichii

6 DCC 265(260) baze H Lactobacillus helveticus
Lactobacillus paracasei
Lactococcus lactis subsp. cremoris
Lactococcus lactis subsp. lactis biovar. diacetylactis
Lactococcus lactis subsp. lactis
Leuconostoc species
Streptococcus thermophilus

7 TV-G MB |Lactococcus lactis subsp. lactis

Lactococcus lactis subsp. lactis biovar diacetylactis

Lactococcus lactis subsp. cremoris

Leuconostoc mesenteroides subsp. mesenteroides

Streptococcus themophilus

Hansem
Mediterranea Biotech



AR DAZADIEM IERAUGIU TIPIEM IEGUTO S\UKALU TAUKU SATURS
(vienvirziena ANOVA)
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AR DAZADIEM IERAUGIU TIPIEM IEGUTO S\UKALU PROTEINA SATURS
(vienvirziena ANOVA)
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1.09
2.83
1.87
1.08
1.64
3.68
1.72

0.72

0.49
2.7

-1.07
-1.71

-1.31

-0.71

-0.24

2.15

275
.005
.062
279
102
<.001
.085
469
.998
.622
.007
.284
.088
192
.24
AT75
.808
.031



6. SUKALU PECFERMENTIJA IZMANTOJOT INDUSTRIALO IERAUGU
UN PAPILDU BARIBOTNES KOMPONENTU PIEVIENOSANU

Siera sukalas péc siera graudu atdaliSanas satur pietiekami lielu daudzumu dzivu
ierauga kulttiras mikroorganismu, kas dod iespéju izmantot to klatbutni fermentacijas
procesa turpinasanai, jeb pécfermentacijai.

Sada pieeja ir tehnologiski vienkarsi i1stenojama, tacu tas efektivitates paugstinasanai
nepiecieSams bagatinat stkalu substratu ar baribas komponentiem,kas (1) papildina
sastavu ar oglekla, slapekla un energijas avotiem; (2) padara s;ukalas esoSos
savienojumus vieglak izmantojumus vai pieejamus tur saglabajusamies
mikroorganismiem un stimulé to biokimisko aktivitati; (3) regu’’e substrata pH;
(4) novers nejausas, kontaminéjosas mikrofloras attistibu.

Salidzinata (1) rauga ekstrakta, (2) melases, (3) itakonskabes, (4) spirta, (5) amonija
sulfata (6) MRS barotnes un detergenta Tween-80 pievienoSanas ietekme termiski
neapstradata NPW substrata uz tur jau klatesosa industriala ierauga spéju producét
BAS un AO, ka ari, antimikrobialo aktivitati 6 un 24 stundu pécfermentacija.



EKSPERIMENTA SHEMA PECFERMENTACIJAS BARONES SASTAVA OPTIMIZESANAI

EXPERIMENTAL SETUP & INCUBATION
ADDITIVES & CONCENTRATIONS (0.5%, 1.0%, 1.5% wiv) INCUBATION at 37°C
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INDUSTRIALA IERAUGA BAS UN AO SINTEZES AKTIVITATE NPW SUBSTRATA 6 UN 24 STUNDU
LAIKA DAZADU PIEDEVU KLATBUTNE.

DHA DOPA QR FDA ABTS DPPH
6h (24h) 0.5 1 1.5 0.5 1 1.5 05 1 1.5 0.5 1.5 0.5 1 1.5 0.5 1 1.5
YE 0.177667 0.100333|  0.169| 0.104667| -0.0575| 0.0005| -0.063| 0.174| 7| 0.250667| 25.53333 346 9.615385| 13.46154| 13.33333
XYL ’ 0.04f 0.095 0042667 0.0095] 0.0195| 0.151| 01335 0.1865| 0112 10.53333 15.2 8| 8.461538| 11.15385| 3.076923
NIT 0.042 0.04 0.031667| 0.0685| 0.065 0.094333| 0.0855  0.205| 0.082333| 15.26667 16.8| 10.33333| 10.76923| 9.230769| 3.076923
MRS 0.298667 0162| 0.028 0171 0.189 0.14| 0.156667| 4.533333| 21.46667| -3.46667| 10.38462| 10.38462| 5.384615
TWEEN | 0.424333 0.018667| 0.087667| 0.007667| 0.013667| 0.057333 0.078667| 0.117667| 0.089667| 16.46667 13| 12 66667| 10.25641| 7.179487| 2.307692
A 0.034] 0.004333| -0.08733| 0.047333| -0.08667 0.057333| -0.03933]  -0.182| -0.05233| 0.107 3.4| -6.33333| -8.26667| 6.666667| 8.205128| -2.05128
Molasses 0.415| 0.421667| 0.266| 0.110667| 0.116667|  0.098| 0.176333| 0.149333| 0.111667| 0142 0.167| 0.145333| 24.46667 38.6| 42.33333| 14.35897| 3.076923| 7.179487
EtOH ~ 0557] 0468 0142 0052 -000767| 0.017667| 0.087667| -0.044] -0.021| 0.078667| 0.173| -0.00733| 5333333 13.6| 6.266667| 13.58974| 8.717949| -0.51282
Mix6 0.325333| 0.336] 0.298]| 0.076667| 0.075{ 0.122| 0046 0.053333| -0.00967| -0.05167| 0.147| 0.106333| 11.13333| 20.66667 20.8| 9.487179 10| 6.153846
Contol | 0.493333 0.089333 0.169333 0.065667 8.733333 10.51282

Start 0.272667 -0.00667 0.045333 0.077333 10.66667 1.02

24h (24h)

YE 0.144333| 0.285333| -0.06267| 0.022333| -0.07567| 0.034] 0.1665 -0.03567| 0.1965| 0.245667] 0.186| 14.46667| 26.53333 346 -5.64103| 8.461538
XYL 0.229333| 0.147333| 0.282333| -0022| 0.003333| -0.019] 0091 0.1275 0061333 0186 0174] 0.196333 10| 5.466667 5.4] 10.51282| -1.53846| -3.84615
NIT 0.262667|  0.198| 0.200667| -0.01867| -0.00133| -0.02467| 0.043 0.046| -0.00267| 0.179333|  0.177| 0.142333| 9.666667 4.8| 4.133333| 0.769231| 2307692

MRS 0.249333 0.277 0.269| 0.052333| -0.00033| 0.136667] 0.1095| -0.0425| 0.054333| 0.1475 0.147 0.191 3.2| -3.26667| -10.3333| 9.230769 -0.25641
TWEEN | 0.163667| 0.218 -0.017| -0.02067| -0.01467| -0.02367] 0024 -0.027| 0086 0124 0.054333 3.6/ 5.660667| 3.589744| 2.820513| 5897436
1A -001633| 0.435| -0.12867| -0.00267| -0.013| -0.03733| 0.038667| -0.02967 0.063| 0.111333| -0.09067| 6.466667 -&53333- -4,35897

Molasses | 0.143667| 0.504667 0.022| 0.017333| 0.033667|  0.072| 0.062667| 0.043667| 0.219667|  0.148| 0.243667 19.8| 26.46667| 35.06667| 6.153846

EtOH 0.215333| 0.299] 0.054] 0.015667| -0.011| -0.00833| 0.061667| -0.10833| -0.03267| 0.173667| 0.123333| 0.157667 6| 6.733333| 8.933333| 8.205128

Mix6 -0.027| 0.222333| 0.272667| -0.01633| -0.047| -0.03367| 0.024333 0.016| -0.02733| -0.088| 0.265667| 0.121333| 3.866667| 9.733333| 17.33333| 3.846154| -4.61538| 0.769231
Control | 0.301333 0.011667 0.045333 0.134333 3.933333 -1.53846

Start




INDUSTRIALA IERAUGA KVV SKAITA DINAMIKA PAPILDINATAJA NPW SUBSTRATA
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Amendments

The number of culturable bacteria in the industrial starter culture after its
fermentation in non-pasterized whey during 6h (A) and 24h (B) in the presence of

different amendments. n.d. -not determined.

m0.5
ml

5

m0.5
m1l5

The number of CFU in ISC after 6h and 24h varied
in the range from 6 to 9 LOG. No considerable
changes were found in sets with different
amendments and their concentrations, as well as
fermentation time. The number of CFU in the non-
amended ISC after 24 fermentation in NPW was
6.00E+06 CFU/mL.

A comparatively higher CFU count was detected
after 6h fermentation in the sets with Tween, IA, and
MOL, while after 24h - with ammonium sulfate,
Tween, and MOL, respectively. Additional testing on
the changes in the nubmer of culturable bacteria, as
a response to specific treatment, is needed.

ISC — Industrial Starter Culture

NPW — Non-Pasterized Whey

AST - Antimicrobial Sesceptibility Testing
YE - yeast extract

XYL - xylose

NIT - (NH4),SO,

IA - itaconic acid
MOL - molasses
W/t - without amendments



AR INDUSTRIALO IERAUGU PECFERMETETA NPW SUBSTRATA ANTIBAKTERIALA AKTIVITATE

Antimicrobial activity of ISC after 6h and 24h fermentation towards Escherichia coli MSCL 536* was tested in a 24h
antimicrobial susceptibility testing (AST) in (i) Mueller-Hinton agar, which is primarily used as a standard microbiological
growth medium for AST, and (ii) Plate Count Agar, which is typically used for general bacterial enumeration and can be
adapted for antimicrobial testing to determine viability. The results showed that PCA had higher sensitivity in revealing the
antimicrobial properties of ISC cultures. The effect of amendments on the antimicrobial activity of ISC towards E. coli
MSCL 536 varied as follows: 1A= MIX > XYL =2 MRS (comparison is based on a 1.5% amendment and 24h fermentation).

6h 24h 6h 24h 6h 24h 6h 24h 24h

1.5%

MRS XYL 1A MIX Wit

Antimicrobial activity of ISC after 6h and 24h incubation at 37 °C in NPW amended with MRS, xylose (XYL), itaconic acid (IA),
mixture of six substrates (YE, XYL, NIT, MRS, Tween-80, IA, MOL) in 0.5%, in concentrations of 0.5%, 1.0%, and 1.5%.



7. BUTISKAKIE PECFERMENTACIJAS AKTIVITATI
IESPAIDOJOSIE FAKTORI

Pécfermentaacijas substrata papildinasanas rezultatu statistiskais izvétyéjums veikts ar
Galveno komponentu analizes (PCA) pieejas palidzibu.

PCA (Principal Component Analysis) ir multivariata datu dimensiju novertéSanas metode,
kas lauj vizualizet paraugu lidzibas un atskiribas.

PCA score plot:

1. noverté datu dispersiju veidojoso elementu ipatsvaru;

2. identifice iedarbibu klasterus;

3. atrod kopa vai klasteri neiederigo datu punktus;

4. parbauda grupu salidzinajuma statistikas rezultatus.



PC2 (16.7%)

2.5

-2.54

UZ SUBSTRATA PIEDEVAM REAKCIJU VEIDOJOSO GALVENO KOMPONENTU STATISTISKA
ANALIZE PECPERMENTACIJAS EKSPERIMENTA

PCA Score Plot of Response Profiles

T T
-5 0
D4 /A Q0/ \

Fermentation time

® 0
A 6
B 24

Amendment

control
ethanol
itachonic acid
mix all
@® molasses
©® mrs media
@ nitric acid
® raw
tween
xylose
yeast extract

The first two principal components explained
62.6% of the total variation, with PC1
accounting for 45.9% and PC2 accounting
for 16.7%.

The PCA score plot showed that itaconic
acid-treated samples were clearly
separated from most other treatments
along PC1, indicating a distinct response
profile. In contrast, the majority of the
amendments exhibited considerable overlap,
suggesting similar overall responses.
Molasses-treated samples tended to
cluster toward the positive end of PC1,
indicating a response pattern distinct
from that of the control and several other
treatments.

The distribution of sample shapes
(representing fermentation times of 0, 6, and
24 h) showed substantial overlap within
treatment groups, suggesting that
amendment type had a stronger influence
on the response profiles than
fermentation time.



Treatment

PECFERMENTACIJAS SUBSTRATA PIEDEVU KOPEJAS IEDARBIBAS STANDARTIZ;ETAIS

SADALIJUMS

Top 25 Treatments Based on Overall Standardized Response Score

yeast extract | C1 | 6h <
molasses | C0.5 | 6h 4
molasses | C1 | 6h 4
mrs media | C0.5 | 6h 4
nitric acid | C1 | 6h 4
xylose | C1 | 6h 4
yeast extract | C1.5 | 6hq
molasses | C1.5 | 6h 4
mrs media | C1.5 | 6h 4
nitric acid | C0.5 | 6h o
xylose | C1.5 | 6h 4

molasses | C1.5 | 24h 4 Fermentation time

mix all | C0.5 | 6h 1 l 6
ethanol | C0.5 | 6h 24
yeast extract | C0.5 | 6h 4
xylose | C0.5 | 6h 4
mix all | C1.5 | 6h 4
tween | C1 | 6h 4
yeast extract | C1| 24h
molasses | C0.5 | 24h
mrs media | C1|6h 4
nitric acid | C1.5 | 6h o
mix all | C1 | 6h+
yeast extract | C0.5 | 24h 4

mrs media | C0.5 | 24h <

o
w0
-
N

0.3 08
Mean standardized response score

o
o

The highest overal standardized response
was detected after 6h fermentation in sets
with 1.0% yeast extract, as well as 0.5% and
1.0% molasses.



PIRSONA NEPARAMETRISKA KORELACIJA STARP INDUSTRIALA IERAUGA KULTURAS
SINTEZETAJIEM BAS UN AO PEC NPW SUBSTRATA SASTAVA PAPILDINASANAS

Pearson Correlation Between Response Variables

DHA
08

The highest correlation between activities of
g o the tested enzyme groups has been
: : 5 revealed in the following pairs:
. 33 e ABTS vs FDA hydrolysis (0.59)
e L-DOPAvs QR (0.52)
[ e L-DOPA vs FDA hydrolysis (0.50)

- -0.2

- -04

- -06

08
FDA

hydrolysis
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Introduction
rwh Mﬁm.md 70-90% nd:ml: used Imeese p;ndmmmed into '}
whey s rich in organic mineral 5 it Is on

l ly used to manufacture high-value-added products [11 Iﬁad.

| of the cheese whey prﬂduc in Latvia is discarded, shalnlngwmm
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| [)unrgcheaemdd lactic acid bacteria (LAB) are added to milk as a
starter culture, along cium chloride and a rennet complex [3], Here, we
repnrt an ap| (] regai in

| pmam Ieuec the of LAB retained in whey after

| IEaral:lnﬂ. mﬂ'lnt.nasuhsmt increase in processing cost or the need

L cmedequlpmem.ThE approach can ba developed to produce new

BVETEEES.

\._________.

[amec cultures BS- |
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] miedium, De Man 53 L1 K-MNa-
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bacterial culture (Table 2) and initiate bacterial growth and enzyme |
ion. Use of fluorescein diacetate (FDA) hydrolysis, quinone I?;-LEE_ESE |

assay were used 1o ascertain enzymatic activity Bt
carbon substrates were also assessed by the use of Ecoplare™, and |

Fg?rmcacmq of the NPCW bacteria were noted after three hours using
h R activity and Levodopa (L-DOPA) accumulation assays |

EEE

**%E

i1

| St.pplmml:lngaddﬂed MPOWas with 50% MRS and raising the pH 65 |

Irelﬁuamd e growth of the starter bacterlal culture as shown by the FDA

hydrolysis and 0D changes. Ecolate™ (Bolog, UsA) demonstrated the |

[ m¥ o eria in M e D-ylose, Iaconic acid, Tween
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| bisdogically active compounds within three hours of NPOW supplementation. |

Thie temperature- and time-dependence of these features was characterized.

| fmmdﬂ'yws l’lljm step into the tnﬁc suggatssg;glﬂ;\d afﬂﬁ?rdable |
producers m m SOIME

I optimization, it could lead to slrnple fermented whey-based beverages and I

| help cut down on waste - all without the need for major investments or |

| ).

complicated equipment.
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Table 1. Physicochemical characteristics of NPOW.
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Tahle 2. Experimant setup.

Amendmenes | NecwmL | LR mw‘ L=
N B o o 13
MES B os o 2
B B3 o o 2
BMRS B3 on o o

e e e et et e e e

|
|
|

;

P

|
B ?. I
L — =
o - H I
|
. e | 0 |
wowow ol m Tl
I
|
|

ORI

Conclusions

1A practical, affordable appreach to valorizing cheese whey'y
into whey-based beverapes and redudng waste s proposed,
|
B e e e e el
uze of a com| um and pi ]
| supplementation re-initated the prowth of starter bacteria |
| and enzyme production in NFOW.
2.0R activity and L-DOPA conversion indicated anticidant I
| properties and the synthasis of biologically active compounds |
| within three hours of NPCW supplementation.
Jowith further optimization, a simple, cheese-whey-based
+ beverage technology could be developed to reduce waste. _J
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Introduction

Whoy ia a major by-procuct of the dalry incustry and s generated In large volumas
during the production of chease and other daky products’. Mnmwmi‘
considered @ wasto atream with high pollution patential, whoy is now recognized as a | |
vmnmmdpmmmmmmmmnnnum“

e

through onzymatic or microblal For
sustalnabio stratogy for whoy * ‘Selocted
meymmmmmmmmmm
proparties, such as anticddant activity”. In thia study, bacterial and yeast straina ware
ovaluated for their abilty to ferment whay and contribute to the production of bicactive
poptide-containing fractiona.
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Materials and Methods

200 whoy after the incustrial coaguiation and separation of checse graina
|Nﬂr\dp-e-mcn & timaa concentrated whay ([CW) ware used in thia study. Both

and 9 he = wore wed in Figure 1. Ninbwdrin and Brodioed asseys were used

mew&mw-mbwmmm o eslimale pepSde rmisase in fermenied whey
isclates from the Microorganism strain colloction of the Univorsty of Lavia wern S8mples, showing changes in scluble protein
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hydrolysia, ninhycen, and Bradford assays. Peptico by the
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Figure 2. Prebminary screening of microbial skaing on TBA-
X-gal 1o assosa e B-gaiscicaidase acthly. The pressnce of
pasiive activly appears as green oolonise growth.
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Figure 3. DFPH and ABTS racical scavenging actily of whey fermentates produced by selected strsiea.
— NP — ‘_zw ‘_.zw“ﬁ ‘—ZW
Bt belElu Conclusion

Our fndings confirm that whay Is a promising low-cost subatrato for

process optimization Lactic acid bacteria, particuary Lactobaclius
delbruocid MSCL 1458, ahowed strong potential in whey bioconversion,
wein also 23 2 whay
m&gmmmmbuumsmmmm
and detaliod poptice
functional mrxmmnmmmmhmmw
fractions for futre appiicationa.

Figure 4. Tricine-SDS-PAGE analysis of NP whey sampies afler feemeniasion by Do yeast sbrain 285: NP without incculetion;
285(3), 3 hours; 285(24), 24 hours; and 235(R), retydrated supamatant of yoest biomass afier fermentation. M: protsin ladder .
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9. GALVENIE REZULTATI: APKOPOJUMS

9.1. No sakotneji LU MKK identificetajiam 19 LAB un KFY kuliram pec
BAS un PF sintézes intensitates kriteriju analizes talakajiem peéetiijumiem
atlasitas sesas LAB un viena LFY kultura.

9.2. Apkopoti dati par 906 siera razoSanai izmantotajiem sukalu
paraugiem kops 2025. gada 1, julija lidz 2026. gada 24.martam. Datu
analize parada, ka industrialas ierauga kulturas vairak iespaido sukalu
tauku, mazak proteina vai laktozes saturu. Lidz ar to izmatotais siera
leraugs nevaretu atstat butisju iespaidu uz peptidu frakcijas sastavu
talaks apstrades gaita.

9.3. lzstradata standartizeta eksperimenta shéma un ieguti salidzinosi
dati par septinu atlasito mikroorganismu kultaru BAS, AO un PF sintezes
potencialu, izmantojot 6-24 stundu kultivesanas rezimu un augstu
lerauga izsejas intensitati. Ka references materials izmantota industriala
lerauga LAB kulttra



9. GALVENIE REZULTATI: APKOPOJUMS
9.4. Analizes dati apliecina LAB dominanci BAS sinteze ar1 koncentrétu sukalu
substrata, bet LFY - PF veidosana. Attistot LAB un LFY kokultivéSanas
metodes, janem vera LFY kulturas salidzinosi ar LAB zemaka dzivotseja
izmantotajos sukalu substratos.

9.5. Izstradata siera sukalu pecfermentacijas apstrades koncepcija, kas paredz
industrialo ieraugu potenciala pilnigaku izmantoSanu péec siera graudu masas
atdaliSanas.lzpétitas iespéejas ar dazadu baribas vielu, to pieejamibu veicinosu
vai pH stabilizéjosu savienojumu piedevam stimulét industrialo ieraugu
aktivitati pecfermentacija, termiski neapstradatas NPW sukalas. Paradits, ka
pecfermentacijas efektivitati veicina rauga ekstrakta vai melases pievienosana
0,5-1,5% koncentracija nepasterizetam sukalam. Tadejadi paradita iespéja citu
partikas produktu razosanas blakusproduktu iesaistisanai sukalu valorizacijas
procesa, izmantojot aprites ekonomikas principus partikas razosana.

9.6. Projekta rezultati izplatiti, komunicejot tos ar divu stenda zinojumu
palidzibu starptautiskas konferences Tartu un Vilna.
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