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PETIJUMA AKTUALIT ATE

Pedgjo gadu desmitu laik daudzu Eiropas valstu iewntaju vida
pastipririjusies interese par maizi, kas gatavota ar ierg@gicher, Stephan
1999). Aizvien vaifk pa€rétaju dod priekSroku vesgjai maizei, kas ir
aronitiska, garfga, ar labu struktu un ilgi glalasjama. Palielias af
piepragums Ec ekolaqiski tiras frtikas, biolgiskas saimnietbas audztiem
graudaugiem un no tiem rafietmaizes. Patetaji uztura vairak izvélas maizi,
kuras razoSanas tehngiskaja proces lieto ieraugu, kas uzlabag kvaliti un
garSagpadbas Hui et al.,2004).

Maize ar sporno ieraugu ir gatavota gadsimtiem ilgi, betanmiskie
petjumi par faktoriem, kas ietekénsponsina ierauga kvaliti, uzskti nesen.
Lidz maizes rauga ievieSanai un pie@jzam) iesgjams, maize ar ieraugu bija
galvenais maizes tips, kas tika grats Eirom un Zieméamerika. Mikla tika
daligi raud#ta ar savvieas pienskbes baldriju kultaram, ieskaitot
heterofermentatos celmus, kuri prodéfa pietiekamu C@daudzumu, izraisot
miklas migSanu. Turkit biezi sporino ieraugu sagta ietilpst savvéas raugi,
kas \&lak kjuva neaizgjami raudz$anas procés Sis savvias balkériju un
raugu asodcijas ir viegli uzturamas un lietojamas \&in gadu garum
(Hutkins, 2006). llgi izmantotu un uztéiu ieraugu stabiliite izskaidrojama ar
inhibgjoSas iedaribas savienojumu prodeé&anos flessensDe Vuyst,2002),
ka ar ar pienskbes baldriju un raugu mikrokilo mijiedarlabu.

lerauga gatavoSanaidrfazes ir viens no setkajiem paémieniem, kas
atistijies pamatojoties uz maiznieku praktisko pieredomer & metode ir
darbietilpga — ierauga pagatavoSanai nepiecieSamas 30-56astustingri
ieverojot temperatras refmus un fZu ilgumu. RZu ilgumi un temperatas
reAmi izstradati ta, lai stimuEtu pienskbes baldriju un raugu atstbu
ieraudi. Pirmaj fermenicijas fizé 25-26° C temperata tiek nodroSiati
lab\eligi apsikli raugu afistbai, otraji un treSaj faze ta tiek paaugstifita fidz
30° C, lai notiktu akiva pienskbes baldriju attistba Kramer, 2002).

Rudzu maizes gatavoZaieraugu visvaik izmanto rgionos, kuros tiek
kultiveti rudzi, — Zieméu, Centélaja un Austrumeirop, ieskaitot Baltijas
valstis, kuis rudzu maize afem nozmigu tirgus du. Latvija paeretaji
ieciernjusi rudzu maizi, kas gatavota ar spomt ieraugu.

Rudzu maizes gatavoSanas pracbstiska nozme ir spordna ierauga
kvalitatei, kuru ietekra ne tikai miltu kimiskais sagvs un tajos esoSie
fermenti, bet armiltu mikroflora un is atistibas dinamika ierauga gatavoSanas
fazes. Laboratorijas apaitlos fermerita sporina ierauga mikrofloru nosaka
tikai miltu tips un kvaliite — tajos sastopa® pienskbes baldrijas isa laika
posna S nodroSimt stabilu mikrobiolgisko asodiciju ieraud
(Van der Meulen et al 2007). Savulkt maizes ceptlds gatavoto spoaho
ieraugu sasvu ietekn® ne tikai miltos, bet aruz iekartam un telpas gais
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esoSie mikroorganismiDge Vuyst et al 2009). Ja ierauga aktigie nav

pietiekama un fklai trokst vajadzga skabuma, razdii tai pievieno skbuma

reguktajus vai ar ierauga gatavoSanai izmanto @rvalstm iepirktus saldtus
vai liofiliz &tus ieraugus.

Tikai pedejo gadu desmitu laikir identifictas pienskbes bakdriju un
raugu sugas, kas piedsalierauga fermeatija. Lidz Sim no ieraugiem izéfas
ap 50 pienskbes baldriju no Lactobacillus, Leuconostoc, Pediococcus,
Lactococcusun Weisella gintim, un 20 raugu sugas nSaccharomyces,
Candidaun Torula gintim.

Miltu mikroflora ietilpst af Fusarium, Alternaria, Aspergillus,
Penicillium dzimtu mikroskopisks €nes. Mirgto mikroorganismu metakial
nelabligi ietekn® spontina ierauga fermeatijas procesu,apec raugu un
heterofermentato pienskibes baldriju skaits ir viens no faktoriem, kas
ietekne mikroorganismu popatiju atistbu spordnaja ieraug@ un veicina
fermentcijas procesa norisi.

Atjaunojot ieraugu vaiikas reizes var n@vot asociciju veidoSanos,
kuras parasti nostiprigs vienas vai diviLactobacillussugu parstviji, batiski —
par trijgm fidz ¢etram kartam — garsniedzot mezofili aerobo un fakuliat
anaerobo mikroorganismu skaif0drsetti, Settann2007).

Latvija lidz Sim nav veikti ptijumi par sporitna rudzu maizes ierauga
mikrofloru un s metabatiem, la afn netiek razots konkatspejigs uz
spontina ierauga bzes gatavots liofilizts ieraugs.

Promocijas darbir izvirzita &dahipoteze
spontina rudzu maizes ierauga aktistit paaugstina biolgiski aktivetu rudzu
graudu miltu un pienglbes bakdriju tirkultiru piedeva.

Promocijas darba hipeti pielada araizstavamam tezem:

1. skrotto rudzu miltu (1370. tips) lietoSana spamdt ierauga gatavosan
nodrosina pietiekami lielu dgjo mikroorganismu — raugu un pieabks
bak€riju —popukciju biologisko parsvaru;

2. biolaggiski aktivetu rudzu graudu miltu piedeva veicina pieitss
bak€riju un raugu popdkiju vairoSanos un aamo metabatu
veidoSanos spoftaja rudzu maizes ieradag

3. ieraug ar biolaziski aktivetu rudzu graudu miltu piedevu atkotas
geneicijas ir stabilas pienglbes baldriju popukcijas;

4. no @tamo ieraugu DNS, iegfams ieg@it pladiku informaciju par
pienskibes baldriju celmu spektru nekno tajos sastopamo pieables
bakeriju koloniju veidojoSo vietbu DNS, kas izaugusas uz sefeks
MMRS barotnes;

5. liofilizétais sporinais ieraugs ar biofiski aktivetu rudzu graudu miltu
un pienskbes baldriju tirkultiru piededm sg&j konkuret ar komerdcilo
ieraugu.

Promocijas darbpétijuma objekts — rudzu maizes spamtais ieraugs



Promocijas darba nerkis — petit mikrofloras afttsibas dinamiku spoamajos
rudzu maizes ieraugos un izsiit maizes razoSanizmantojamu liofiliztu
ieraugu.

Promocijas darba &nka sasniegSanai izvitz Sadi uzdevumi:

. petit un analizt mikroorganismu savstag® mijiedarlibu sponinajos
ieraugos, kas gatavoti no rapnaluma (1740. tips) un sk&iem rudzu
miltiem (1370. tips), un navtét rudzu miltu piendrotibu spomno
ieraugu gatavosan

* noteikt nefermemta rudzu iesala un biokski aktivetu rudzu graudu
miltu piedevu ietekmi uz spaira rudzu ierauga fermeatijas procesu un
kvalitates &aditajiem;

. petit ieraugu mikrofloras aktiviti un daudzveitbu atkirtotas geneécijas;

 aprolet molekubras biolgsijas metodes ieraugu  mikrofloras
identificeSanai;

. identificet domirgjo%as pienskbes baldriju un raugu sugas un celmus
spontino ieraugu fermeatijas fizeés un ieraugu atktotas geneacijas;

. izstradat jaunu liofilizétu rudzu maizes ieraugu un whinat to ar
komercili pieejamu analogu.

Promocijas darba zinatniskais noazmigums.

. Pirmo reizi Latvii veikti petijumi par sporitna rudzu maizes ierauga
mikrofloru, ka af izstadats liofilizéts ieraugs, kura pamatir
tradicioralais sporinais ieraugs ar biofski aktivetu rudzu graudu miltu
un pienskbes balkdriju tirkultaru piede@m. Saiemts patents LV 13899 A
— ,Spontina rudzu ierauga gatavoSanagraiens”.

. Promocijas darb ietvertie @Etijumu rezulsti pierada sporina rudzu
maizes ierauga mikrofloras savs@&jgp mijiedaribu fermenicijas fizes
un s ietekmi uz gatavierauga kvaliti.

. Darla noteiktas galvers likumsakaibas sporiinaja ieraud, sponinaj
ieraugi ar rudzu iesala piedevu un sporda ieraudg ar biolgiski
aktivetu rudzu graudu miltu piedevu (mezofili aerobo wskuitatvi
anaerobo mikroorganismu, pieabks baldriju un raugu vairoSas
intensiite, pH, titejama skibuma, organisko @kju, odhidratu,
aminoskbju un vitaminu izmahas fermericijas gai) pec kuam veikta
ieraugu atlase.

. Lietojot molekufiras biolazijas metodes, pirmo reizi Latdij veikta
pienskibes baldriju sugu un celmu identififcija sponinajos rudzu
maizes ieraugos.



Promocijas darba tautsaimniecisid nozame — Latvijas maizes ceptés
rudzu maizes gatavosanas tehgislkaja proces tiek izmantoti spoanie ieraugi
atlartotas geneacijas, ka afm no arvalstm iepirkti saldti vai liofiliz&ti ieraugi.
Autora izstadato jauno liofilizéto ieraugu ar biolgiski aktivetu rudzu graudu
miltu un pienskbes baldriju tirkultaru piedevu, var izmantot rudzu maizes
gatavo3anas tehngigkaj proces.
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Kozlinskis E., Skudra L., Radejeva T., Kunkulberga D. Lyophilisation of
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"Novel Approaches in Food IndustryCesme, Izmir, Turcija, 2011. g. 26-29
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presentatioi
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International Symposium on Sourdough: from artsdi@nce Freising, \Acija,
2009.g. 14-17. oktobris (stenda rafer/ poster presentatign
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preparation technologies on properties of spontamege spongeFoodbalt—
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Kozlinskis E., Skudra L., Klava D., Kunkulberga D. Influence mibdified
flour used in spontaneous rye sourdough fermemtalidernational Scientific
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Kozlinskis E., Skudra L., Klava D., Kunkulberga D., StraumiteClynamics of
microflora in atypical spontaneous rye sourdougR#ga Food 2008", Riga,
Latvija, 2008. g. 5. septemifstenda refats /poster presentation

Kozlinskis E., Skudra L., Klava D., Kunkulberga D. Lactic abidcteria in rye
sourdough from crude and peeled rye flolhe annual 14th International
Scientific Conference “Research for Rural Developtn008”, Jelgava,
Latvija, 2008.g. 21-23. maijs (refiés /oral presentatioh

Kozlinskis E., Skudra L., Klava D., Kunkulberga D. Microflora
characterization of rye meal sourdougth European Young Cereal Scientists
and Technologists Worksholdawa, Lietuva, 2008.g. 19-21. maijs (reiflsr/
oral presentatioin

Kozlinskis E., Skudra L., Kava D., Kunkulberga D. Characterization of rye
sourdough microflora.The 3rd Baltic Conference on Food Science and
Technology ,FOODBALT-2008" Jelgava, Latvija, 2008.g. 17-18. #ipr
(referats /oral presentatioh
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Kozlinskis E., Skudra L., Radejeva T., Kunkulberga D. (2011) Lyophilisation
of traditional Latvian rye sourdough startets: The International Food
Congress "Novel Approaches in Food Industry" Caariee proceedings
Cesme, Turkeyp. 176-179.

Kozlinskis E., Skudra L., Radejeva T., Kunkulberga D. (2010) Technological
parameters and microbial stability of Latvian ttadial rye sourdough.
In: International Conference on Food Innovation ,Foodava2010”
Conference proceedings (130), Valencia, Spain  pp. 1-4
(elektronisk formata / CD format).

Kozlinskis E., Skudra L., Ratejeva T., Kunkulberga D. (2010) Spamb
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(elektronisk formata / CD format).
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of rye sourdough microfloraln: Foodbalt 2008 Conference proceedings
Jelgava, Latvia, pp. 89-93.



Kozlinskis E., Skudra L., Klava D., Kunkulberga D. (2008) Lactacid
bacteria in rye sourdough from crude and peeledflore. In: Research for
Rural Development 2008 conference proceedings, avalg Latvia, pp.
308-313.

Latvijas Republikas patents: Kunkulberga D., Ralejeva T., Skudra L.,
Kozlinskis E., Klava D. (2009) Latvijas republikas patents Nr. 13899
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Zimes: Latvijas Republikas Patentu Valdes @fais Vestnesis,No. 4, 564.

Ipp.
MATERI ALI UN METODES

Petijumu laiks un vieta

Petijumi veikti Latvija un Danija, laika no 2007.1dz 2011. gadam.

Latvijas Lauksaimniagbas universittes HRirtikas tehnolgijas katedras

laboratorifis veikti &idi petijumi:

. Mikrobiologijas ziratniskap laboratorip — gatavoti ieraugi, kultiti un
identificeti mikroorganismi, noteikti fizikli kimiskie aditaji;

. lepakojuma matediu ipasbu izgetes laborator§ — liofilizéti spontnie
ieraugi;

. Partikas produktu an@tu laboratorj — noteikts ierauga un maizes
mitrums;

Latvijas Universiite istenoti &di petijumi:

. Biologijas instifita — noteikti B, B, E vitamni, pantognskibe un
aminoskibes;

. Mikrobiologijas un biotehnolgijas institita — noteikta maltoze, glikoze,
fruktoze, pienskbe, etkskabe un dzintarsibe;

Danija, Kopenfagenas Universites Dabas Zigtnu fakul@te reali£ti Sadi

petjumi:

. Kvalitates un tehnolgijas departamenta laboratasj— gatavoti ieraugi,
noteikti to fizikali kimiskie &ditaji;

. Partikas departamenta mikrobigfijas laboratorjs veiktas ieraugu
mikrobiologiskas ungeretiskas anaizes.

Petfjuma izmantotie materiali

Petijuma sponfno ieraugu pagatavoSanai izmantoti AS ,Jelgavas
Dzirnavas” skrattie (1370. tipa) un rupjmaluma (1740. tipa)Kaupo’ &irnes
rudzu milti, biolgsiski aktiveti ‘Voshod’'sirnes rudzu graudi, SIA ,Naukfi”
rudzu iesals un dzeramaiglens (atbilggi Ministru kabineta 2003. gada
29. aptla noteikumiem Nr. 235 ,Dzeramadens obligtas nekaiiguma un
kvalitates pragbas, monitoringa un kontrolesarkiba”). Liofilizéto sponino
ieraugu kvalifites &ditaji salidzinati ar komercila firmas ,BOCKER rudzu
maizes ieraugal,K-Startet kvalitates aditajiem.
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Petfjuma strukt ara

Lai noskaidrotu mikroorganismu pojpaiju attstibas dinamiku ieraugos,
kuru gatavoSanai izmantoti rdpinaluma un skratie rudzu milti un ize@rtetu
to piengrotibu ierauga gatavoSanai, ieraugu atjaunoSana vidkgm 24 h,
fermentcijas temperaira — 26°C, 32°C un 28°C — un laiks — 72 h.

Sponfino ieraugu ar iesala un bigiski aktivetu rudzu graudu miltu
izmantotsstfazu fermendcijas process, kas kopam
norit 48 stundas, divas reizes ieraugu atjaunojptevienojot jaunuidens un

piedevu gatavoSanai

miltu porciju (1. at&ls).

Rudzu milti /
Rye flour :

100 g; 26 °C

faze / previous
g stage: 100 g

faze / previous

stage: 100 g

+

Rudzu milti /
Rye flour :

100 g; 26 °

C

€

Rudzu milti /
Rye flour :
100 g; 26 °C

)

H,0: 200 ml;
30°C

Kopa / Total:

H,0: 100 m!
38°C

‘)(

H,0: 100 ml;
35°C

=)

300 g; 26 °C
"0. punkts" /
"point 0"

Kopa / Total:

300g;32°

""2. punkts" /

C

Kopa/ Total:
300 g; 28 °C
"4, punkts" /

"point 2" "point 4"
Kopa / Total: Kopa / Total: Kopa / Total:
300 g; 26 °C 300 ¢g; 32°C 300 g; 28 °C
"1. punkts" / "3 punkts" / "5. punkts" /
pomt 1" 'point 3" "point 5"
|
o faze/ 2 4 2 faze/ 3 3.faze/ o formentdcijas
15t stage ond stage 3rd stage laiks (h) /
Sfermentation
time (h)

1. att. Spontina rudzu ierauga tris fazu fermentacijas
tehnologiskais process /

Fig 1. Technological process of a three-stage somous rye
sordough fermentation

Sponifino ieraugu pagatavoSaizmantotasadas izejvielas:

e ieraugi U — 100% skrato rudzu miltu (1370. tips) un dzeramadens;

e ieraug M — 80% skraito rudzu miltu (1370. tips) un 20% bigiski
aktivetu rudzu graudu milti un dzeramaidens;
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e jeraug | — 80% skratto rudzu miltu (1370. tips) un 20% nefermaat
rudzu iesals un dzeramaidens.

Lai

petitu  nobriedud ierauga

fermentijas aktivifti

genefcijas, noteikta mikroflora un fizii
14 dieram. Veikta divu daZdu atkirtotu geneaciju ieraugu fermenatija 14
dienu laiki, izmantojot sporanos ieraugus U un M.

atkartotas
kimiskie @ditaji laika Iidz

e Atjaunota ierauga U komponenti (% no miltu masad)% sporina
ierauga U + 100% rudzu skeétd miltu (1370. tips ) + 80% dzeram
adens (32°C).

e Atjaunota ierauga M komponenti (% no miltu masafb sporina
ierauga M + 80% rudzu sk&bd miltu (1370. tips) + 20% biofski
aktiveto rudzu graudu miltu + 80% dzeramdens (32°C).

Nemti paraugi pirms un & katras fermeatijas fizes. Visi ieraugu
paraugi inkubti 25°C temperatra. Katra ierauga atjaunosSanas @izmanto
10% no iepriek§a faze fermentta ierauga un tam pievieno jaunu miltu un
idens porciju. So procesu atto ik psc 24 stundm.

1. tabula /Table 1.

lerauga raditaju noteikSanas metodes /
Determination methods of sourdough properties

leraugu fizik alie un

N. p. k. Kimiskie raditaji / Metode /
No. . . Method
Physical and chemical parameters
- . Pec ,Standard-Methoden fur
1 PH Iljlnatrlxt(,jéjt?trrr;%llse saﬁcti)éjirtns/ Getreide, Mehl und Brbt
' P y (Spicher, Stepheri993)
Mitrums / Atbilstigi standartam LVS
2. . 272:2000 ,Graudu produktu
Moisture . &
mitruma noteikSana
Atbilstigi standartamAOAC
3 Aminoskabju saturs / 994.12 Amino acids in foods
' Content of amino acids (Aminoskabes partikas
produktos)
Atbilstigi standartamAOAC
B1 vitanina saturs / 953.17 ,Thiamin—Vitamin
4. B, —in grain product$

Content of vitamin B

(Tiamins — B vitanins —
graudu produktos)
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leraugu fizik alie un kimiskie
N. p. k. il . ° ; Metode /
No. raditaji / Physical and chemical Method
parameters
Atbilstigi standartamAOAC
5 B, vitamina saturs / 970.65 ,Riboflavin— Vitamin
) Content of vitamin B B, — in food$ (Riboflavins —
B, vitanins — frtika)
- L Atbilstigi standartamAOAC
Pantotnslabes (B vitanina) 945.74 pPantothenic Acid
saturs [Content of S .
6. : . in Vitamin preparations
panthotenic acid r |
(vitamin B) (Pantognskabes vitarinu
prepa#tos)
Atbilstigi standartamAOAC
E vitanina saturs / V971'30 g—To?opggrol
7. Content of vitamin E tamin E—in foo (a
tokoferols — E vitarns —
partika)
Modificeta standartmetode
. . AOAC 986.13 QOrganic acids
8. gggnigftkgfiﬁbjgnﬁgt;&s d/s in Cranberry Juice and Apple
9 Juice' (organislas skibes
dzervenu unabolu suh)
Atbilstigi standartanAOAC
982.14Glucose, Fructose,
9 Oglhidratu saturs / Sucrose, and Maltose in
' Content of carbohydrates Cereal products(Glikoze,
fruktoze, saharoze un maltoze
graudaugu produktos)

lerauga mikrofloras noteikSana. leraugi mikrobiolgiski tes€ti un tiem
gatavoti deciralat&aidijumi. Testa paraugi memti atbilsigi standartam LVS
EN 1SO 8261:2002 ,Visfrigie no&adijumi testa parauguakotngjo suspensiju
un decimlat&aidijumu sagatavoSanai mikrobigiskai parbaudei”. Noteikti
Sadi raditaji:
. mezofili aerobo un fakultati anaerobo mikroorganismu kopskaits
saskaa ar standartu LVS EN I1SO 4833:2003;
. raugi atbilsigi standartam ISO 21257-2:2008;
. pienskibes baldrijas (PB) saskg ar standartu 1ISO 9332:2003 lietojot
MRS barotni un modifigtu MRS barotni (MMRS), kuras sast ir vairak
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peptona (20 g/l) un rauga ekstrakta (10 g/ljdzahot ar standarta MRS
barotni un, kurai pievienota aminasle cistens (1 g/l). Trkultaras
pavairotas izmantojotLactobacilli MRS brothbarotni (Ref. 14202-24).

Mikroorganismu identifik acijai izmantotas selektas barotnes (MRS —
pienskibes baldrijam, iesala ekstrakta agars — raugiemdoteiktas

mikroorganismu morfolgiskas ipa3bas (forma, kusgums), veikta KisoSana
pec Grama metodes, katakes tests un identificija lidz sugai ar API

biokimisko testu sismu:

. pienskibes baldrijas — 50 CHL;

. Bacillus sppun tai radniemas gints sugas — 50 CHB;

. raugi — ID 32 C.

DNS izdakSana veikta [Ec standartmetodes, lietojoGenElute™
,Bacterial Genomic DNA Kit".

Polimerazes kédes reakcija veikta izmantojot Stratagene RoboCycler
Gradient 96" PCR reakclj ar karstumiztugas polimeizes paldzbu
nepiecieSamais DNS fragments (16S rDNS V3 vai \flores) tiek pavairots
talakiem mikrobélas ekosistmas daudzveithas @tijjumiem.

leraugu mikrobialas ekosistmas daudzveidba un izmaipas
fermentacijas gaita pétitas, izmantojot amplifitus V3 (PB) un V1 (raugiem)
regionus no 16S ribosofta DNS. Mikroorganismu ekosiaha identificta ar
denatugjoSa gradienta &a elektrofoezi (DGGE), izmantojot DGGE
standartmetodi adl)NNGENYphorU-2 sisttmas paldzbu.

leraugus un firkult @ru biomasu liofiliz€, izmantojot subliracijas kalti
L~Armfield FT 33. Paraugus vispirms sasaltidz —20°C. Sublirficijas proces
paraugus sasadidz —55°C, subliricijas laiks — 48-72 h.

Liofiliz &to ieraugu parbaude maizes razoSanas procas Liofiliz &tie
ieraugi un komerali pieejamais firmas Bockef ieraugs ,TK-startef
izmantoti rudzu rklas gatavoSanrudzu maizes cepSanai.

Datu matematiska apstrade veikta ar mate@tiskas statistikas metaan,
lietojot korehcijas anali, vienfaktora dispersijas amal un Tiukija testu.
Rezulatu vidgjie aritmetiskie lielumi, rezulitu ticambas Imenis (p) un
standartnovirzes agkinatas ar Microsoft Excel programmas paketi
(Arhipova Baliza, 2003).
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PETIJUMA REZULT ATI UN DISKUSIJA

1. Mikrofloras attistiba spon&inajos ieraugos, kas gatavoti no skr@tiem
(1370. tips) un rupja maluma (1740. tips) rudzu miltiem

Sponfina ierauga gatavoSan buatiskakie faktori, kas ietekm
mikrobiologisko procesu norisi, ir miltu tips un tajos sastopamikroflora.
Rudzu maizes razoSansponino ieraugu gatavo gan no rapjmaluma
(1740. tips), gan skratajiem (1370. tips) rudzu miltiem. Lai izitetu, no kura
iepriekS migta miltu tipa gatavots ieraugs ir akiks, veikta miltu mikrofloras
izpete, nosakot mezofili aerobo un fakuitatanaerobo mikroorganismua lam
pienskibes bakdriju un raugu vairoSas dinamiku fermemtijas proces Ka
zinams no literalras avotiem, rugj maluma, skratie un hdektie milti
atkiras @Ec kimiska sasiva. 1370. tipa rudzu miltus ieraugu gatavasan
izmanto augét oglhidratu satura @, jo tas nodroSina bdras lazi pienskibes
bak€rijam (PB) un raugiem, vienlaigi radot optinalus apsiklus fermericijas
procesam.

Eksperimentos iagie rezultiti liecina, ka no 1370. un 1740. tipa rudzu
miltiem tris pakipés gatavotos spoirios ieraugos akotngjais MAFAM kvv
skaits ir attietgi 4,81 log10 kvw'g un 5,05 logl0 kww'g, PB kvv skaits —
attiedgi 4,32 1og10 kvv'g un 3,58 log10 kvv'g, raugu kvv skaits — attiegi
4,55 1og10 kww' ¢ un 4,77 log10 kvv'g (2. un 3. atils). Sikotrgji MAFAM
skaits ir liekks par ierauga gatavo$anozamigajiem mikroorganismiem,akPB
un raugiem abos ieraugos, un tas liecina par augsitiiem rakstutgas
mikrofloras koncenficiju. Ka zinams no literairas datiem Klui et al.,2004),
o unp amilazu darbas ietekra no cietes veidojas monosaitiun disahadi,
kurus sa@ metabolisra akfivi izmanto raugi un PB.

Petijumos ieditie rezulfti liecina, ka §kotngji aktivak vairojas raugi, jo
izvéleta fermenicijas temperdira — 26°C — ir optirila to atfstibai. Atjaunojot
ieraugu, pc 24 h tiek izmaitta substita vide, un ierauga mikroorganismiem
tai japielagojas, ipec to vairoSaas intensiite samazifis.

Otraja fermenicijas fizé 32°C temperata ieverojami palieliris PB skaits
ieraug, un tas skaidrojams ar optiliem vairoSafs apsikliem. Atjaunojot

ieraugu pc 48 h samazias MAFAM skaits un turpina agfities gan raugi, gan
PB. Tas skaidrojams ar to, ka miltos sastopamajrampozitvajam Bacillus

un gramneg@ajam Enterobacteriacaegints bakérijam PB un raugu
metabaitu ietekng ir izveidojuSies to atstibai nelabgligi vides apgikli.

Izvertejot fermentcijas procesu itlz 72. stundai, & redzams no
iegutajiem rezulitiem (2. at€ls.), pEc 54 h Imtiska mikroorganismu
popukciju atfisba nav nogrojama, iespjams, to afstiba iesfjusies
staciorara faze un izveidojies nobriedis ieraugs, kuruzkmjuSies
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mikroorganismu metabtti — aminoskbes, vitarni, organisiés skibes —, &
af savairojusies ieradgvelama mikroflora — PB un raugi.

7.0

Terauga atjaunosana / Refreshing of
sowdough
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2. att. Mikroorganismu attistiba 72 h fermenticijas laika ierauga, kas
gatavots no skro€tiem (1370. tips) rudzu miltiem /
Fig. 2. Growth of microorganisms in sourdough fermtation for 72 h using
peeled (type 1370) rye flour

Safdzinot mikroorganismu skaitu ieraugos, sénis, ka fermeatijas
proce4 vislakakie raditaji iegati 48 stunds ieraug, kas gatavots no 1370. tipa
miltiem, — pienskbes bakdriju skaits palieligjies no 4,32 log10 kvwv§ lidz
6,06 1og10 kwv'{g, kas irloti batiski, jo PB metabati ieraugi un nikla veido
vajadigo skibuma pakpi (Loenner, Preve, 1988). Pirmajs cdetras
fermenticijas stunds notiek miltos es@$ mikrofloras pielgoSaas vides
apstikliem, Gtad tie atrodas lagiZes stadij. Pec ceturis fermenicijas stundas
noerojama strauja visu noteikto mikroorganismu isiitta — iedtjas
eksponendia attistbas fize un idz ierauga pirmajai atjaunoSanai notiek
mijiedartiba starp mezofili aerobo un fakuitat anaerobo mikroorganismu,
pienskibes bakdriju un raugu atstibu.

Ka redzams no iagiem datiem, pc ierauga atjaunoSanas @ktvairojas
PB un raugi, vienlaigi nomacot MAFAM atfistibu.
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Veiktie mikrobiolasiskie petijjumi ieraud, kas gatavots no rupmaluma
(1740. tipa) miltiem, pieida, ka skotngjais MAFAM skaits taj ir lielaks neld
ieraug, kas gatavots no sk&hjiem (1370. tipa) miltiem.

Izvertejot mikroorganismu popatiju atistibu ieraug, kas gatavots no
rupja maluma (1740. tipa) miltiem, kopdmjasecina, ka fermeatijas laila
Iidz 72 h PB un raugi nav pietiekami @kt lai spetu nonakt MAFAM, kuru
sasiva ir miltos sastopafds gramnegatas enterobaktrijas un grampozvas
endosporu veidojas bakérijas (3. atls.).

7.0 Ierauga atjaunosana/ Refreshing ot
i sourdough 1
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3. att. Mikroorganismu attistiba 72 h fermentcijas laika ierauga , kas
gatavots no rupja maluma (1740. tips) rudzu miltiem /
Fig. 3. Growth of microorganisms in sourdough fermtation for 72 h using
crude (type 1740) rye flour

Petot pH un titejama skabuma izmajas 72 h fermeatijas gaii
(4. at€ls), var noerot, ka abos ieraugos ifitiska korefcija starp piensibes
bakeriju skaita palieliaSanos un vides pH izmgm (1370. tipam r = —0,66;
1740 tipam r = —-0,50 ) un likumsakgir ai starp pienskes bakdriju skaita
palieliraSanos un tijama skabuma izmaiam (1370. tipam r = 0,79;
1740. tipam r = 0,52). Turid ai pH un titejama skabuma rezulti liecina par
aktivu mikroorganismu datbu lidz 48. fermericijas stundai, kad pH
pazemias fdz 3,93 (1370. tipam) un 3,94 (1740. tipam) ungjatmais
skabums palielias dz 13,90 (1370. tipam) un 14,10 (1740. tipam).
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lerauga atjaunoSana / Refreshing of sourdor lerauga atjauno$ana / Refreshing of sourdough
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4. att. Vides pH un titrgjama skabuma izmainas ieraugos, kas gatavoti no

1370. (a) un 1740. (b) tipa rudzu miltiem, 72 stundfermentacijas laika /

Fig. 4. Changes of ph and titrable acidity in sowdghs prepared using type
1370 (a) and type 1740 (b) rye flour during 72 heusf fermentation

Pec pedgjas ieraugu atjaunoSanas fernseijas pH un titejama skabuma
raditaji batiski neat&iras no tiem, kas n@vojami pec 48 stundu fermeatijas.
Pamatojoties uz to, turgtkiem pEtijumiem izraud#i skrottie (1370. tipa)
rudzu milti un fermeracijas laiks 48 stundas.

2. Spontnie ieraugi ar biologiski aktiv étu rudzu graudu miltu un iesala
piedevam

Rudzu maizes razoSanas tehg@dkaja proced ceptues gatavo spoaho
ieraugu, K afi sponiino ieraugu ar nefermetd rudzu iesala piedevugtjumu
gaia autors izs@dajis jaunu sporiina ierauga gatavoSanaspganienu, kul
nefermenttais rudzu iesals aizgs ar biolgiski aktivetu rudzu graudu miltu
piedevu (patents LV 13899 A — ,Spani rudzu ierauga gatavoSanas
pageémiens”).

Sponsna ierauga gatavoSannefermerttu iesalu lieto K biologiski
vertigu un akivu piedevu fermeatijas procesa veici$anai, lai iegtu
augstku pienslabes baldriju un raugu 8&nu koncenticiju, ka an atrak
sasniegtu vides skumu zem pH 4.0 gataveraugi.
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Lai nowertetu, ka rudzu iesals un biofski aktivetu rudzu graudu miltu
piedeva ietekm sponéna ierauga fermeatiju, veikti vairaki eksperimenti.
Priek3Sngginajumos iegditie rezultiti pieradija, ka optimalais iepriekS miato
piedevu daudzums ir 20% no K@ miltu daudzuma ierauag

leraugu mikrofloras astibas un vides pH izmai dinamiku 48 stundu
fermentcijas laila raksturo 5., 6., 7. un 8. &t.

lerauga atjgunoSana / Refreshing of sourdough
; ;

T ,
7 —_— _

Lg kvv * g-1/Log10 cfu * gt
o
o
o

Fermentacijas stunda / Fermentation hour

=leraugs M / Sourdough M leraugs | / Sourdough | - leraugs U / Sourdough U

5. att. MAFAM kvv skaita izmainas sponiino ieraugu 48 stundu
fermentacijas laika/
Fig. 5. Changes of TVC plate count during 48-hougrimentation of
spontaneous sourdoughs

Petijumu rezulsti pierada, ka fermentijas proces MAFAM skaita
izmaipas ir atkaigas no pagatavoto ieraugu veida (5zlsft Sikotrgjais
MAFAM skaits ieraug M (ar biolaziski aktivetu rudzu graudu miltu piedevu)
un ieraug | (ar iesalu) kKidas robess ir identisks — atti@gi 5,39 log10 kvv ¢
un 5,30 log10 kvv'g. Fermenicijas procesa beig MAFAM skaits ieraug M
ir viszentikais — 5,05 log10 kvv'§— augsis pienskbes bakiriju aktivitates
del (6. at€ls.).

Safdzinot MAFAM skaita izmajas praks lietotos ieraugos U (bez
piededm - kontroles paraugs) un | (ar iesalufisecina, ka pirmaj
fermenticijas fize notiek strauja MAFAM aistiba abos ieraugos un tikaéq
pirmas atjauno3anas | ierauth sak samaziaties.
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Fermenicijas beigs vislieakais MAFAM skaits ir ieraug U, jo, nosakot
PB (6. attls.) un raugu (7. als.) daudzumu fermeiatijas beigs, var seciit,
ka to aktivite nav pietiekama, lai izkonktiu mezofili aerobs un fakulteivi
anaerobs bakerijas.
lerauga atjaunoSana / Refreshing of sourdough
I Py o —

Lg kwv * g"1/Log10 cfu * gt
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48
Fermentacijas stunda / Fermentation hour

I leraugs U / Sourdough U leraugs | / Sourdough | =leraugs M / Sourdough M

6. att. PB kvv skaita izmanas sponfino ieraugu 48 stundu
fermentacijas laika /
Fig. 6. Changes of LAB plate count during 48-houiermentation of
spontaneous sourdoughs

Sakotrgjais PB daudzums (6. al$.) ieraug ar biolgiski aktivetiem
rudzu graudu miltiem (M) ir 5,42 log10 kvv'gun tas btiski parsniedz PB
skaitu ieraug ar iesala piedevu (I) un kontroles ieraud, kuros skotngjais
PB daudzums ir attiegi 4,61 logl0 kw'g un 4,45 logl0 kw'g. Tas
izskaidrojams ar to, ka miltos, kas igigno biolagiski aktivetiem rudzu
graudiem, ir vaik biologiski aktvu vielu — aminoskbju, monosahadu,
vitaminu —, kas veidojuSies graudig8anas procésin veicirajusi PB atistibu.

Ar molekukras biolasijas metodm identificcjot PB celmus, §ijjumos
pieradits, ka gakotngji ieraugdi M atrodami seSi dadi PB celmi -Pediococcus
acidilactici2147, L. curvatus ssp. curvatus 2207, delbrueckii 1646,
L. plantarum 1369, L. alimentarius 1627, Leuconosteesenteroides 2196
turpretim ieraug U — tikai tAs: L. coryniformis 1629, L. plantarum 1369,
L. alimentarius 1627Lidz ar to, var secith, ka M ieraug PB celmu spektrs ir
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plaZiks, un tas piada biolgiski aktivetu rudzu graudu miltu piedevas
pielietoSanas lietdegumu ierauga gatavosan

Visa fermentcijas proces saglaljas PB daudzumaapsvars ieraug M,
saidzinot ar PB skaitu ieraugos U un I.

lerauga atjaunoSana / Refreshing of sourdough
— ! II
. A _:

Lg kvv * g"1/Log10 cfu* gt

Fermentacijas stunda / Fermentation hour

-~ leraugs U / Sourdough U leraugs | / Sourdough| =leraugs M/ Sourdough M

7. att. Raugu kvv skaita izmanas sponfino ieraugu 48 stundu
fermentacijas laika /
Fig. 7. Changes of yeast plate count during 48-hdermentation of
spontaneous sourdoughs

Nosakot raugu atfibas dinamiku ieraugos, redzams, ka to skaits
spontinaj ieraug bez piedeam (U) un ieraug ar rudzu iesala piedeva (I)
fermenticijas @kuméd ir mazks - attietgi 4,39 logl0 kw'dg un
4,55 log10 kwv' ¢ —, saidzinot ar ieraugu, kam pievienota bigiski aktivétu
rudzu miltu piedeva un kiaraugu daudzums ir 5,74 log10 kvV (. atgls.).

Fermenicijas procesa pirmajfaze, proti, idz 24 h, rauguiu skaits
strauji palieliis ieraug U, sasniedzot 6,09 logl0 kw'gtatu samazias
ieraugos M un | — attiégi Iidz 5,58 log10 kvv'g un 3,54 log10 kw'g. Ta
iemesls ir pH izmaias ieraugos (8. &ts.) — pirnis fermerdcijas fizes beigs
pH ieraug M ir 3,95 un ieraug | — 4,57. $ pH \Ertibas ir zerakas par raugu
optimalo atisibas pH inter&#lu —5,0-5,6 Hutking 2006).

Otraja fermenicijas fizé — no 25. idz 48. h — nogrojama preija
tendence — raugu daudzums pal@gineraug M un |, savuirt pazemias —
ieraudi U. Tas skaidrojums ar to, ka, pievienojot jauntotdto miltu porciju,
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vienlaiagi palieliras af bakeriju kopskaits, kur domigosas ir aerols
endosporu veidoj@as Bacillus gints bakérijas, kuru metabati var kawet raugu
attistbu, jo &s hidroli£ olbaltumvielas. Bc 32 stundu fermeatijas, raugu
daudzums ieradgU ticambas interdla robeZs (p = 95%) ir identisks raugu
skaitam, kas konsttt uzakot fermeniciju. Pec otas ierauga atjaunoSanas
raugu daudzums paliefis visos ieraugos, fermetjas beigs ieraugos U, M,
| sasniedzot attiégi 5,77, 6,83 un 6,20 log10 kw'g

Petijuma rezuliti parda kdzgu PB un raugu atffibas tendenci
(6. un 7. atils) tieSi ieraug M. Tas skaidrojams ar $ajeraud@ identificeto
heterofermentato PB sugu_actobacillus plantarunun raugaSaccharomyces
cerevisiaesavstarpjo simbiozi, kas athilst ar literata atrodamam atzham
(Spicher Stephan1999).

(ml'1 N NaOH)

Titr gjamais skabums / Titratable acidity

48

Fermentacijas stunda / Fermentacijas stunda /
Fermentation hour Fermentation hour

= leraugs M / Sourdough M - leraugs U / Sourdough U
leraugs | / Sourdough | leraugs | / Sourdough |

“+leraugs U / Sourdough U = leraugs M / Sourdough M

8. att. Titrgjama skabuma un pH izmaipas ieraugos 48 stundu
fermentacijas laika /
Fig. 8. Changes of pH and titrable acidity in soudghs during 48-hour
fermentation

Vides pH (8. atils.) fermenicijas skuma ticambas interdla robezs
(p = 95%) salt visos paraugos un ir 6,69-6,70. Ferraeijis pirmaj faze
vides pH visstradk samazias ieraug M, sasniedzot pH 3,95, un tas liecina
par akivu pienskibes baldriju un raugu darbu. Kontroles ieraug U pH
vertiba kitas vismazk — lidz pH 5,40 — a@pec sponina ierauga gatavosan
ieteicams lietot & nefermerdta iesala, @ biologiski aktivetu rudzu graudu
miltu piedevas.
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Izvertgjot un saildzinot visu pagatavoto ieraugu — U, M un | -
mikrobiologisko kvalitaiti un aktivitati, var seciat, ka vislalakie rezultti
parakti pievienojot biolgiski aktivetu rudzu graudu miltu piedevu ieraugam
M. Pec 48h fermeriicijas ieraug M konstagts:

«  viszenikais MAFAM skaits — 5,05 log10 kvl
«  vislielakais pienskbes baktriju daudzums — 6,94 log10 kw'g
e visplagikais identifiéto PB spektrs — L. plantarum 1369,
L. alimentarius 1627, L. curvatus ssp. curvatus7220
L. delbrueckii 1646 —, salzinot ar ieraugu U;
«  vislielakais raugu skaits — 6,83 log10 kvi*:g
e viszenakais vides pH — 3,93;
e visaugsikais titigjamais skbums — 13,6 (ml 0,1 n NaOH).

Tadel turpmikajiem p@Etijumiem autors iz#fgjies divus spornos
ieraugus: kontroles ieraugu U bez piextawun ieraugu M ar biolgiski aktivetu
rudzu graudu miltu piedevu 20% aprno miltu daudzuma ieraag

Zinatniskos @tijumos piedits, ka spornajos rudzu maizes ieraugos
sastoparms homofermentatas un heterofermentatis PB vielmapas procesos
izmanto galvenoit monosahadus un disahagdus Reed Nagodawithana
1995).

Fermenicijas procesa norisestfjumiem izraud#ajos ieraugos U un M
noteiktas othidratu — glikozes, fruktozes un maltozes -a &i organisko
skabju — pienskbes un eliskabes — satura izmgas fermericijas laila un to
saistba ar pH un tigamo skibumu. leraugos noteikts Taaminoskbju un
vitaninu saturs.
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lerauga atjaunoSana / Refreshing of sourdough

’

Oglhidr atu saturs / Content of carbohydrates (mg * d)

Fermentacijas stunda / Fermentation hour

Fruktozes saturs ieraad) / Fructose content in sourdough U
I Glikozes saturs ieraadJ / Glucose content in sourdough U
Maltozes saturs ieraédJ / Maltose content in sourdough U

9. att. Maltozes, glikozes un fruktozes satura izaipas ierauca U 48
stundu fermentacijas laika /
Fig. 9. Changes in content of maltoze, glucose dntttose in sourdough U
during 48 hours of fermentation

Maltozes satursge pirmas atjaunosanas (2. fermeacifas #z¢) M ieraug
paaugstias no 17,641tz 23,04 mg'g (10. atéls.), bet ieraug U — no 14,15
lidz 17,27 mg'g (9. attls.).

Vislielakas izmapas glikozes satarieraugos U un M na@vojamas pc
pirmas atjaunoSanasdz fermenicijas beigm, kad glikozes saturs palieim
no 8,02 idz 20,09 mg'g ieraug U un no 10,641tz 25,72 mg'q ieraug M
(9. un 10. adlis.). Augsiiks glikozes saturs ierafigyl skaidrojams ar fermentu
o unf amilazu aktivitti, kas hidroliz cieti (Hui et al, 2004).

Fruktozes koncertcija visvaiak palieliras ieraugu fermeatijas 3. fize
(9. un 10. a#lls.). Lidzgi ka pH un titejama skabuma dati, ar oghidratu
raditaji liecina par augaku metabolisko aktivitti fermenticijas 2. un 3. dz&
abos ieraugos.
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lerauga atjaunoSana / Refreshing of sourdough
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Oglhidr atu saturs / Content of carbohydrates (mg * @)

Fermentacijas stunda / Fermentation hour

Fruktozes saturs ierafig/l / Fructose content in sourdough M
" Glikozes saturs ieraagM / Glucose content in sourdough M
Maltozes saturs ieragdvl / Maltose content in sourdough M

10. att. Maltozes, glikozes un fruktozes satura izainpas ieraugai M 48
stundu fermentacijas laika /
Fig. 10. Changes in content of maltoze, glucose dntttose in sourdough M
during 48 hours of fermentation

Petijumos ieditie rezulfiti (9. un 10. afils.) piefida ieraugu gatavoSanas
tris faZzu tehnolg@ijas noZmigumu, jo, atjaunojot spoirio ieraugu, taj tiek
nodrosinats pietiekams monosahdu un disahadu saturs, kas nepiecieSams
pienskibes bakdriju un raugu akivam metabolismam. Pieries bakdrijas un
raugi iepriekSmiatos ogdhidratus izmanto &k enegijas avotu vielmajas
procesam, kar organisko s&bju produéSanai.
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lerauga atjaunoSana / Refreshing of sourdough

/
—_—

Organisko skabju saturs / Content of organic acids (mg * ¢)

Fermentacijas stunda / Fermentation hour

Etikskabes saturs ieraadJ / Acetic acid content in sourdough U
Pienslkibes saturs ieraadJ / Lactic acid content in sourdough U

11. att. Pienskibes un etkskabes satura izmanas ieraugi U 48 stundu
fermentacijas laika /
Fig. 11. Changes in content of lactic and acetici@ in sourdough U during
48 hours of fermentation

Rudzu maizes garSas un a#en veidoSaa bitiska loma ir organisko
skabju saturam. K nomdits ziratniskap literafira, lai raksturotu ieraugesoso
skabju attiegbas, izmanto mato attieGbu starp piengbi un etkskabi —
fermentcijas koeficientu (FK). Lai iegfu ar ieraugu gatavotu maizi ar
sabalangam garSaspa3bam, FK skaitliskajai @rtibai ieraug vajadztu bat 4.
Ja etkskabe netiek raZota pietiekamdaudzum, FK ir parak augsts un
produkta garSa — neizteikta. Safttk zema FK gagluma (parak daudz
etikskabes) maizes gar3a iaqak izteikta un skba Spicher, Stephari,999).
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lerauga atjauno$ana / Refreshing of sourdough
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Fermentacijas stunda / Fermentation hour

Etikskabes saturs ieradgVl / Acetic acid content in sourdough M
Pienslkibes saturs iera@gM / Lactic acid content in sourdough M

12. att. Pienskibes un etkskabes satura izmanas ieraugi M 48 stundu
fermentacijas laika /
Fig. 12. Changes in content of lactic and aceticidén sourdough M during
48 hours of fermentation

Petijuma rezuliti liecina, ka piensibes un eliskabes maira attieaba —
fermentcijas koeficients (FK) —gt 48 h ieraug U ir 3,2 un ieraugM — 4,5,
un tas apstiprina ierauga M athiltst kvalitaiva ierauga prakam.

legitie anaiZu dati par organisko 8kju izmaham ieraugu fermeatijas
fazes (11. un 12. adts.) atkhj, ka to satura izmau tendence, ir identiska ar
oglhidratu izmaiu rezulstiem (9. un 10. aits.). Pienskbes saturs ieraadJ
pirmaja fermenicijas fizé (Iidz 24 h) maias no 01dz 0,37 mg'g (11. atéls.),
turpretim ieraug M tas maids bitiski — no 0 idz 3,05 mg'g (12. attls.).
Pienskibes un eifiskabes konceniicija ieerojami fermenicijas 2. un 3. dz¢
palielinas gan ieraugU, gan ieraug M.

Pienslkibes baldriju celmi ieraugos nosaka organiskalsji veidoSaas
intensifti. Otraja fermenicijas fizeé ieraugos U un M identifito PB celmu
spektrs atf§iras — ieraug U domire celmi L.curvatus ssp. curvatus 2207,
L. delbrueckii 1646bet ieraug M — L. plantarum 1369, L. alimentarius 1627,
L. curvatus ssp. curvatus 2207, L. delbrueckii 184% zinams no literairas
datiem, L. plantarum akitvi ferment glikozi un homofermentati produc
pienskibi tade] ieraug M pienskibes saturs palielis straugk neléa ieraug U.

26



Etikskabes saturs fermeadijas gaid straufk palielinas ieraug U — no
0,17 dz 1,38 mg'd — nek ieraug M, kur tas paaugstis no 0,16 1z
1,04 mg 'g. Tas izskaidrojams ar ieraugU identificsta fakultatvi
heterofermentata PB celmal. coryniformis klatbatni, kas, pgc literatiras
datiem, bez piengbkes akivi produ@ an etikskabi. Abos ieraugos var neérot
butisku saisibu starp nounigako metabatu — pienskbes un eliskabes —
saturu ieraugos un vides pH izm@n (8. atéls.). Sponinos ieraugos
sastopamam PB pienit ai proteoftiskasipadbas, kas izraisa olbaltumvielu
hidrofizi un aminoskbju veidoSaas (Salovaara 2004).
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leraugs U pc ferm. / Sourdough U after ferm.

# |eraugs U pirms ferm. / Sourdough U before ferm.

13. att. Aminoskabju saturs ieraugos pirms un gc fermentacijas /
Fig. 13. Content of amino acids in sourdoughs bedoaind after fermentation

Rezultiti par aminoskbju satura izmaiam ieraugos U un M pada
augstu glitna saturu abos ieraugosg¢uaparaug M fermenticijas laila tas
paliek nemairgs (13. attls.). Kopgja aminoskibju satura izmaiu tendence ir
S&da: aminoskbju saturs fermeatijas gaif paaugstids ieraug M, bet
samazias ieraug U. Visvairak — 1.3 reizes — ierauga M fermacifas gaif
palielinas leiana saturs. Btiski palieliras af argirina, tiroZzna un izoleitna
saturs.

leraugt M sastoparis PB konstrukt/aja metabolisra akfivak izmanto
aminoskbes, lai atjaunotu GHiu struktiru elementus — thas apvalku,
citoplazmatisko membnu — un akti@tu procesus ribosods un mezosoas
(Spicher Stephan1993).
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Lai noskaidrotu arcitas sporinos ieraugos U un M estsS biolasiski
aktivas vielas, tajos noteikts vitamu saturs.

leraugs M pc 3.66
fermenticijas / 0.43
Sourdough M after® 0.13 Pantoénskz_lbe /_
fermentation 1.49 o gezlmothemc acid
leraugs M“pirms 244 2Bl
fermentcijas / @ 0.20
Sourdough M ) E
before R o1
fermentation 0.82
leraugs U pc 4.62
fermenticijas / . 0.24
Sourdough U after] 0.29
fermentation 1.84
leraugs U pirms 3.37

Sourdough U
before 0.15
fermentation

fermenticijas / % 0.11
0.0

1.0 15 20 25 30 35 40 45 50
Vitaminu saturs / Content of vitamins (mg/100g)

14. att. Vitaminu satura izmaipas ieraugos pirms un pc fermentacijas /
Fig. 14. Changes in content of vitamins in sourddug before and
after fermentation

Izvértgjot vitaminu satura izmams fermeriicijas proces ieraudg U,
iegitie petjuma rezulti liecina, ka E vitarina saturs palielidjies 1,9 reizes,
B, vitanina — 2 reizes, Bvitamina — 2,2 reizes un pantaskibes —
1,37 reizes (14. a&fs.). Savukrt ieraug M B, vitanina, pantanskibes un
E vitanina saturs palieliies attiegdgi 2,15, 1,5 un 1,8 reizes. Tém
B, vitanina daudzums ticaibas interdla robes (p = 95%) paliek nemaigs.
Ka zinams no literalras datiem Kasaxos, Kapnunenxo, 2005), B vitanins
ietilpst pirunatdekarboksiizes sagtva un tiek izmantotsasfermenta sirdze.

Ar1 noteiktais vitarinu saturs ieraugos liecina, ka fern&eijas proces
substata uzkajuSies pienskbes bakdriju un raugu vielmajas produkti.

3. Spontno ieraugu izmantoSanas iegjjas atkartot as generacijas

RaZoSanas apfios lietojot sporiina rudzu ierauga gatavoSanas metodi,
viena dda gatad ierauga (nobriedds ierauga) tiek izmantota klas
gatavoSam bet otra tiek atsta ka ,mates ieraugs”. Btiska nozme ir
nobriedud ierauga aktivitei, lai to vagtu lietot atkirtoti vairakas genefcijas.

Lai petitu ieraugu U un M fermedtijas aktivigti atkartotas geneacijas,
veikta mikrofloras un fizikli kimisko iaditaju noteikSana laiklidz 14 dieam.

28



Lg PBkw *g1/Logl0 LABcfu* gt

Fermentacijas diena / Day of fermentation

Oleraugs U / Sourdough U Bleraugs M / Sourdough M

15. att. leraugu U un M sasiva esoSo PB atstibas dinamika 14 dienu
atkartot as generacijas /
Fig. 15. Dynamics of LAB in 14 generations of salough U and M

Ka pierada ieditie dati, ieraug M, kura pamat ir sponfinais ieraugs ar
aktiveto rudzu graudu piedevu, PB skaitsagigene&cijas [@rsniedz PB skaitu
ieraug U. Turklat stabika PB afistbas dinamika ilz 10. geneégcijai
vérojama tiesSi ieraug M, un tas liecina par ieraBgadapéties sggjigaku
mikrofloru. PB skaits ieraug M sasniedz maksimumu 1Qienefcija —
8,34 log kw'@. No rezulstiem izriet, ka spo@nos ieraugus afktoti
ieteicams lietot idz 10. genehcijai, jo péc 10. genehcijas ieraugos ak
samaziaties PB skaits (15. ats.). ldentificjot PB celmus ieraugM, var
secirat, ka skotrgji domine L. delbrueckii 1646,L. curvatus ssp. curvatus
2207, L.plantarum 1369, L. alimentarius 162ét ieraug U — L. delbrueckii
1646, L. curvatus ssp. curvatus 2207, L. coryniferb629

Lietojot ieraugus atictotas genetcijas, tajos sastopamao celmu spektrs ir
mairigs. Jatame, ka 6. geneicija ieraug@ M nav konstaits L. plantarum
1369 kas akivi produ@ pienskibi, un PB asoacija ieraug M ir identiska
ieraugi U konstattajai — tajfi ietilpst L. delbrueckii 1646, L. curvatus ssp.
curvatus 2207.Turpinot lietot ieraugu atktotas genefcijas, 10. genekcija
pardas jauns PB celmBediococcus pentoseceous 215 domig ieraug M
Iidz 13.geneacijai.

Paraéli veikti petijjumi par titgjama skabuma un pH izmaam ieraugu
atkartotas geneacijas, un iegtie dati pafiditi 16. un 17. atia.

29



Titr gjamais skabums /
Titrable acidity (ml 0.1 n NaOH)

Fermentacijas diena / Day of fermentation

Oleraugs U / Sourdough U Hleraugs M / Sourdough M

16. att. leraugu U un M titrgjama skabuma izmainu dinamika 14 dienu
atkartot as generacijas /
Fig. 16. Dynamics of titrable acidity in 14 generahs of sourdough U and M

Titrejama skabuma rezultti ieraugi butiski koreE ar PB afistbas
dinamiku (15. afils.) — koreficijas koeficients starp métajiem raditajiem
ieraudgi U irr = 0,57 un M ieraug—r = 0,60.

Ka redzams 16. atfa, visaugsikie titréjama skabuma rezuliti ieraugi M
iegati 10. geneacija (15,20), bet ieraugU — 11. genehcija (13,55), bet
turpnikajas atlartotajas genefcijas titrejamais skbums samazits. Tas liecina
par ieraugu PB popatdiju savstarpjo mijiedardbu un identifiéto PB celmu
aktivitates samazisanos.
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10 11 12 13 14

Fermentacijas diena / Day of fermentation

T leraugs M / SourdoughM  Oleraugs U / Sourdough U

17. att. leraugu U un M pH izmaigpu dinamika 14 dienu
atkartot as generacijas /
Fig. 17. Dynamics of pH in 14 generations of soundgh U and M

PH izmapas ieraugu fermeftijas gaii nav tik izteiktas, sadzinot ar PB
un titrgjama skabuma izmajam. Lidz 10. genekcijai pH \ertiba ieraug U
pazemias no 3,74 Mz 3,62, bet ieradg M— no 3,73 idz 3,54. Rc
10. genedcijas abu ieraugu pHeéwtiba paaugstas. An vides pH &aditaju
izmainas koret ar PB skaita izmaim, un ieraug U r = —0,47, bet ieraagV
=-0,39 (18. atis.).
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4. Pienskibes bakeriju un raugu identifik acija spontanos rudzu maizes
ieraugos un atlartot as ieraugageneracijas

Viens no promocijas darba uzdevumiem ir aptabolekukras biolggijas
metodes ierauga mikraitis sistmas identifieSara. Pienskbes balkdriju
identifikacija veikta, izmantojot divus DNS i@§anas pgmienus:

. DNS izokta tieSi no ieraugiem U un M;

. DNS izoEta no PB koloniju veidojan viertbam, kas izaugusas, veicot
uzgjumus no ieraugiem U un M uz selakim MRS un MMRS baroém
(abas selektas barotnes lietotas ar m&l izvertét, kura no am ir
pienerotaka, lai ieditu plagiku PB spektru).

Pirms poliakrilarida ¢la ievadt sponsino ieraugu vai ieraugu atkoto
geneaciju paraugus, nepiecieSams didties standartkuliras, izveidojot
maikierus Mix 1 un Mix 2 PB celmu identifi@anai (18. atts. un 2. tabula.).
Atbilstigi literatiras datiem Ehrmann, Vogel 2005; De Vuystet al, 2009)
petijlumiem iz\Eléti Eiropas maizes ieraugos biezi sastopamo pidoesk
bak€riju sugu celmi. Bc DNS izoESanas, 16S rDNSéga V3 rgiona
amplificeSanas izmantota DGGE elektrafpes metode. Rezatt liecina, ka
gela parklajas divu PB celmu —L. paracasei ssp. paracasei635 un
L. zeve 1639 — 16S rDNS apa V3 regioni (18. atéls. un 2. tabula.).
Paraugkuliru novietojums maiieri paadits 2. tabud.

18. att. Paraugkultiiru mar kieri Mix 1 un Mix 2 DGGE
poliakrilam ida gela /
Fig. 18. Sample culture markers Mix 1 and Mix 2 DGGE
polyacrylamide gel
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2. tabula /Table 2.

Paraugkultaru atSifr gums markieros /
Transcript of sample cultures in markers

Novietojums Mix 1 | Novietojums Mix 2
Praugkultaras / Celms /Strain markiert / . markiert / .
Sample cultures Emplacement in Emplacement in
Mix 1 Mix 2
L. plantarum 1369 1-1* -
L. alimentarius 1627 1-1* -
L. fermentum 2152 1-2 -
Leuconos;oc 2190 13 _
mesenteroides
L. coryniformis 1629 1-4 -
L. delbrueckii 1646 1-5 —
Weissella cibaria 41967 1-6 -
L. lindneri 2163 1-7 -
L. paracasei ssp. 1635 1-8* _
paracasei
L. zeve 1639 1-8* —
L. pontis 2164 - 2-1
L. brevis 1643 - 2-2
L. sakei ssp. sakei 1656 - 2-3
L. curvatus ssp.
curvatus 2207 B 24
Pediococcus 2147 _ 0.5
pentoseceus
L. mindensis 14500 - 2-5*
Pediococcus
acidilactici 2145 - 26
L. namurensis 19117 - 2-7
L. sanfranciscensis 20451 - 2-8
L. secaliphilus 17896 - 2-9

*piezime. Makieri Mix 1 L. paracasei ssp.paracasei 1686 L. zeve 1639.. plantarum1369un
L. alimentarius 1627ka aif makieri Mix2 Pediococcus pentoseceus 2141. mindensis 14500
iesggjama iezmju parklasarss gila /
*note. Bands of..paracasei ssp.paracasei 1686dL. zeve 1639.. plantarum1369andL.
alimentarius 1627n Mix 1, Pediococcus pentoseceus 254d L. mindensis 1450 Mix 2, in

gel may overlap

Lai iegitu maksimalu pienskibes bakdriju spektru, kuru var noteikt ar
DGGE metodi un nawrot poliakrilamida ¢la, nepiecieSams izlgties optinglu
barotni PB kultigSanai. Piengtbes baldriju skaita noteikSana izmantota k
papildu A&ditajs barohu iz\Ele.
barotnes: MRS un modiféta MRS barotne (MMRS).

PriekSmaginajumos nosakot PB koloniju veidojoSo vibo skaitu abs
barotres, ieditie rezulfiti liecina, ka tajs augoSo PB skaitsitiski neatgiras.
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Ka izejmaterils DNS izoESanai gatavotas PB suspensijas no MRS un MMRS
barotres izaugusm PB koloniagm. Lietojot PCR un DGGE metodes, ajkb,
ka MMRS agara barotrattstijies plagks PB sugu spektrs nelMRS barota.
MRS barotg pec 24 h fermericijas gan ieraug U, gan ieraug M plagiks
identificsto PB spektrs ir paraugos, kuros DNS g tieSi no ieraugiem.
leraug U identificéti tris PB celmi —L. plantarum 1369, L. curvatus ssp.
curvatus 2207n viens neidentifigts —, turpretim MMRS baro#n septii PB
celmi: L. plantarum 1369, L. curvatus ssp. curvatus 2207paracasei ssp.
paracasei 1635, L. zeve 1638n tis neidentifieti. Tade]l talakiem
eksperimentiem iAleta MMRS barotne.

Sponfina ierauga (U) un spofma ierauga ar biolgiski aktivetu rudzu
graudu piedevu (M) fermedtdija un mikrobilas ekosistmas izmajas
fermentcijas gait redzamas 19. ats.
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19. att. Divu veidu sponsino ieraugu DGGE anaizes izmantojot DNS, kas
iegiti tieSi no ieraugiem (A) un no MMRS barotre inkub&tu ieraugu PB
koloniju noskalojumiem (B) /

Fig. 19. DGGE analysis of two types of spontanesosirdoughs using DNA
extracted directly from sourdoughs (A) and sourddufjAB colonies growing
on MMRS media
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Petijuma rezuliti liecina, ka paraugos, kuros DNS izl tieSi no
ieraugiem, ir iegrojami plagks pienskbes balkdriju spektrs, satizinot ar
paraugiem, kuros DNS izgth no MMRS barotes kultivetu ieraugu paraugu
koloniju noskalojumiem. dtad ne visi ieraugos sastopamie PB celnij sp
attisties selekvaja MMRS barot®.

Saidzinot sporina ierauga (U) un ierauga, kuram pievienoti biii
aktiveti rudzu graudu milti 20% apjoin(M) izejmaterilus, seciams, ka
plagks PB celmu spektrs atrodams ierauga M izejnidgeri

Svalilgi atamet, ka neatkagi no DNS izoéSanas pgmiena, ieraug M
domirg L. plantarum 1369kas akivi produ@ pienskibi, kurai ir loti batiska
noZzme rudzu maizes garSas un afitanveidoSaih To apstiprina ardati par
pienskibes saturu ieraugos (11. un 12¢lat}, sakad ar kuriem, piensibes
saturs ieraug M ir ieverojami lielaks nek ieraug U. Zinatniskap literatira
mingts, ka Sie mikroorganismi satur Tnam idzigu antimikrobilu protanu
laktolinu, kas inhib Staphylococcus aureuseuconostoc mesenteroides
Pediococcus damnosug. plantarum satur af plantragnu A, kas inhib
P. pentosaceusun Leuconostoc paramesenteroidestistbu (Davidson
Hoover 1993). lespams, tieSi Sai sugai raksigis antimikrobialas
aktivitates &, ta domire visas ierauga M gatavoSanazds.

Analogi Etijjumi veikti, identificgjot raugus, to PCR anaém izmantots
atkirigs 16S rRNS gna fragments (V1),atle] anaizes ar raugiemayeic
atsevi%i. Par paraugkuliru iz\eléta Saccharomyces cerevisiadg0. Visos
spontina ierauga paraugos (gan U, gan M) idengificviens —Saccharomyces
cerevisiaeb0— celms. leraugos sastopamie raugi veido simbio2Bg tdgjadi
veicinot fermerdcijas procesa norisi. l@gje rezultti sakit ar ziratniskap
literatira atrodamagm atzipam par raugu sugu identifikiju rudzu maizes
ieraugos utking 2006;Salminen 2004).

Identifik acija, izmantojot API testus. PB un raugu identifikcija veikta
afi ar otru identifikicijas metodi — API testu identifikijas sistmu, kuras
pamai ir mikroorganismu bikimiskas reakcijas. Lietojot API testa stripu API
CHL 50, identifictas &das PB sugad:actobacillus coprophilus, Lactobacillus
delbureckii, Pediococcus damnosugmantojot ID 32 C stripu, identiféta
raugu sug&®accharomyces cerevisi@e3—16 pielikums).

Ka mingts ieprieks, ieraugi U un M tiek lietoti atitotas geneacijas, un ir
loti batiski identificet un nortet PB popuicijas domirgjoSos celmus un ied
izpratni par to savstagp mijiedartibu. leraugu U un M DGGE elektrofizes
atteli ar identificgto pienslkibes baldriju ,pédam” gélos redzami 20. &aila.
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20. att. 14 dienu atlartoto generaciju ieraugu DGGE analizes. DNS
izdalita tieSi no ieraugu paraugiem /
Fig. 20. DGGE analysis of 14 sourdough generatiom¥NA extracted directly
from sourdoughs

Nosakot domigjoSos PB celmus ieraugu U un M atioto geneaciju
paraugos, kuros DNS izdt tieSi no ieraugu paraugiem, var satitka dz
5. geneacijai ieraug U domirg L. delbrueckii 1646, L. curvatus ssp. curvatus
2207, L. coryniformis 1629Sestad genegcija ieraug U parstaj domingt
L. coryniformis 1629 un tas, iesfjams, negavi ietekne S ierauga Sgiu
raudzt miklu. Torner L. coryniformis1629ieraug sak domiret 11. geneécija,
un tas pietda pazemifitu ierauga U kvalitti un antagonismu starp ieraug
sastopamajiem PB celmiem no #lZ 10.geneAcijai.

Lidz 10.geneAcijai ieraug M domirge L. delbrueckii 1646, L. curvatus
ssp. curvatus 2207, L. plantarum 1369, L. alimeotd 627.Svaigi atAmet,
ka ieraug M domirg L. plantarum 1369 kas stabili domi& an tris fazu
spontina ierauga fermeatijas laila, liecinot par i izturlbu un spju
adapgties. 10.geneicija L. plantarum 136%0omainaPediococcus pentoseceus
2147. Literatiras avotos atrodamas ai@s par P. pentosaceusnhibgjoso
ietekmi uz L. plantarum toner ta nav izskaidrojamaar P. pentosaceus
producto skabju ietekmi, joL. plantarumir izteikti skabju iztuiga suga.
InhibgjoSais efekts skaidrojams ar to, Ra pentosaceusatur termoiztdgu
bakterioénu pediotnu A, kas inhib afi citu grampozivo mikroorganismu,
pieneram, Leuconostoc mesenteroidelsactobacillus brevis, Streptococcus
faecalis un Bacillus cereus atfistbu, ton&r pedioGns A neietekra
gramnegato bak€riju un raugu aistibu (Davidson, Hoover1993).

legatie rezultiti liecina, ka ieraugu M un U atktotas geneécijas stabili
domire L. delbrueckii 1646, L. curvatus ssp. curvatus 220Wer M ieraudi
domirg spEcigi L. plantarum 1369un Pediococcus pentoseceus 21gEimi,
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kuri, iesgjams, nodroSina ierauga Mamkumu un augdku producto
metaboitu saturu, saizinot ar ieraugu U.

lerauga M athrtotas genefcijas uzskatmi redzama PB celmu
mijiedartiba, turkht tiem rakstuigas izteiktas antimikrobias ipa3bas, kas
palidz nonakt miltiem raksturgo blakus mirkofloru.

Petijumi par mikroorganismu popadiju, un ipaSi PB, aistibu un to
celmu daudzveithu rudzu maizes ieraugos ir fiwEgi, jo to veidotie metabii
nosaka rudzu maizes aratm un garSagpasbas.

5. Liofiliz &to spontano ieraugu izstrade un kvalitates iz\ert gjums

lepriek$ veiktie ptijjumi pierada, ka nobriedds jeb ,mates ierauga”
augsta aktivitte saglaBjas 10 genehcijas, ta&u maizes razajiem
nepiecieSams nemagi kvalitafivs ieraugs. Dazi Latvijas maizes razoSanas
uzpémumi iegErk gatavus ieraugus rimvalstm: Vacijas, Danijas un Krievijas.
So valstu ugemumi raZo saletus ieraugus, kuru uzglabanas laiks saétava
ir ITdz pusgadam, un liofiletos ieraugus.

Ta ka Latvija %da veida ieraugi netiek razoti, viens n@tjumu
uzdevumiem ir izsaidat liofiliz &tos spor&nos ieraugus, noteikt to kvaiit un
saidzinat ar komerdili pieejamiem ieraugiem. Laboratorijas &$ps veikta
spontino ieraugu U un M liofilizS8ana un noteikti to kvalfites aditaji
(3. tabula.).

3. tabula /Table 3.
Liofiliz &to ieraugu U, M un ,TK-Starter” kvalit ates raditaji /
Quality parameters of lyophilisated sourdoughs M,dud , TK Starter”

5 @ £ > 8 S
=3 = ST S & o5~
s 5 ] 2 o)
= £ 8330 [82-3A 23
2 > “eZ |[gTET of
A S T 0= Vo8B s H2
2 S| =] =285 (28338 Zw
8 e §8c 28203 TV
g 2 SEE | S § | 2=
o (%) = -~ - od
U 94.37 | 3.99 17.0 7.33 6.14
M 96.15 | 3.93 14.5 7.59 6.80
» TK Startef 97.21 | 4.07 14.9 7.21 6.09
Tir- L. plantarum | 96.45 - - 10.25 -
kultaras /
Starter
cultures P. pentosaceus 95.73 - - 10.90 -
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legato liofiliz&to ieraugu aktivitte parbaudta, sagatavojot dadus mklas
paraugus, kuriem pievienoti liofigde ieraugi 3%, 5% un 10% apjanmo
miltu daudzuma Kunkulbergaet al, 2008). Priek3gginajumi pietada, ka
liofiliz &to ieraugu pievienoSanadk 10% nedod alamos rezulttus, jo mklas
titrégjamais skbums neprsniedz 9. Lai paaugstitu liofilizéto ieraugu
aktivitati, papildus pievieno no ieraugiem iztis PB trkultarasL. plantarum
unP. pentosaceus.

No identificcto PB spektra izsléta L. plantarum (21. atéls.), jo @ ir
domirgjoSa un iztuiga PB suga spaimia ierauga gatavoSanas gaitisas tis
fazes ieraug M, turklat L. plantarumun P. pentosaceuslomirg ierauga M
atkartotas genefhcijas (21. attls.) Fec izolto firkultiru pavairo$anas to
biomasa tiek liofilizta, iedgistot sausos prepgdus ar augstu PB saturu —
1,51'16° kww'g* (L. plantarum un 8,49 16’ kvw'g® (P. pentosacelskas
0,1% aprara pievienoti ieraugam M (3 tabula.).

Ka redzams 4. tab@y pec liofiliz&to ieraugu aktigSanas un lietoSanas
miklas raudzSara (pievienots ieraugs 5% apr) labakie raditaji iegati ar
liofiliz &to ieraugu M, kuram pievienotas PiBultiras, — riklas skbums pH ir
3,85 un titsjamais skbums — 12,0. Sie rezatt parsniedz literaira norditos
(Kunkulberga Seglizs, 2010) un pralkslietota , TK-startef’ ierauga ditajus.

Maizes, kas gatavota ar ieraugu M drultiram, pH un titgjamais
skabums ir identisks arTK-startef ieraugu gatavotai maizei raksigajiem,
tadejadi var seciat, ka izstidatais jaunais liofiliztais ieraugs < aizstt
komercéli pieejamo (4. tabula.).

4. tabula Table 4
Liofiliz &to ieraugu parbaude maizes razoSanas procag
Testing of lyophilisated sourdoughs in bread prodion process

Ezg Eza Ezg
c 280 385 3283
=) Sc8 Sca 58
3 T i T ®0Z T Loz
E =] 88q | | T84 | ¥ | €E-
& s £2 s £° s £2
5 TEE = e E
f = = [=
o Pec niklas
Pgc atjaunoSanas raudzSanas / P&c maizes cepSanas /
After refreshing | After fermentation off After bread baking
dough
»Bocke” 4.3 13.7 4.19 10.6 4.5¢ 6.9
U 4.17 16.€ 4.1¢ 11.2 4.7¢ 5.8
M + tirkultaras /
M +isolated | 4.03 18.1 3.85 12.0 4.6 7.0
cultures
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SECINAJUMI

. Pirmo reizi Latvifi veikti petijumi par mikroorganismu popadiju atistbu
sponinos rudzu maizes ieraugos.

. Fermenicijas proces vislakakie mikrobiolgziskie raditaji ieguti ieraudi,
kas gatavots no skmitem (1370. tipa) rudzu miltiem, jo fajpowerojama
intengvaka mijiedarliba starp mikroorganismu pogaljam — raugu un
pienskibes baldriju skaits strauji palielifis, vienlai@gi nomracot Bacillus
un EnterobacteraceaginSu mikroorganismu vairoSanos, tatké8 stundu
fermenticijas laiks ir pietiekams stabilas mikrakis sistmas izveidei.

. Spontinais ieraugs ar biofiski aktivetu rudzu graudu miltu piedevu
mikrobialas kvaliites ziha ir pienerotaks niklas gatavoSanai, sdrinot ar
ieraugu bez piedevas un ieraugu ar iesala piedevpienskibes baldriju
un raugu skaits tajir visaugsikais — attieti, 7,94 logl0 kww'g un
6,83 logl0 kw'gd —, bet mezafi aerobo un fakultavi anaerobo
mikroorganismu skaits un pH édiba - viszerakie - attiedgi
5,05 log10 kvv' g un pH 3,93.

. Fermenicijas procesa 2. un 3. fermacifas fizé ieraug sponinaj
ieraugi ar biolgsiski aktivetu rudzu graudu miltu piedevu dorain
L. plantarum 1369kas homoferment@i produ& pienskibi no glikozes,
tade] taja pienskibes saturs palieliis straujk nelé spontnaja ieraug bez
piedevas un fermeidtijas koeficienta &rtiba ieraugos ir attiggi
4,5. un 3,2.

. leraugu athkrtotas genefcijas stabiika pienskbes balkdriju attistbas
dinamika 1dz 10. genekcijai verojama tieSi ieraugar biolqziski aktivetu
rudzu graudu miltu piedevu, un tas liecina par tH&Es s@jigaku
mikrofloru. Fec 10.geneAcijas ieraugu aktivitte samazias.

. Petot ieraugu mikrokilo ekosistmu ar denat@oSa gradienta d@a
elektrofogzi metodi, piefdits, ka paraugos, kuros DNS iz tieSi no
ieraugiem, ir iegrojami plagiks pienskbes baldriju spektrs, satizinot ar
paraugiem, kuros DNS izih no MMRS barotes kultivetu ieraugu
paraugu koloniju noskalojumiem. afed ne visi ieraugos sastopamie
pienskibes baldriju celmi sggj attisties selekvaja MMRS barot®.

. Tris fazu fermerdcijas procesa beidg spordnaja ieraug bez piedevas
identificeti tris pienskbes baldriju celmi — L. coryniformis 1629
L. curvatus ssp. curvatus 2207, L. delbrued&46 —, bet spoamaja
ieraugi ar biolgiiski aktivetu rudzu graudu miltu piedevu <etri —
L. plantarum 1369L. alimentariusl627 L. curvatus ssp. curvatus 2207
L. delbrueckii 1646-, kuri nodroSina augius kvalitites aditajus ieraug.
Abos sporitna ierauga paraugos identifis viens rauga -Saccharomyces
cerevisiae 56- celms.
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8.

10.

leraugu athrtotas genegcijas stabili domig L. delbrueckii 1646
L. curvatus ssp. curvatus 220mner ieraug ar biolgsiski aktivetu rudzu
graudu miltu piedevu domén L. plantarum 1369 un Pediococcus
pentoseceus 214%Imi, kuri nodroSinaatparakumu un auggku produéto
metabaitu saturu, saizinot ar ieraugu bez piedevas.

Izstradatais liofilizétais ieraugs, kura panaatr sponfinais ieraugs, kas
gatavots no rudzu 1370. tipa miltiem, pievienojo®® biolaziski aktivetu
rudzu graudu miltu piedevu un pieabks baldriju Lactobacillus
plantarum un Pediococcus pentosacausultaras 0,1% apgra, var aizsit
komercilo ieraugu.

Pieadita promocijas darba hipite, ka spomdna rudzu maizes ierauga
aktivitati paaugstina biolgiski aktivetu rudzu graudu miltu un pierdbes
bakeriju tirkultaru piedeva.
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TOPICALITY OF THE RESEARCH

During the last decades an interest among resid#fnisany European
countries has increased in bread made with soutdd8gicher, Stephan
1999). More and more customers prefer healthy bteatlis aromatic, tasty,
with good structure and prolonged storage time. &miris increasing also for
ecological food, including grains from biologicalrfning and bread made of it.
Customers for their diet chose bread in the pradoctechnology of which
sourdough is used that improves its quality andvoilm properties
(Hui et al.,2004).

Bread with spontaneous sourdough has been prefdaredenturies;
however, the scientific studies on the factorsueficing the spontaneous
sourdough quality have started recently. Untiladtrction of baker’s yeast and
its availability, bread made with sourdough washgatdly the main bread type
consumed in Europe and North America. Dough waseleed by means of
wild acid bacteria cultures, including heterofertadine strains that produce
enough C@ resulting in dough fermentation. Composition of spontaneous
sourdoughs often included also wild yeasts thar laecame indispensable in
fermentation process. These associations of witdelia and yeasts are easy to
maintain and use even for several yeatstkins,2006). Stability of long used
and maintained sourdoughs could be explained lyinating of compounds
with inhibiting influence MessensDe Vuyst2002), as well as by the microbial
interaction of lactic acid bacteria and yeasts.

Sourdough preparation in three stages is one oblthest methods that
have developed on the basis of bakers’ practicaegence. However, this
method is labour-consuming — it takes 30-50 hoarséurdough preparation,
strictly observing temperature regimes and duratérstages. Duration of
stages and temperature regimes has been workdad ouder to stimulate the
growth of lactic acid bacteria and yeasts in sougio During the first
fermentation stage at temperature 25-26° C favdeirabnditions for yeast
growth are ensured, during the second and the ttiage temperature is
increased up to 30° C, so that active growth ofidaacid bacteria can take
place Kramer, 2002).

For rye bread preparation sourdough is mainly usedgions were rye is
cultivated — in Northern, Central and Eastern Eardpcluding Baltic states,
where rye bread occupies a significant market siaostomers in Latvia are
fond of rye bread made with spontaneous sourdough.

In the rye bread making process the quality of smmepus sourdough is
of great importance, as it is influenced not onptie chemical composition of
flour and enzymes in it, but also by microflorafiour and dynamics of its
growth during the sourdough preparation stageslaboratory conditions
microflora of fermented spontaneous sourdough isrdened only by the type
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of flour and its quality — lactic acid bacteriaitnare able to provide a stable
microbiological association in sourdough at shioret(Van der Meulen et al
2007). Composition of spontaneous sourdoughs pedpat bakeries is
influenced not only by microorganisms in flour, lso by those found on
equipment and in air of premiseBg Vuyst et al2009). If the sourdough
activity is insufficient and dough lacks the needitlity, manufacturers add
acidity regulators, or imported frozen or lyophilied starters are used for
sourdough preparation.

Only during the last decades lactic acid bactend wyeast species have
been identified that take part in sourdough fermgmn. Up to now, about
50 lactic acid bacteria of genusactobacillus, Leuconostoc, Pediococcus,
Lactococcusand Weisellahave been isolated from sourdoughs, and 20 yeast
species of genuSaccharomyces, CandidadTorula.

Flour microflora contains also microscopic fungiFafsarium, Alternaria,
Aspergillus, Penicilliuntypes. Metabolites of the said microorganisms have
unfavourable impact on the spontaneous sourdougmefgation process,
therefore the count of yeasts and heterofermemtddietic acid bacteria is one
of the factors that influences the growth of miegamism populations in
spontaneous sourdough and facilitates fermentatiocess.

When refreshing sourdough several times, formatibrassociations is
observed, in which usually one or two speciesLafttobacillus prevail,
significantly — threefoldly or fourfoldly exceedingpe count of mesophylic
aerobic and facultative anaerobic microorganisBargetti, Settann2007).

In Latvia no researches have been performed byarowmicroflora of the
spontaneous rye bread sourdough and its metaholies no competitive
Iyophilisated sourdough starter is produced on Hasis of spontaneous
sourdough.

Taking into consideration the above, the followimgpothesis has been
put forward in the doctoral thesis: activity of speaneous rye bread sourdough
is enhanced by adding flour from biologically aeted rye grains and lactic
acid bacteria isolated cultures.

Hypothesis is proved by thkeses under defence
1. use of peeled rye flour (type 1370) in preparatimin spontaneous

sourdough ensures a sufficient biological prevadenof useful

microorganisms — populations of yeasts and laciid bacteria;

2. flour from biologically activated rye grains fatdtes multiplication of
lactic acid bacteria and yeast populations and #&bion of desirable
metabolites in spontaneous rye bread sourdough;

3. there are stable lactic acid bacteria populationgpeated generations of
sourdough prepared with addition of flour made frdsologically
activated rye grains;
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from DNA of the samples under research a widerrinfdion about the
range of lactic acid bacteria strains can be obthithan from DNA of
lactic acid bacteria colony forming units that harewn on the selective
TPC media;

lyophilisated spontaneous sourdough with additivE$lour made from
biologically activated rye grains and of lactic cadbacteria isolated
cultures can compete with commercial sourdoughestar

Object of the researchof the doctoral thesis — spontaneous rye bread

sourdough

Aim of the doctoral thesis — to investigate dynamics of growth of

microbial populations in spontaneous rye bread dmughs and to develop a
lyophilisated sourdough applicable for bread praiduac

In order to achieve the aim of work, tbbjectiveswere set up as follows:
Investigate and analyze microbial interaction iorggneous sourdoughs,
prepared from crude (type 1740) and peeled (typeO)L8ye flour, and
evaluate rye bread suitability for preparationmdrstaneous sourdoughs.
Determine influence of unfermented rye malt andurflonade from
biologically activated rye grains on the fermemtatprocess and quality
indices of spontaneous rye sourdough.

Investigate activity and diversity of sourdough roftora in repeated
generations.

Approbate methods of molecular biology for idewation of sourdough
microflora.

Identify the dominating lactic acid bacteria andsgtespecies and strains in
spontaneous sourdough fermentation stages andteepganerations of
sourdoughs.

Develop a new lyophilisated rye bread sourdough emmpare it with
commercially available analogues.

Scientific importance of the thesis.

For the first time in Latvia studies on microflavbspontaneous rye bread
sourdough have been performed, and a lyophilisasedirdough
developed, based on traditional spontaneous soghdaith additives of
flour made from biologically activated rye grainsdaof lactic acid
bacteria isolated cultures. A patent LV 13899 A ha&en obtained —
.Method for preparation of spontaneous rye sourtidug

Study results included in the doctoral thesis shieevmutual interaction
of microflora of spontaneous rye bread sourdougtingufermentation
stages and its influence on quality of the readydough.

In the Thesis, the main correlations have beerriahted in spontaneous
sourdough, in spontaneous sourdough with rye madiitian and in
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spontaneous sourdough with addition of flour manenf biologically
activated rye grains (growth intensity of mesophykerobic and
facultative anaerobic microorganisms, lactic acikttbria and yeasts,
changes of pH, titrable acidity, organic acidsbcéiydrates, amino acids
and vitamins during fermentation), according to abhithe sourdough
selection was made.

. By means of the methods of molecular biology, fa first time in Latvia
identification of lactic acid bacteria species a&t@ins in spontaneous rye
bread sourdoughs was performed.

The economic significance of the doctoral thesis in bakeries of Latvia

spontaneous sourdoughs in repeated generationsbeirgy used in the
technological process for rye bread preparationyels as imported frozen or
lyophilisated starters. The new lyophilisated sough with addition of flour

made from biologically activated rye grains andaaftic acid bacteria isolated
cultures developed by the author, can be usedenethnological process for
rye bread preparation.

APPROBATION OF THE SCIENTIFIC WORK

The results of the research wdrlive been presenteéh 11 international
scientific conferences and congresses in Latvidaulainia, Hungary, Germany,
Republic of South Africa, Denmark, Spain, Turkepdan the international
food exhibition ,Riga food 2008".

The results of the work have besoammarised and publishedin six
peer-reviewed scientific editions, and one patdérihe Republic of Latvia has
been confirmed (the list of publications and atttoenferences and congresses
see on pages 7-9).

MATERIALS AND METHODS

Time and place of the research
Research was performed in Latvia and Denmark, 2667 until 2011.

At the laboratories of the Faculty of Food TechggloLatvia University of

Agriculture, the following studies were performed:

e at the Laboratory of Microbiology — sourdoughs wepeepared,
microorganisms were cultivated and identified, ptgisand chemical
indices were determined;

e at the Laboratory of Packaging Material Investigasi — spontaneous
sourdoughs lyophilisated;

e at the Laboratory of Food Analysis — moisture imrsough and bread
was determined.
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At Latvia University the following studies were femmed:

. Institute of Biology — determination of vitamins BR&2, pantothenic acid
and amino acids;

. Institute of Microbiology and Biotechnology — madtg glucose, fructose,
lactic acid, acetic acid and siccine acid were riitged;

In Denmark, the Faculty of Nature Sciences of tmversity of Copenhagen

the following studies were performed:

e at Laboratories of the Department of Quality andchimlogy —
sourdoughs were prepared, their physical and ctarparameters were
determined;

e at the Microbiology Laboratories of the Departmest Food the
microbiological and genetical analyses of the sougths were performed.

Materials used in the research

For preparation of spontaneous sourdoughs under réisearch, the
following materials were used: peeled (type 137@) arude (type 1740) rye
flour of variety “Kaupo" and biologically activatedye grains of variety
“Voshod” from JSC “Jelgavas Dzirnavas”, rye matirfr "Nauk&ni" Ltd. and
drinking water (according to Cabinet Regulation 285 of April 29, 2003'0n
mandatory harmlessness and quality requirementdrfoking water, and the
procedures for monitoring and control thereof’) @@yaindices of the
lyophilisated spontaneous sourdoughs were compaitidthe quality indices
of rye bread sourdougiTK-Startet of the commercial companyBOCKER.

Structure of the research

In order to investigate growth dynamics of micramigm populations in
sourdoughs, prepared by means of crude and pegtedour, and evaluate
their suitability for sourdough preparation, themstmughs were refreshed every
24 hours, temperature at fermentation was 26°CC 32fd 28°C, fermentation
time — 72 h.

For preparation of spontaneous sourdoughs withtiadddf malt and flour
made from biologically activated rye grains, a éhstage fermentation process
was used that in general longs 48 hours; the sogidwas refreshed two times
— by adding a new portion of water and flour (Fey@.

For preparation of spontaneous sourdoughs raw mastevere used as
follows:

. in sourdough U — 100% peeled rye flour (type 13t@) drinking water;

. in sourdough M — 80% peeled rye flour (type 137@) 20% flour made
from biologically activated rye grains, and drinfiwater;

. in sourdough | — 80% peeled rye flour (type 137 20% unfermented
rye malt and drinking water.
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In order to investigate sourdough fermentation végti in repeated
generations, microflora and physical and chemieahmeters were determined
up to 14 days. Fermentation of two different repdadourdough generations
during 14 days was performed, by using spontansousioughs U and M.

. Components of the refreshed sourdough U (% fronflthe mass): 10%
spontaneous sourdough U + 100% peeled rye flogre (4370) + 80%
drinking water (32°C).

. Components of the refreshed sourdough M (% fronflthe mass): 10%
spontaneous sourdough M + 80% peeled rye floure(t¥p70) + 20%
flour made from biologically activated rye grains88% drinking water
(32°C).

The samples were taken before and after every featien stage. All the
sourdough samples were incubated at temperatute. 2§°every refreshment
of sourdough, 10% of the sourdough fermented dutiegprevious stage was
used, to which a new portion of flour and water \adsled. This process was
repeated every 24 hours.

Determination of sourdough microflora. Sourdoughs were examined
microbiologically, and decimal dilutions were pregé Test samples were
taken in conformity with and decimal dilutions famicrobiological
examination”. Indices were determined as follows:

e Total count of mesophylic aerobic and facultativenaerobic

microorganisms in conformity with Standard LVS EB 4833:2003
e Yeasts in conformity with Standard 1ISO 21257-2:2008
. Lactic acid bacteria (LAB) in conformity with Staad 1ISO 9332:2003

by using modified MRS media (MMRS), in compositiehwhich there is

more peptone (20 g/l) and yeast extract (10 g/lgdmparison with the
standard MRS media, and to which the amino acideays was added

(1 g/l). The isolated cultures were multiplied bwging the media

,Lactobacilli MRS broth” (Ref. 14202-24).

For identification of microorganisms selective media were used (MRS —
for lactic acid bacteria, malty extract agar medidifior yeasts)Morphological
properties of microorganisms were determined (shagodility), colouring was
performed according to Gram’s method, Catalaseaedtidentification up to
species by means of AP| biochemical test system.

. lactic acid bacteria — 50 CHL;
. Bacillus spp. and species related to its genus G13B;
. yeasts — ID 32 C.

DNA isolation was performed according to standard method, bggusi
GenElute™ ,Bacterial Genomic DNA Kit”.

Polymerase chain reaction was performed by using Sfratagene
RoboCycler Gradient 96”in PCR reaction by means of heat-resistant
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polymerase the needed DNA fragment (16S rDNA V3Vdr region) was
multiplied for further studies of microbial ecosyst diversity.

Diversity of microbial ecosystems of sourdoughs andhanges in
fermentation processwere investigated by using amplifi&8 (LAB) and V1
(for yeasts) regions from 16S ribosomal DNA. Ecoésys of microorganisms
was identified by denaturing gradient gel electameis (DGGE), using
DGGE standard method by means of systtdGENYphorU-2.

Sourdoughs and biomass of isolated cultures weredphilisated by
using sublimation drierArmfield FT 33. Samples were first frozen at —20°C.
During sublimation process the samples were fromer55°C, duration of
sublimation was 48-72 h.

Testing of lyophilisated sourdoughs in bread prodution process
Lyophilisated sourdoughs and the commercially add sourdough
- TK-startet’ of the company Bocket were used for making of rye sourdough
for rye bread baking.

Data mathematical processingwas performed by the methods of
mathematical statistics, using correlation analysise factor dispersion
analysis and Tukey’s test. The mean values of ¢kalts, level of validity of
results (p) and standard deviation were calculdtgdmeans of IMicrosoft
Excel program packArhipova Baliza, 2003).

RESEARCH RESULTS AND DISCUSSION

1. Growth of microflora in spontaneous sourdoughsprepared from peeled
(type 1370) and crude rye flour (type 1740)

The most essential factors in preparation of spmtas sourdough that
influence the microbiological process are the tgbeflour and the specific
microflora in it. Spontaneous sourdough for ryeadr@roduction is made both
from crude (type 1740) and peeled (type 1370) hyerf In order to evaluate
which of the mentioned flour types contribute in reaactive sourdough,
investigation of flour was performed, determiningesaphylic aerobic and
facultative anaerobic microorganisms, as well asvtjn dynamics of lactic acid
bacteria and yeasts in fermentation process. Agcugrtb literature sources,
crude, peeled and fine flour differ in their cheaticomposition. Flour of type
1370 is used in sourdough making due to its highterdt of carbohydrates,
because it provides a nutritive basis for lactic &acteria (LAB) and yeasts, at
the same time providing optimal fermentation caoda.

Results of experiments show that the initial plataunt of TPC in
spontaneous sourdoughs made from rye flour of t{f3® and 1740 in three
stages was accordingly 4.81 log10 cfiand 5.05 log10 cfu'l plate count of
LAB - accordingly 4.32 log10 cfuyand 3.58 logl0 cfu'fy plate count of
yeasts — accordingly 4.55 log10 cfi'gnd 4.77 log10 cfu'y(Fig. 2 and 3).
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Initially the plate count of TPC was higher thae important microorganisms
participating in sourdough preparation, and highan LAB and yeasts in both
sourdoughs, that is an evidence of a high condaémtraof flour-specific
microflora. According to the data in literatureHui et al., 2004),
monosaccharides and disaccharides originate fraratsunder the influence of
activity of oo andp amylases, and are actively used by yeasts andibABeir
metabolism.

Results obtained in research show that in the Ipéggnyeasts are
multiplying faster, as the chosen temperature ahdatation 26°C is optimal
for their growth. At sourdough refreshing, when théstrate environment is
changed after 24 hours, to which microorganismsll shaapt, their
multiplication intensity decreased.

During the second fermentation stage at temper@@2f€, the plate count
of LAB rapidly increased in sourdough that can begla@ned by optimal
conditions for multiplication. At sourdough refrésép after 48 h the plate count
of TPC decreased, and both yeasts and LAB congnueing. The explanation
could be that under the influence of LAB and yeastabolites, unfavourable
environmental conditions occur for growth of graositive Bacillusand gram-
negative bacteria of genus Enterobacteriacae foufidur.

Evaluating fermentation process up to th&"Tur, as it is evident from
the obtained results (Fig. 2), there was no sigaifi growth of microorganism
populations observed after 54 h, probably, a statip stage in their growth
was reached and mature sourdough formed, in whidtabmwlites of
microorganisms have accumulated — amino acidsmuiis, organic acids — as
well as the desirable microflora — LAB and yeassveh multiplied in the
sourdough.

After comparing the plate count of microorganisms sourdoughs, a
conclusion follows that the best indices relatimgnifentation process were
obtained within 48 hours in sourdough made frorarflof type 1370 — the plate
count of lactic acid bacteria increased from 4.23%1D cfu'g® up to
6.06 log10 cfu'd, that is very important, as the metabolites of Lé&ermine
the needed level of acidity in sourdoudtoénner, Preve1988). During the
initial four fermentation hours microflora that is flour adapts to new
environmental conditions, thus microorganisms ar¢he lag stage. After the
fourth fermentation hour a rapid growth of all itifad microorganisms takes
place — it is the exponential stage, and untilfite refreshment of sourdough,
interaction continues among mesophylic aerobic #axlltative anaerobic
microorganisms, lactic acid bacteria and yeasts.

According to the obtained data, LAB and yeasts iplyltactively after
refreshment of the sourdough, simultaneously ssprgghe growth of TPC.

The performed microbiological researches on sougtdouade from crude
(type 1740) flour show that the initial plate cooffTPC there is higher than in
sourdough made from peeled (type 1370) flour.
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After evaluating the growth of microorganism popiglas in sourdough
made from crude (type 1740) flour, a conclusionlofets that during
fermentation time up to 72 h LAB and yeasts aresufficiently active to be
able to suppress TPC, which contain also gram-nega&nterobacteria and
gram-positive endospore-forming bacteria foundonif (Fig. 3).

When investigating changes in pH and titrable &gidn 72-hour
fermentation process (Fig. 4), a significant catieh was observed in both
sourdoughs between increase of the plate countdifcl acid bacteria and
changes in the ambiance pH (for the type 1370 0466 for the type 1740
r = -0.50 ), and also between increase of the plabat of lactic acid bacteria
and changes in the titrable acidity (for the ty@&@Qr = 0.79; for the type 1740
r = 0.52). The results of pH and titrable acidityoashow an active growth of
microorganisms up to the 48th hour of fermentatiwhen pH decreased to
3.93 (for the type 1370) and 3.94 (for the type @)74dnd the titrable acidity
increased up to 13.90 (for the type 1370) and 1&drGhe type 1740).

Indices of the fermentation pH and titrable acidifter the last refreshing
of sourdoughs did not differ significantly from g@observed after the 48-hour
fermentation. Taking it as a basis, peeled (type&/0)l3rye flour and
fermentation time 48 hours were chosen for thehrrtesearch.

2. Spontaneous sourdoughs with additions of flour ade from biologically
activated rye grains and malt

In rye bread production technology in bakeries $po#ous sourdough is
prepared, as well as spontaneous sourdough witticaddf unfermented rye
malt. In the course of this research the authordea®loped a new method of
spontaneous sourdough preparation, where unferchepgemalt is substituted
by addition of flour made from biologically actieat rye grains (Patent LV
13899 A — ,Method for preparation of spontaneowessgurdough”).

In preparation of spontaneous sourdough unfermemigitl is used as a
biologically valuable and active additive for enbament of fermentation
process to obtain a higher concentration of laaticl bacteria and yeast cells,
and to reach fast the ambiance acidity of pH beldhin ready sourdough.

In order to evaluate how the rye malt and the addinf flour made from
biologically activated rye grains influence sourgbufermentation, several
experiments were performed. Pre-experiment resthitsved that the optimal
amount of the above additives is 20% from the tamalount of flour in
sourdough.

Dynamics in changes of ambiance pH and growth afirdsmigh
microflora during 48-hour fermentation are displhye Figures 5, 6, 7 and 8.
According to research results, the changes of TR&te pcount during
fermentation process depend on the kind of prepsoeddough (Fig. 5). The
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initial plate count of TPC in sourdough M (with diilch of flour made from
biologically activated rye grains) and sourdoudtvith malt) is identical in the
margins of error — 5.39 log10 cfutgnd 5.30 log10 cfu §accordingly. At the
end of fermentation process the plate count of TiP€ourdough M was the
lowest — 5.05 log10 cfu'y— due to the high activity of lactic acid bacteria
(Fig. 6).

Comparing changes in the plate count of TPC in tmalty used
sourdoughs U (without additive — the control sam@ad | (with malt), a
conclusion is that a rapid growth of TPC during finst stage of fermentation
takes place in both sourdoughs, and it starts dsirg only in the sourdough |
after the first refreshing,

By the end of fermentation, the highest plate coohtTPC was in
sourdough U, as after determining the amount of L@R). 6) and yeasts
(Fig. 7) by the end of fermentation a conclusion ba that their activity is not
sufficient to outrival mesophylic aerobic and fdative anaerobic
microorganisms.

The initial amount of LAB (Fig. 6) in sourdough Wwiflour made from
biologically activated grains (M) was 5.42 loglQugf’, that significantly
exceeds the plate count of LAB in sourdough withitradditive (I) and in
control sourdough U, in which the initial amount bAB was accordingly
4.61 log10 cfu'd and 4.45 logl0 cfu'y The explanation is that flour made
from biologically activated rye grains contains mobiologically active
compounds — amino acids, monosaccharides, vitafiisat have originated
during the grain germination process and have ifwiéd in growth of LAB.

When identifying LAB strains within the researchiagans of methods of
molecular biology, six different LAB strains wemdtially found in sourdough
M — Pediococcus acidilactici2147, L. curvatus ssp. atmg 2207,
L. delbrueckii 1646, L. plantarum 1369, L. alimemnia 1627, Leuconostoc
mesenteroides 2194 and only three — in sourdough U. coryniformis 1629,
L. plantarum 1369, L. alimentarius 162¥hus sourdough M contains a wider
range of LAB strains, which proves effectiveness flafur made from
biologically activated rye grains in the use ofslmugh preparation.

During the entire fermentation process the amodntAB prevails in
sourdough M, in comparison to the plate count oBLA sourdoughs U and I.

The dynamics of yeast growth in sourdoughs showttigr plate count in
spontaneous sourdough without additions (U) ansourdough with rye malt
addition (1) is less in the beginning of fermersati~ 4.39 log10 cfu'yand
4.55 log10 cfu’ g accordingly —, in comparison with sourdough witldiion
of flour made from biologically activated rye grajrwhere the plate count of
yeasts is 5.74 log10 cfu ¢Fig. 7).

During the first stage of fermentation, ie, up # I2 the plate count of
yeast cells increased rapidly in sourdough U, riechp to 6.09 log10 cfu'y
but decreased in sourdoughs M and | — to 5.58 logi®g® and
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3.54 log10 cfu'g accordingly. The reason is the pH changes in sugils
(Fig. 8) — at the end of the first fermentationgstgoH in sourdough M is 3.95
and in sourdough | — 4.57. These pH values aretlems the optimal yeast
growth pH interval — 5.0-5.64tking 2006).

During the second fermentation stage — from tH2 @5to the 48 h — an
opposite tendency was observed — the yeast amoaenaaised in sourdoughs M
and |, but decreased — in sourdough U. It coulégained that by adding a
new portion of peeled flour, the total plate coahbacteria increased as well,
with domination of the enodpore-forming aerobic teaa of genuBacillus
metabolites of which can impede yeast growth, bseathey hydrolyze
proteins. After 32 hours of fermentation, the antoafnyeasts in sourdough U
within the interval of validity (p = 95%) was idécdl with the plate count of
yeasts detected at the beginning of fermentatidier Ahe second refreshing of
sourdough the amount of yeasts increased in alldsoghs, by the end of
fermentation reaching up to 5.77, 6.83 and 6.2@0ocfu’ g in sourdoughs U,
M, I accordingly.

Research results show a similar growth tendenciA® and of yeasts
(Figures 6 and 7) specifically in sourdough M. Tdwglanation lies is the
mutual symbiosis of the heterofermentative LAB s$peclLactobacillus
plantarum and the yeas$accharomyces cerevisideund in this sourdough,
which conform to data in literatur&gicher Stephan1999).

Ambiance pH (Fig. 8) at the beginning of fermemtativithin the interval
of validity (p = 95%) is 6.69—6.70 and matches lirsamples. During the first
stage of fermentation the ambiance pH most raldlyreased in sourdough M
down to pH 3.95, which is an evidence of activifylactic acid bacteria and
yeasts. In the control sample U the decrease ofgities was the least — down
to pH 5.40 — therefore it is advisable to use hatfermented malt and flour
made from biologically activated rye grains for paeation of spontaneous
sourdough.

After evaluating and comparing all the prepared@doughs — U, M and |
— in respect of microbiological quality and actyyitn conclusion follows that
the best results were obtained by adding flour nieata biologically activated
rye grains to sourdough M. After 48h of fermentatio sourdough M were
detected:

« the least plate count of TPC — 5.05 log10 cfu'g

« the highest amount of lactic acid bacteria — 6840 cfu'g";

«  the widest range of LAB L. plantarum 1369, L. alimentarius 1627
L. curvatus ssp. curvatus 2207 delbrueckii 1646-, in comparison to
sourdough U;

« the highest plate count of yeasts — 6.83 log1ycfu

e the lowest ambiance pH — 3.93;

e the highest titrable acidity — 13.6 (ml 0.1 n NaOH)
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Therefore the author has chosen two spontaneoud@mhs for further
studies: the control sourdough U without additivel ahe sourdough M with
addition of flour made from biologically activatege grains — 20% of the total
amount of flour in sourdough.

Researches reflected in literature sources showhtiraofermentative and
heterofermentative LAB in spontaneous rye breadrdaughs mainly use
monosaccharides and disaccharides in metabolic  epses
(Reed, Nagodawithana, 1995)

In sourdoughs U and M chosen for research of fetatiem process,
changes in the content of carbohydrates — gludosetpse and maltose —, and
of organic acids - lactic and acetic acids— durifggmentation were
determined, as well as connection of these changgaspH and the titrable
acidity. The content of amino acids and vitaminswéso determined in the
sourdoughs.

Content of maltose after the first refreshing (femtation stage 2)
increased from 17.64 up to 23.04 m§'@ig. 10) in sourdough M and from
14.15 up to 17.27 mg“gin sourdough U (Fig. 9).

The greatest changes in the content of glucoseundsughs U and M
were observed after the first refreshing until émel of fermentation, when the
content of glucose increased from 8.02 up to 216%™ in sourdough U and
from 10.64 up to 25.72 mg'gin sourdough M (Fig. 9 and 10). A higher
content of glucose in sourdough M is explained ttwiy of o andp amylases
that hydrolyse starchHi et al, 2004).

Concentration of fructose most of all increasedirduthe 3rd stage of
sourdough fermentation (Fig. 9 and 10). Like theadaf pH and titrable
acidity, the carbohydrate indices also show highetabolic activity during the
2" and the § fermentation stages in both sourdoughs.

The results obtained in the research (Fig. 9 andpldve significance of
the three-stage technology in sourdough preparatienby refreshing the
spontaneous sourdough, a sufficient amount of newwarides and
disaccharides is provided that is necessary faveachetabolism of lactic acid
bacteria and yeasts. Lactic acid bacteria and yaast the above mentioned
carbohydrates as energy sources for their metapoticesses, as well as for
production of organic acids.

The content of organic acids has a significant foldormation of rye
bread taste and aroma. As stated in scientificditire, the molar proportion
between lactic and acetic acid — fermentation @moti(FQ) is used to
characterise relationship of the acids found instierdough. In order to obtain
bread with balanced flavour properties, the nuna¢realue of FQ shall be 4. If
acetic acid is not produced sufficiently, the FQas high, but the taste of the
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product — insipid. If the FQ is too low (too muatetic acid), the bread taste is
exceedingly pronounced and so8picher, Stephari999).

Study results show that molar proportion of la@id acetic acid — the
fermentation coefficient (FQ) — is 3.2 in sourdoudhafter 48 h, and 4.5 in
sourdough M, which proves conformity of sourdough tvl qualitative
sourdough requirements.

Data of analysis on the changes of organic acidinglufermentation
stages of sourdoughs (Fig. 11 and 12) reveal #matency of changes in their
content is identical with results of changes inbohydrates (Fig. 9, 10).
Content of lactic acid in sourdough U during thstffermentation stage (up to
24 h) changed from 0 to 0.37 mg ¢Fig. 11), but in sourdough M it changed
significantly — from 0 to 3.05 mgg(Fig. 12). During the " and the
fermentation stages concentration of lactic andti@acacids increased
significantly both in sourdough U and M.

Lactic acid bacteria strains in sourdoughs detezniitensity of organic
acid formation. During the second fermentation stdge range of identified
LAB strains in sourdoughs U and M differ — in socoudh U the strains
L.curvatus ssp. curvatus 2207, L. delbrueckii 184éninate, but in sourdough
M — L. plantarum 1369, L. alimentarius 1627, L. cunsassp. curvatus 2207,
L. delbrueckii 1646.According to data in literaturd,. plantarum actively
ferments glucose and homofermentatively producesclacid, therefore in
sourdough M the content of lactic acid increasedremmapidly than in
sourdough U.

During fermentation the content of acetic acid &sed more rapidly in
sourdough U — from 0.17 up to 1.38, m§-gthan in sourdough M, where it
increased from 0.16 up to 1.04 mg'". ¢ could be explained by the presence of
heterofermentative strain of LAB. coryniformisidentified in sourdough U,
which according to the data in literature apartfriactic acid actively produce
also acetic acid. In both sourdoughs a significamtrelation was detected
between the content of the most important metadmlit lactic acid and acetic
acid — in sourdoughs and the changes of ambianc@-jg-8). LAB found in
spontaneous sourdoughs have also proteolytic fEsttihat cause protein
hydrolysis and formation of amino acidsalovaara 2004).

Results on the changes in content of amino acid®imdoughs U and M
show high content of glycine in both sourdoughst iousourdough M it
remains unchangeable during fermentation (Fig. T8 total tendency of
changes in the content of amino acids is as follausing fermentation the
content of amino acids increased in sourdough M.degreased in sourdough
U. Most of all — for 1.3 times — increased the emmtof leucine in sourdough
M. Significantly increased also the content of aingg, tyrosine and isoleucine.

LAB found in sourdough M more actively use aminoidac for
constructive metabolism in order to renew the eéilicture elements — cell
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membrane, cytoplasmic membrane — and to activaieepses in ribosomes and
mesosomesSpicher Stephan1993).

In order to determine biologically active compoundiso in other
spontaneous sourdoughs U and M, the content afintawas determined in
them.

After evaluating changes in the content of vitamimsourdough U during
fermentation process, the obtained data show flgatontent of vitamin E has
increased for 1.9 times, B1 — for 2 times, B2 —2d times and pantothenic
acid — for 1.37 times (Fig. 14). In sourdough M ttentent of vitamin B2,
pantothenic acid and vitamin E has increased aouglydfor 2.15, 1.5 and 1.8
times. The content of vitamin B1 within the intengf validity (p = 95%)
remains unchangeable. According to data in liteeatilazaxos, Kapnunenxo,
2005), vitamin B1 is in the composition of pyruvalecarboxylase and is used
for synthesis of this ferment.

Also the determined content of vitamins in sourdmigshows that
metabolic products of lactic acid bacteria and fghave accumulated in the
substrate during fermentation.

3. Potential of spontaneous sourdough applicatiomi
repeated generations

When applying the method of spontaneous rye sogfugueparation in
bread production, one part of the ready sourdougtyred sourdough) is used
for dough preparation, but another part is leftrasther dough”. Essentially
important is activity of the matured sourdough kattit could be used in
repeated generations.

In order to investigate fermentation activity ofusdoughs U and M in
repeated generations, determination of microflard physical and chemical
indices was performed within the time of 14 days.

As the obtained data show, the plate count of LABaurdough M based
on the sourdough with flour made from biologicaligtivated rye grains,
exceeds the plate count of LAB in sourdough U Irgaherations. Moreover, a
more stable growth dynamics of LAB up to thé"igeneration was observed
specifically in sourdough M that is an evidence roicroflora of a better
adaptability in the sourdough. The plate count ABLin sourdough M reached
its maximum at the fDgeneration — 8.34 log cfu’gAs it follows from the
results, the spontaneous sourdoughs are advisables¢ until the 10
generation, because after that the plate count AB Lstarts decreasing
(Fig. 15). Identifying the LAB strains in sourdoudyh the conclusion is that
initially there dominate Ldelbrueckii 1646, L. curvatus ssp. curvatus 2207,
L.plantarum 1369, L. alimentarius 162@ut in sourdough U +. delbrueckii
1646, L. curvatus ssp. curvatus 2207, L. coryniferb629
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Using sourdoughs in repeated generations, the rafgéains found in
them is changeable. It should be mentioned thathin 8" generation of
sourdough M noL. plantarum 1369that actively produce lactic acid was
detected, and LAB association in sourdough M isifidal to the one detected
in sourdough U — it includek. delbrueckii 1646, L. curvatus ssp. curvatus
2207. When continue using sourdough in repeated geoestia new LAB
strain Pediococcus pentoseceous 2¥fverges in the 10th generation which
dominates in sourdough M until the".§eneration.

There were made parallel researches on changés tifrable acidity and
the pH in repeated sourdough generations, and thesdts are shown in
Figures 16 and 17.

Titrable acidity in sourdough has a significantretation with the LAB
growth dynamics (Fig. 15) — correlation coefficidmtween the mentioned
indices in sourdough U - r = 0.57 and in sourdoligh r = 0.60.

As displayed in Figure 16, the highest values ibhlle acidity in
sourdough M were obtained in the 10th generati®?2(), but in sourdough U
— in the 11th generation (13.55), but the titradgdity decreased in further
repeated generations. It is an evidence of theraoten between LAB
populations in sourdoughs and of the decreasetivitygof the identified LAB
strains.

Changes of pH in sourdoughs during fermentationnatepronounced in
comparison to changes of LAB and titrable acidity to the 1& generation
pH value in sourdough U decreased from 3.74 to,362in sourdough M —
from 3.73 to 3.54. After the 0generation pH values of both sourdoughs
increased. Changes in the ambiance pH indicescalselate with changes in
the plate count of LAB; in sourdough U r = —-0.4Adan sourdough M —0.39
(Fig. 18).

4. |dentification of lactic acid bacteria and yeats in spontaneous rye
bread sourdoughs and repeated sourdough generations

One of the tasks of the doctoral thesis is to dmgie® methods of
molecular biology for identification of sourdough icmobial system.
Identification of lactic acid bacteria was perfoandy using two DNA
extraction methods:

. DNA extracted directly from sourdoughs U and M;

. DNA extracted from LAB colony forming units growmadhe selective
media MRS and MMRS from sourdough U and M inoculadi (both
selective media were used in order to evaluate twbicthem is more
suitable for obtaining a wider range of LAB).

Before introduction of the samples of spontaneausdoughs or their
repeated generations in the polyacrylamide gelwas necessary to chose
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standard cultures by making markers Mix 1 and Mi%o®R identification of
LAB strains (Fig. 18 and Table 2). In conformity tividata in literature
(Ehrmann, Vogel 2005; De Vuystet al 2009), lactic acid bacteria strains
frequently found in European bread sourdoughs wsesl for research. After
DNA extraction, amplification of region V3 of gend$S rDNA, method of
electrophoresis DGGE was used. The results shawrtlgel the regions V3 of
genus 16S rDNA of two LAB strains k= paracasei ssp. paracas&b35 and
L. zevel639 — overlap (Fig. 18 and 2). Location of thengk cultures in
marker is shown in Table 2.

In order to obtain a maximum range of lactic acdteria which could be
identified by DGGE method and observed in polyamibe gel, it was
necessary to use an optimal medium for LAB cultorat Enumeration of the
plate count of lactic acid bacteria was used aadatitional indicator for media
selection. Two selective media were chosen forrédsearch: MRS and the
modified MRS medium (MMRS).

The results of pre-experiments determining thetepleount of LAB
colony forming units in both media revealed no #igant difference in the
plate count of LAB growing in them. As a raw maagrdor DNA extraction
LAB suspensions were prepared from LAB colonieswgron MRS and
MMRS media. By using PCR and DGGE methods it wamdothat in MMRS
agar medium a wider range of LAB species had grtham in MRS medium.
In MRS medium after 24-h fermentation both in sowgh U and sourdough
M a wider range of identified LAB was in the sangie which DNA had been
extracted directly from sourdoughs. In sourdoughhtée LAB strains were
identified — L. plantarum 1369, L. curvatus ssp. curvatus 22401 one
unidentified —, but in MMRS medium — seven LAB gigaL. plantarum 1369,
L. curvatus ssp. curvatus 2207, L. paracasei sapagasei 1635, L. zeve 1639
and three unidentified. Therefore the MMRS mediuaswhosen for further
experiments.

Fermentation of spontaneous sourdough (U) and apeatis sourdough
with addition of flour made from biologically actted rye grains (M) and
changes in microbial ecosystem during fermentaiendisplayed in Figure 19.

Research results show that in samples where DNAewtxacted directly
from sourdoughs, there is a considerably wider eamiglactic acid bacteria in
comparison to samples where DNA was extracted fsmurdough LAB
colonies growing on MMRS media. It means that ibLAB strains found in
sourdoughs can grow in the selective MMRS medium.

Comparing the raw materials of spontaneous soutdo(ld) and
sourdough with addition of 20% of flour made fromlbgically activated rye
grains (M) a conclusion follows that a wider rargfed_AB strains is found in
the raw material of sourdough M.

It is necessary to note that apart from DNA extoactmethod, in
sourdough M dominated the strdinplantarum 136hich actively produces
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lactic acid having a significant role in formatiohrye bread taste and aroma.
This is confirmed also by data on the content atitaacid in sourdoughs
(Fig. 11 and 12), according to which the contenlacfic acid in sourdough M
is considerably higher than in sourdough U. Therenformation in scientific
literature that these microorganisms contain aimacrobial protein lactoline
that is similar to nisin, which inhibitStaphylococcus aureuseuconostoc
mesenteroidesand Pediococcus damnosud.. plantarum contains also
plantracin A, which inhibits growth of. pentosaceusand Leuconostoc
paramesenteroideg@®avidson Hoover, 1993).

Probably, due to its characteristic antimicrobiaitivaty this species
dominates in all the sourdough M preparation stages

Analogue researches have been performed identifygapts; for their
PCR analyses a different fragment (V1) of genus M&8SA is used, therefore
analyses with yeasts shall be made separaBglgcharomyces cerevisi&®
was chosen as a sample culture. In all spontarsmusiough samples (both in
U and M) one strain was identified Saccharomyces cerevisi&®. Yeasts
found in sourdoughs form a symbiosis with LAB, tHasilitating fermentation
process. The obtained results match with scientd@nsiderations on
identification of yeast species in rye bread soughs Hutking 2006;
Salminen2004).

Identification by using API tests.ldentification of LAB and yeasts were
performed also by using another identification rodth API test identification
system which is based on biochemical reactionsiofaorganisms. By means
of API test strip APl CHL 50 the following LAB spies were identified:
Lactobacillus coprophilus, Lactobacillus delburdckediococcus damnosus
By using the strip ID 32 C, yeast speci8accharomyces cerevisiagas
identified (Appendix 13-16).

As mentioned before, sourdoughs U and M were usedepeated
generations, and it was essentially important &niidly and evaluate strains
dominating in LAB populations and understand theteraction. Pictures of
electrophoresis DGGE of sourdoughs U and M witac#s” of the identified
bacteria in gels are shown in Figure 20.

After determining the dominating LAB strains in gaes of sourdoughs
U and M repeated generations, where DNA was esddadirectly from the
sourdough samples, a conclusion is that up to thgeBeratiorl. delbrueckii
1646, L. curvatus ssp. curvatus 2207, L. coryniferm629 dominates in
sourdough Uln the 6th generatioh. coryniformis1629 cease to dominate in
sourdough U, and this probably has a negativeenfite on dough fermentation
ability. However,L. coryniformis1629 starts dominating in sourdough in the
11th generation, and this proves a lowered quaditysourdough U and
antagonism among the LAB strains found in sourdofigm the &' to 10"
generations.
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In sourdough M,L. delbrueckii 1646, L. curvatus ssp. curvatus 2207
L. plantarum 1369, L. alimentarius 162@0minate up to the 10th generatitn
is important to note that in sourdough M domindteplantarum 1369which
dominates also during the three-stage spontaneowsiaigh fermentation,
thus demonstrating its strength and adaptatioritybih the 10" generation
L. plantarum 1369s substituted byPediococcus pentoseceus 21Fhere is
information in literature sources about the inhitgt influence of
P. pentosaceusn L. plantarum however, it is not explained by influence of
acids produced bR. pentosaceysdecause.. plantarumis a remarkably acid-
resistant species. The inhibiting effect is exmdinby the fact that
P. pentosaceusontains thermoresistant bacteriocin pediocin At timhibits
also the growth of other gram-positive microorgarss for example,
Leuconostoc mesenteroigddsactobacillus brevis, Streptococcus faecadisd
Bacillus cereusbut pediocin A does not influence the growth ofrgraegative
bacteria and yeastB#évidson, Hoover1993).

The obtained results show that in repeated gepesatf sourdoughs M
and U solidly dominaté.. delbrueckii 1646, L. curvatus ssp. curvatus 2207
however, in sourdough M strong straind.oplantarum 136%ndPediococcus
pentoseceus 214¥bminate that probably ensure advantage of thedsagh M
and a higher content of produced metabolites inpaoson to sourdough U.

In repeated generations of sourdough M interactbrLAB strains is
evident, moreover, they have pronounced antimiatoproperties that help
suppress the by-microflora characteristic to flour.

Research on populations of microorganisms, espgcidl LAB, their
growth and variety of strains in rye bread sourdwsugs important, because
metabolites produced by them determine rye breaith@iand taste properties.

5. Development of lyophilisated spontaneous sourdghbs and its
quality evaluation

Previous studies show that mature or mother spangmtains high
activity in 10 generations, but bread producersirsmeirdough of unchangeable
quality. Some bread production enterprises in laatexport ready-to-use
sourdough starters: from Germany, Denmark and Rugsiterprises of these
countries produce frozen sourdough s with storage in freezing camera up
to 6 months, and lyophilisated starters.

As such sourdoughs are not produced in Latvia, afnae tasks of the
research was to develop lyophilisated spontanemwsisughs starters, evaluate
their quality and compare with commercially avaléalstarters. In laboratory
conditions lyophilisation of spontaneous sourdoughand M was performed
and their quality parameters determined (Table 3).

Activity of the obtained lyophilisated sourdoughsasvexamined by
preparing different sourdough samples, to whiclphjtisated sourdoughs were
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added in the amount of 3%, 5% and 10% of fldtmr(kulbergaet al, 2008).
Pre-experiments show that addition of lyophilisasmirdoughs up to 10%
provided no desirable results, as the sourdougibté acidity did not exceed 9.
In order to enhance activity of lyophilisated scurghs, LAB cultures
L. plantarumandP. pentosaceousolated from sourdoughs were added

L. plantarum(Fig. 21) was chosen from the range of identifiéd, because it
was a dominating and durable LAB species during thtee stages of
spontaneous sourdough preparation in sourdough dfeawer,L. plantarum
andP. pentosaceoudominated in sourdough M repeated generations gAij
After multiplication of the isolated cultures thdifomass was lyophilisated,
thus obtaining dry products with high content of BA- 1.51°168° cfu'g*
(L. plantarun) and 8.49 1¥ cfu' g* (P. pentosaceodswhich were added to
sourdough M in amount of 0.1% (Table 3).

As shown in Table 4, after activating the lyphitesh sourdoughs and
their use in dough fermentation (starter was addeithe amount of 5%), the
best parameters were obtained with lyophilisataddmugh M, to which LAB
isolated cultures had been added, — dough acititis3.85 and titrable acidity
—12.0. These results exceed data mentioned ratlitee Kunkulberga Segliss,
2010) and parameters of the practically used stafie-starter’.

The pH and titrable acidity of bread made with seugh M and isolated
cultures is identical with bread prepared with tharter JTK-startef’, so the
conclusion is that the new developed lyophilisatemirdough starter can
substitute the commercially available one (Table 4)

CONCLUSIONS

1. For the first time in Latvia studies on developmaficrobial populations in
spontaneous rye bread sourdoughs have been pedforme

2. The best microbiological parameters relating ferewion process were
obtained in sourdough made from peeled (type 18y®)lour, because of
higher intensity of interaction between micoorgamipopulations — plate
count of yeasts and lactic acid bacteria was grgwapidly thus suppressing
multiplication of microorganisms of genacillus and Enterobacteraceae
Moreover 48-hour fermentation time was enough tenfa stable microbial
system.

3. Spontaneous sourdough with addition of flour mademf biologically
activated rye grains is more suitable for doughparation in the matter of
microbial quality in comparison to sourdough withedditive and sourdough
with malt additive, because the plate count ofdaatid bacteria and yeasts is
the highest in it — 7.94 log10 cfu*@nd 6.83 log10 cfu'y— accordingly, but
the plate count of mesophylic aerobic and facuwiatianaerobic
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microorganisms and pH value — the lowest — 5.080agfu’ " and pH 3.93
accordingly.

During the 2 and the % stages of fermentation processplantarum 1369
dominantes in sourdough with addition of flour mafdem biologically
activated rye grains, which homofermentatively e lactic acid from
glucose, therefore the content of lactic acid iaseel more rapidly in this
sourdough than in sourdough without additive, amthé&ntation coefficient in
4.5 and 3.2 accordingly.

In repeated generations of sourdoughs a more stablsth dynamics of
lactic acid bacteria up to the L@eneration was observed specifically in
sourdough M that is an evidence of microflora dfedter adaptability. After
the 10" generation activity of sourdoughs decreased.

Results of investigation the sourdough microbiabsystem by means of
DGGE method show that in samples where DNA waseted directly from
sourdoughs, there is a considerably wider rangéadafc acid bacteria in
comparison to samples where DNA was extracted soordough colonies
growing on MMRS media. It means that not all lac@@d bacteria strains
found in sourdoughs can grow in the selective MMRSlium.

By the end of three-stage fermentation processethaetic acid bacteria
strains were identified in sourdough wihout additivL. coryniformis 1629,
L. curvatusssp.curvatus2207, L. delbrueckii 1646, but in sourdough with
addition of flour made from biologically activatege grains — four lactic acid
bacteria strains £. plantarum 1369, L. alimentarius 1627, L. cunsassp.
curvatus 2207L. delbrueckii 1646-, which ensure higher quality parameters
in sourdough. In the both samples of spontaneousdsughs there was
identified one -Saccharomyces cerevisiae 58train.

In  repeated generations of sourdoughs solidly datain
L. delbrueckii 1646, L. curvatus ssp. curvatus 22@fvever, in sourdough
with addition of flour made from biologically actited rye grains strains of
L. plantarum 1369and Pediococcus pentoseceus 21d@minate, which
ensure its advantage and a higher content of peadunetabolites in
comparison to sourdough without additive.

The developed lyophilisated starter, based on speous sourdough that is
made from rye flour of type 1370 by adding 20% flomade from
biologically activated rye grains and isolated ads of lactic acid bacteria
Lactobacillus plantarumand Pediococcus pentosaceirs the amount of
0.1%, can substitute the commercial starter.

Hypothesis of research study has been proven ¢higity of spontaneous rye
bread sourdough is enhanced by adding flour frastogically activated rye
grains and lactic acid bacteria isolated cultures.
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