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AHHOTAUA

B TexHOMOTHSAX MIepepabOTKH 3epHa MIIIEHUIIBL, B YACTHOCTH TPH NOTYYEHHUH IIeTbHO3EPHOBOTO XJieba, BaXKHOU
TIPOU3BOICTBEHHOM OTEepaIlie SBIIeTCs ruapaTamnus. E€ OCHOBHBIE «y3KHE» MecTa — OOJIbIIAasl [UTHTEILHOCTh
U pa3BUTHE canpOoGUTHON MUKPOQIIOPHI 3epHa. DTO ONpPEALIIAeT aKTyalbHOCTh MOA00pa YCIOBUN THApATALIUN
C TIENBIO TTOBBITIICHUSI POU3BOAUTEILHOCTH 3TOW OMEPAIli M MHUKPOOHOJIOTHYECKON 0€3011acHOCTH TOTOBOM
npoayknud. B paboTe MpoBENeHO HCCIEIOBAHUE BIUSHUSA IUTOIMTHYECKOTO (DEPMEHTHOTO Ipermapara
«NS50012» (Novozymes) B mo3upoBke 0.75 ea./r Ha Mpolecc rHApaTaldyd 3epHa MATKOW MIICHHIIBI copTa
«MlonapI3y, 1 XapaKTepHCTHKH, TIOTYYCHHBIX HA €r0 OCHOBE, T0Ty()aGpHKaTOB ¥ TOTOBOTO IEIbHO3EPHOBOTO
xJieba. Y CcTaHOBIIEHO, YTO BO3JIEHCTBUE (PEPMEHTHOTO Mperapara He HHTeHCH(UIMPYET MPOoIiece THAPATAIuT
3epHa 110 BPEMEHH, ITPU 3TOM (ePMEHTATUBHBIN THPOIN3 CTPYKTYPHBIX MOJIHUCAXAPHJIOB TUIOIOBBIX 000JI0UEK
MTO3BOJIAET MOTyYUTh 00Jee TOMOT€HHYIO Maccy IPpH M3MENbYeHUN THAPATHPOBAHHOTO 3epHa. [lokazano, 4To
THJIpaTalys 3epHa TIIEHHIBI B pacTBope (EPMEHTHOrO Iperapara CHIDKAeT B XOJe IMpollecca pa3BUTHE
canpouTHOH MHUKpPOGIIOPHI, B YaCTHOCTH, IUIECHEBBIX TprOOB. OmpenereHo, 9To omapa W TeCTO Ha OCHOBE
M3METhYEeHHON MacChl 3epHa MIIIEHUIIBI, THAPATHPOBAHHOTO B pacTBOpe (hepMEHTHOTO Tperapara, 00IagaroT B
1.3 paza GopIeit TopeMHOM CHTOi. MOXKHO MPEAITONOKUATE, YTO 3TO 00y CIIOBIEHO OOBIIIAM COIEPKaHUEM
B TUAPATHPOBAHHOM 3€pHE MPOCTHIX YTIIEBOJOB JOCTYITHBIX IS COpa)KWBaHMS, HAKOIUICHHBIX B Xojae Qep-
MEHTaTHBHOTO THApoin3a. LlenpHo3epHOBOM X1€0, TOTyYeHHBI Ha OCHOBE 3€pHA MIIEHUIIB, THAPATHPOBAH -
HOTO B pacTBOpe (epMEHTHOTO Ipernapara, 0 CPaBHEHUIO C XJIeOOM Ha OCHOBE 3€pHA, TUAPATHPOBAHHOTO B
BOZIe, OTJiHYaeTca Oosiee BBIPAXKEHHBIM BKYCOM, apOMaTOM, 3allaXxOM, WUMEET JyUIIyI0 pPa3KeBBIBAEMOCTH H
3JIaCTUYHOCTh, U NMOYTH Ha 12% Oonbinyro mopucrocTh. TakuMm 00pa3oM, HKCIEPUMEHTAIbHO OOOCHOBaHA
3¢ (HeKTUBHOCTh TIPUMEHEHHs IUTOIUTHYecKoro (epmenTHoro mpemapara «NS50012» (Novozymes) mpu
MTOJTy9E€HUH [IeTHHO3EPHOBOTO MIIEHHYHOTO XJIeda.

BoixoaHble JaHHBIE JJ1 IUTHPOBAHUSI PYCCKOSI3LIYHOI MEeYATHOW BEPCHM CTATHU:
XabubOpaxmanoBa B.P., Xamunymmaa JI.U., Hudanreera JI.H. DddexrnBHOCTS TPHIMEHEHHS
IUTOJUTHYECKOTO (PepPMEHTHOTO Mperapara MpH Nody4YeHHH [EIbHO3EPHOBOTO XJeba. hymaeposckue
coobuenus. 2025. T.84. Ne12. C.133-142. DOI: 10.37952/ROI-jbc-01/25-84-12-133

BbIxoHbIe JaHHBIE I/ IUTHPOBAHUS PYCCKOSI3bIYHOI 2JIEKTPOHHOI BEPCHH CTATHHU:
Xabubpaxmanosa B.P., Xamunynmmna JI.W., Hupanteesa JI.H. DddexTnBHOCTS TPUMEHEHNS

LUTOJINTHYECKOTO (PepMEHTHOTO Mpernapara MpH NOJTy4YeHHH LHEeJIbHO3EPHOBOTO Xjeba. bymaeposckue
cooouenus C. 2025. T.11. Ned. 1d.14. DOI: 10.37952/ROI-jbc-01/25-84-12-133/ROI-jbc-RC/25-11-4-14

The output for citing the English online version of the article:

Venera R. Khabibrakhmanova, Lilia I. Khamidullina, Laysyan N. Nifanteva. Efficiency of using cytolytic
enzyme preparation in the production of whole grain bread. Butlerov Communications C. 2025. Vol.11. No.4.
Id.14. DOI: 10.37952/ROI-jbc-01/25-84-12-133/ROI-jbc-C/25-11-4-14

r. Kazanp. Pecniy6nmka Tarapcran. Poceus. © Bymneposckue coobwenus. 2025. T.84. Nel2. 133



I[Monnas uccienoBare/ibckasi MyOJuKanus  Xa6ubpaxmanosa B.P., Xavunymna JLU., Hupantsesa JLH.

Jluteparypa

[1] Ywmxukosa O.I'. Texnonorus npou3BojacTBa xJjieda u xedbo0ynounbIx usnenuii. Mockea: FOpatim. 2021.
251c. [0.G. Chizhikova Technology of bread and bakery production. Moscow: Yurayt. 2021. 251 p (Russian)]

[2] PomanoB A.C., Mnpuna O.A., Mynuxuna B.C., Kpayc C.B. Xne6 u xne6o0ynounsie nzaenus. Coipbe,
TEXHOJIOTHH, accopTuMeHT. Mockea: /le/lu nuoc. 2016. 539 c. [A.S. Romanov, O.A. Ilyina, V.S.Yunikhina,
S.V. Kraus Bread and bakery products. Raw materials, technologies, assortment. Moscow: DelLi Plus. 2016.
539p. (Russian)]

[3] Kopsukuna C.., Bepesuna H.A., ['onuapos FO.B. MIHHOBaIMOHHBIE TEXHOJIOTHHU XJ1€000YIOUHBIX,
MaKapOHHBIX M KOHAUTEPCKUX u3nenuii: MoHorpadus. Open: @IOY BIIO «l ocynusepcumem-YHITK».
2011. 265¢. [S.Ya. Koryachkina., N.A. Berezina., Yu.V. Goncharov. Innovative technologies of bakery, pasta,
and confectionery products: monograph. Orel: FGOU VPO «Gosuniversitet-UNPK». 2011. 265p. (Russian)]

[4] Imansko H.A, Banunkas T.B., Kynpssuesa JI.A., Hukutun UL A., [Tonomapepa JI.®. Texnomorus
IIPUTOTOBJICHUS MIIICHUYHOTO XJ1e0a U3 1eJIbHO3ePHOBOM Myku. Becmuuk BI'YUT. 2024. Ne4. T86. C.122-
135. DOI: 10.20914/2310-1202-2024-4-122-135 [N.A. Shmalko, T.V. Vanitskaya, L.A. Kudryavtseva, [.A.
Nikitin, L.F. Ponomareva. Technology of whole wheat bread production. Vestnik VSUIT. 2024. Vol.86. No.4.
P.122-135. DOI: 10.20914/2310-1202-2024-4-122-135 (Russian)]

[5] Kammeikosa E.B., KanmmeixoBa O.B. LlensH03epHOBBIE TPOAYKTHI B COBPEMEHHBIX TEXHOIOTHSIX
XJICOOIEKAPHOM MPOMBIIICHHOCTH. PayuonanbHoe numanue, nunesvle 006asku u ouocmumynsmopuol. 2016.
Nel. C.65-70. [E.V. Kalmykova, O.V. Kalmykova. Whole grain products in modern baking industry
technologies. Rational Nutrition, Food Additives, and Biostimulants. 2016. No.1. P.65-70. (Russian)]

[6] Xammamona Y.X., AxmenoB A.H., Cynnarosa C.®. AHanmu3 u 3Ha4€HUs THAPOTEPMUIECKOI MepepadoTKH
3epHa nepen apooieHreM u uccienopanus. Universum: mexnuyeckue nayku. 2022. Ne3. T.96.

DOI: 10.32743/UniTech.2022.96.3.13220 [Ch.Kh. Khamdamova, A.N. Akhmedov, S.F. Sunnatova. Analysis
and significance of hydrothermal grain processing before grinding and studies. Universum: Technical
Sciences. 2022. Vo0l.96. No.3. DOI: 10.32743/UniTech.2022.96.3.13220 (Russian)]

[7] Onexmponnwiii pecype. https://sppiunion.ru/uchastniki/id46 (nara ooparenus: 26.10.2025) [Electronic
Resource. https://sppiunion.ru/uchastniki/id46 (date of access: 26.10.2025) (Russian)].

[8] Dnrexmponunwiii pecypc.
https://bstudy.net/824108/tehnika/fermentnye preparaty firmy novozayms?ysclid=mh840r2joy813797656/
(mata obpammenus: 26.10.2025) [Electronic Resource.
https://bstudy.net/824108/tehnika/fermentnye preparaty firmy novozayms?ysclid=mh840r2joy813797656/
(date of access: 26.10.2025) (Russian)]

[9] Z.H. Liu, H.Z. Chen. Enzymatic hydrolysis of lignocellulosic biomass from low to high solids loading.
Engineering in Life Sciences. 2016. Vol.12. No.5. P.489-499. DOI: 10.1002/elsc.201600102.

[10] I'OCT 9353-2016. Tenumna. 2016. 58c. [GOST 9353-2016. Wheat. 2016. 58p. (Russian)]

[11] I'OCT 13586.5-2015. 3epHo. Meton onpenenenus aakaoct. 2015. 26¢. [GOST 13586.5-2015. Grain.
Method of moisture content determination. 2015. 26p. (Russian)]

[12] ODC.1.5.3.0006. Onpenerenrie coaep>kaHus SKCTPAKTHBHBIX BEIICCTB B JICKAPCTBEHHOM PaCTUTEIHFHOM
CBIPBE U JICKAPCTBEHHBIX PACTUTENHHBIX Mpemnaparax: Meroqumdeckue ykazanus. 2006. 10c. [OFS.1.5.3.0006.
Determination of extractive substances content in medicinal plant raw materials and medicinal plant
preparations: methodological guidelines. 2006. 10p. (Russian)]

[13] OnennuxoB /JI.H., TanxaeBa JI.M. MeToauka KOMHIECTBEHHOTO ONPEIEIEHHS TPYIIIOBOTO COCTaBa
YTJIEBOJJHOTO KOMILIEKCA PACTUTENBEHBIX O0BEKTOB. Xumus pacmumenvrozo cuipwbs. 2006. Ned. C.29-33.
[D.N. Olennikov, L.M. Tankhaeva. Method for quantitative determination of group composition of
carbohydrate complex of plant objects. Chemistry of Plant Raw Materials. 2006. No.4. P.29-33. (Russian)]

[14] TOCT ISO 21527-2-2013. 3eproBbIe, 0000BBIE U MPOAYKTHI MX TIepepaboTku. OnpeneneHne KOImIecTBa
OakTepHii, IPOAOKEBBIX M TUIECHEBBIX TprOOB. 2014. 10c. [GOST ISO 21527-2-2013. Cereals, legumes, and
their processed products. Determination of the number of bacteria, yeasts, and molds. 2014. 10p. (Russian)]

[15] I'OCT ISO 7218-2015. MukpoOHOIOTHS THIIEBBIX IPOIYKTOB H KOPMOB ISl ®KUBOTHBIX. 2016. 76 ¢. [GOST
IS0 7218-2015. Microbiology of food products and animal feed. 2016. 76p. (Russian)]

[16] I'OCT 21094-2022. U3nenus xinebo0ynounsie. Merop! onpenenenus Biaaxaocta. 2023. 17c. [GOST 21094-
2022. Bakery products. Methods for moisture determination. 2023. 17p. (Russian)]

[17] I'OCT 5670-96. Xne6oOymnounble m3nenus. Metomsr onpenenerns kucinotHoct. 1997. Sc. [GOST 5670-96.
Bakery products. Methods for acidity determination. 1997. 5p. (Russian)]

[18] I'OCT P 54731-2011. [Ipoxoxu xsebonexapusie npeccoBannbie. 2011. 15¢. [GOST R 54731-2011. Pressed
baker's yeast. 2011. 15p. (Russian)]

[19] I'OCT 5667-2022. U3nenus xnedoOynounsle. [IpaBuia npueMku, MeToisl 0T00pa 00pasoB, METOABI
OITpe/IeIICHHSI OPraHOJENTHYECKUX MoKa3aTesnel U Macchl m3nenwid. 2022. 11c. [GOST 5667-2022. Bakery

134 https://butlerov.com/ © Butlerov Communications C. 2025. Vol.11. No.4. 1d.14.




OODOEKTUBHOCTD IIPUMEHEHUA HUTOJINTUYECKOI'O ®EPMEHTHOI' O [IPETIAPATA ... 133-142
products. Rules for acceptance, sampling methods, methods for determining organoleptic indicators and
product weight. 2022. 11p. (Russian)]

[20] IOCT P 58233-2018. Xne6 u3 mmenuunoit myku. 2018. 18c. [GOST R 58233-2018. Bread from wheat flour.
2018. 18p. (Russian)]

[21] S. Lama, M. Kuzmenkova, P. Vallenback, R. Kuktaite. Striving for Stability in the Dough Mixing Quality of
Spr ing Wheat under the Influence of Prolonged Heat and Drought. Plants (Basel). 2022. Vol.11. No.19.
P.2662. DOI: 10.3390/plants11192662.

[22] T. Khan, M. Jamil, A. Ali, S. Rasheed, A. Irshad, M.F. Magsood, U. Zulfigar, T. Chaudhary, M.A. Ali, M.S.
Elshikh. Exploring water-absorbing capacity: a digital image analysis of seeds from 120 wheat varieties.
Scientific Reports. 2024. Vol.14. No.1. DOIL: 10.1038/s41598-024-57193-w.

[23] Kazaxos E.[., Kapnnnenko I'.I1. Buoxumus 3epHa u xitebonpoaykros K 14 (3-e nepepaboranHoe 1
nononHenHoe uznanue). Canxm-Ilemepoype.: TMOP/]. 2005. 512 c. [E.D. Kazakov, G.P. Karpilenko
Biochemistry of grain and bread products, 3rd revised and enlarged edition. Saint Petersburg: GIORD. 2005.
512 p. (Russian)]

[24] AcmaeB ML.II., Mapkos O.®., [Togropusiii C.A. ABToMaTH4ecKoe yBIa)KHEHHE 3epHa Ha MIPEANpPUSITHIX
MYKOMOJIBHOM MPOMBILUIEHHOCTHU. M36ecmus 8y3086. [luwesas mexnonozus. 2005. Nel. C.59-60.

[M.P. Asmaev, Yu.F. Markov, S.A. Podgorny. Automatic grain moistening at milling industry enterprises.
Proceedings of Higher Education Institutions. Food Technology. 2005. No.1. P.59-60. (Russian)]

[25] Kypmanotaepa M.H., Haduepa JK.C., XKenpapi0oacsa A.A. DdepMeHTHBIC NIPeniapaThl U UX POJib B riepepadoTke
3epHa. Becmuux Anmamunckoco mexnonozuyeckozo ynugepcumema. 2023. Ne4. C.70-76.
DOI:10.48184/2304-568X-2023-4-70-76 [L.N. Kurmanbaeva, Zh.S. Nabieva, A.A. Zheldybaeva Enzyme
preparations and their role in grain processing. Bulletin of Almaty University of Technology. 2023. No.4. P.70-
76. DOI:10.48184/2304-568X-2023-4-70-76 (Russian)]

[26] Xapuna M.B., Baneesa P.T., Myxaues C.I"., EmenpsaoB B.M. MccnenoBanue KHHETUKHA U ONITHMU3AITHS
YCIIOBHI TIPOBEICHUS TIPOIIeCca THAPOIIM3a COIIOMBI hepMeHTHBIM KoMimiekcoMm nsS50012. Becmmuk
Kazanckoeo mexnonoeuuecxoeo ynusepcumema. 2012, Nel3. C.210-212. [M.V. Kharina, R.T. Valeeva,

S.G. Mukhachev, V.M. Emelyanov. Study of the kinetics and optimization of conditions of the straw
hydrolysis process with the enzymatic complex ns50012. Bulletin of Kazan Technological University. 2012.
No.13. P.210-212. (Russian)]

[27] baxenoa U.A., Kpacumsaukos B.H., bypkar T.B. Hccnenosanue nporecca HabyXaHHs 3epeH TOJIObI,
MIICHHILIBI U puca. Xpanenue u nepepabomrka cenvxoscvipbsi. 2002. Nell. C.33-34. [I.A. Bazhenova,

V.N. Krasilnikov, T.V. Burkat Study of the swelling process of spelt, wheat, and rice grains. Storage and
Processing of Agricultural Raw Materials. 2002. No.11. P.33-34. (Russian)]

[28] Xorumuerko P.}O. dapMakoHYyTPHITHOIOTHS HEKPAXMATLHBIX TTOJTNCAXaPUIIOB. TUX00KeaHC KUl
meouyunckuil scypran. 2015. Ne2. C.5-11. [R.Yu. Khotimchenko. Pharmaconutrition of non-starch
polysaccharides. Pacific Medical Journal. 2015. No.2. P.5-11. (Russian)]

[29] IlbsakoBa D.A., KoBaneBa A.E., beikosckast E.W., 'osanosa 1. A. Biusiare penienTypHBIX KOMITOHEHTOB
xJ1e0a MEeTbHO3ePHOBOT0 MIICHIYHOTO Ha €ro MUIIEBYIO IIGHHOCTb. TexHoI02Us nUe6oll U
nepepabamvisaioweti npomviuiiennocmu. 2023. Nel. C.27-34. DOI: 10.24412/2311-6447-2023-1-27-34
[E.A. Pyankova, A.E. Kovaleva, E.I. Bykovskaya, I.A. Govyadova. Effect of formulation components of
whole wheat bread on its nutritional value. Technology of Food and Processing Industry. 2023. No.1. P.27-34.
DOI: 10.24412/2311-6447-2023-1-27-34 (Russian)]

[30] Venera R. Khabibrakhmanova, Lilia I. Khamidullina, Laysyan N. Nifanteva. Efficiency of using cytolytic
enzyme preparation in the production of whole grain bread. Butlerov Communications C. 2025. Vol.11.
No.4. Id.14. DOI: 10.37952/ROI-jbc-01/25-84-12-133/ROI-jbc-C/25-11-4-14

[31] Xabubpaxmanosa B.P., Xamunyumna JLU., Hudaursesa JLH. DddekTnBHOCTS NPUMEHEHNUS
IUTOJUTHYECKOTO (PePMEHTHOTO Tpernapara npy MoaydeHU  [eTbHO3EPHOBOTO XJeba. hymuepoeckue
coobuenust C. 2025. T.11. Ne4. 1d.14. DOI: 10.37952/ROI-jbc-01/25-84-12-133/ROI-jbc-RC/25-11-4-14

© Bymaeposckue cooowenus. 2025. T.84. Nel2. E-mail: journal.bc@gmail.com 135



https://doi.org/10.48184/2304-568X-2023-4-70-76
https://doi.org/10.48184/2304-568X-2023-4-70-76
https://doi.org/10.48184/2304-568X-2023-4-70-76

onnas nuccienoBarTe/ibCKasi My0JIUKAIUS Xabuopaxmanosa B.P., Xamunynmaa JLU., Hudanteesa JI.H.

The English version of the article have been published in the international edition of the journal

Butlerov Communications C
Advances in Biochemistry & Technologies

The Reference Object Identifier — ROLI: jbc-C/25-11-4-14
The Digital Object Identifier — DOI: 10.37952/ROI-jbc-01/25-84-12-133/ROI-jbc-C/25-11-4-14

Efficiency of using cytolytic enzyme preparation
in the production of whole grain bread

Venera R. Khabibrakhmanova,' Lilia I Khamidullina,! Laysyan N. Nifanteva'*"

! Department of Food Biotechnology. Institute of Food Production and Biotechnology. Kazan National
Research Technological University. K. Marx St., 68. Kazan, 420015. Russia. Phone: +7 (843) 231-41-73.
? Kazan Institute of Biochemistry and Biophysics. FRC KazSC RAS. Lobachevsky St., 2/31.
Kazan, 420111. Russia. E-mail: venerakhabirakhmanova@gmail.com

*Supervising author; “Corresponding author
Keywords: grain bread, soft wheat, cytolytic enzyme preparation, microbiological safety.

Abstract

In wheat grain processing technologies, particularly in the production of whole grain bread, a critical
manufacturing step is hydration. The main challenges here are the extended duration of the process and the
development of saprophytic microflora in the grain. This highlights the importance of optimizing hydration
conditions to increase process efficiency and ensure the microbiological safety of the end-product. This study
investigates the effect of the cytolytic enzyme preparation "NS50012" (Novozymes) at a dosage of 0.75 units/g
on the hydration process of soft wheat grain of the "Yoldyz" variety and the characteristics of the resulting
semi-finished products and whole grain bread. It was found that the enzyme treatment does not accelerate the
hydration time; however, enzymatic hydrolysis of the structural polysaccharides of the grain husks results in a
more homogeneous mass during the milling of the hydrated grain. The study shows that hydrating wheat grain
in the enzyme solution reduces the growth of saprophytic microflora, particularly mold fungi, during the
process. It was also determined that the sponge and dough made from the milled hydrated grain treated with
the enzyme solution exhibit 1.3 times greater leavening power. This is presumably due to the higher content
of simple carbohydrates available for fermentation, accumulated through enzymatic hydrolysis. Compared to
bread made from grain hydrated in water, whole grain bread produced from grain hydrated with the enzyme
exhibits a more pronounced taste, aroma, and smell, with better chewiness and elasticity, and nearly 12%
greater porosity. Thus, the effectiveness of the cytolytic enzyme preparation "NS50012" (Novozymes) in
producing whole wheat bread based on wheat grain hydration with the enzyme solution has been
experimentally substantiated.
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