MMWKPOBHOJIOI'US )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Ned (39) 2022 www. imv-journal.kz

MPHTMU: 34.27.39, 62.09.39, 65.33.29

E.A. OJIEHHUKOBA™, A.B. UMDKAEBA!, M.5. ATUM)KAHOBA®', A.A. AMAHI'EJIAT,
M.I'. CAYBEHOBA?!, A.)X. AJIbIFAEBA?, H.B. KJIIUTIMHA?, XK.H. EPMEKBAI1Y,
JL.JI. BOKEHOB!

! Hayuno-npousBocTBeHHbIH 1IEHTP MUKPOOHONIOrHH M BUpycosioruu, AnMarsl, Kasaxcran
2 Epkin Tanram, Anmatsl, Kasaxcran
*e-mail: elena.olejnikova@mail.ru

MOCJIEJJHUE HAITPABJIEHUSA PASBUTHS UCCJEJOBAHUM B OBJIACTH
XJIEBOIIEYEHU A

doi: 10.53729/MV-AS.2022.04.02

AHHOTAIIMSA

X1nebd — cTparernyecky BaKHbIN NpoaykT nutanus. OOecledeHne ero KadyecTBa U 0e30MacHOCTH
BCerJa OCTAaeTCs akTyalbHbIM. B 0030pe mpejicTaBicHbI JaHHBIC MHPOBOH HAaydyHOW JIMTEPATYPhI IO
OCHOBHBIM COBpeMeHHLIM HaHpaBHeHI/IHM I/ICCJ'IeIlOBaHI/Iﬁ B 06J'IaCTI/I XHe6OHe‘IeHI/IH. HOKaSaHBI OCHOBHBIC
3a/la4yM, BCTAIOIIME B HACTOSIIEE BpeMs Iepel] COTPYIHHUKAMHU XJIeOOMEKapHOW MPOMBIIUICHHOCTH H
VYEeHBIMH, 3aHUMAIOIIUMHUCS Pa3pabOTKOM HOBBIX XJICOOMEKApHBIX MPOIYKTOB M 3aKBACOK. PackpsiTa
3HaAYNMas pOIH) HpI/IMeHeHI/ISI 3aKBACOK HAa OCHOBC MOJIOYHOKHCJIBIX 6aKTepPII71 B O6CCHCT-ICHI/II/I Ka4dyeCTBa U
0e3011aCHOCTH XJIe00IeKapHOH TPOAYKIIUH.

KuroueBnble cjioBa: xjie0, 3aKBacka, 0€30MacHOCTh, KAUYeCTBO, MOJIOYHOKHUCITBIC OAKTEPHU.

X7e0 — 0JIMH U3 OCHOBHBIX MPOIYKTOB MUTAHUS YETIOBEKa, IEPBOCTEIICHHO 3HAYMMBIN MTPH
HHU3KOM YpPOBHE [IOXOJIOB, U SBJAIONIMKACS OCHOBOW MHUPaMUIbl MPOJOBOJIHCTBEHHOM
oe3omacHocty [1]. Jlo mosoBUHBI cocTaBa Xjeba TPUXOIUTCA HaA JIOJIO IOJHCaXapHioB,
BBITIOJTHSIOUIUX YHEPTeTUYECKYIO PYHKIINIO. XUMUYECKUI cocTaB xje0a BKIII0YaeT Takxke OeNKH,
KUPbI, HE3aMEHUMbIE AMUHOKHCIIOTHI, BUTAMUHBI M1 MUHEpasibl. B OoJiee mo31HUX KyJIbTHUBapax
MIICHUIBI OTMEYaeTCss TEHICHIMS K TMOBBIIICHUIO COAEpPKaHMS KpaxMajga W CHHKEHUIO
kosimuecTBa 6enkoB [2]. Tak, xed u3 0enoi NIIEHNIHOW MYKH COJCPKUT OUYEHb MaJi0 BUTAMHUHOB
rpynnsl B, a conep:xanue B HeM kiieTyaTky He npessiiaer 0,1% npu cyrounoit Hopme 25 T [3].

[loBbiIeHne KayecTBa W 0O€30MACHOCTH xJieba SBJSETCS TJIaBHBIM HampaBleHHEM
nccaeaoBaHuil B obnactu xinebonedenus [4]. B mociennee BpeMs BOSHHKAIOT HOBBIE BOTIPOCHI B
obnactu 6€30MacHOCTH, CBSI3aHHBIE, B YACTHOCTH, C 00Opa30oBaHUEM IPH TepMHUEcKOil 00paboTke
MUY HOBBIX KOHTAMHUHAHTOB, TakMX Kak akpwiamun u ¢ypdypon [5]. OgHako BOMpOCHI,
CBA3aHHBIE C MHUKPOOHON KOHTaMHHALMEW, MOo-TpexHeMy akTyalbHbl. [loBbllieHHOE
OECrOKOMCTBO  MOTpeOuTeNeld  CBsI3aHO € YpOBHEM  KauecTBa W 0E30MacCHOCTH
MIPOJIOBOJILCTBEHHOTO 3€PHA, B IEPBYIO OUEPE/Ib C €T0 TPUOKOBBIM 3arps3HeHreM [6-8]. DakTopsl,
BIIUSIIOIIME HA KAUECTBO U O€30MacHOCTh Xjie0a, MpeACTaBIeHbl Ha PUCYHKE 1.

OnTUMaNbHBIMU TYTSIMHU pPELIEHUs MPOOJIEeMbl SBISIOTCA O00ECIeYeHHE 3KOJOTHYECKH
0€30MacHOM 3alTUTHI CETbCKOXO03HCTBEHHBIX KYIbTYp OT 00Jie3HE! U BpeuTeNeil 1 COXpaHHOCTH
ypoKasi, YAy4dIIeHHs] YCIOBUH XpaHEHHsI TMPOIYKIMH PACTCHHEBOJCTBA, HCIOJIb30BaHUE
Ouonornuecku OE30TMacHBIX CPEACTB YIY4IlEeHUs KadecTBa W Oe30macHOCTH Xjeba B BUE
CTapTOBBIX 3aKBACOK, BKITFOYAIONINX aKTUBHBIE aCCOI[UAIIMHA MOJIOYHOKHUCIBIX OAKTepUH U JPYTrUX
MHKPOOPraHU3MOB.

[locnennue wuccnenoBaHuss B O0NAacTH XJIeOOMEUYEHHsS] HAMpaBiCHbl Ha TMOBBIIICHHUE
6e3omacHoCTH xJieba [9], ero muTaTeNbHOM IEHHOCTH, COJEPKAHUS 3HAUUMBIX JJIS IO IeP KaHHSI
3I0pOBbsSI OMOJIOTUYECKH AKTUBHBIX COCIUHEHH, OPraHOJIENTUYECKHX I[IO0Kazareiei, cpoka
rogHocty U foctynHoctu [10, 11]. B o61actu 6e30macHOCTH yCUIHs HampaBiIeHbl HE TOJIBKO Ha
obecrevyeHne 3auThl OT 3arpsI3HAIONIUX U MUKOTOKCUT€HHBIX MHUKPOOPraHu3MoOB [12], HO 1 Ha
CHIDKEHHE XUMUYECKOTO PHCKA, CBA3AHHOTO ¢ 00pa30BaHHEM OT/IEIbHBIX COCTUHEHUM, TAKUX KaK
akposnienH [13], u amneprenHoctu xiueba [14]. OtnenbHOe BHUMAHHUE YJICIECHO pPa3pabOTKe

19



MHUKPOBHOJIOI'US )KOHE BUPYCOJIOI'UA ISSN 2304-585X Ne4 (39) 2022 www. imv-journal.kz

Oe3rIrTeHOBOrO XJeba [15].

Pucynok 1 — ®akTopsl, BIUONINE Ha Ka4eCTBO U 0€30MacHOCTh XJieba

B oGnactu nutarensHOM IEHHOCTH U APYTUX MTOKa3aTesield ToTOBOro xyebda pabora BeaeTcs
B JIByX OCHOBHBIX HaIIPaBJICHUSIX: TEXHOJOTMYECKOM W MHUKpoOHojorndeckoM. l3menenue
pelenTypsl SBISETCS OCHOBHOM cTparerueil pa3paOOTKM OpPUEHTHPOBAHHBIX Ha 3/I0pPOBbE
npoaykToB [16]. Pa3paGoTka TeXHOJOTHH TOJNyYEeHHUS HOBBIX COPTOB Xyie0a OCHOBBIBAETCS
MPEUMYIIIECTBEHHO Ha 00Jiee MHUPOKOM HCIIOJIH30BAHUU 1IETLHO3EPHOBOTO XJieba [17], p>kaHoi
[18] m apyrux BHIOB MYyKH, BKJIIOYas HETPaJULMOHHbIE, BBEJCHUH B COCTaB MEKAapPCKOM cMecu
Pa3IUYHBIX PACTUTEIBHBIX 100aBOK (OBOITHBIX, (PPYKTOBBIX, CEMSH) /ISt 000TANEHUS TUIIIEBBIMHU
BOJIOKHAaMHU M JIPYTUMHU OMOJIOTUYECKH aKTHBHBIMH BemiecTBamu [19-22], poprudukamnuu xiaeda
O0enkoM 3epHOO00OBBIX KYNbTyp [23-25], BUTaMuHAMU U MHKpodJeMeHTaMu [26]. braromaps
TEXHOJIOTHYECKUM pa3pabOTKaM acCOPTUMEHT XJIeOOOYIOUYHBIX M3 B 3HAUUTEIbHON Mepe
pacimpuiics B IOCIEIHUE TOAbI KaKk B MHUpe, Tak U B Kazaxcrane [27].

OcHOBHOE BHHUMAaHHE HCCIEJOBATEeIed B 00JIACTH OMOTEXHOJIOTHU M MHKPOOHMOJIOTHHU
HaIpPaBJICHO B IOCJIEIHHE TOAbl MPEUMYIIECTBEHHO Ha M3YYECHHE BIIUAHUS XJIEOHBIX 3aKBACOK,
OCHOBAaHHBIX Ha MOJIOYHOKHCIIBIX OaKTepUSX M HEKOTOPBIX APYrUX MHUKPOOpraHuM3Max Ha
pasnuyHbIe MokazaTenu xjaeda. OTMeyaercs ycToluMBasi TEHACHIUS K UCIIOJIb30BAHUIO XJIEOHBIX
3aKBACOK, OJM3KMX K CHOHTAaHHBIM, U 3aMEHE 3aKBACOK, OCHOBAHHBIX Ha MEKAPCKUX JIPOKKAX,
3aKBaCKaMU W3 MOJIOYHOKHCIBIX OaKTepuil, 4YacTO BKIIOYAIOIIUX TaKKe JUKUE IITaMMBbI
Opoxoked. B mocnmeaHuwe ronapl MOKa3aH IEPBOCTENIEHHBIM BKIAA TOA0Opa 3aKBackud B
obOecrieueHre KadyecTBa M 0€30MacHOCTH XJieba, TMOBBIIIEHHE €ro OpPraHoJeNTUYECKUX
nokasaresiel u Ouosjorndeckor neHHoctu. OCHOBHBIE HANpaBlIECHUS BO3JCHCTBHS 3aKBACKU Ha
pa3nuyYHbIEe 3HAYMMBIE TMOKa3aTenu Xxjieba MpeacTaBieHbl Ha pucyHke 2. OTMeueHO mydiiee
KauyecTBO, MHUTATEIbHAs IIEHHOCTh U OMOJIOCTYMHOCTh Xjie0a, MOJyYEHHOTO C MCIHOJIb30BAaHUEM
3aKBACOK B CPaBHEHUHU C XJeOOM Ha OCHOBE xjeOomekapHbIX apoxoked [28]. [TomxuepkuBaercs
BO3MOXHOCTh TOJaBleHUs] BO30yauTeneil kaprodenpHoil Gone3HN xjeba U MpeaynpexaCHUs
MOPYH TIECHEBBIMH IprOaMU 3a CYET UCIOJIb30BAHUS 3aAIUTHBIX KYIbTYP MUKPOOPTaHU3MOB [9,
12].

Canesin u coaBTopamu [28] MOKa3aHO MOBBIIICHHE OHOJIOTHYECKOW IEHHOCTH XJyieba
WCIOJIb30BAaHMEM 3aKBACOK HAa OCHOBE MOJIOYHOKHUCIBIX OaKTepuil: MPOAYKIHS OHOAKTHBHBIX
MENTUAO0B U MMPOU3BOIHBIX AMUHOKHUCIIOT, MOTEHIIHATEHO MPEOHOTUYECKUX SK30TOIHCAXapUIOB;
YBEIMUEHUE YCBOEHHUS BHUTAMHUHOB, MHHEPAIOB, (OTOXUMHUYECKHX BELIECTB; CHHKXEHHUE
TIIMKEMHYECKOTO HHJAEKca xyeba. SUO U COoaBTOpaMH BBHISBICHO [29], YTO 3aKBacku U3
MOJIOYHOKHUCTIBIX OaKTepuil, IMEIOT 00Jiee BHICOKYIO MPOTUBOTPUOKOBYIO aKTUBHOCTD, 00pPa3yloT
0osee 0OMIIbHBIE apOMaTUYECKHE COSAMHEHNUS, UMEIOT 00Jiee BRICOKYIO TUTATEIbHYIO IIEGHHOCTh

20



MMWKPOBHOJIOI'US )KOHE BUPYCOJIOI'UsA ISSN 2304-585X Ned (39) 2022 www. imv-journal.kz

IToBbIIeHNE, YIyqLIECHIE

A

Hcnonb30BaHue 3aKBACKH

WAVAVRRY

CokpaleHue

Pucynok 2 — BiinsiHre 3aKkBacok Ha OCHOBE MOJIOYHOKHCIIBIX OaKTepuil Ha MmoKa3aTelu Xjeda

1 00J1aJal0T aKTUBHOCTBHIO IO CHI)KEHUIO COJIEP’KaHUSl aKpUJaMHUa B CPaBHEHUU C 3aKBacKaMu
13 Xj1e0ONeKapHbIX JPOXKEH. A OJHOBpPEMEHHOE HCIOJIb30BAHME 3aKBACKU U PACTUTEIBHBIX
n00aBOK MOJKET OKa3aTh JIOTOJHHUTEIbHBIC WM Oojiee BbIpaXeHHBbIC 3(PQEKThI, HAIPHUMED,
(dhepmeHTaIMs 3aKBaCKOW KITyOHEW TommHaMOypa CHIKAeT KOHIIEHTPAIUIO aKpriIaMuaa B xjieoe
Ha 15% [30]. Ucnonp3oBaHue 3akBacku s Xjie0a Takxke crocoOCTBYeT Aerpatanuu GUTHHOBON
KHCJIOTBI U, COOTBETCTBEHHO, BBICBOOOK/ICHHE M OOJIBIIYIO JOCTYITHOCTD skene3a [31].

AHanu3 mocieaHel IuTepaTypsl, IpoBenIeHHbIH Arora u coaBropamu [32]), mokasain, 4To
(depMeHTalMsg C MOMOIIBI0 3aKBACKU YBEJIWYMBajia OMOJOCTYIMHOCTh MHHEpAJOB, MO3BOJISATIA
oboramaTrh €€ NHIIEBbIMU BOJOKHAMH, CHI)KAla TJIMKEMUYECKH WHIEKC, Yyiydlana
YCBOSIEMOCTh OeJika M yMEHbIIAla COJCpKaHUE aHTUIUTATEeIbHBIX (QakropoB. Reale u
COABTOpPaMM TaKKe TMOATBEPXKACHO BIMSHHE 3aKBAaCKM HA TIIOBBIIIEHHWE YCBOSAEMOCTH H
MPOIYKIIMIO MTOTEHIIMAIBHO OMOAKTUBHBIX COeTMHEHMH B xiiebe [33].

HccnenoBanue neTydynx apoMaTHYeCKUX COSAMHEHUN pa3IMUHbIX 3aKBACOK U Xyieba Ha UX
OCHOBE TOKa3zajlo Hanuuue 196 neTyunmx COEIMHEHMH, BIMSIONIMX HA OPraHOJENTHYECKUE
MOKa3aTesy U BKIIOYAIOIIUX B IEPBYIO OUEpe/ib alIbACTUIbI, CIIUPTHI U CIOKHBIE A3PUPBI, KOTOPHIE
cocTaBisui B cymme 111 pasnuunbix coenunenuii [34]. Cnenyromue no npeacTaBieHHOCTH 57
XMUMHYECKUX COCAMHEHHM COCTaBISUIM KETOHBI, KUCIOTHL, (pypaHsl U mupasuHbl. OcTaabHbIe
coeluHEHUs] ObUTM enuHUYHbl. OTMEYEHO TakkKe, 4YTo NpodWiIb JETYyYuX U HEJIeTydrx
COEIMHEHUH 1EeTbHO3EPHOBOTO Xjie0a C HCIOJIb30BAHMEM CMEIIAHHBIX 3aKBACOK 3aBUCEN OT
COOTHOILIEHUS] MOJIOYHOKHCIIBIX OaKTepuil U ApoxoKel BHYTpH 3akBacku [35].

Pa3paboTka 3aKBacox A [eIbHO3EPHOBOTO U 000TallIEeHHOTO OTPYOsIMU Xjie0a COCTaBIseT
OT/IEIbHOE HAIpaBJIeHWE WCCIeOBaHUN B OO0NAacTH MHUKPOOHOJOTHH UM OHOTEXHOJIOTHH
xJie0oTneyueHus], U SABISETCS KpailHe aKTyaJlbHOM, MOCKOJIbKY MCIOJIb30BAHHE IIETbHO3EPHOBOTO
xJie6a BocTpeOOBaHO MOTPEOUTEISIMHU U HETIOCPEICTBEHHO CBSA3BIBACTCS C YAYUYIICHUEM 3/I0POBBS
[36-38]. Omnako mpobieMoii B 3TO# 00JacTH SBJISETCS BIMSHHAE KOMIIOHEHTOB OOOJIOYKH M
3apojblllla 3€pHa HAa TEXHOJOTHYECKHMEe, B YAaCTHOCTH  PEOJIOTMUECKHE  CBOMCTBA,
OpraHoJIeNTHYECKHE TIOKa3aTean u 6HoOe30macHOCTh TecTa u xjieba [39-41]. Ma u coaBTopamu
[39] mokazaHo 3HAYMMOE BIHSHUE 3aKBACKH Ha CBOWCTBA I[ETHHO3EPHOBOTO XJieha, B YaCTHOCTH,
CHIDKCHHME COJICpP)KaHUSA aHTHUIHUTATEIbHBIX (PAKTOPOB, TOKCHYHBIX W BPEIAHBIX BEIIECTB.
HccnenoBanue BAMSHUS MHUKPOOPTaHM3MOB 3aKBACKHM Ha TMOKa3aTeNH XJieda MOKa3bIBaeT BKIAJ
OTJICTBHBIX BHJIOB TEPMOQIIBHBIX MOJIOYHOKHUCIBIX OaKTepuil B yAy4IICHHE IEIOr0 MEepeyHs
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3HAYUMBIX IIOKa3aTeliel, a MMEHHO MPOAYKIHUI0 apOMaTUYECKUX COEIMHEHU, I0/aBleHUE
IpuOKOBOI MOPYH, TOPUCTOCTD, 3JACTUYHOCTD, PACCHIITUATOCTh M BIAKHOCTD Xjieba [42].

3HauynTeNbHAS YaCTh MCCIIEOBAHUI B 007aCTH XJIEOHBIX 3aKBACOK IOCBSIIECHA U3YUCHHIO
€CTECTBEHHbIX MHUKpPOOHMOMOB CIIOHTAHHBIX 3aKBAaCOK, IOJYYEHHBIX C HCIIOJIb30BAaHUEM
Pa3NUYHBIX PAaCTUTENBHBIX MaTepuanos [43, 44]. CaenaH BBIBOA O TOM, YTO TIIATEIBHBIA OTOOD
ayTOXTOHHBIX MHOTO()YHKIMOHATBHBIX MHUKPOOHBIX IITAMMOB MOXET O0ECIEYUTh CTAOMIHHOE
MOBBIIIEHUE  O€30MaCHOCTH W YIY4YIIEHWE  [UTATENbHbIX, OPraHOJIENTUYECKUX U
(GyHKIIMOHATBHBIX CBOMCTB 3€PHOBBIX MPOIYKTOB [45].

C ToukH 3peHHs CTAOMIIbHBIX CBOMCTB 3aKBACKU MPEACTABISIOT HHTEPEC TAK)KE padbOTHI 110
0100pY ONTHMAJIBHBIX YCIOBUN BBICYITMBAHHS 3aKBacKu [46].

Takum oOpa3zoMm, pa3paboTka XJIEOHBIX 3aKBAaCOK OXBATHIBAET PA3JIMYHBIE COBPEMEHHBIC
HampasJieHUs pabOTHI MO YIYUIIEHUIO KayecTBa M O€30MacHOCTH XJieba, OKa3blBas BIMSHUE Ha
BCE IOKa3aTelId TOTOBOIO MPOJYKTa, MOBBIIIAS OMOJIOTMYECKYIO LEHHOCTh, MOTPEOUTEIHCKYIO
MIPUBJIEKATEILHOCTh U CPOK TOAHOCTH XJie0a U MO3TOMY SIBIISETCS aKTyaJbHbIM HaIlpaBJIEHUEM
UCCIIeIOBaHUH B 001aCTH XJ1€00IEYeHUSI.
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Abstract

Bread is a strategically important food product. Ensuring its quality and safety is always relevant.
The review presents data from the world’s scientific literature on the main modern areas of research in the
field of baking. The main tasks currently facing the employees of the baking industry and scientists involved
in the development of new baking products and starter cultures are shown. The significant role of the use
of starter cultures based on lactic acid bacteria in ensuring the quality and safety of bakery products is
revealed.

Keywords: bread, sourdough, safety, quality, lactic acid bacteria.

Bread is one of the main human food products, it is of paramount importance at low-income
levels, and is the basis of the food security pyramid [1]. Up to half of the composition of bread
falls on the share of polysaccharides that perform an energy function. The chemical composition
of bread also includes proteins, fats, essential amino acids, vitamins, and minerals. There is a trend
towards an increase in the content of starch and a decrease in protein content in later wheat
cultivars [2]. Thus, bread made from white wheat flour contains very few B vitamins, and its fiber
content does not exceed 0.1% at a daily rate of 25 g [3].

Improving the quality and safety of bread is the main direction of research in the field of
bakery [4]. Recently, new safety issues have arisen, related in particular to the formation of new
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contaminants during the heat treatment of food, such as acrylamide and furfural [5]. However,
issues related to microbial contamination are still relevant. Increased consumer concern is
associated with the level of quality and safety of food grains, primarily with its fungal
contamination [6-8]. Factors affecting the quality and safety of bread are shown in Figure 1.

35533338

REDUCTION OF QUALITY, BIOLOGICAL VALUE
AND SAFETY

Figure 1 - Reasons for the decline in the quality and safety of bread

The best ways to solve the problem are to ensure environmentally safe protection of
agricultural crops from diseases and pests and crop safety, improve storage conditions for crop
products, and use biologically safe means for improving the quality and safety of bread in the form
of starter cultures, including active associations of lactic acid bacteria and other microorganisms.

Recent research in the field of bread baking is aimed at improving the safety of bread [9], its
nutritional value, and the content of biologically active compounds important for maintaining
health, sensory indicators, shelf life, and availability [10, 11]. In the field of safety, efforts are
directed not only to provide protection against contaminants and mycotoxigenic microorganisms
[12] but also to reduce the chemical risk associated with the formation of certain compounds such
as acrolein [13] and the allergenicity of bread [14]. Special attention is paid to the development of
gluten-free bread [15].

In the field of nutritional value and other indicators of finished bread, work is carried out in
two main areas: technological and microbiological. Reformulation is the main strategy for the
development of health-oriented products [16]. The development of technologies for obtaining new
varieties of bread is based mainly on the wider use of whole grain bread [17], rye [18], and other
types of flour including non-traditional ones, the introduction of various vegetable additives
(vegetables, fruit, seeds) into the baking mixture for enrichment with dietary fiber and other
biologically active substances [19-22], fortification of bread with protein of leguminous crops [23-
25], vitamins and microelements [26]. Thanks to technological developments, the range of bakery
products has expanded significantly in recent years, both in the world and in Kazakhstan [27].

The main attention of researchers in the field of biotechnology and microbiology has been
directed in recent years mainly to the study of the effect of bread sourdoughs based on lactic acid
bacteria and some other microorganisms on various indicators of bread. There is a strong trend
towards the use of bread starters close to spontaneous and the replacement of starters based on
baker's yeast with starters from lactic acid bacteria, often also including wild strains of yeast. In
recent years, the primary contribution of the selection of sourdough to ensuring the quality and
safety of bread, increasing its sensory characteristics and biological value has been shown. The
main directions of the impact of sourdough on various significant indicators of bread are shown in
Figure 2.
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Figure 2 - The influence of sourdough based on lactic acid bacteria on the performance of bread

The best quality, nutritional value, and bioavailability of bread obtained using sourdough in
comparison with bread based on baker's yeast were noted [28]. The possibility of suppressing the
causative agents of potato disease of bread and preventing spoilage by mold fungi through the use
of protective cultures of microorganisms is emphasized [9, 12].

Canesin and co-authors [28] showed an increase in the biological value of bread using
sourdoughs based on lactic acid bacteria: production of bioactive peptides and amino acid
derivatives, potentially prebiotic exopolysaccharides; increase in the absorption of vitamins,
minerals, photochemical substances; lowering the glycemic index of bread. Suo et al [29] found
that lactic acid bacteria starter cultures have higher antifungal activity, more abundant aromatic
compounds, higher nutritional value, and acrylamide reduction activity compared to baker's yeast
starter cultures. The simultaneous use of sourdough and vegetable additives can have additional
or more pronounced effects, for example, the fermentation of Jerusalem artichoke tubers with
sourdough reduces the concentration of acrylamide in bread by 15% [30]. The use of sourdough
for bread also contributes to the degradation of phytic acid and, accordingly, the release and greater
availability of iron [31].

The analysis of the latest literature by Arora et al [32]) showed that sourdough fermentation
increased mineral bioavailability, allowed for dietary fiber enrichment, lowered the glycemic
index, improved protein digestibility, and reduced antinutritional factors. Reale et al. also
confirmed the effect of sourdough on the increase in digestibility and production of potentially
bioactive compounds in bread [33].

The study of volatile aromatic compounds of various sourdoughs and bread based on them
showed the presence of 196 volatile compounds that affect sensory parameters and include
primarily aldehydes, alcohols, and esters, which amounted to 111 different compounds in total
[34]. The next 57 compounds were ketones, acids, furans, and pyrazines. The remaining chemical
compounds were in a single amount. It was also noted that the profile of volatile and non-volatile
compounds of whole grain bread using mixed starters depended on the ratio of lactic acid bacteria
and yeast within the starter [35].

The development of sourdoughs for whole grain and bran-enriched bread is a separate area
of research in the field of microbiology and biotechnology of bakery and is extremely relevant
since the use of whole grain bread is in demand by consumers and is directly associated with
improved health [36-38]. However, a problem in this area is the influence of the components of
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the shell and germ of the grain on technological, in particular rheological properties, sensory
characteristics, and biosafety of dough and bread [39-41]. Ma and co-authors [39] showed a
significant effect of sourdough on the properties of whole grain bread, in particular, a decrease in
the content of anti-nutritional factors, and toxic and harmful substances. The study of the effect of
sourdough microorganisms on bread indicators shows the contribution of certain types of
thermophilic lactic acid bacteria to the improvement of a whole list of significant indicators,
namely the production of aromatic compounds, the suppression of fungal spoilage, porosity,
elasticity, friability and moisture content of bread [42].

A significant part of research in the field of bread sourdoughs is devoted to the study of
natural microbiomes of spontaneous sourdoughs obtained using various plant materials [43, 44].
It was concluded that careful selection of autochthonous multifunctional microbial strains could
provide a stable increase in safety and improve the nutritional, sensory, and functional properties
of cereal products [45].

From the point of view of the stability of the properties of sourdough, works on the selection
of optimal conditions for drying the starter are also of interest [46].

Thus, the development of sourdough starters covers various modern areas of work to
improve the quality and safety of bread, influencing all indicators of the finished product,
increasing the biological value, consumer attractiveness, and shelf life of bread, and therefore is
an important area of research in the field of bread baking.
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