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PETIJUMA AKTUALITATE

Pieaugot dzives steigai un stresam, cilvékiem vairs neatliek laika pilnveértigi un
mierigi ieturét maltiti, nodoties fiziskam aktivitatém, tapéc visa pasaulé un ari
Latvija pieaug risks saslimt ar tadam strauji progresgjosam slimibam ka sirds
un asinsvadu, cukura diab&tu (Diabetes mellitus), vézi, osteoporozi, u.c. Lai
noverstu $o risku un veicinatu vispargjo cilvéku veselibas stavokla uzlabosanos,
tirgl ir ienakusi jauna partikas produktu grupa — funkcionala partika. Tas
pirmsakumi mekl&jami 20.gs. sakuma, kad krievu zinatnieks, Nobela prémijas
laureats [.Mecnikovs izvirzija hipotezi, ka, lietojot uztura raudzetus piena
produktus, ir iesp&jams paildzinat cilvéka mtzu. Kop$ ta laika funkcionalas
partikas joma ir veikti neskaitami pétjjumi, Ipasu uzmanibu pieversot
probiotiskajiem piena produktiem, kas veido lielako funkcionalas partikas dalu.
Sie produkti pietickama daudzuma satur dzivas pienskabes (vai citas izcelsmes)
bakterijas, kas labveligi ietekmé& cilvéku un dzivnieku gremosanas organu
sisttmas mikrofloru. Lai probiotikas sp&tu vairoties, ir nepiecieSamas
prebiotikas, kas stimul€ to vairosanos. Probiotiku un prebiotiku simbioze vargtu
bt viena no iesp&jam, ka uzlabot paterétaju visparéjo veselibas stavokli un
mazinat risku saslimt ar iepriek§ mingtajam slimibam.

Bez tam butu jaakcentg, ka atbilsto§i LR MK noteikumu Nr.964 (23.11.2004.)
»Partikas pre¢u markeéSanas noteikumi” 10. punkta redakcijai ,,partikas precu
mark&juma sniegta informacija, ka arT markesana izmantotas metodes partikas
precei nedrikst piedévet tadas IpasSibas vai ietekmi, kada tai nepiemit, ka art
radit prieksstatu, ka partikas precei piemit specifiskas iezimes, ja $adas iezimes
piemit visam attiecigd veida partikas precém”. IepriekSmingtais skaidri
demonstré, ka ir nepiecieSamas pétnieciska darba atzinas jaunu, t.sk.
funkcionalu, produktu izstradé un virziSana tirgh. Eiropas Parlamenta un
Padomes Regula Nr.1924/2006 ,,Par uzturvértibas un veseliguma noradém uz
partikas produktiem” norada, ka jebkuram apgalvojumam par partikas produktu
uzturvertibu, to profilaktiskajam 1ipasSibam ir jabiit pieraditam pétijumu
rezultata. Lidz ar to, veidojot jaunus, funkcionalus produktus, ir jadoma gan par
produktu kvalitati un tehnologisko procesu atstradasanu, gan par biologiski
aktivo sastavdalu apzinasanu un to satura izvertéSanu.

Lai gan Latvijas partikas tirgus nemitigi tiek papildinats ar jauniem
uzturproduktiem, Latvijas funkcionalo partikas produktu klasts, 1pasi
sinbiotisko, kas tapusi zinatnisko pé€tfjumu rezultata, ir nepietickams. Lai to
papildinatu, ir nepiecieSams sekmét pétijumus par dazadu probiotiku un
prebiotiku simbiozi, analiz&ot biologiski aktivo sastavdalu saturu produktu
razoSanas un uzglabaSanas laika un vert€jot probiotisko mikroorganismu
dzivotsp&ju produkta gatavosanas etapos un visa ta realizacijas laika. Ne mazak
svarigs pétnieciska darba uzdevums ir tehnologisko raditaju izzinasana, to
ietekme uz produkta sensorajam Tpasibam. Sadu kompleksu pétijumu Latvija
faktiski nav, I1dzsingjie galvenokart ir fokus€jusies uz klasisku skabpiena
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produktu razoSanas tehnologiju adaptaciju dazadu funkcionalo produktu
razo$ana, cenSoties izzinat probiotiku dzivotsp&ju produkta.

Pétijuma meérkis — jauna funkcionala piena produkta izstrade, pamatojoties uz
ta uzturvertibas un tehnologisko ipasibu pétijumiem.

Pétijuma uzdevumi:

1. izvertét laktulozes wun inulina koncentracijas ietekmi uz
Bifidobacterium lactis vairoSanas dinamiku piena;

2. petit laktozes un pievienoto prebiotiku fermentacijas pakapi
Bifidobacterium lactis ietekm€ piena raudzeSanas laika;

3. analizét piena raudzESanas laika raduSos biologiski aktivo
savienojumu — vitaminu B, B, B¢ un By,, neaizstajamo un aizstajamo
aminoskabju — saturu sinbiotiskaja raudzgetaja piena produkta;

4. izzinat Bifidobacterium lactis holesterina asimilacijas sp€jas piena;

5. noveértet sinbiotiska raudzg&ta piena produkta kvalitates raditajus.

Petijuma novitate un zinatniskais nozimigums
Pirmo reizi Latvija:

1. analiz€tas Bifidobacterium lactis tehnologiskas Tipasibas jauna
sinbiotiska raudzéta piena produkta izveidg;

2. izvertéta laktulozes un inulina koncentracijas ietekme uz
Bifidobacterium lactis vairoSanas dinamiku piena;

3. noteikta piena raudzE8anas laika sintezéto biologiski aktivo
savienojumu (B, B,, B¢ un By, vitaminu, neaizstagjamo un aizstajamo
aminoskabju) koncentracija;

4. izzinatas Bifidobacterium lactis sp€jas asimilét piena esoSo
holesterinu.

Zinatniska darba t€ma un tas izstrade ir saistita ar:

1. LZP Grantu Nr.04.1051 (R43) “Prebiotiku ipasibu izpéte un to
pielietojums jaunu funkcionalu partikas produktu izgatavosana”;

2. Valsts pétijuma programmas Agrobiotehnologija “Inovativas
tehnologijas augstvertigu, drosu un veseligu partikas produktu ieguvei
no genétiski, fiziologiski un biokimiski daudzveidiga augu un
dzivnieku izejmateriala” projektu ,,Jaunu, funkcionalam sastavdalam
bagatu partikas produktu raZzoSanas tehnologijas”.

Darba tautsaimnieciska nozime

Petjums par sinbiotiska raudz&ta piena produkta izveidi rada iesp&ju izstradat
un ieviest razoSana jaunu produkta veidu un, balstoties uz petjjuma rezultatiem
un atzinam, akcent@t ta pozitivas Ipasibas.

ZINATNISKA DARBA APROBACIJA

Par darba rezultatiem zipots devinas starptautiskajas zinatniskajas
konferencés un kongresos Latvija, Francija, Malta, Griekija, Ungarija un
Spanija.
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MATERIALI UN METODES

Pétfjumu laiks un vieta
Eksperimentalais darbs veikts laika posma no 2004.gada oktobra lidz
2007.gada oktobrim:



e LLU Partikas tehnologijas katedras Partikas produktu analizu
laboratorija;

e LLU Partikas tehnologijas katedras Mikrobiologijas laboratorija;

e LLU Partikas tehnologijas katedras Iepakojuma materialu ipaSibu
izpétes laboratorija;

e LLU Biotehnologijas un veterinarmedicinas zinatniska institiita
“Sigra” Biokimijas laboratorija;

e LU Biologijas institita Dzivnieku biokimijas un fiziologijas
laboratorija;

e LU Mikrobiologijas un biotehnologijas institita Tehniskas
mikrobiologijas un partikas biotehnologijas laboratorija;

o LU Biologijas fakultates Mikrobiologijas un Biotehnologijas katedras
laboratorija;

e PVD Nacionala diagnostikas centra Partikas un vides izmekl&jumu
laboratorija.

Pétijuma izmantotie materiali
Pasterizéts piens ar tauku saturu 2,5%.
Saskana ar LR MK noteikumiem Nr.521/16.09.2003. , Klasifikacijas, kvalitates
un mark&juma prasibas piena produktiem, saliktiem piena produktiem un piena
produktu izstradajumiem” dzeramais piens ir ar §adiem kriterijiem:

e  satur ne mazak ka 2,9% olbaltumvielu;

e blivums 20 °C temperatiira nav mazaks par 1028 kg-m™;

e beztauku sausnas saturs ir ne mazaks ka 8,5%.
Saskana ar Eiropas Parlamenta un Padomes regulu (EEK) Nr.2073/2005 ,,Par
partikas produktu mikrobiologiskajiem krit€rijiem” pasteriz€tam pienam un
citiem pasterizétiem piena produktiem jaatbilst $adiem kriterijiem: razoSanas
procesa beigas 1 ml piena pielaujamais Enterobacteriaceae dzimtas
mikroorganismu skaits no 1 [idz 5 KVV.
Bifidobacterium lactis (Bb—12) — liofilizétais ieraugs (Chr.Hansen, Danija).
Izmantota ierauga raksturojums sniegts 1. tabula.

1. tabula / Table 1
Liofilizeta ierauga (Bb—12) raksturojums
The characterization of freeze-dried starter culture (Bb—12)

Nrﬁ(‘)k' / Raditaji / Indices Ssp::c‘gik;ctg) 1’
1 Kopégjais stinu skaits / Total cell count ~10!!
: (KVV-g'/cfugh =
2 Koliformas / Coliforms (liclakais iesp&jamais <10
) skaits'g”' / MPN-g™")
3. Enterokoki / Enterococci (KVV-g/ cfu'g?) <100
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1. tabulas nobeigums / The end of table 1

Nrﬁ(‘)k‘ / Raditaji / Indices Ssp::c‘ﬂik;ctg) ‘;’
4. Pelgjumi / Moulds (KVV-g '/ cfurg’) <10
5 Netipiskas pienskabes bakterijas / Non starter <500
lactic acid bacteria (KVV-g’'/ cfu-g™")
6. Staphylococcus aureus (KVV-g'/ cfu-g™) <10
7 Raugi / Yeasts (KVV-g/ cfugh <10
Prebiotikas:

Laktulozes skidums — Lactulosae (Duphalac®, Holande) ar zeltainu nokrasu
un viegli saldenu garSu. 100 ml $kiduma satur ne mazak ka 67% laktulozes,
mazak ka 10% galaktozes un mazak ka 6% laktozes. 1 g laktulozes Skiduma
energgetiska vertiba ir 2 kcal/8,37 kJ.

Inulins — RAFTILINE®HP (ORAFI Active Food Ingredients, Belgija), smalks,
balts, granul@ts pulveris ar neitralu garsu, bez raksturigas pécgarsas, ar inulina
saturu, kas nav mazaks par 99,5%. Glikozes, fruktozes un saharozes saturs nav
lielaks par 0,5%. Inulina polimerizacijas pakape >5 (>99%). Sausnas saturs
97+1,5%. Pulvera $kidiba Gideni: 25 °C temperatiira 20 g-1"', 90 °C temperatiira
300 g1"'. 1 g inulina energétiska vertiba ir 0,97 kcal/4,05 kJ.

Kontroles un raudzéto piena paraugu ar prebiotikAm gatavoSanas
tehnologija

Lai izsekotu bifidobakteriju vairoSanas dinamikai, atseviski tika gatavoti
analiz&€jama produkta paraugi ar atskirigu laktulozes skiduma (1%, 2%, 3%, 4%
un 5%) un inulina (1%, 2%, 3%, 4% un 5%) koncentraciju, ka art kontrole bez
prebiotikam. Nemot véra ievérojamo laktulozes saturu Skiduma > 67%,
turpmak teksta tas apziméSanai lietots nosaukums 1%, 2%, 3%, 4% un 5%
laktuloze. Gatavojot paraugus, atSkiras pievienota inulina un laktulozes
daudzums. Lai salidzinatu dazadas prebiotiku koncentracijas ietekmi uz
pétamajiem parametriem, tas veikts p&c to absoliitajiem lielumiem.
Analiz&jamo raudz&to piena paraugu tehnologiska shéma paradita 1. attgla.
Produkti tika gatavoti, izmantojot klasisko skabpiena dz€rienu raZoSanas
tehnologiju. Piena raudz&Sanas temperatira un laiks izveléts, balstoties uz
ierauga razotaja (Chr.Hansen) rekomendacijam. Ieraugu pienam pievienoja
suspensijas veida. Pievienotais ieraugs bija 2% no produkta daudzuma. Pienam
ar ieraugu pievienots ne mazak ka 1-10° Bifidobacterium lactis KVV.



Piens / Milk (2.5%)

!

Pasterizacija / Pasteurization (90-95 °C),
Izturé$ana / Holding (2—8 min)

l Prebiotikas pievienoSana

Atdzesgsana / Cooling (Iidz / till 40 °C) [«—| un samaisiSana/ Adding
and mixing of prebiotics

Ieraudzeés$ana / Prefermentation Teraugs / Starter culture
(36-38 °C) (Bb-12)

!

Raudzésana / Fermentation
(36-38 °C, 16 h)*

'

MaisiSana un atdzeséSana /
Mixing and cooling (1012 °C)

'

Nogatavinasana / Maturation
(2-4°C, 24 h)

'

Uzglabasana / Storage (2—4 °C)

1. att. Raudz&ta piena parauga ar prebiotikam gatavoSanas tehnologija
Fig. 1. The technology of fermented milk sample with prebiotics

* Raudzgsanas rezims izvElets, pamatojoties uz ierauga razotaja (Chr.Hansen, Danija)
rekomendacijam un skabpiena dz€rienu razosanas praksi, izmantojot bifidobakteriju
ieraugu. / The fermentation parameters are chosen according to the recommendations of
starter producer (Chr.Hansen, Denmark) and good manufacturing practice using
bifidobacteria starter.

Petijuma noteiktie raditaji un lietotas metodes

Promocijas darba noteiktie raditaji, lietotas metodes vai standarti un
analiz&€jamo paraugu skaits apkopots 2. tabula.
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2. tabula / Table 2

Nosakamo raditaju, analiZu metoZu vai standartu un
analizéjamo paraugu apkopojums

The summary of analysed indices, analysis methods or standarts
and number of samples

Analizéjamo
ra dgz':’ji;l;tgtlf;li ty Raditaji / pall;liilul;glg::(z;ts/ Metode vai standarts /
s Indices Method or standards
indices analysed
samples
pH 440 LVS ISO 6092:2003
B, vitamins — AOAC
Official Method 986.27;
B, vitamins — AOAC
B, B,, Bgun Official Method 970.65;
B, vitamina B¢ vitamins -
saturs/The 110 mikrobiologiska metode,
content of izmantojot J.Odincovas
vitamins B, metodiku;

B,, Bgand B, B, vitamins -
mikrobiologiska metode,
lietojot Escherichia coli
113-3

Neaizstajamo Ar automatisko

un aizstajamo aminoskabju analizatoru

Fizikali_kimiskic aminoskabju AAA 339 (Microtechna
. saturs/The Praha), saskana  ar
raditaji / 26 or . .
Physical and content of Am%no acid StandarAd
chemical indices essential ar}d sglutlon for  protein

non-essential hidrolysates - 0,5

amino acids umoles per ml” prasibam

Laktozei un laktulozei -

IDF standarts 147B:1998

“Heat-treated milk.

Laktozes, Determination of

laktulozes un lactulose content.

inulina Method using High-

saturs/The 63 performance liquid
content of chromatography”;

lactose, Inulinam - Megazyme —

lactulose and fruktanu noteikSanas

inulin metode, saskapa ar

AOAC Official Method
999.03, AACC Official
Metod 32.32 prasibam
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2. tabulas nobeigums / The end of table 2

Analizéjamo
Kvalitates paraugu
raditaji / Raditaji / skaits/ Metode vai standarts/
Quality Indices Number of Method or standards
parameters analysed
samples
Holesterma AOAC Official Method
Fizikali-kimiskie | oIS Cholestero 36 976.26A
aditji / Physical St
raand chemical Skietama Ar reometru DV-III Ulira
L Lo BROOKFIELD, saskana
indices viskozitate/The 36 o .
apparent viscosity ar 1eka_rt as razotaja
rekomendacijam
Gorjaeva §tinu skaitiSanas
tehnika;
Bifidobacterium Izmantojot selektivo
. S e lactis koloniju barotni  (Thioglycollate
Mlkrr(;zli(t);ﬁg/mkle veidojosSo vienibu broth U.S.P. Alternative
. . . skaits/ The (OXOID), saskapa ar
Microbiological . 121 o . .
indices colony. forming Selfftctlve Equrperatlpn
units of of Bifidobacteria in Dairy
Bifidobacterium Products:  Development
lactis of a Standard Method”
vadlinijam
PatikSanas Hedoniska skala/Hedonic
pakape/The scale;
. degree of liking
Sensorie radi@ji/ | e cmarzal ISO 6564—1985(E)
Sensory 44 o
. Aroma and Flavour profile
properties flavour methods”;
Konsistence/ 1SO 11036:1994
Consistency “Sensory  analysis —
Texture profile”

Datu matematiska apstrade veikta, lietojot SPSS un Microsoft Excel
programmas, izmantojot dispersijas analizi, FiSera jeb F-testu, t-testu, Tjukija
testu un Herschel-Bulkley modeli.

PETIJUMA REZULTATI UN DISKUSIJA

1. Laktulozes un inulina koncentracijas ietekme uz B.lactis
vairo$anas dinamiku piena

Literatiira ir atrodamas atzinas, ka bifidobakterijas vaji un dazkart pat pilnigi
nevairojas piena (Modler, 1994; Domaga, Juszczak, 2004), tap&c to augSanai

12



tieck izmantotas prebiotikas (Martinez-Villaluenga et al., 2006). P&tjjuma
B.lactis vairo$anai ka prebiotikas tika izmantota laktuloze un inulins.

B.lactis vairoSanas dinamika piena atkariba no laktulozes un inulina
koncentracijas atspogulota 2. un 4. attgla.

10.0
— _ 80 *
£E
2 & 60
M Q
N 'E'D
= 4.0
2.0 4 \ \ \ \ \ \ T f
0 2 4 6 8 10 12 14 16
Laiks/Time, h
—— 1% —B—2% —&—3% 4% —X¥— 5% —@— Kontrole/Control

2. att. B.lactis vairo$anas dinamika piena raudzéSanas laika atkariba no
pievienotas laktulozes koncentracijas
Fig. 2. The dynamics of growth of B.lactis in milk depending
on the concentration of lactulose

Ka redzams no 2. att€la, pirmajas divas raudzgsanas stundas ir vérojams strauj$
B.lactis skaita pieaugums, ipasi kontrolei. Tas skaidrojams ar optimaliem
B.lactis augSanas apstakliem un piemérotu vides pH (3. attéls).

Sakot ar otro raudzéSanas stundu, pH straujak samazinajies kontrolei, nevis
piena paraugiem ar laktulozi. Tas izskaidro B.lactis skaita samazinajumu
kontrolei talaka raudzeSanas laika (2. attéls). Laktulozes klatbiitne nodrosina
pakapenisku pH kritumu, tap&c visa piena raudzesanas laika ir vérojams neliels,
bet sistematisks B.lactis pieaugums. Tas norada uz savstarpgju sakaribu starp
bifidobakteriju augSanas atrumu un skabuma intensitates pieaugumu. B.lactis
izteiktas vairoSanas sp&jas piena var skaidrot §adi: B.lactis sakotngji ir izdalita
no dzivnieku fec€m un adapteta piena (Klein et al., 1998). Tai piemit relativa
skabekla un skabes tolerance, kas dalai bifidobakt€riju sugu nav novérojama.
Augstakais B.lactis skaits raudzeSanas beigas tika noteikts raudzetajiem piena
paraugiem ar 2% (6:10° KVV-mlI™") un 5% laktulozes (8-10° KVV-ml™). Iegitie
rezultati sasaucas ar Palframan u.c. (2002) pétijuma atzinam, ka laktulozei
labakais  bifidogénais efekts tiek panakts, pievienojot to 2%.
Martinez-Villaluenga u.c. (2006) pétijjuma norada, ka B.lactis vairo$anas
vienlidz labi tiek veicinata, pievienojot 0,5%, 1% un 2% laktulozes.
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Laiks/Time, h
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3. att. pH izmainas piena paraugiem ar laktulozi raudzesanas laika
Fig. 3. The changes of pH during fermentation
of milk samples with lactulose

B.lactis vairoSanas dinamika piena, pievienojot inulinu atskiriga koncentracija,
atspogulota 4. attéla.

10.0 ]
8.0 1
ER 60|
< E
c 2
& o 40
'E'D -210
2.0 + T T T T T T T
0 2 4 6 8 10 12 14 16
Laiks/Time, h
—— 1% —W—2% —&—3% 4% —¥—5% —@— Kontrole/Control

4. att. B.lactis vairo$anas dinamika piena raudzé$anas laika atkariba
no pievienotas inulina koncentracijas
Fig. 4. The dynamics of growth of B.lactis in milk depending
on the concentration of inulin

B.lactis vairo$anas dinamika piena paraugos ar inulinu ir vérojamas lidzigas
tendences ka ar laktulozi. ArT Seit pirmajas divas raudz&$anas stundas ir strauj$
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B.lactis skaita pieaugums piena, iznemot paraugu ar 3% inulina, kur ievérojams
pieaugums tika noteikts [idz pat sestajai raudzesanas stundai. Seit ir vérojama
pozitiva korelacija starp bifidobakt&riju vairo$anos un vides pH. Raudz&tajam
piena paraugam ar 3% inulina I1dz pat raudz@Sanas sestajai stundai pH ir tuvu
optimalajam bifidobakt€riju vairoSanai (5. attels).

7.0

6.5 1

6.0

pH

5.5 4

5.0

4.5

Laiks/Time, h

—— 1% ——2% —&—3% 4% —X¥— 5% —@— Kontrole/Control

5. att. pH izmainas piena paraugiem ar inulinu raudzesanas laika
Fig. 5. The changes of pH during fermentation of milk samples with inulin

legiitie rezultati paradija, ka inulina klatblGtne nodroSina pakapenisku pH
samazinajumu, Iidz ar to visa piena raudz€Sanas laika tiek veicinats B.lactis
pieaugums piena paraugos ar 1%, 2% un 4% inulina. RaudzgSanas beigas
augstakais B.lactis skaits tika noteikts piena paraugam ar 4% inulina
(2:10° KVV-mlI™). Seit ir meklgjamas paralles ar Shin u.c. (2000) pétijumu,
kur ir norades, ka fruktooligosaharidi ir visefektivakas prebiotikas starp
pétitajiem oglhidratu avotiem, uzsverot, ka fruktooligosaharidu efektivitate
pieaug, palielinoties to koncentracijai (maksimali Iidz 5%). Savukart
Palframan u.c. (2002) pétijuma noradija, ka fruktooligosaharidiem augstakais
bifidogenais efekts tiek panakts 1% koncentracija. Sis atikirigas atzinas varétu
skaidrot ar petijjumos izmantotajam atSkirigajam fruktooligosaharidu
polimerizacijas pakapem un bifidobakteriju sugam. Lidz ar to ir jasecina, ka
vienas sugas Ipatnibas nevar attiecindt uz visu ginti. To apstiprinaja
Bielecka u.c. (2002) pétijuma atzina, ka tikai 18 sugas no 30 pétitajam
(galvenokart B.longum un B.animalis) sp&j asimilét fruktooligosaharidus.

Eksperimenta rezultati paradija, ka pievienota prebiotiku koncentracija bitiski
ietekmé B.lactis skaitu paraugos, tad€] var secinat, ka, pievienojot laktulozi un
inulinu, ir iespgams veicinat B.lactis vairoSanos. Optimala laktulozes
koncentracija ir 2% un 5%, inulinam — 4%. Paraugs ar 4% inulina bitiski
atskiras no pargjiem paraugiem, tadgjadi paradot, ka arT prebiotikas veids var
ietekmét B.lactis skaitu raudz€taja piend. Tas apstiprina petijumos izteiktas
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atzinas, ka bifidobakteriju augSanai 1pasi piemeroti ir fruktooligosaharidi
(Simmering, Blaut, 2001).

Lidzas bifidobakteriju augSanas stimulé$anai piena ne mazak svarigs faktors ir
bifidobakteriju dzivotspgjas nodrosinasana produkta ta uzglabasanas laika.
Ozer u.c. (2005) norada, ka viena no iesp&jam, ka sekmét B.bifidum BB-02 un
L.acidophilus LA-5 dzivotsp&ju (ap 10" KVV-g") jogurta uzglabasanas laika, ir
prebiotiku pievienosana. Tap&c raudz&tajiem piena paraugiem ar prebiotikam
tika noteikts B.lactis skaits 1. un 7. uzglabasanas diena. legiitic rezultati
atspoguloti 6. un 7. attéla.

1

lg KVVemI'
lg cfueml

7.5 T T T T T T
0 1 2 3 4 5 6 7
Dienas/Days
—— 1% —W—2% —&—3% 4% —X¥— 5% —@— Kontrole/Control

6. att. B.lactis skaita izmainas raudzétajos piena paraugos to
nogatavinasanas un uzglabasanas laika atkariba no
pievienotas laktulozes koncentracijas
Fig. 6. The changes of B.lactis in fermented milk samples during
maturation and shelf life of the product depending
on the concentration of lactulose

Talit pec raudzeSanas, laika posma no 0 Ilidz 1. dienai, notiek produkta
nogatavinasana. Tas laika ir v@rojams krass B.lactis skaita samazinajums
paraugos, ko var skaidrot gan ar skabekla klatbiitni, produktu samaisot, gan ar
temperatiiras izmainam, produktu atdzesgjot, gan ar talaku skabuma pieaugumu
bioktmisko noriSu rezultata, produktu nogatavinot. Literattira un arT praksg ir
zinams, ka skabpiena dzgrienu uzglabasanas laika pH turpina samazinaties,
sasniedzot pat 4,4 (Alkalin et al., 2004), savukart analizEtajiem raudz&tajiem
piena paraugiem pH nenoslidéja zemak par 4,6. So atkiribu var skaidrot ar
petijuma izmantoto monokultiru B.lactis, savukart literatira aprakstita
produkta ierauga bez bifidobaktérijam ietilpa ar1 Streptococcus salivarus subsp.
thermophilus un Lactobacillus delbrueckii subsp. bulgaricus. Kontrolei un
raudz&tajiem piena paraugiem ar 1% un 2% laktulozes pH izmainas bija
nenozimigas, tas arl izskaidro nemainigo B.lactis skaitu paraugu uzglabasanas
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laika (6. attels). Raudzgtajiem piena paraugiem ar 3% laktulozes un vairak bija
verojams B.lactis skaita samazinajums no 0,5 lidz 1 lg vertibai. P&tjjuma
rezultati sasaucas ar literatiira min€tajam atzinam, ka optimalais bifidogénais
efekts laktulozei tiek panakts tieSi nelielas koncentracijas, kas arl nodroSina
nemainigu B.lactis skaitu paraugu uzglabaSanas laika.

B.lactis skaita izmainas raudz€tajos piena paraugos ar inulinu nogatavinasanas
un uzglabasanas laika atspogulotas 7. attgla.
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7. att. B.lactis skaita izmainas raudzétajos piena paraugos to
nogatavinasanas un uzglabasanas laika atkariba no
pievienotas inulina koncentracijas
Fig. 7. The changes of B.lactis in fermented milk samples during
maturation and shelf life of the product depending on
the concentration of inulin

Raudz@tajiem piena paraugiem ar inulinu bija vérojamas lidzigas tendences ka
ar laktulozi, kur nogatavinasanas laika tika konstatéts izteikts B.lactis skaita
samazinajums. Savukart uzglabasanas laika inulina klatbiitne raudz&tajos piena
paraugos nodro$inaja nemainigu B.lactis skaitu, kas ir Joti pozitivi, veidojot
sinbiotisko raudzeto piena produktu. Alaklin u.c. (2004) p&tijuma norada, ka
uzglabasanas laika dzivotspgjigo bifidobakteriju skaits ir augstaks, ja tas ir
augusas fruktooligosaharidu klatbiitneé. Ar $is atzinas palidzibu var skaidrot
petijuma rezultatus, kur uzglabasanas laika augstakais un nemainigakais
B.lactis skaits (8,3 Ig KVV-ml™) tika konstatéts raudz&tajiem piena paraugiem
ar 2%, 4% un 5% inulina.

P&tijuma iegiitic rezultati apstiprina literatlira mingtas atzinas par laktulozes un
inulina bifidogéno efektu. Pievienojot pienam laktulozi un inulinu, raudzé$anas
laika tiek veicinata B.lactis vairo$anas piena un uzglabasanas laika nodroSinata
to dzivotsp€ja raudzetajos piena paraugos. B.lactis skaits paraugos raudzesanas,
nogatavinasanas un uzglabasanas termina beigas bija no 10® lidz 10° KVV-ml™,
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kas ir butiski augstaks par noteikto terapeitisko minimumu bifidobaktérijam —
10° KVV-g'. Ka optimala laktulozes koncentracija B.lactis vairo$anai piena
raudzeSanas laika un ta dzivotspgjas nodrosinasanai paraugu uzglabasanas laika
ir 2%, inulinam — 4%.

2. Laktozes un prebiotiku satura izmainas piena raudzeésanas laika

Martinez-Villaluenga u.c. (2006) norada, ka B.lactis spg€j parraudzet laktulozi
koncentracijas no 0,5 lidz 2%, savukart Ozer u.c. (2005) akcent?, ka, salidzinot
ar inuliu, laktulozi efektivak asimile Bifidobacterium bifidum BB-02 un
Lactobacillus acidophilus LA-5. Nemot v&ra So autoru atzinas, arl daudzviet
literatira pretrunigos datus, tika noteikts laktozes, laktulozes un inulina saturs
piena pirms un péc raudz&Sanas.

Laktozes saturs piena pirms un péc raudzgSanas, pievienojot no 1% lidz 5%
p&tamas prebiotikas, paradits 8. un 9. attela.
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8. att. Laktozes saturs piena pirms* un péc raudzésanas paraugiem
ar dazadu laktulozes koncentraciju
Fig. 8. The content of lactose in milk before* and after fermentation
depending on the concentration of lactulose of samples

* Laktozes satura palielindjums paraugos pirms raudz&Sanas ir saistits ar laktulozes $kiduma
sastavu, satur lidz 6% laktozes. / The increasing of the content of lactose in milk samples before
fermentation is connected with the content of lactulose solution (contain till 6% of lactose).
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Iegtitie rezultati (8. attéls) apstiprinaja literatiira minétas atzinas, ka
bifidobakterijas vaji asimile laktozi (Modler, 1994). Raudz&Sanas laika
bifidobaktérijas ir sp&jusas utilizét 0,42 g-100 g laktozes kontrolei. Savukart
piena paraugiem ar laktulozi laktozes satura izmainas ir atkarigas no
pievienotas laktulozes koncentracijas, t.i., palielinoties pievienotas laktulozes
koncentracijai, samazinas laktozes asimilacija piena raudzE€Sanas procesa.
Literatira ir atrodamas atzinas, ka laktozes asimilacija ir atkariga no
pievienotas bifidobaktériju sugas, augstaku asimilaciju konstatgjot B.bifidum,
B.breve un B.infantis (Lamoureux et al., 2002). Lai izvertétu laktulozes
koncentraciju ietekmi uz laktozes asimilaciju paraugos, tika izmantota
dispersijas analize. legiitie rezultati paradija, ka laktulozes koncentracijai nav
butiskas ietekmes uz bifidobakteriju spju asimilét laktozi (p>0,05). Izvertgjot
laktozes satura samazinajumu analiz&tajos paraugos un kontrolei, salidzinot ar
sakotngjo laktozes saturu piena, tas ir jauzskata par butisku (p<0,05). To varetu
skaidrot ar B.lactis TpaSibam: ta ir adapteta piena (Klein et al., 1998) un spgj
vairoties taja, izmantojot laktozi ka baribas vielu §inu energijas metabolismam.
Lidzigi ka raudz@tajiem piena paraugiem ar laktulozi, laktozes asimilacija
samazinas Iidz ar inulina koncentracijas (lidz 4%) palielindgjumu piena
(9. attéls).
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9. att. Laktozes saturs piena pirms* un péc raudzésanas paraugiem
ar dazadu inulina koncentraciju
Fig. 9. The content of lactose in milk before and after fermentation
depending on the concentration of inulin

* Laktozes satura izmainas piena paraugos pirms raudzé$anas saistitas ar inulina sastavu (Iidz 0,5%
saturot monosaharidus — glikozi un fruktozi, un disaharidu — saharozi). Nosakot laktozi, kopgja
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summa tiem pieskaitita ari glikoze. / The changes of the content of lactose in milk samples before
fermentation are connected with the content of inulin (contain till 0.5% glycose, fructose, and
saccharose). The content of glycose is calculated into the total content of lactose according to the
standard method for determination of lactose in milk.

Parauga ar 5% inulina laktozes asimilacija nedaudz picaug, tau Seit nav
konstatgtas butiskas atSkiribas starp raudzetajiem piena paraugiem ar 2%, 3%
un 4% inulina un ar kontroli (p>0,05).

Laktozes saturs piena paraugiem ar inulinu un kontrolei pirms un péc
raudz&Sanas (9. attels) tika konstatets ka butisks (p<0,05). Tomer Seit ir
japiebilst, ka laktozes asimilacija ir atkariga no pievienotas prebiotikas veida un
koncentracijas. Vertgjot rezultatus, ir janem véra, ka B.lactis ir pielagots
pienam, Iidz ar to ta vairoSanas un augSanas atrums piena ir augstaks ka citam
bifidobakteriju sugam. Tas ar1 izskaidro laktozes satura samazinajumu
raudz€tajos piena paraugos.

Literatira ir atrodamas norades par bifidobaktSriju sp&ju asimilét laktulozi
(Ozer et al., 2005) un rafinozes atvasinajumus (Martinez-Villaluenga et al.,
2006), tapec darba analizets arT laktulozes un inulina saturs pirms un p&c piena
raudzgSanas, lai varétu meklét likumsakaribas starp laktozes, laktulozes vai
inulina asimilaciju piena B.lactis ietekmé.

Laktulozes saturs piena pirms un péc raudze&sanas atspogulots 10. attela.
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10. att. Laktulozes saturs piena pirms un péc raudzésanas
Fig. 10. The content of lactulose in milk before and after fermentation

Iegiitie rezultati paradija, ka bifidobakterijas spgj hidrolizét Iidz 50% produkta
esosSo laktulozi, izpemot raudz&to piena paraugu ar 5% laktulozes, kur tika
konstatets laktulozes samazinajums par 2/3. Jaatzime, ka raudzeSanas beigas
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paraugiem ar 5% laktulozes tika noteikts arT augstakais B.lactis skaits
(1-10° KVV'ml™"). Pieaugot laktulozes koncentracijai, palielinds laktulozes
asimilacija piena un B.lactis skaita pieaugums, tadejadi noradot uz probiotikas
un prebiotikas savstarpgju mijiedarbibu. legiitie rezultati apstiprinaja literatira
mingtas atzinas par laktulozes bifidogéno efektu (Palframan et al, 2002;
Bouhnik et al., 2004) un bifidobakt&riju sp&ju asimilét laktulozi (Saarela et al.,
2003; Ozer et al.,2005).

Laktulozes satura izmainas analiz&tajos paraugos ir biitiskas (p<0,05), lidz ar to
var secinat, ka B.lactis piemit sp&ja asimilét laktulozi. Tas sasaucas ar literatiira
atrodamam atzinam, ka bifidobaktgrijas labak vairojas tiesi laktulozes klatbtitng
(Rycroft et al., 2001) un ka vairaki resnas zarnas mikroorganismi, ari
bifidobakterijas, spgj utilizét laktulozi un laktitolu (Kontula et al., 1999).
Salidzinot laktozes un laktulozes satura izmainas raudz€tajos piena paraugos,
redzams, ka B.lactis sp&j asimilét no 47% lidz 66% laktulozi un tikai no 9%
Iidz 31% laktozi. Vertgjot iegiitos datus, var secinat, ka B.lactis kombinacija ar
laktulozi ir piemeérots sinbiotiska piena produkta izveidg.

Inulina saturs piena pirms un p&c raudzeésanas atspogulots 11. attéla.
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11. att. Inulina saturs piena pirms un péc raudzesanas
Fig. 11. The content of inulin in milk before and after fermentation

Rezultati paradija, ka bifidobaktérijas vaji hidrolizé inulinu (10-20%). Seit ir
mekl€jamas zinamas paral€les ar literatira atrodamam atzindm, kur
Semjonovs u.c. (2004) norada, ka B.lactis nesp€j asimilét inulinu. Savukart
Biedrzycka un Bielecka (2003) secina, ka bifidobakteriju spg&ja asimilét inulinu
ir atkariga no prebiotikas polimerizacijas un tiribas pakapes. Jo augstaka
polimerizacijas un tiribas pakape, jo vajak bifidobaktérijas asimilé inulinu. Ar
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to var€tu skaidrot inulina asimilacijas pakapi raudzetajos piena paraugos, jo
petjuma tika izmantots inulins ar augstu tiribas pakapi.

Analizgjot rezultatus par inulina ietekmi uz B.lactis vairoSanos piena, jasecina,
ka inulins veicina B./actis vairoSanos piena, tacu tas netiek pietickami asimiléts
raudz&Sanas procesa. Literatlira ir atrodamas atzinas, ka inulina klatbatne
resnaja zarna nodro$ina bifidobakteriju populacijas pieaugumu un palielinatu
1s0 k&zu taukskabju sintézi (Van de Wiele et al., 2004). Iesp&jams, ka lidzigas
norises varétu notikt, raudzg&jot pienu ar bifidobaktérijam inulina klatbutné.

No pétijuma rezultatiem izriet, ka gan laktuloze, gan inulins spg stimulét
B.lactis vairo$anos, tacu ka piemé&rotaka baribas viela ir laktuloze.

3. Biologiski aktivo savienojumu saturs sinbiotiskaja
raudzetaja piena produkta

3.1. B grupas vitaminu saturs sinbiotiskaja raudzetaja piena produkta

Bifidobaktgrijas raudzé$anas procesa sp¢j sintez&t tideni $kistoSos vitaminus,
tacu katrai Bifidobacterium gints sugai §is spgjas ir atSkirigas. Tapec darba tika
petits, ka Bifidobacterium lactis spgj sintezét B;, B,, Bs un By, vitaminus un ka
sintez€to vitaminu saturu ietekmg pievienotas prebiotikas veids un koncentracija.
Vitaminu B,, B,, B¢ un By, saturs raudz€tajos piena paraugos atkariba no
pievienotas laktulozes un inulina koncentracijas, ka ari kontrolei paradits 12.,
13., 14. un 15. attela.

PétTjumu rezultati (12. att€ls) paradija, ka B vitamina saturs biitiski palielinas
raudzg&tajos piena paraugos, pievienojot gan laktulozi (p-vértiba=0,0001<0,05),
gan inulinu (p-vertiba=0,0032<0,05). P&tijuma, konstatéts, ka prebiotikas
veidam nav biitiskas ietekmes (p-veértiba=0,48>0,05) uz B; vitamina saturu
paraugos.

Salidzinot iegiitos rezultatus (12. att€ls) ar literattira noradito B, vitamina saturu
piend — 0,4 mg'kg' (CopGarosa, 1984; Chandan, 1997; Milk quality, 1999),
redzams, ka kontrolei ir vérojams krass B; vitamina satura samazinajums
(0,21 mg-kg™). To varétu skaidrot ar bifidobakteriju aug$anai nepieciesamajiem
vitaminiem B, B4, By, B1, un PP (Deguchi et al., 1985). Lielo vitamina satura
kritumu, ka rada pétijuma dati, ir iesp&jams mazinat vai pat noverst, pievienojot
piena paraugiem prebiotikas. Bez tam atSkiribas starp pienu un kontroli var
skaidrot arT ar termiskas apstrades rezima ietekmi, kura p&tama vitamina
koncentracija samazinas par 20% (Milk quality, 1999).
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12. att. Laktulozes un inulina koncentracijas ietekme uz B, vitamina
saturu raudzétajos piena paraugos
Fig. 12. The influence of lactulose and inulin concentrations on the content
of vitamin B, in fermented milk samples

Petijuma rezultati liecina, ka prebiotiku pievienosana sekmé B; vitamina
producésanu un bitiski palielina ta koncentraciju galaprodukta.

Apliikojot B, vitamina saturu raudzetajos piena paraugos ar prebiotikam
(13. attels), vérojamas lidzigas tendences, ka B; vitaminam.
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13. att. Laktulozes un inulina koncentracijas ietekme uz B, vitamina
saturu raudzétajos piena paraugos
Fig. 13. The influence of lactulose and inulin concentrations on the content
of vitamin B, in fermented milk samples
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Laktulozes (p-vertiba=0,0005<0,05) un inulina (p-vértiba=0,0069<0,05)
klatbutne raudzetajos piena paraugos biutiski palielinaja B, vitamina saturu,
tomér prebiotikas veidam nav biitiskas ietekmes (p-véertiba=0,422>0,05) uz B,
vitamina saturu.

Ja salidzina p@tijuma iegiitos rezultatus ar literatiira noradito B, vitamina saturu
piena — 1,5-1,7 mg'kg'1 (TopbaroBa, 1984; Chandan, 1997; Milk quality,
1999), redzams, ka raudzEtaja piena parauga noteikta prebiotiku koncentracija
ir Iidz pat divam reizém augstaka. Tas sasaucas ar literatiira min&tajiem
pétijumiem par bifidobaktériju sp&ju sintezét tideni $kistoSos vitaminus, taja
skaita arT B grupas vitaminus (Deguchi et al., 1985). No pétijuma datiem izriet,
ka, raudzgjot pienu noteiktu prebiotiku klatbiitng, ir iesp&jams atglit vai pat
butiski palielinat B, vitamina saturu parauga.

Verojot B¢ vitamina saturu raudzEtajos piena paraugos ar prebiotikam
(14. attels) konstatets, ka augstakie raditaji tiek panakti piena paraugiem ar
prebiotikam noteikta koncentracija — laktulozei no 1% Iidz 3% (0,51 Iidz
0,60 mg-1™") un inulinam no 1% lidz 4% (0,49 Iidz 0,58 mg-1™).
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14. att. Laktulozes un inulina koncentracijas ietekme uz B4 vitamina
saturu raudzetajos piena paraugos
Fig. 14. The influence of lactulose and inulin concentrations on the content
of vitamin B¢ in fermented milk samples

Augstaka laktulozes un inulina koncentracija (5%) Be vitamina saturs ir
0,30 mgl' un 0,28 mgl'. Tas ir ievérojami zemaks neka kontrolei
(0,42 mg1"). Ka zinams, piena sausnas saturs svarstas robezas no 11% lidz
14% (Ozola, Ciprovica, 2002), bet raudz&tajiem piena paraugiem, pievienojot
prebiotikas koncentracijas 11dz 5%, tas ir robezas no 14% Iidz 18% (Fluckiger,
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1982). Bitiski palielinot sausnas saturu, mainas produkta tidens aktivitate un
tiek kaveta mikroorganismu vairoSanos, ipasi grampozitivo. B.lactis spg€ja
producét B¢ vitaminu samazinas, pievienojot 5% laktulozes vai inulina.
By vitamina saturs §ajos paraugos samazinas, attiecigi, Iidz 0,28 un 0,30 mg-1".
Izmantojot t-testu, tika konstatéts, ka ne laktulozes (p-vertiba=0,35>0,05), ne
inulina (p-vertiba=0,21>0,05) klatbutne bitiski neietekmé By vitamina saturu
raudzgtajos piena paraugos. Salidzinot ieglitos pétijuma rezultatus (14. att€ls) ar
By vitamina saturu piend, kas literatiira ir noradits robezas no 0,4 lidz 0,6 mg-1"
(Fop6aroBa, 1984; Chandan, 1997; Milk quality, 1999), redzams, Kka,
pievienojot laktulozi koncentracijas 1idz 3% un inulinu Iidz 4%, raudz&taja
piena ir iesp&jams panakt Bs vitamina satura palielinajumu. Kaut arT literatiira ir
mingts, ka bifidobakt€rijam ir nepiecieSams By vitamins, lai tas varétu normali
vairoties (Deguchi et al., 1985; Ballongue, 2004), petijuma rezultati paradija,
ka, pievienojot prebiotikas, raudz€taja piena var panakt By vitamina saturu
palielinajumu. Tatad varam secinat, ka B.lactis p&j producétBy vitaminu, tapec
arT tiek kompenséts vai palielinats vairoSanas procesa izmantotd By vitamina
saturs.

B, vitamina saturs raudzg&tajos piena paraugos ar prebiotikam dots 15. attgla.
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15. att. Laktulozes un inulina koncentracijas ietekme uz B, vitamina
saturu raudzetajos piena paraugos
Fig. 15. The influence of lactulose and inulin concentrations on the content
of vitamin B,, in fermented milk samples

Pettfjuma rezultati (15. att€ls) paradija, ka By, vitamina saturs raudzetajos piena
paraugos ar atskirigu laktulozes un inulina koncentraciju samazinas, iznemot
raudz&to piena paraugu ar 3% laktulozes. Augstaka prebiotiku koncentracija
(4% 1idz 5% laktulozei un 3% lidz 5% inulinam) B, vitamina saturs raudzg&taja
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piena paraugd samazinds lidz 0,01 pgl'. By, vitamina samazindjumu var
skaidrot lidzigi ka B vitamina gadijuma, bifidobaktérijam ir nepiecieSami
vitamini, taja skaita Bj, (Ballongue, 2004). No pétijjuma izriet, ka piena
raudz&Sanas laika B,, vitamina sinteze ir ievérojami mazaka, salidzinot ar ta
izmanto$anu bifidobaktériju $tinu dzivibas procesu nodrosinasana. Nemot véra
ar1 dazado B.lactis skaitu raudz@tajos piena paraugos ar un bez prebiotikam, Seit
var skaidri iezZim&t tendenci: jo augstaks B.lactis skaits paraugos, jo zemaka
B, vitamina koncentracija tajos.

Dispersijas analizes rezultati paradija, ka koncentracijai ir bitiska ietekme uz
B, vitamina saturu raudz&taja piena (p<0,05). Bitiskas atSkiribas Seit pastav
starp kontroli un raudzgtajiem piena paraugiem ar prebiotikam 4% un 5%
koncentracija, tatad palielinata prebiotiku koncentracija nomac Bj, vitamina
sint€zi raudzetaja piena.

Kopuma pétfjuma rezultati paradija, ka, pievienojot prebiotikas, raudzetajos
piena paraugos ir iesp&jams panakt biitisku B; un B, vitamina satura
palielinajumu.

3.2. Aminoskabju saturs sinbiotiskaja raudzeétaja piena produkta

Pienskabes bakterijas sp&j sintez&t ari aminoskabes, to nosaka pienskabes
bakteriju proteolitiskas Tpasibas (Simova et al., 2006). K& zinams, $is Tpasibas
mikroorganismiem ir noteiktas genétiski. Taja pasa laika ir jaatzime, ka
bifidobaktérijam proteolitiskas ipasSibas ir loti vajas (Sgorbati et al., 1995).
Tomer literatiira ir atrodamas zinatnisko pétfjumu atzinas, kas norada uz
bifidobakteriju sp&ju sintezét ievérojamu daudzumu aminoskabju (Matteuzi
et.al., 1978; Sgorbati et al, 1995; Ballongue, 2004). Lidz ar to promocijas darba
ietvaros tika noteikts aminoskabju saturs raudzgtajos piena produktos ar prebiotikam.
Neaizstajamo aminoskabju satura izmainas raudz€tajos piena paraugos ar
laktulozi paraditas 3. tabula.
3. tabula / Table 3
Neaizstajamo aminoskabju saturs raudzetajos piena
paraugos ar laktulozi, g-100 g ' produkta /
The amount of essential amino acids in fermented milk
samples with lactulose, g-100 g "' product

Pievienotas laktulozes koncentracija/

Aminoskabes/ | Piens/ | Kontrole/ Concentration of lactulose

Amino acids Milk Control

1% 2% 3% 4% 5%

Treonins/ 0.107 0.095 0.102 | 0.112 | 0.100 | 0.093 | 0.089
Threonine

Valins/ Valine | 0.130 0.115 0.112 | 0.123 | 0.121 | 0.105 | 0.098
Metionins/ 0.061 0.064 0.066 | 0.075 | 0.069 | 0.060 | 0.064
Methionine
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3. tabulas nobeigums / The end of table 3

Pievienotas laktulozes koncentracija/

Aminoskabes/ | Piens/ | Kontrole/ Concentration of lactulose

Amino acids Milk Control % 2% 3% 4% 5%

Lzoleicins/ 0095 | 0087 | 0099 | "198 4 0606 | 0.095 | 0.087

Isoleucin p<0.05

Leicins/ 0254 | 0232 | 0255 | %271 10251 | 0249 | 0.235

Leucine p<0.05

Fenilalanins/ o 45 0.114 | 0.109 | 0.093 | 0.104 | 0.107 | 0.101

Phenylalanine

Tirozins/ 0.131 | 0123 | 0132 | 0.121 | 0.129 | 0.129 | 0.122

Tyrosine

Lizins/ Lysine | 0197 | 0.181 | 0.197 | %2 10199 | 0.193 | 0.189
p<0.05

Kopa/ Total 1.090 [ 1011 | 1.072 | 1111 | 1.069 | 1.031 | 0.985

Novertgjot neaizstajamo aminoskabju saturu raudzetajos piena paraugos ar
laktulozi, redzams, ka pievienota laktulozes koncentracija ietekmé aminoskabju
saturu. Seit paradas lidziga atzina, kas mingta Ballongue (2004) pétijuma, ka ne
tikai Bifidobacterium bifidum ievérojama daudzuma spg producét valinu un
treoninu, bet ari Bifidobacterium lactis prebiotiku klatbtitn€ spgj sintezét
treoninu, metioninu, izoleicinu, leicinu, tirozinu un lizinu. Aminoskabju saturs
raudzgtajos piena paraugos ir atkarigs no pievienotas laktulozes koncentracijas.
Ka paradija pétijuma rezultati (3. tabula), optimala laktulozes koncentracija,
kura ir noteikti augstakie neaizstdjamo aminoskabju raditaji, Iidz ar to arl
kopgja summa, ir 2%.

Dispersijas analizes rezultati paradija, ka butiskas atSkiribas tika konstatétas
izoleicina, leicina un lizina satura, kur iegiitas p-vertibas ir mazakas par 0,05.
Raudzgtajiem piena paraugiem ar inulinu, salidzinot ar kontroli, neaizstajamo
aminoskabju saturs bija Iidzigs vai butiski mazaks (p<0,05).

Vertgjot neaizstdjamo aminoskabju satura summu paraugos ar un bez
prebiotikam, jauzsver, ka raudzetaja piena paraugd ar 2% laktulozes, ta bija
augstaka (1,111 g-100 g'), salidzinot ar pienu (1,090 g-100 g") un kontroli
(1,011 g100 g™). Eksperimentu rezultati sasaucas ar Palframan u.c. (2002)
petijumiem, konstatgjot, ka augstakais bifidogeénais efekts laktulozei tiek
sasniegts 2% koncentracija.

Lai izvertetu B.lactis sp&ju sintez€t neaizstdjamas aminoskabes noteikta
koncentracija, tas salidzinatas ar citu literatiira noradito pienskabes bakteriju
sintezéto aminoskabju saturu (4. tabula).



4. tabula / Table 4
Neaizstajamo aminoskabju saturs raudzétajos piena paraugos,
izmantojot dazadas pienskabes baktérijas, g-100 g
The amount of essential amino acids in fermented milk samples
using different lactic acid bacteria, g-100 g ' product

. _ . Simova et.al., 2006
Aminoskabes/ | B.lactis - . - -
Amino acids Bb-12 L.lactis | L.bulgaricus | L.helveticus | S.thermophilus
C15 HP1 MP12 T15

Treonins/ 0.095
Threonine p<0.05 0.005 0.035 0.011 0.002
Valins/ Valine 0.115 0.096 0.138 0.092 0.061
Metionins/ 0.004
Methionine 0<0.05 0.006 0.040 0.048 0.028
[zoleicins/ 0.087 | 0.003 0.254 0.144 0.003
Isoleucine
Leicins/ 0.232 | 0.037 0.266 0.297 0.033
Leucine
Fenilalanins/ 0.114 | 0.092 0.142 0.294 0.124
Phenylalanine
Tirozins/ 0.123
Tyrosine p<0.05 0.022 0.022 0.020 0.014

. . 0.181
Lizins/ Lysine p<0.05 0.006 0.074 0.036 0.003
Kopa/ Total 1.011 0.267 0971 0.942 0.268

Apskatot 4. tabulas datus, redzams, ka B.lactis, salidzinot ar citam pienskabes
bakterijam, ievérojami vairak spg& producét treoninu, metioninu, tirozinu un
lizinu (p<0.05). Ari Matteuzi u.c. (1978) pétijuma norada, ka B.bifidum spgj
sintezét treoninu lidz pat 150 mgl'. Tas novérojams ari neaizstdgjamo
aminoskabju summa, konstat§jot, ka B.lactis parspgj sintezto neaizstdjamo
aminoskabju satura zina tadus pienskabes baktériju celmus ka L.helveticus
MP12, L.lactis C15 un S.thermophilus T15.

Vertgjot aizstajamo aminoskabju saturu raudzetajos piena paraugos ar atskirigu
laktulozes koncentraciju, tika konstatéta I1dziga tendence ka neaizstajamam
aminoskabém, proti, pievienotas laktulozes koncentracijas pozitivi ietekmé
aizstajamo aminoskabju saturu. P&c aizstdjamo aminoskabju summas
konstatéts, ka augstakais saturs tiek panakts paraugam ar 2% laktulozes. Tomer
dispersijas analizes rezultati paradija, ka starp kontroli un raudzetajiem piena
paraugiem ar laktulozi aizstajamo aminoskabju satura zina batisku atSkiribu nepastav.
Raudzgtajiem piena paraugam ar inulinu, salidzinot ar kontroli, aizstajamo
aminoskabju saturs bija lidzigs vai biitiski mazaks arginina satura zina (p<0,05).
Apkopojot ieglitos rezultatus par aminoskabju saturu raudzEtajos piena
paraugos ar prebiotikam, izriet, ka bifidobakteriju proteolitiskas Tpasibas ir
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iesp€jams veicinat, pievienojot laktulozi. Savukart inulina klatbiitne butiski
neietekm&ja ne aizstdjamo, ne neaizstajamo aminoskabju saturu raudzetajos
piena paraugos, iznemot leicinu, fenilalaninu, lizinu un argininu, kur tika
konstatetas butiskas atSkiribas. Augstakais So aminoskabju saturs tika iegits
kontrolei. Salidzinot B.lactis proteolitiskas TpaSibas ar citam pienskabes
baktérijam, noskaidrojas, ka B.lactis ievérojamos daudzumos spg€j producét
treoninu, metioninu, tirozinu, lizinu un asparaginskabi, kas tikai bagatina
gatavojama produkta uzturvertibu.

4. B.lactis ietekme uz holesterina saturu sinbiotiskaja
raudzétaja piena produkta

Zinatniskajos pétijumos ir atrodamas atzipas, ka raudz€tu piena produktu
lietoSana uztura biitiski samaza holesterina [imeni asinis (Mann, Spoerry, 1974;
Gomes et al., 1999). Manning, Gibson (2004) p&tijumos norada uz pienskabes
bakteriju sp&ju samazinat kop&jo un LDL holesterina Itmeni asinis, tacu pats
mehanisms, ka tas notiek, Sobrid veél nav isti skaidrs. Ka zinams, piena
holesterins ir tauku lodiSu membranu sastava un tas ir IiJdz 95% no kopgja
stertnu satura piena (Jensen, Clark, 1988). Holesterina saturs piena svarstas no
0,09 g1 idz 0,22 g1”, vidgji 0,16 g1 (Piironen et al., 2002; Paura et al.,
2003), un to ir iespgjams samazinat, izmantojot pienskabes bakterijas. Tomeér
pienskabes baktériju iedarbiba nav konstanta, ir iesp&jams gan bitisks
holesterina samazinajums, gan ari nemainigs holesterina saturs, tas ir atkarigs
galvenokart no baktériju sugas (Obermann, Libudzisz, 1998). To ari apstiprina
Pereira un Gibson (2000) pétijuma atzinas, ka atkariba no pienskabes
baktérijas sugas, holesterina satura samazinajums selektivaja barotné ir
iespgjams no 0,4% Iidz 47%. Ziarno u.c. (2007) norada, ka Lactobacillus
acidophilus un Bifidobacterium spp. raudzetaja piena spgj asimilét holesterinu
no 18% Iidz 38%. Lidz ar to darba ietvaros tika pétita prebiotiku ietekme uz
holesterina saturu raudzgetaja piena.

Holesterina saturs piena un raudz&tajos piena paraugos ar prebiotikam paradits
16. attela.

Pétfjuma rezultati paradija, ka, raudzgjot pienu ar B.lactis, iesp&jams panakt
ievérojamu holesterina satura samazinajumu. legltie rezultati apstiprindja
literatira minéto apgalvojumu par pienskabes bakteériju, taja skaita
bifidobaktériju, sp&ju samazinat holesterina saturu piena (Daly et al., 1998).
Tapéc var apgalvot, ka B.lactis spgj ietekmét holesterina saturu raudzgtaja
piena. Vertgjot prebiotiku ietekmi uz holesterina satura izmainam raudzgtajos
piena paraugos (16. att€ls), redzams, ka tas ir atkarigs no izmantotas prebiotikas
veida un koncentracijas.
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16. att. Holesterina saturs piena, kontrol€, raudzétajos piena paraugos ar
atskirigu laktulozes un inulina koncentraciju
Fig. 16. The level of cholesterol in milk, in control and in fermented milk
samples with different concentrations of lactulose and inulin

Zemakie holesterina satura raditaji tika iegiiti raudz&tajiem piena paraugiem ar
4% (9,5 mg-100 g) un 5% (10,4 mg-100 g laktulozes, savukart raudzétajiem
piena paraugiem ar inulinu zemakie holesterina raditdji bija verojami
koncentracija 1% (10,4 mg-100g™") un 4% (10,6 mg-100g™). Seit ir meklgjamas
paral@les ar literatiira aprakstito, Delzenne u.c. (1999) norada uz inulina spgju
nomakt trigliceridu sintézi, tadejadi samazinot holesterina saturu asins.
Dispersijas analizes rezultati paradija, ka prebiotikas veidam nav bitiskas
ietekmes (p>0,05) wuz holesterina saturu piena. Savukart prebiotiku
koncentracija bitiski ietekmé holesterina saturu raudzetaja piena. Bitiskas
atSkiribas tika konstatétas starp kontroli un raudz€to piena paraugu ar 4%
laktulozes (p<0,05).

No pétfjuma rezultatiem izriet, ka, raudzgjot pienu, var panakt iev€rojamu
holesterina satura samazinajumu, attiecigi, no 16,0 mg-100 g uz 12,1 mg-100 g
So pozitivo tendenci var veicinat, izmantojot prebiotikas un samazinot
holesterina saturu raudzétaja piena lidz pat 9,5 mg:100 g'. Te ir meklgjamas
paral€les ar Roberfroid (1993) pétijuma atzinam, ka, pievienojot jogurtam 2,5%
fruktooligosaharidus, ir iesp&jams veicinat holesterina samazinajumu asinis.
Lidzigas tendences tika ieglitas pétijuma, kur holesterina saturs raudzetajos
piena paraugos, biitiski samazinajas, pievienojot laktulozi un inulinu. Kopuma
iegiitie petijuma rezultati apstiprinaja literatiira min&tas atzinas par B.lactis
sp€ju piena raudzeSanas laika asimil&t holesterinu.
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5. Sinbiotiska raudzeta piena produkta kvalitates raditaji

Izstradajot jaunus partikas produktus, liela, biezi vien pat iz§kirosa, nozime ir to
sensorajam Tpasibam. Tapec raudzetajiem piena paraugiem ar prebiotikam un
kontrolei tika veikts sensorais noveért€jums un noteikti struktGrmehaniskie
raditaji.

legitie rezultati paradija, ka, pievienojot prebiotikas, ir iesp&ams ne tikai celt
produkta uzturvértibu, bet arT paaugstinat produkta patikSanas pakapi,
»garSastsmarzas” un Konsistences intensitati, kas ir svarigs nosacijums
patérétajam. Palielinot pievienotas prebiotikas daudzumu, ir vérojama
tendence, ka picaug produkta patik$anas pakape, ,garSastsmarzas” un ari
konsistences intensitate. Tomér augstaki raditaji tika iegiiti raudz&tajiem piena
paraugiem ar laktulozi. Tas sasaucas ar literatira minéto, ka, pievienojot
jogurtam laktulozes sirupu, tika panakts augstaks sensorais novertejums neka
jogurtam bez laktulozes (Kulikauskiene, 2004).

Nemot ve&ra, ka pievienota prebiotiku koncentracija ietekm& produkta
konsistenci, tika ar1 vert€ta produkta viskozitate, tas izmainas atSkirigu
prebiotiku un to koncentracijas ietekmé.

Raudzgtajiem piena paraugiem ar prebiotikam un kontrolei $kietama viskozitate
paradita 17. attéla.
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17. att. Skietama viskozitate raudzétajiem piena paraugiem atkariba no
pievienotas laktulozes un inulina koncentracijas, y=7,01 s
Fig. 17. The apparent viscosity of fermented milk samples with different
added lactulose and inulin concentrations, y=7,01 st

leglitie rezultati paradija, ka Skietamas viskozitates vértiba ir mazaka
raudz@tajiem piena paraugiem ar prebiotikam un kontrolei, salidzinot ar citiem
literatlira noraditajiem raudzetajiem piena produktiem (Domaga et al., 2004).
So neatbilstibu literatiiras datiem varétu skaidrot ar to, ka pétijuma ka ieraugs
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tika izmantots B.lactis, savukart literatira vert€to produktu ierauga
homofermentativas pienskabes bakterijas, kas, nodroSinot intensivu laktozes
hidrolizi un kazeina koagulaciju, rada augstaku viskozitati galaproduktam.
Izmantojot dispersijas analizi, tika konstatets, ka Skietamas viskozitates vertiba
nav bitisku atskiribu (p>0,05) starp raudz&tajiem piena paraugiem ar laktulozi
un inulinu, to koncentracijam, arT starp kontroli.

Penna u.c. (2006) pétijjuma norada, ka produkta viskozitate ir atkariga no
sausnas satura: picaugot sausnas saturam, palielinas arT viskozitate. P&tijjuma
raudzEtajiem piena paraugiem ar laktulozi tika noveérota pretgja tendence,
palielinot laktulozes koncentraciju Iidz 5%, Skietama viskozitate samazinajas
no 1444 mPa s (4% laktulozes) Iidz 1101 mPa s. Augsts dazadu oglhidratu
Ipatsvars produkta liek pienskabes bakterijam izveleties vieglak hidroliz&jamus
savienojumus, bez tam oglhidratu fermentacijas cela veidojas atSkirigs
organisko vielu saturs, kas ietekmé kazeina koagulaciju, izoelektriska punkta
lielumu, u.c. Piena raudz@Sanas procesu un blivumu ietekm& ari produkta
sastavs. Palielinot cukura saturu, raudzg$anas process paildzinas, un iegiistam
produktu ar $kidraku konsistenci. ST atzina ir jaattiecina ari uz laktulozi un
inulinu.

Raudzgtajiem piena paraugiem ar prebiotikam tika pétitas arT Skietamas
viskozitates izmainas uzglabasanas laika, veicot mérjjumus 1., 2., 5., 6. un
7. uzglabasanas diena. legitie rezultati atspoguloti 18. un 19. attéla.
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18. att. Uzglabasanas laika novérotas Skietamas viskozitates izmainas
raudzétajiem piena paraugiem ar laktulozi, y=7,01 s™
Fig. 18. The changes of apparent viscosity of milk samples fermented with
lactulose during shelf life, y=7,01 s

legltie rezultati paradija, ka pievienota laktulozes koncentracija ietekme
produkta Skietamo viskozitati uzglabaSanas laikd. Raudzgtajiem piena
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paraugiem ar laktulozi bija veérojams Skietamas viskozitates samazinajums
5. vai 6. uzglabaSanas diena, iznemot paraugu ar 5% laktulozes. Petjjuma dati
bija pretruna ar literatdra min€to, kur Kulikauskiene (2004) norada, ka
laktulozes sirups, pievienots 2,5% koncentracija, biitiski neietekmé jogurta
Skietamo viskozitati uzglabaSanas laika. Atskiribas starp pétijuma rezultatiem
un literatiird min&to var skaidrot ar dazadu ieraugu lietoSanu, jo p&tjjuma tika
izmantota monokultira — B.lactis, savukart Kulikauskiene (2004) izmantoja
multikultiiru — jogurta ieraugu.

Dispersijas analizes rezultati paradija, ka uzglabasanas laikam ir bitiska
ietekme (p-vertiba=0,04<0,05), savukart pievienotai laktulozes koncentracijai
nav bitiskas ietekmes uz raudz&to piena paraugu Skietamo viskozitati (p>0,05).
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19. att. UzglabaSanas laika novérotas Skietamas viskozitates izmainas
raudzétajiem piena paraugiem ar inulinu, y=7,01 s™
Fig. 19. The changes of apparent viscosity of milk samples fermented
with inulin during shelf life, y=7,01 s

Inulins dazada koncentracija ietekmé raudzEéto piena paraugu Skietamo
viskozitati uzglabasanas laika (19. attéls). Raudz&tajiem piena paraugiem ar
1%, 2% un 4% inulina uzglabasanas laika bija vérojams Skietamas viskozitates
pieaugums. Augstaka sSkietama viskozitate tika konstatéta paraugam ar 4%
inulina. Tas sasaucas ar literatira minéto, ka, palielinot inulina koncentraciju
jogurta lidz 4%, piecaug ari ta viskozitate (Kip, 2006). Bez tam Seit ir
mekl&jamas paral€les ar p&tijuma rezultatiem par inulina bifidogéno efektu, kas
Saja petfjuma tika konstatets 4% koncentracija.

Dispersijas analize paradija, ka gan prebiotikas koncentracijai (p=0,04<0,05),
gan ar1 uzglabaSanas laikam (p=0,003<0,05) ir bitiska ietekme uz produkta
Skietamo viskozitati. Zemaka Skietama viskozitate raudzEtajiem piena
paraugiem ar inulinu tika noteikta 1. un 7. uzglabaSanas diena. Savukart
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koncentracijas zina butiski atskiras raudzgtais piena paraugs ar 4% inulina, tam
uzglabasanas laika konstatgja augstako skietamo viskozitati.

Petfjuma rezultati paradija, ka raudz€tie piena paraugi ar prebiotikdm ir
pieskaitami pie pseidoplastiskiem bides speka saskidrinamiem Skidrumiem, kur
novirze no Nitona Skidrumiem ir atkariga no pievienotas prebiotikas
koncentracijas.

10.

SECINAJUMI

Laktuloze un inulins dazada koncentracija sp&j bitiski ietekmét
Bifidobacterium lactis koloniju veidojoSo vienibu skaita pieaugumu (no
10° lidz 10° KVV-ml') piena raudzesanas laika un nodrosinat to
dzivotspé&ju sinbiotiskaja raudzetaja piena produkta uzglabasanas laika.
Bifidobacterium lactis koloniju veidojoSo vienibu skaits paraugos
raudz€$anas, nogatavinasanas un uzglabasanas termina beigas ir butiski
augstaks (p<0,05) par noteikto terapeitisko minimumu bifidobaktérijam —
10°KVV-g™.

Bifidobacterium lactis sp€j asimilét lidz pat 66% laktulozes, salidzinot ar
ievérojami zemaku laktozes (Iidz 37%) un inulina (Iidz 20%) asimilacijas
pakapi. Laktuloze ir wuzskatama par piemérotako baribas vielu
Bifidobacterium lactis vairo$anai un dzivotsp&jas nodro$inasanai produkta.
Petijuma noskaidrots, ka vienas bifidobakteriju sugas ipatnibas nevar
attiecinat uz visu ginti.

Dazada koncentracija pievienotas prebiotikas bitiski ietekmé piena
raudz€Sanas laika sintez€to B; un B, vitamina saturu (p<0,05), savukart
tam nebija butiskas ietekmes uz B4 un B, vitamina saturu (p>0,05).

Piena raudze$anas laika Bifidobacterium lactis producé ieverojamu
treonina, metionina, tirozina, lizina un asparaginskabes koncentraciju
(p<0,05). Sintez€to neaizstdgjamo aminoskabju saturs butiski atSkiras
sinbiotiskajos raudzgta piena paraugos ar laktulozi.

Bifidobacterium lactis vairojoties piena noteiktas laktulozes un inulina
koncentracijas klatbiitné spgj asimilét Iidz pat 25-40% piena esoSo
holesterinu.

Dazadu laktulozes koncentraciju pievienoSana butiski palielina raudzeto
piena paraugu patikSanas pakapi produktu sensoraja vertésana.

Petijuma noskaidrots, ka prebiotikas un to koncentracijas ietekmé paraugu
sensoras Ipasibas un Skietamo viskozitati.

Optimala laktulozes koncentracija, izvert€jot raudzEto piena paraugu
uzturvértibu un tehnologiskas ipasibas, ir 2%, inulinam — 4%, ko apstiprina
Bifidobacterium lactis koloniju veidojoso vienibu skaits, B; un B, vitaminu
un neaizstajamo aminoskabju koncentracijas raudz&tajos piena paraugos.
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TOPICALITY OF RESEARCH

Due to the increasing haste and stress in our lives, people do not have time
enough to enjoy their meals in full value and in a quiet atmosphere as well as to
go in for physical activities. The increasing risk of such rapidly progressing
illnesses as cardiovascular diseases, Diabetes mellitus, cancer, osteoporosis etc.
is not significant only in Latvia but also throughout the world. In order to
prevent the risk of illness and facilitate improvement of people’s general health
condition, a new group of foodstuffs, namely, functional food, has entered the
market. The beginning of it can be found in the early 20" century when I.
Mechnikoff, a Russian scientist, Nobel Prize winner, advanced a hypothesis
that it is possible to prolong human’s life by consuming fermented dairy
products. Since that time numerous investigations have been carried out in the
field of functional food paying a special attention to probiotic dairy products
which make the largest part of the functional food. These products contain live
lactic acid bacteria (or bacteria of other origin) in optimum amounts that
favorably influences microflora of the digestive system in man and in animals.
To be able to proliferate, probiotics need prebiotics which stimulate their
growth. The symbiosis of probiotics and prebiotics might be one of the
possibilities how to improve the consumer’s general health condition and
prevent the risk in getting the above mentioned diseases.

Moreover, it should be pointed out that in accordance to the Regulation No.
964 (Oct.23, 2004) of the Cabinet of Ministers of the Republic of Latvia
“Regulations on the foodstuffs labeling” paragraph 10 wording “in the
information presented on the foodstuff labeling as well as labeling methods, it
is not allowed to attribute to the foodstuff such properties or influence which
this product does not posses, as well as to create a conception that this product
has some specific features if these features have all these products of this
particular type of foodstuff”. The above mentioned expression of the legislative
act demonstrates clearly that research achievements are necessary in
developing new products, including functional products, and their advancement
into the market. The new regulation of the European Parliament and Council
No. 1924/2006 “Concerning references on foodstuff labels about the health
claims” clearly declares that any statement about the food value and its
preventive properties must be proved in the result of research. Consequently,
when new functional products are developed you should consider both the
product quality and technological processes, and investigations of biologically
active ingredients and their content evaluation.

Although the Latvian food market is satiated and is being constantly
supplemented with new foodstuffs, the choice of Latvian functional products,
especially the synbiotic ones developed in the result of scientific research, is
insufficient. In order to replenish their variety, it is necessary to facilitate
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investigations on symbiosis of different probiotics and prebiotics by analyzing
both the content of biologically active ingredients during the time of production
and shelf life, as well as evaluating the viability of probiotic microorganisms
during different stages of production and throughout the self life. No less
important objective of the research work is investigation of technological
properties, their effect on the sensory profile of the product. Actually, there are
no such complex investigations in Latvia; the former ones have been focused
mainly on the adaptation of classical fermented milk product technologies for
producing various functional products, the chief aim has been to find out the
viability of probiotics in the product.

The aim of the research was to work out a new milk product based on
investigations of its nutritional value and technological properties.

The objectives of the research were the following:

1. to evaluate the effect of lactulose and inulin on the proliferation
dynamics of Bifidobacterium lactis in milk;

2. to investigate the fermentation ability of lactose and the added
prebiotics influenced by Bifidobacterium lactis during fermentation of
milk samples;

3. to analyze the content of biologically active compounds produced
during milk fermentation: vitamins B, B,, B and B;,, essential and
non-essential amino acids;

4. to find out Bifidobacterium lactis assimilating abilities of cholesterol
in milk;

5. to evaluate the quality parameters of synbiotic fermented milk.

The novelty of the research and scientific importance:
For the first time in Latvia:

1. Bifidobacterium lactis technological properties were analyzed to
develop the new synbiotic fermented milk product;

2. the influence of lactulose and inulin concentration on Bifidobacterium
lactis proliferation dynamics in milk was evaluated;

3. the concentration of biologically active compounds (vitamins By, B,,
Bg and B;,, essential and non-essential amino acids) synthesized in
milk during fermentation were established;

4. Bifidobacterium lactis assimilating abilities of cholesterol in milk
were found out.

The theme of the research and its working out were connected with:

1. Grant of Latvian Council of Science No. 04.1051 (R43) “Investigation
of prebiotic properties and their application for new functional food
production”;

2. The state research Program of Agrobiotechnology “Innovative
technologies of obtaining high value, safe and healthy food from
physiologically and biochemical diverse plant and animal raw
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material” project “Production technologies of new food products rich
in functional components™.
The economic importance of the research
The research on development of synbiotic fermented milk product makes it
possible to work out and introduce into production the new type of product,
and stresses its positive properties based on the research results.

APPROBATION OF THE SCIENTIFIC WORK

The research results have been reported at nine international scientific
conferences and congresses in Latvia, France, Malta, Greece Hungary, and
Spain (see the list on pages 5 and 6).

The research results are collected and published in seven recognized
refereed scientific publications in the Latvian and English language, out of
them six scientific publications recognized by Latvian Council of Science (see
pages 6 and 7).

MATERIALS AND METHODS

Time and place of the research
The experimental work was carried out during the period from October 2004 to
October 2007. In 2007 the data were collected and statistically processed, and
thesis was prepared.
The investigations were carried out at the following places:
e Laboratory of Food Analysis of the Food Technology Department,
Latvia University of Agriculture (LUA);
e Laboratory of Microbiology of the Food Technology Department,
LUA;
e Laboratory of Packaging Material Investigations of the Food
Technology Department, LUA;
e Laboratory of Biochemistry of the Scientific Institute of
Biotechnology and Veterinary Medicine “Sigra”, LUA;
e Laboratory of Animal Biochemistry and Physiology of the Institute of
Biology, Latvia University (LU);
e Laboratory of Technical Microbiology and Food Biotechnology of the
Institute of Microbiology and Biotechnology, LU;
e Laboratory of Microbiology and Biotechnology Department of the
Faculty of Biology, LU;
e Laboratory of Food and Environmental Investigations of the National
Diagnostic Center, Food and Veterinary Service.
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Materials used in the research
Pasteurized milk with fat content 2.5%.
In compliance with the Regulations of the Cabinet of Ministers of the Republic
of Latvia No. 521 (16 Sept. 2003) “Requirements of classification, quality and
labeling for dairy products, complex dairy products and food of dairy
products”, the drinking milk is characterized by the following criteria':

e milk contains no less than 2.9% proteins;

e milk density at temperature of 20 °C is no less than 1028 kg'm™;

e non fat dry solid of milk is no less than 8.5 %.
In compliance with the regulation of the European Parliament and Council No.
2073/2005 “On microbiological criteria of foodstuffs”, pasteurized milk and
other pasteurized milk products must meet the following criteria®: at the end of
production process the permissible amount of Enterobacteriaceae in 1 ml of
milk is from 1 to 5 cfu.
Bifidobacterium lactis (Bb-12) a freeze-dried starter culture (Chr. Hansen,
Denmark). Characterization of the applied starter culture is given in Table 1.
Prebiotics:
Lactulose solution is Lactulosae (Duphalac®, Netherlands) with a golden
shade and light sweetish taste. 100 ml of solution contain no less than 67% of
lactulose, less than 10% of galactose and less than 6% of lactose. The energy
value of 1 g lactulose solution is 2 kcal/8.37 kJ.
Inulin — RAFTILINE"HP (ORAFI Active Food Ingredients, Belgium) is a fine
white granulated powder with a neutral taste without any typical after-taste,
with inulin content no less than 99.5%. Glucose, fructose and saccharose
content are no more than 0.5 %. Inulin polymerization degree is >5 (= 99%).
The dry matter content is 97+1.5%. The powder solubility in water at
temperature of 25 °C is 20 g-17', at temperature of 90 °C it is 300 g-17', the
energy value of 1 g inulin is 0.97 kcal/4.05 kJ.

The technology of preparation of control and fermented milk samples with
prebiotics

In order to trace the dynamics of bifidobacteria proliferation, separate samples
with different lactulose solutions (1%, 2%, 3%, 4% and 5%) and inulin
concentrations (1%, 2%, 3%, 4% and 5%) as well as control samples without
prebiotics were prepared. Taking into consideration the remarkable lactulose
content in the solution >67 %, further in the text the following terms are used
1%, 2%, 3%, 4% and 5% of lactulose. The added inulin and lactulose amount
in different samples is different. In order to compare the influence of various
prebiotic concentrations on the studied parameters, the comparison was carried
out by their absolute quantities. The technology of fermented milk samples is
shown in Figure 1.
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Products were made according to the technology of classical fermented milk
drinks. The fermentation temperature and time were chosen in accordance with
the recommendations of the producer (Chr. Hansen) of starter cultures. The
starter culture suspension was added to milk, and each time 100 ml of the
product was prepared. The added starter culture comprised 2% of the product.
No less than 1-10° of Bifidobacterium lactis cfu was added to milk with a
starter culture.

The analyzed indices and methods applied in the research

The analyzed indices, applied methods or standards and the number of
analysed samples are given in Table 2.

The statistic analyses of data was carried out using SPSS and Microsoft Excel
programs, dispersion analysis, Fisher’s or F-test, t-test, Tukey’s test and
Herschel-Bulkley model.

RESULTS AND DISCUSSION

1. The evaluation of the effect of lactulose and inulin concentration on
B. lactis proliferation dynamics in milk

It is reported in literature that bifidobacteria poorly grow in milk and
sometimes do not multiply at all (Modler, 1994; Domaga, Juszczak, 2004), that
is why prebiotics are used for their growth (Martinez-Villaluenga et al., 2006).
In the present research, lactulose and inulin were used as prebiotics for B.lactis
growing.

The dynamics of B.lactis growth in milk depending on the concentration of
lactulose and inulin are presented in Figures 2 and 4.

As it is shown in Figure 2, there is a rapid increase of B.lactis cfu during the
first two fermentation hours, especially in control. It could be explained by the
optimum growing conditions and suitable pH (Figure 3).

Staring with the second hour of fermentation, pH has decreased more rapidly in
control samples in comparison with that in milk samples with lactulose. That
explains the decrease of B.lactis in control samples during further fermentation
(Figure 2). The presence of lactulose ensures a gradual pH decrease,
consequently a slight but systematic B.lactis increase is observed throughout
the milk fermentation period. That indicates to mutual relations between the
speed of bifidobacteria growth and the increase of acidity intensity. The
pronounced growing abilities of B.lactis in milk might be explained as follows:
initially B.lactis is isolated of animal faeces and adapted in milk (Klein et al.,
1998). It possesses a relative oxygen and acid tolerance which is not observed
in some bifidobacteria species.

The highest number of B.lactis in fermented milk samples was established at
the end of fermentation with 2% (6:10° cfuml’) and 5% of lactulose
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(8:10° cfurml™). The obtained results correspond to Palframan’s et al. (2002)
investigations that the highest bifidogenic effect is reached by adding it 2%.
Martinez-Villaluenga et al. (2006) have pointed out that B.lactis growing can
be equally well promoted by adding 0.5%, 1% and 2% of lactulose.

B.lactis growing abilities in milk by adding inulin in different concentrations is
given in Figure 4.

Evaluating the dynamics of B.lactis growth in milk samples with inulin, trends
similar to those with lactulose can be observed. There is also a rapid increase of
B.lactis cfu in milk during the first two hours of fermentation, with the
exception of the sample with 3% of inulin, where a remarkable increase was
established until the sixth hour of fermentation. Here is a positive correlation
between the growth of bifidobacteria and pH. pH in the fermented milk sample
with 3% of inulin is close to optimum for the growth of bifidobacteria until the
sixth hour of fermentation (Figure 5).

The obtained results show evidence that the presence of inulin ensures the
gradual pH decrease, consequently throughout the fermentation period the
increase of B.lactis is facilitated in samples with 1%, 2% and 4% of inulin. At
the end of fermentation the highest B.lactis cfu was established in milk sample
with 4 % of inulin (2:10° cfurml™). An analogy can be found with Shin’s et al
(2000) studies, where it is reported that fructo-oligosaccharides are the most
effective prebiotics among the investigated sources of carbohydrates, and it is
stressed there that the effectiveness of fructo-oligosaccharides increases by
increasing their concentration (maximum up to 5%). Palframan et al. (2002), in
their turn, have indicated that the highest bifidogenic effect of fructo-
oligosaccharides can be reached in the concentration of 1%. These different
conclusions could be explained by the different stages of polymerization of
fructo-oligosaccharides and bifidobacteria species used in the research.
Consequently, the conclusion can be drawn that peculiarities of one species
cannot be attributed to the entire genus. That was confirmed by Bielecka et al.
(2002) research achievement that only 18 species out of 30 investigated ones
(mainly B.longum and B. animalis) are able to assimilate fructo-
oligosaccharides.

The obtained results have shown that the added concentration of prebiotics
influences significantly the amount of B./actis in the samples, therefore it can
be concluded that it is possible to facilitate B./actis growth by adding lactulose
and inulin. The most optimum lactulose concentrations are 2% and 5%, and
those of inulin — 4%.The sample with 4 % of inulin significantly differed from
all other samples showing that the type of prebiotic also can affect B.lactis
amount in fermented milk. That confirms the conclusions expressed in studies
that for the growth of bifidobacteria especially good are fructo-
oligosaccharides (Simmering, Blaut, 2001).

Together with the stimulation of the growth of bifidobacteria in milk, no less
important factor is the provision of viability of bifidobacteria in the product
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during its shelf life. Ozer et al. (2005) have reported that one of the
opportunities how to facilitate B.bifidum BB-02 and L.acidophilus LA-5
viability (about 107 cfu-g™) during the storage of yoghurt is adding prebiotics.
Consequently, the amount of B.lactis in fermented milk samples with
prebiotics was established on day 1 and 7 of storage. The obtained results are
given in Figures 6 and 7.

Maturation of the product follows the fermentation during the period from 0 to
1** day, which is presented in Figure 6. During the time of maturation there is a
rapid decrease of the number of B.lactis in the samples. That may be explained
both by the presence of oxygen when the product is mixed, and the changes of
temperature, when the product is cooled, as well as the further increase of
acidity as a result of biochemical reactions during the maturation. It is known
from literature and practice that during the time of storage of fermented milk
drinks the pH continues to decrease reaching even 4.4 (Alkalin et al., 2004),
but in the analyzed fermented milk samples, in turn, pH did not fall lower than
4.6. This difference could be explained by the single starter culture used in the
present research, whereas in the literature described starter culture of the
product contained not only bifidobacteria but also Streptococcus salivarus
subsp. thermophilus and Lactobacillus delbrueckii subsp. bulgaricus. In the
control samples and in fermented milk samples with 1% and 2% of lactulose,
the pH changes were insignificant which explains the unchanged amount of
B.lactis during the shelf life of the samples (Figure 6). In turn, fermented milk
samples with 3% of lactulose and more, the amount of B.lactis decrease was
observed from 0.5 to 1 Ig value. The results of this research relate to those
mentioned in literature that the most optimum bifidogenic effect of lactulose is
reached just in small concentrations which also ensures a stable amount of
B.lactis during the shelf life of the samples.

The changes of the amount of B./actis in fermented milk samples with inulin
during maturation and shelf life of the product are reflected in Figure 7.

Similar tendencies were observed in both the fermented milk samples with
inulin and with lactulose where there were pronounced decreases of B.lactis
during the maturation. In turn, during the shelf life, the presence of inulin in
fermented milk samples ensured an unchangeable B./actis amount that is very
good for producing a synbiotic fermented dairy product. Alkalin et al. (2004)
have indicated that the amount of bifidobacteria of great viability is higher in
the presence of fructo-oligosaccharides. This conclusion makes it possible
explain the research results when the highest and most unchangeable B.lactis
concentration (8.3 Ig cfu'ml™) was established in fermented milk samples with
2%, 4% and 5% of inulin.

The obtained results of the present research have confirmed the conclusions
reported in literature on the bifidogenic effect of lactulose and inulin. By
adding lactulose and inulin, both the growth of B.lactis is facilitated during the
fermentation period and B.lactis viability in fermented milk samples during
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their shelf life. The amount of B.lactis in the samples after fermentation,
maturation as well as at the end of the term in the product was 10° —
10° cfuml”, which was significantly higher than the prescribed therapeutic
minimum for bifidobacteria — 10° cfu'g’. As the optimum lactulose
concentration for B./actis reproduction during fermentation time of milk and for
provision of its viability during shelf life of the sample is considered 2%, and
that for inulin is 4%.

2. The changes of lactose and prebiotics content during milk fermentation

Martinez-Villaluenga et al. (2006) have indicated that B.lactis is characterized
by a pronounced ability to ferment lactulose in concentrations from 0.5% to
2%, Ozer et al. (2005), in turn, have stressed that lactulose, if compared with
inulin, assimilate Bifidobacterium bifidum BB-02 and Lactobacillus
acidophilus LA-5 more effectively. Taking into consideration these authors’
conclusions and many contradictory data in literature, the content of lactose,
lactulose and inulin in milk was determined before and after fermentation.

The content of lactose in milk before and after fermentation with added
prebiotics is shown in Figures 8 and 9.

The obtained results confirm the conclusions mentioned in literature that
bifidobacteria poorly assimilate lactose (Modler, 1994). As it is seen in
Figure 8, during the fermentation period bifidobacteria have been able to utilize
0.42 g:100g™" of lactose in control sample. In the milk samples with lactulose,
in turn, the changes of lactose content depend on the added lactulose
concentration, i.e. by increasing the added lactulose concentration, lactose
assimilation decreases during the milk fermentation process. It is reported in
literature that lactose assimilation depends on the added bifidobacteria species,
and with the higher assimilation ability are B.bifidum, B.breve and B.infantis
(Lamoureux et al., 2002). It is possible to facilitate the process by adding
prebiotics. In order to evaluate the effect of lactulose concentration on lactose
assimilation in the samples, a dispersion analysis was applied. The obtained
results show that different lactulose concentrations do not have the significant
effect on the ability of bifidobacteria to assimilate lactose (p>0.05) during
fermentation. Evaluating the decrease of lactose content in the analyzed
samples and control, and comparing the initial lactose content in milk, it should
be considered as significant (p<0.05). That could be explained by B.lactis
properties. This bifidobacteria species is adapted in milk (Klein et al., 1998),
consequently B.lactis is able to grow in milk and use lactose as a nutrient for
the cell energy metabolism.

Similar to fermented milk samples with lactulose, the lactose assimilation
decreases together with the increase of inulin concentration (up to 4%) in milk
(Figure 9).
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In the sample with 5% of inulin, lactose assimilation a little increases, however,
there are not established significant differences between the fermented milk
samples with 2 %, 3 % and 4% of inulin and with control samples (p>0.05).
The lactose content in milk samples with inulin and control before and after
fermentation (Figure 9) was established as significant (p<0.05). However, it
should be remarked that lactose assimilation depends on the type and
concentration of the added prebiotics. In literature can find indications about
the ability of bifidobacteria to assimilate lactulose (Ozer et al., 2005) and
derivatives of raffinose (Martinez-Villaluenga et al., 2006). When evaluating
results, it should be taken into consideration that B.lactis is adapted in milk;
consequently the speed of its multiplication in milk is higher than the other
bifidobacteria species. That does explain the decrease of lactose content in
fermented milk samples.

The research also analyzes the lactulose and inulin content before and after
milk fermentation in order to be able to find out regularities among lactose,
lactulose or inulin assimilation in milk under the influence of B.lactis. The
content of lactulose in milk before and after fermentation is reflected in
Figure 10.

The obtained results show that bifidobacteria are able to ferment up to 50% of
lactulose in the product, except milk sample with 5% of lactulose where there
was a decrease of lactulose by 2/3. It should be remarked that in the 5%
concentration of lactulose there was established also the highest B.lactis
amount in samples at the end of fermentation (1-10° cfu-ml™). When the
lactulose concentration increases, the lactulose assimilation also increases in
milk and resulting in the increase of B.lactis in samples that indicates to a
mutual interaction. The obtained results confirm conclusions mentioned in
literature about the bifidogenic effect of lactulose (Palframan et al., 2002;
Bouhnik et al., 2004) and bifidobacteria ability to assimilate lactulose (Saarela
et al., 2005).

The changes of lactulose content are significant (p<0.05). Consequently, a
conclusion can be drawn that B.lactis possesses ability to assimilate lactulose.
That relates to conclusions found in literature that bifidobacteria better multiply
in the presence of lactulose (Rycroft et al., 2001). Kontula et al. (1999), in turn,
indicated that several microorganisms of the large intestine, including also
bifidobacteria, are able to utilize lactulose and lactitol.

When comparing the changes of lactose and lactulose content in the fermented
milk samples, it is apparent that B.lactis is able better to assimilate lactulose
(the content of assimilated lactulose increases from 47% to 66%) in
comparison with lactose (the content of assimilated lactose is from 9% to
31%). Evaluating the obtained data, it could be concluded that B.lactis in
combination with lactulose is suitable for the development of a synbiotic dairy
product.
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The content of inulin in milk before and after fermentation is given in Figure
11. The obtained results confirm that bifidobacteria poorly assimilate inulin
(10-20%). It is reported in literature that B.lactis can not assimilate inulin
(Semjonovs et al., 2004). Biedrzycka and Bielecka (2003) have indicated that
the ability of bifidobacteria to assimilate inulin is depend on the polymerization
degree and the degree of purity. The inulin assimilation decreases together with
the increase of inulin polymerization degree and the degree of purity.

That does explain the results of inulin assimilation degree in fermented milk
samples.

The obtained results confirm that lactulose and inulin are able to stimulate the
multiplication of B.lactis in milk but most suitable substrate for growing of
bifidobacteria in milk is lactulose.

3. The evaluation of the content of biologically active compounds in
the synbiotic fermented milk product

3.1. The content of B group vitamins in the synbiotic
fermented milk product

During the fermentation process bifidobacteria are able to synthesize water
soluble vitamins, however, the each species of Bifidobacterium genus these
abilities are different. Consequently, Bifidobacterium lactis ability to
synthesize vitamins B;, B,, B¢ and Bj,, as well as how the content of
synthesized vitamins was influenced by the type and concentration of the added
prebiotics were studied.

The content of vitamins B;, B, B and B;, in fermented milk samples
depending on the added lactose and inulin concentration and in control sample
is presented in Figures 12, 13, 14 and 15.

The results of the research (Figure 12) show that the content of vitamin B,
significantly increases in fermented milk samples by adding lactulose
(p-value =0.0001<0.05) and inulin (p-value=0.0032<0.05). There is not the
significant influence of the prebiotic type on the content of vitamin B; in
fermented milk (p-value=0.48>0.05). Comparing the obtained results
(Figurel3) with the content of vitamin B; in milk mentioned in literature
(0.4 mg'kg™") (Top6atona, 1984; Chandan, 1997; Milk quality, 1999), it is seen
that in control there is a radical decrease of the content of vitamin B; (0.21
mg-kg'l). That could be explained by vitamins B, Bg, By, Bj, and PP that are
necessary for the growth of bifidobacteria (Deguchi et al., 1985). The radical
decrease of the content of vitamins, is possible to diminish or even prevent by
adding prebiotics. Besides, the differences between milk and control may be
explained by the influence of thermal treatment where the concentration of the
studied vitamin decreases by 20% (Milk quality, 1999).
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The obtained results show evidence that prebiotics facilitate production of
vitamin B, and significantly increases its concentration in the final product.
Analyzing the content of vitamin B, in the fermented milk samples with prebiotics
(Figure 13), similar tendencies can be observed as it is with vitamin B;.

The presence of lactulose (p-value=0.069<0.05) significantly increased the
content of vitamin B, in fermented milk samples. The type of prebiotics has not
the significant effect (p-value=0.422>0.05) on the content of vitamin B, in
fermented milk samples.

Comparing the obtained results with the content of vitamin B, in milk which is
indicated in literature (1.5-1.7 mg'kg") (Top6arosa, 1984; Chandan, 1997;
Milk quality, 1999), it is apparent that with certain concentrations of prebiotics
it is possible to increase the content of vitamin B, in fermented milk samples
even up to two times. That relates to the studies reported in literature on the
ability of bifidobacteria to synthesize water soluble vitamins, including
vitamins of group B (Deguchi et al., 1985). This should be evaluated as a
positive aspect if you take into consideration that during the thermal treatment
the content of vitamin B, in milk decreases. It follows that in the presence of
certain prebiotics, it is possible to regain or even significantly increase the
content of vitamin B, in the sample.

The results of vitamin B¢ in fermented milk samples with prebiotics (Figure
14) show that the higher indices are reached in milk samples with prebiotics in
certain concentrations — for lactulose from 1% to 3% (0.51 to 0.60 mg-1™") and
for inulin from 1% to 4% (0.49 to 0.58 mg-17).

In the higher lactulose and inulin concentration (5%), the content of vitamin Bg
is 0.30 mg-17" and 0.28 mg-17', respectively. It is remarkably lower than that of
control (0.42 mg-17"). As it is known, the content of dry matter ranges from
11% to 14% (Ozola, Ciprovica, 2002) in milk, but in fermented milk samples it
ranges from 14% to 18% if prebiotics are added in concentrations up to 5%
(Fluckiger, 1982). If the content of dry matter is significantly increased, the
water activity in the product is changed and multiplication of microorganisms
is inhibited, particularly Gram-positive ones. B.lactis abilities to produce
vitamin Bg decrease if 5% of lactulose or inulin is added. The content of
vitamin By decreases in these samples up to 0.28 and 0.30 mg-17', respectively.
By applying t-test, it was established that neither presence of lactulose
(p-value=0.35>0.05) nor inulin (p-value=0.210.05) influence significantly the
content of vitamin By in fermented milk samples. If the obtained results are
compared (Figure 15) with the vitamin B¢ content in milk that in literature is
reported from 0.4 to 0.6 mg-1"' (lopGarosa, 1984; Chandan, 1997; Milk
quality, 1999), it is apparent that it is possible to increase the content of vitamin
Bg in fermented milk by adding lactulose in concentrations to 3% and inulin to
4%. Despite the fact mentioned in literature that bifidobacteria needs vitamin
Bs to reproduce successfully (Deguchi et al., 1985; Ballongue, 2004), the
results of the present investigation have shown that it is possible to increase the
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vitamin By content in fermented milk by adding prebiotics. The conclusion can
be drawn that B.lactis possesses abilities to produce vitamin Bg resulting in
compensation or increase of vitamin B, that was used for B.lactis growing.

The content of vitamin By, in fermented milk samples with prebiotics is
presented in Figure 15.

The obtained results (Figure 15) have shown that the content of vitamin By, in
fermented milk samples with different concentrations of lactulose and inulin
decreases, with the exception of the milk sample with 3% of lactulose. In
higher prebiotic concentrations (4% to 5% lactulose and 3% to 5% inulin) the
content of vitamin By, in fermented milk samples decreases up to 0.01 mg-17".
The decrease of vitamin B, may be explained similar to vitamin B¢ because
bifidobacteria needs vitamins for growing and multiplication, including B,
(Ballongue, 2004). It follows that during the milk fermentation period vitamin
B,, synthesis is essentially less in comparison with its usage for providing the
life processes of bifidobacteria cells. Also, taking into consideration the
different amount of B.lactis in fermented milk samples with and without
prebiotics, the clear tendency can be marked — if the higher is the amount of
B.lactis in milk samples the lower is vitamin By, concentration there.

The results of dispersion analysis have shown that the concentration has the
significant effect on the vitamin B;, content in fermented milk (p<0.05). There
are significant differences between control and fermented milk samples with
prebiotics in concentrations of 4% to 5%; so the increased concentrations of
prebiotics suppress the vitamin B, synthesis in fermented milk.

In all, the results of the research have shown that it is possible to reach a
significant increase of vitamin B, content in fermented milk samples by adding
prebiotics.

3.2. The content of amino acids in the synbiotic fermented milk product

Lactic acid bacteria can also synthesize amino acids; that is determined by the
proteolytic character of lactic acid bacteria (Simova et al., 2006). As it is
known, these qualities of microorganisms are genetically determined. At the
same time it should be pointed out that proteolytic properties of bifidobacteria
are very poor (Sgorbati et al., 1995). In literature, however, there are scientific
research achievements indicating to the abilities of bifidocbacteria to
synthesize the considerable amount of amino acids (Matteuzi et al., 1995;
Ballongue, 2004). That is why, within the framework of this research, the
amino acid content was detected in fermented milk products with prebiotics.
The changes of content of the essential amino acids in fermented milk samples
with lactulose are shown in Table 3.

When evaluating the content of essential amino acids in fermented milk
samples with lactulose, it is apparent that the added lactulose concentration
affects the amino acid content in the product. The similar conclusion appears to
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that is mentioned in research by Ballongue (2004) that not only
Bifidobacterium bifidum is able to produce valine and threonine in a
remarkable amount but also Bifidobacterium bifidum is able to synthesize
threonine, methionine, isoleucine, leucine, tyrosine, and lysine in the presence
of prebiotics. The amino acid content in fermented milk samples depends on
the concentration of the added lactulose. As the obtained research results have
shown, the optimum lactulose concentration in which the highest indices and
the total sum of essential amino acids were established was 2%.

The results of dispersion analysis have shown that there were significant
differences of isoleucine, leucine and lysine, where the obtained p-values are
less than 0.05.

In the fermented milk samples with inulin, the essential amino acid content was
similar to or significantly less than in control sample regarding to the leucine,
phenylalanine and lysine content (p<0.05).

Evaluating the sum of the essential amino acid content in samples with and
without prebiotics, it should be stressed that their content was higher in the
milk sample with 2% of lactulose (1.111 g-100g™) in comparison with milk
(1.090 g.100g™). The results of the experiments relate to Palframan et al.
(2002) investigations that the best bifidogenic effect is reached in 2%
concentration.

In order to evaluate the ability of B.lactis to synthesize the essential amino acids in
certain concentrations, they have been compared with other amino acid amounts
synthesized by different lactic acid bacteria strains that are reported in literature
(Table 4).

Evaluating the data of Table 4, it is obvious that B./actis, compared with other
lactic acid bacteria, is able to produce more threonine, methionine, tyrosine and
lysine (p<0.05). Matteuzi et al. (1978) also have indicated in their research that
B.bifidum is able to synthesize threonine up to 150 mg-1". This is also
observed in the sum of amino acids: B.lactis synthesizes a larger amount of
essential amino acids than such strains of lactic acid bacteria as L.helveticus
MP12, L.lactis C15 and S.thermophilus T15.

Evaluation of non-essential amino acid content in fermented milk samples with
different concentrations of lactulose shows evidence of the tendency similar to
that of essential amino acids. Namely, the added lactulose concentrations have
the positive effect on the content of non-essential amino acids. As to the sum of
non-essential acids, it is established that the highest amount is reached in the
sample with 2% lactulose (1.718 g.100 g"). However, the results of dispersion
analysis have shown that there are no significant differences between control
and fermented milk samples with lactulose regarding to the amount of non-
essential amino acids.

In fermented milk samples with inulin, the amount of non-essential amino
acids was similar to or significantly smaller than in control sample concerning
the agrinine content (p<0.05)
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Summarizing the obtained results of the content of amino acids in fermented
milk samples with prebiotics suggest that it is possible to facilitate the
proteolytic properties of bifidobacteria by adding lactulose. The presence of
inulin, in its turn, did not influence significantly neither non-essential nor
essential amino acid content in fermented milk samples, except leucine,
phenylalanine, lysine and arginine, where significant differences were
established. The higher concentration of these amino acids was obtained in
control sample. B.lactis proteolytic properties were compared with other lactic
acid bacteria, and it was found out that B.lactis was able to produce threonine,
methionine, tyrosine and aspartic acid in large amounts that enriched the
nutritional value of the product.

4. B.lactis influence on the cholesterol content in the
synbiotic fermented milk product

In scientific investigations there are achievements that consumption of
fermented dairy products significantly decreases the cholesterol level in blood
serum (Mann, Spoerry, 1974; Gomes et al., 1999). Manning and Gibson (2004)
have indicated the ability of lactic acid bacteria to decrease the total and LDL
cholesterol level in blood. However, the mechanism how it happens is not quite
clear yet. As it is known, cholesterol is included in the membrane of fat
globules, and it makes up to 95% out of the total sterol content (Jensen, Clark,
1988). The cholesterol content in milk is within the range from 0.09 g-1"' to
0.22 g1, on average 0.16 g.1"" (Piironen et al., 2002; Paura et al., 2003). The
cholesterol content in milk is possible to decrease by using lactic acid bacteria.
However, the effect of lactic acid bacteria is not constant; there is possible both
the significant decrease of cholesterol content and also unchangeable
cholesterol content that depends mainly on the species of bacteria (Obermann,
Libudzisz, 1998). Pereira and Gibson’s research has confirmed that depending
on the species of bacteria the decrease of the cholesterol content is possible
from 0.4 % to 47% in the selective culture mediums. Ziarro et al. (2007) have
indicated that Lactobacillus acidophilus and Bifidobacterium spp. in fermented
milk are able to assimilate cholesterol from 18% to 38%. Consequently, within
the framework of this research, the effect of prebiotics on the cholesterol
content in fermented milk samples was studied. The content of cholesterol in
milk and in fermented milk samples with prebiotics is shown in Figure 16.

The results of the research have shown that it is possible to achieve a
considerable decrease of the cholesterol content if B.lactis is used for milk
fermentation. The obtained results have confirmed the statement expressed in
literature about the ability of lactic acid bacteria, including bifidobacteria, to
decrease the cholesterol content in milk (Daly et al., 1998). Consequently, it
may be maintained, that B.lactis is able to influence the cholesterol content in
fermented milk. Evaluating the influence of prebiotics on the cholesterol
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content in fermented milk samples (Figure 16) it is obvious that the influence
depends on the type of the used prebiotics and their concentrations. A parallel
may be drawn with that described in literature. Delzenne et al. (1999) have
indicated to ability of inulin to suppress the synthesis of triglycerides, so
decreasing the cholesterol level in blood.

The results of dispersion analysis have shown that the type of prebiotics has no
significant influence (p>0.05) on the cholesterol content in milk. Prebiotic
concentrations, in their turn, affect significantly the cholesterol content in
fermented milk. Significant differences were established between control and
fermented milk sample with 4 % lactulose (p<<0.05). The obtained results lead
to the conclusion that the considerable decrease of the cholesterol content may
be reached by milk fermentation from 16.0 mg-100 g to 12.1 mg-100 g,
respectively. This positive tendency is possible to facilitate by using prebiotics
and decreasing the cholesterol content in fermented milk to 9.5 mg-100 g”. The
parallel may be drawn with Roberfroid’s (1993) conclusions that if 2.5% of
fructo-oligosaccharides are added to yogurt then it is possible to facilitate the
decrease of cholesterol in blood. Similar tendencies were obtained in the
research where the cholesterol content in fermented milk samples was
significantly decreased by adding lactulose, and confirmed achievements
reported in literature about the B.lactis ability to assimilate cholesterol during
the fermentation of milk.

5. The quality indices of synbiotic fermented milk product

Working out new products, a great importance, often even a decisive
importance is attached to their sensory profile. Consequently, the fermented
milk products with prebiotics and control were sensory evaluated.

The obtained results have shown that it is possible not only to improve the
nutritional value of the product but also to increase the level of delight of the
product, “taste + aroma” and also the intensity of consistency. However, higher
indices were obtained of fermented milk samples with lactulose. It goes
together with the mentioned facts in literature that yoghurt with added lactulose
syrup was estimated higher than that without lactulose (Kulikausiene, 2004).
Taking into consideration that the concentration of the added prebiotics has
affected the product consistency, the study included also the evaluation of
viscosity of the product, its changes under the influence of different prebiotics
and their concentrations.

The apparent viscosity of fermented milk samples with prebiotics and control
are shown in Figure 17.

The obtained results have shown that the apparent viscosity is lower in
fermented milk samples with prebiotics and control than in other fermented
dairy products mentioned in literature (Domaga et al., 2004).
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This radical difference from the literature data might be explained by the fact
that in the present research B./actis was used as the starter culture, whereas for
the evaluated products described in literature homofermentative lactic acid
bacteria starter culture was used. That creates a higher viscosity in the final
product providing the intensive hydrolysis of lactulose and coagulation of
casein.

The dispersion analysis established that there were no significant differences of
the apparent viscosity among fermented milk samples with lactulose and inulin,
their concentrations and control (p>0.05). Penna et al. (2006) have indicated in
their research that the product viscosity depends on the dry matter content: if
dry matter increases, viscosity also increases. The contrary tendency was
observed in fermented milk samples with lactulose of this investigation: by
increasing the lactulose concentration to 5%, the apparent viscosity decreased
from 1444 mPa s (4% lactulose) to 1101 mPa s. The high proportion of
carbohydrates, various carbohydrates in the product make the lactic acid
bacteria choose easier hydrolysable compounds. In addition, during the
fermentation of carbohydrates different organic substances are produced which
influence the casein coagulation, isoelectric point size, etc. The milk
fermentation process and also viscosity of the obtained product are affected by
the product composition. By increasing the sugar content, the fermentation
process is prolonged, and a product with more liquid consistency is obtained.
This conclusion should be referred also to lactulose and inulin.

The changes of the apparent viscosity in fermented milk samples with
prebiotics also were analyzed during storage, and measurements were made on
day 1, 2, 5, 6, and 7 of storage. The obtained results are reflected in Figures 18
and 19.

The obtained results (Figure 19) have shown that the different added lactulose
concentrations influence the product apparent viscosity during its shelf life.

In fermented milk samples with lactulose, there were observed the decrease of
the apparent viscosity on day 5 or 6 of shelf life, except the sample with 5% of
lactulose where the significant increase of the apparent viscosity was observed.
The obtained data were contrary to those in literature mentioned:
Kulikauskiene (2004) indicates that lactulose syrup added in 2.5%
concentration did not influence significantly the yoghurt apparent viscosity
during shelf life. The differences between the obtained results and those in
literature given might be explained by the usage of different starter cultures,
because in this study B.lactis single culture was used, whereas Kulikauskiene
(2004) had used a multiculture, namely, yoghurt culture.

The results of dispersion analysis have shown that the shelf life has the
significant effect on the apparent viscosity of the product (p-value=0.14<0.05).
The lactulose concentration, in its turn, did not have a significant effect on the
apparent viscosity of fermented milk samples (p>0.05).
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The obtained results have shown that the different inulin concentrations
influence the apparent viscosity of fermented milk samples during shelf life. In
fermented milk samples with 1%, 2% and 4% of inulin, there was observed an
increase of the apparent viscosity during shelf life. The highest apparent
viscosity was established in the sample with 4% of inulin. It corresponds to that
described in literature: by increasing the inulin concentration in yoghurt to 4%,
its viscosity also increases (Kip, 2006). Moreover, the parallel may be drawn
with the results of investigations on the bifidogenic effect of inulin which was
established at 4 % concentration in this study.

The results of dispersion analysis have shown that both the concentration of
prebiotics (p=0.04<0.05) and shelf life (p=0.003<0.05) have a significant
influence on the apparent viscosity of the product. The lowest apparent
viscosity of fermented milk samples with inulin was established on day 1 and 7
of shelf life. As to concentration, the fermented milk sample with 4% of inulin
differed significantly, and the apparent viscosity was the highest.

The obtained results have shown that fermented milk samples with prebiotics
are referred to pseudoplastic liquefactionable liquids of share force where
deviation from the Newton’s liquids depends on the concentration of
prebiotics.

CONCLUSIONS

1.  The analyzed different lactulose and inulin concentrations were able to
influence significantly the increase of the colony forming units of
Bifidobacterium lactis (from 10° to 10° cfuml") during milk
fermentation and ensured their viability in synbiotic fermented milk
product during its shelf life.

2. The colony forming units of Bifidobacterium lactis after fermentation,
maturation and at the end of shelf life were significantly higher (p<0.05)
than the prescribed therapeutic minimum of bifidobacteria — 10° cfu-g™.

3. Bifidobacterium lactis is characterized as being able to assimilate
lactulose to 66% in comparison with remarkably lower assimilation
level of lactose (to 37%) and inulin (to 20%). Lactulose should be
considered as the most suitable substrate for growing of Bifidobacterium
lactis and for ensuring their viability in the synbiotic fermented milk
product.

4. It is found out that peculiarities of one bifidobacteria species may not be
referred to all genuses.

5. The added different concentrations of prebiotics significantly influenced
the content of synthesized vitamins B, and B, (p<0.05), whereas they
did not have a significant effect of vitamins B¢ and B, concentration
(p>0.05) in synbiotic fermented milk product.
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10.

During fermentation Bifidobacterium lactis produced remarkable
concentrations of threonine, methionine, tyrosine, lysine and aspartic
acid (p<0.05). The content of synthesized essential amino acids
significantly differed in synbiotic fermented milk samples with
lactulose.

Bifidobacterium lactis in the presence of certain lactulose and inulin
concentrations is able to assimilate up to 25-40% of cholesterol in milk.
The added different concentrations of lactulose significantly increase the
degree of liking of fermented milk samples at the sensory evaluation of
products.

Prebiotics and their concentrations influence the sensory properties and
the apparent viscosity of analysed fermented milk samples.

The optimum concentration of lactulose is 2%, inulin — 4%, which is
confirmed by the colony forming units of Bifidobacterium lactis,
concentrations of vitamins B, and B, and essential amino acids in
fermented milk samples.
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