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HUccaenoBanue 3¢pPpexra pepMeHTHOM 00padOTKH 3epHA
HA NMPOoIECC YepCTBEeHU XJieda
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AunHoTanusi. B Hacrosiee Bpemst npuMeHeHHE PEPMEHTHBIX yIydIlIUTeleH 3epHa B MyKOMOJIBHOM ITPOU3BOICTBE SIBJISCTCS IIEPCIIEKTHBHBIM
HAINpaBJICHUEM JUIsl TIOBBINICHHS Ka4eCcTBA MYKH M TOTOBBIX XJIeOOOYJOUHBIX H3Aenuil. B nmaHHO# paboTe HCCIEOBaHO BIMSHHE
TexHoJorn4eckoro scromoratenbHoro cpeactsa (TBC) «IORDAN 3y, icnosip3yeMoro npy OTBOJIAXUBAHUH MIIIEHUYHOTO 3epHa, Ha POLIEcC
yepcTBeHHs XJieba U3 MyKH BbIcIero copta. [IpoBe/ieH cpaBHUTEIBHBIN aHAIN3 IBYX 00pa3IloB: KOHTPOIbHOTO (13 MyKH 0e3 06padotku TBC)
U OMBITHOTO (M3 MyKH, HOIyueHHON u3 3epHa, oopaboranHoro TBC «IORDAN 3»). UepctBeHue xjeba oneHHBanu uepe3 72 yaca mocie
BBINEYKHU C UCTIOIb30BaHUEM CHHXPOHHOTO Tepmudeckoro ananu3za (STA 449 F3) meromamu tepmorpasumetpun (TT) u quddepenunansHoit
ckanupytomeit kanopumerpun (JJCK). Pe3ynbrarsl uccienoBanus mokasaim, 4To Myka, noiydeHnas ¢ npumeHenneM TBC «IORDAN 3y,
o0agaeT yny4nieHHBIMH BOJIOYAEPKUBAIOIIMME CBOMCTBaMH. B onbITHOM 00pasiie xyieba cojepikaHne CBA3aHHOM BIIaru okasayock Ha 2,8%
BBIIIE, YeM B KOHTPOJBHOM, YTO CBHJCTEIbCTBYET O 3aMEUICHHM Ipoliecca 4YepcTBeHus. TepMHUYEeCKHH aHalu3 BBUIBUI TPH OCHOBHBIX
IHJIOTEPMHUUYECKUX d(P(PEeKTa, COOTBETCTBYIOIINX YAAICHUIO CBOOOJHON M CBSI3aHHOW BJIArM B Pa3JIMYHBIX TEMIEPATYpPHBIX IHarna3oHax. B
OIBITHOM 00pa3Lie HabI01a10ch 60J1ee PABHOMEPHOE PACIIPEEIICHUE BIIArH, YTO CHUXKAET CKOPOCTb PETPOrpaaliii Kpaxmaa v IpoJuleBaeT
cBexxecTh xyeba. Takum obpaszom, mpumenernne TBC «IORDAN 3» npu moAroToBke 3epHa K IMOMOJY MO3BOJISIET HE TOJNBKO YIYYIIHUTh
KauecTBO MyKH, HO U TOBBICUTH NOTPEOUTENIbCKUE CBOMCTBA Xjeba 3a CyeT 3aMeJIeHHs Hpoliecca uepcTBeHus. [lomyueHHbIe NaHHbIE
HOATBEPKAAIOT 3(PPEKTUBHOCTh UCHONB30BaHUS (DEPMEHTHBIX YJIy4lIMTeNeH B MYKOMOJBHOW M XJIeOONEKApHOH NPOMBILIIEHHOCTH JUIS
YBEJIMYEHUS CPOKOB XPAHEHHUS! IPOAYKIMH 0€3 OTepH KayecTsa.

KuroueBble ciioBa: TexHonorndeckoe BcrmomorarenbHoe cpeactBo «IORDAN 3y, mimeHuyHas Myka, Xied, 4epCTBEHHE, CHHXPOHHBIN
TEPMHUYECKHUI TPHOOP.
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Abstract. Currently, the use of enzyme grain improvers in flour milling is a promising direction for improving the quality of flour and finished
bakery products. In this paper, the influence of the technological auxiliary means (FA) "IORDAN 3", used in the cooling of wheat grains, on
the process of staling bread made from flour of the highest grade, is investigated. A comparative analysis of two samples was carried out: the
control (from flour without fuel elements treatment) and the experimental (from flour obtained from grain processed by fuel elements
"JORDAN 3"). The staling of bread was assessed 72 hours after baking using synchronous thermal analysis (STA 449 F3) by thermogravimetry
(TG) and differential scanning calorimetry (DSC). The results of the study showed that flour obtained using fuel assemblies "IORDAN 3" has
improved water-retaining properties. In the experimental bread sample, the bound moisture content turned out to be 2.8% higher than in the
control, which indicates a slowdown in the staling process. Thermal analysis revealed three main endothermic effects corresponding to the
removal of free and bound moisture in various temperature ranges. A more uniform distribution of moisture was observed in the test sample,
which reduces the rate of starch retrogradation and prolongs the freshness of bread. Thus, the use of fuel assemblies "IORDAN 3" in the
preparation of grain for grinding allows not only to improve the quality of flour, but also to increase the consumer properties of bread by
slowing down the staling process. The data obtained confirm the effectiveness of using enzyme improvers in the flour and bakery industries to
increase the shelf life of products without loss of quality.

Keywords: technological auxiliary equipment "IORDAN 3", wheat flour, bread, stale, synchronous thermal device.
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BBenenune

M3BecTHO, 4YTO W3menus XJeOomeKapHOU
MIPOMBIIIUIEHHOCTH CYUTAIOTCS MPOILYKTAMH TIEPBOM
HEOOXOIUMOCTH, KOTOpBIE B HACTOSIIEE BpeMs
B IIOJJHOM Mepe YJOBIETBOPSIOT MOTPEOHOCTSIM
YeJI0OBeKa 3a CYET CBOETO PACIIMPEHHOTO acCOPTH-
MeHTa. Ha prIHke mpencraBieHo 60bI10€ KoTrde-
CTBO XJIeOOOYIIOUHBIX W3MENHA, O0OTaIeHHBIX
pPa3NUYHBIMU BUAAMH HETPAJUIIMOHHOTO CHIPHS,
KOTOpPBIE CIOCOOCTBYIOT TOBBILICHUIO TMHUIICBOM,
OMOJIOTUYECKONW W SHEPreTUYECKOW ILEHHOCTH.
OpHako, BBITTyCKaeMble TPOAYKTHI TUTAHUS Xapak-
TEpU3YIOTCS HE BRICOKUM KaueCTBOM, a IIEHbI Ha HIX
JIOCTAaTOYHO BEJHKH [1].

[Noaromy cnermanyictsl komnann OO0 «I peitH
Wurpenuenty mnpemiaraloT pemarb mpooiiemMy
HHU3KOI'0 KauecTBa XJIeOOOYIOUHBIX U3MEIHUN eIle
Ha4YMHAS CO CTaJIMU TOATOTOBKU 3€pHA K TIOMOITY
Ha MENTLBHIYHOM TIpeAnprsiTyr. JlaHHas opraHusarys
3aHUMAaeTCsl Pa3pabOTKOM, BHEIPEHUEM W MPOU3-
BOJICTBOM (DEPMEHTHBIX KOMIIO3ZUIMHA I MyKO-
MOJIBHOH M XJIe00TIEeKapHOH MPOMBIIUIEHHOCTH.

Crenanuctsl 00paTWiii BHUMAaHHE Ha Ipo-
1LIECC THIPOTEPMHUUCCKON 00pa0dOTKHU 3¢pHA, U HALIUTH
3G PEKTHBHOE PelIeHUe yIyUYIIuTh MyKOMOJIbHEIC
1 xJeOomneKapHble CBOMCTBA 3epHA HA CTaJIUU €ro
MOJATOTOBKU K MOMOJY. JlaHHBIN OMOXUMUYECKHIA
METO/I TI03BOJIAET MOBBICUTH 3 (HEKTUBHOCTD TH/I-
poTepMuyecKoil 00paboTKU 3epHa Iepe] TOMOJIOM
3a c4eT pacciia0lieHus OMOXMMUYECKUX CBSI3Ci
AIEWPOHOBOTO U CyOaIeiPOHOBOTO CIIOEB C DHIIO-
CIIEpMOM ITPH TOMOIIH MTATEHTOBAHHON KOMITO3UIIUH
(hepMeHTOB, UTO B CBOIO OYEPEIh CIIOCOOCTBYET I10-
BBIIIIEHUIO () (EeKTUBHOCTH PabOThl 000€YHON Ma-
e B 1,5-2 pasa. BeaencTBue yero Bo3pacrtaioT
BBIXO/Ia MYKH BBICIIUX COPTOB W OOIIMIA BBIXOJ.
[MonydeHnnass TakuM oOpa3oM Myka o0JagaeT
Jydlieid LUBETHOCTBIO W YUCTOTOM, MOBBIIIEHHOU
OHMOJIOTHYECKON IIEHHOCTHIO, YBEIMUEHHBIM KOJIH-
YeCTBOM  KIJICEHKOBHMHBI  3a cHeT  oOoraimieHus
MPOJYKTOB TOMOJa TepuepHHBIME YaCTIMHU
sHjocnepMa [2, 3], 0oraThiMu TIIFOTCHOBBIMU O€JI-
KaMH, a TaKke ONTHMH3HPOBAHHBIM T'PaHyJIOMET-
PUYECKHM COCTAaBOM 3a CYET IIAJSAIINX PEKUMOB
MoOMOJIa ¥ JYYIIIET0 KPyrmooOpa3oBaHUsl Ha JpaH-
HBIX cucTemax. lcrnonp3oBaHne MyKH MIAISIIETO
IIOMOJIa B IPOU3BOJICTBE XJIEOO0YIOUHBIX U3AETUI
MO3BOJIACT YIYYIUUTHh YHOPYro-IUIaCTUYHBIE H
aAre3MOHHBIE CBOMCTBA TECTA, YBEINYHUTH BBHIXOA
1 YAETBHBIN 00BEM TOTOBBIX U3MIEITHN.

Lenbto paboTHI OBLIO UCCIIEIOBAHUE BITUSIHUS
TEXHOJIOTHYECKOTO BCIIOMOTATENILHOTO CPEJICTBA
TBC «IORDAN 3 (ymaydImuTens 3epHa 0a30BbIi ),
NPUMEHSIEMOTO TP OTBOJIKUBAHWMM 3€pHA IIIIE-
HUIBI, Ha COOTHOIICHUE pa3INYHBIX (OpPM CBS3U
BJIary B XJieOe M3 MyKH YJTy4IIEHHOTO KauecTBa.
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O0beKkTaMu HcCieIoBaHus ObLIH 2 00pasia
uzgenuit: 1 (KOHTpOJb) — xyed W3 MIIeHUYHOH
MyKH BbIcIIero copra 6e3 oopadorkun TBC (I'OCT
58233-108) mpum OOBIYHBIX JKECTKHX pPEKHMax
nomona; 2 (omeIT) — xyied W3 MIIEHHYHOH MYKH
BBICLIETO COPTA, IOJIYYEHHOHM NpH INAISIIUX
pexuMax Mmomoina Omarojapsi NMpeABAPUTEIBHON
¢depmenrtaruu  neHuil ¢ TBC  «IORDAN 3»
(ymyummTenb 3epHa 0a30BBIN).

Tecrto 3amemmBain 0€30MaPHBIM CIIOCOOOM
BIaXKHOCTBIO 45%. 3amec TecTa OCYIIECTBILSLIM
B JIa0OPATOPHBIX YCIOBHUAX B TECTOMECHIBHON Ma-
mmHe KitchenAid, mocie yero ero Hampapisun
B TepMocTaT Ut OpoxeHws nipu Temneparype 30° C
B TeueHne 90 MuH. BeIOposkeHHOE TecTo nenuiu
Ha KycKu Maccoii 0,27 Kr a7l BEIIEYKH (POPMOBOTO
xyneba. PazmensiBa 1 GOpMOBaIM TECTOBBIC 3a-
TOTOBKH BpPYYHYIO, 3aTeéM OTHPAaBISIM HX B pac-
CTOWHBIN ImKad Ha OKOHYATEIBHYIO PAaCCTOMKY
npu temiepatype 40° C 1 OTHOCUTENBHOU BIIAXK-
noctu 80% B Teuenue 40 mun. M3nenus BullteKanu
B neun KOII-10I1 ¢ yBnaxkxHeHHeM mpu TeMmmepa-
type 210 £ 5° C B Teuenue 20 + 2 MuH.

MarepuaJibl M METOABI

W3BecTHO, 4YTO Ha CKOPOCTh YEPCTBEHUS
MSIKUIIA XJIe0a OKa3bIBAeT BIMSHUE COOTHOLICHHUS
CBSI3aHHOW ¥ cBOOOHOW Biaru. CBsizaHHasi Bjara—
3TO acCOLIMMPOBaHHAas BOJa, KOTOpas MPOYHO CBS-
3aHa C Pa3IYHBIMA KOMIIOHEHTAMU MSKHUINA —
OeJKamH, JTUMUIAMH U YTIICBOJAMH 3a CUET XUMH-
4ecKuX U pu3ndeckux cBszei. CBoOoIHAS BlIara —
3TO BJIara, KOTOpasi He CBsI3aHa MOJIMMEPOM U JI0-
CTyNHA JJIs MPOTEKaHMUS Pa3IMYHBIX IPOIIECCOB,
OMOXUMHYECKHX, MHUKPOOHOIOTUYECKUX U XUMH-
yeckux peakiuil. [Ipu OonbliieM coaepKaHUH
CBSA3aHHOM BJIary MPOIIECC peTPOrpaIiy Kpaxmaia
3aMeIsieTCs, OIHAKO CTOUT OTMETHTh, YTO COAEP-
KaHHE CBSI3aHHOW BIArM HAIPSIMYIO CBS3aHO
C COIEp’)KaHUEM M CBOHCTBAMH Ielleo0pa3yroLx
OronomMepoB — OENKOB | TIeHTa3aHOB. B xieborre-
YEeHHH O relico0pa3yroIei CIIOCOOHOCTH OEIKOBBIX
BELICCTB B IMIICHUYHOW MYKE CYAST IO KOJIUYECTBY
W CBOMCTBaM KJIEHKOBHUHBI [4, 5].

HUccnenoBanue (hopM CBS3M BIAry MPOBOIMIH
B xJ1e0e uepe3 72 4 HoCIIe BBINEYKY B yCIOBHSIX J1a00-
paTopuM UEHTpPa KOJUIEKTUBHOTO TMOJIb30BAaHUS
«KonTpons u ynpasnenue 31epro3¢pHeKTUBHBIMU
npoexktamn» OI'BOY BO «Boponexckuii rocy-
JAPCTBEHHBI YHUBEPCUTET HHKCHEPHBIX TEXHO-
JIOTHiD» Ha MpUOOpe CHHXPOHHOT'O TEPMHUYECKOIO
anamuza STA 449 F3, Jupiter, pupmer NETZSCH,
(I'epmanus) merogom tepmorpasumerpuu (T17) u
I pepeHINATEHOCKAHUPYIOLIEH  KaJOpUMET-
pun (ACK)  u Hem3oTepMHUYECKOHl  KHHETHKHU
C HAXOXXJEHHEM CTEMEeHH W3MEHEHHS MacChl
Bemectna (o). Meron TI" obecieunBaeT KOHTPOIH
W3MEHEHHUS! MAacChl HCCIEAyeMOro ooOpasua Ipu
HarpeBe WM OXJIAKICHUH B TMAIla30HE TeMIIEPaTyp,
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COOTBETCTBYIONHX (DA30BBIM IPEBpAICHUSIM BIIard
B obpasue. Metron ICK u HenzoTepMHuieckoi KuHe-
THKU OCHOBaH Ha PETHCTPAIH TEIUIOBBIX d(dekToB
(DIBUKO-XMMIYECKNX U CTPYKTYPHBIX H3MEHEHHH,
MPOTEKAIOIIUX B 00pa3iie MpH yIpaBIsIeMOM BO3ICH-
CTBUM BBICOKOU TeMIIEpaTypoil. JIj1s moimydeHus 3aBU-
cumocteit dTT u dJICK ucrionp3oBau mporpaMMHoe
obecnieuenne MS Excel u NETZSCH Proteus. Ana-
U3 00pasIoB XJyieba OCYIIECTBISUIA B KBAPIIEBBIX
TUTJISIX, B KAYECTBE ATalIOHA Hcronb30Baiu Al Os,
npokaneHasid 1o 2800 °C. Macca HaBeckn 0dpas-
1oB xJyreba cocrapisia 40 mr. 3mepenust Termio-
(u3MUeCKuX CBOIMCTB MPOBOJWIM B JHAaNa30HE
Temmieparyp ot 27 1o 295 °C, ckopocTh HarpeBa —

" %
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1 rpag/muH. OXJ1aXICHHE CHCTEMBbI OCYIIECTBIISIH
JKUIKHM a30TOM, Pacxoi MNpPOIYyBOYHOTO Ta3a —
2 wmn/muH. TOYHOCTH W3MEpEeHHUs TeMIepaTyphI
osm1a £0,3 °C. KonmuecTBeHHYIO OLIEHKY (hpaKITHii
BJard, pa3IUYHBIX (OPM CBSI3M MPOBOIWIN
MO DKCTIEPUMEHTAIBHBIM JaHHBIM B COOTBETCTBHHU
¢ Metoaukoi [6—10].

[lo momy4eHHBIM KpWBBIM (pHCYHKH 1, 2)
YCTaHOBJICHa MaKCHMalbHas TeMmIeparypa, Ipu
KOTOpOil OoIbIlle BCEr0 WCHApWIIOCh — BIIATH
B HccleqyeMbIx obpasmax — 176°C, manpHeiimee
TIOBBILICHHE TEMIIEPATyphl HE BIMSIIO HA U3MEHEHHUE
npoliecca UCapeHHe BIIarH.
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Pucynok 1. Tepmorpamma obpasiia xjeda 6e3 myku 6e3 06padotku TBC (koHTPOJIB)

Figure 1. Thermogram of a sample of bread without flour without fuel assembly treatment (control)
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Pucynok 2. Tepmorpamma obpasna xseda u3 Mykd, OJydeHHOH u3 3epHa, oopadotanHoro TBC (ombIT)

Figure 2. Thermogram of a sample of bread made from flour obtained from grain treated with fuel assemblies (experiment)
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Ha pucynke 3 mnpezncraBineHsl JepuBaTO-
rpammel Mskuma xjieba TI™ mocne 72 4 xpaHeHwHs.
[Tpu xonmuecTBeHHOH 0O6pabOTKE METOIOM HEU30-
TEPMHUECKON KHHETHKH TEepMOaHAIUTHYECKUE
KpUBBIE OJJHOBPEMEHHO PETUCTPUPYIOT U3MEHEHUS
temmepatypsl TA, maccer o6pasna TI', ckopocTh
n3MeHeHus maccsl DTT.

1.0 &
=
=
E 0,8
g /_(
o
)
a 0,6
=
2 [ —O— KOHTPOJIb
8 04
=
5 &{ —A— onsIT
E 0,2 ﬁ
o

0,0 &é

290 320 350 380 410 440 470

Temnepatypa T, K

Pucynox 3. U3meHenme wmaccel 00pasmoB xieba:
1 — KOHTpPOJIB; 2 — OTBIT

Figure 3. Weight change of bread samples: 1 — control;
2 — experiment

3Has TeMmmepaTypy Hadaja W KOHLA IIpo-
[ecca yAaleHHs KaXI0ro THIA BJIard, Mo KpUBOH
TI' MO’)KHO paccUMTaTh €€ KOIMYECTBO JUIA KaXK-
noro oopasua. KonnuecTBeHHYIO OLEHKY KHHETH-
YECKH HEPABHOLICHHBIX MOJIEKYJI BOABI B MSKHIIE
xJ1e0a OCYIIECTBIISUIN TI0 3KCIEPUMEHTAIIBHBIM KPH-
BbIM TA u TT'. YuacTok KpuBOi NU3MEHEHHS MACCHI,
COOTBETCTBYIOLIMI TIPOLIECCY JIETUpaTaliy, Tpeod-
pazoBaM B rpaduK 3aBUCUMOCTH CTEIICHH N3MEHEHHS

MAacChl OT TEMITEPATyPhI (PUCYHOK 4).
2,5

2,0

1,5 X
-4

0.5 KonTpois

O1bIT

OTpHuIiatenbHbli JorapudM cTeneH!
W3MEHEHUSI MaCChI

0,0 O w w
2,10 2,30 2,50 2,70 2,90 3,10 3,30 3,50
Benuunna, oOpartHast Temmeparype, 1/K
Pucynok 4. 3aBucumocth (-lgot) oT BemmdHHEI, 0OpaTHON
temreparype 1000/T mocne 72 4 xpaHeHus

Figure 4. Dependence (-lga) on the inverse temperature
of 1000/T after 72 hours of storage
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Jns sroro kaxapie S K Ha kpuBo TI' npu
OINpEeNIeNICHHbIX 3HAYCHUSAX TEMIIEpPaTyphl Haxo-
JIIM N3MEHEHUE Macchl 00pasia mi, COOTBETCTBY-
IolIee KOJIMYECTBY BBICBOOOXKAAIOIIEH BOABI IpU
temmneparype Ti. CrerneHs n3MeHeHUsI Macchl (0)
PacCUMTHIBAIM KaK COOTHOILEHHE Macchl mi K 00-
HIEMY KOJIMYECTBY JKUIIKOCTH, COAEpKaIIeics B Ipo-
nykte (m), onpeaensieMoMy u3 kpusoi TI' B KoHIIE
mpoiiecca JeruapaTamnuu [5].

B pesynbrare TepMHUUECKOrO aHaIM3a UCCIie-
IyeMbIX 00pas3loB BBIACIEHBI SHAOTEPMHYECKHE
sapdexter [-III, cooTBeTcTByIOLIME MpoLECCaM
yaajeHus: cBOOOJHON W CBA3aHHOW BIaru B pas-
JUYHBIX TEMIIepaTypHbIX Auana3zoHax: Ne 1 (koH-
tponb) —301...333 K, 324...408 Ku 419...449 K;
Ne 2 (ombiT) —301...342 K, 350...408 Kn 419...449 K
(Tabnmuna). YCTaHOBIIEHO, YTO B IEPBOM IEPUOJIE
MPOUCXOJAUT HCMAapeHre CBOOOJHOW  BIATH.
Bo Bropom HabmogaeTcs moTeps CBs3aHHOM BlIaru
W OTpaHHYCHUE MepeHoca BiIaru ITudQy3MOHHBIM
npolieccam B MPUIIOBEPXHOCTHOM ciioe. B TpeTbem
Mepuojie MPOUCXOAUT MpPEKpalleHHe HCIapeHUs
CBOOOJTHOH ¥ (DM3MYECKH CBSI3aHHOW BNArd, HACTYIIAeT
IuHaMI4Yeckoe paBHosecue [11].

Tabonuua 1.
N3meHenune Macchl Biard B xJ1e000yJI0YHBIX
HU3MIEIUIX
Table 1.
Change in moisture mass in bakery products
M3menennem
O6paszer . | TemmeparypHbIi Macchl
xyeda gHﬂog?))é\;;{qTecmu unrepsai, AT, K Biary, %
Bread Endothermic effect Temperature Change
sample interval, AT, K in moisture
mass, %
K / i 301-333 0-3,16
Cglftlr%‘l’“" il 342-408 4,63-37,08
it 419-449 39,84-42.43
O/ I 301-342 0-6,27
E}‘f";mem i 350-408 8,74-36,87
P i} 419449 38,12.39.67

W3 Tabnuiel BUAHO, YTO BO BCexX oOpasuax
xyieba ¢ TeYeHHEM BpPEMEHH H3MEHSETCsl macca,
YTO CBHJIETENILCTBYET O MPOTEKAaHUHM IIpolecca
YEepCTBEHUs. Y CTaHOBJIEHO, YTO 4Yepe3 72 4 XpaHe-
HUSI B ONIBITHOM 00pasiie xj1e0a ObIJIo CBA3aHO BiIaru
Ha 2,8% OOJIbIIIC 110 CPABHEHHIO C KOHTPOJIEM.

3aKkioueHue

[IpoBeneHHbIN TEPMUUECKHUIA aHATH3 TO3BOJIAIT
OTIpEeJIeNIUTh, YTO B XJe0e, TOIy4eHHOM U3 MYKH
(YITyHILIEHHOTO Ka4eCTBa) ILaISIIEro TIoMoIa ¢ COXpaHe-
HUEM IIPUPOJTHOMN CTPYKTYpPbI OeJIka 1 Kpaxmasia, CoAep-
JKUTCSI MEHbIIe CBOOOJIHOW BIIArd B KPaXMAIbHBIX
3€pHax, 4T0 MPUBOAUT K CHIDKEHHUIO CTENEHU CTPYKTY-
POOOPa30BAHMSIX KPaXMAIbHBIX LIETeH U 3aMeICHUIO
ero yepcTBeHus. Takum 00pa3om, ObUIO JOKa3aHo,
YTO MCNOJIb30BaHME YyiydmuTens 3epHa TBC
«IORDAN 3» mnpu OTBOJIAKWBAaHUH TIIIICHUIIBI
Ha MEJIbHUILIE TIepesl MOMOJIOM CIIOCOOCTBYET 3a-
ME/IJICHUIO YePCTBEHMS XJ1e0a N3 MyKH MIITeHNYHON
XJIeOOTIEKapHOH BBICIIIETO COPTA.



1206a B.B. u op. Becmuux BTYHIIL, 2025, IIT. 87, Ne. 1, C. 211-216 0st @vestniR-vsuet.ru
p

Jlutepatypa

1 Mocksun E.A., 3aropyiiko 1.}O. PekoMeHganmum mo coOBEpIICHCTBOBAHHUIO Ka4eCTBa MPOAYKIHH XJIeO00yI0UHBIX
uznenuii // JxoHomuka u coryM. 2022. Ne 4 (95). C. 162-165.

2 Terpuuenko B.B., [Tonomapesa E.1., Anexuna H.H. u np. Biusiaue dpepmenTHOI 00pabOTKHM 3epHA Ha COJepIKAHUEC
apoMaToOpa3ylomMX BellecTB B xJeOe wn3 NmeHHnyHoi Myku // TexHomormum mumeBodl u IepepadaThIBaromieit
npomsbininenHoctd AITK-nmponykrst 310poBoro nutanus. 2024. Ne 4. C. 145-152.

3 00O «I'peiin unrpeauent» [Dnexkrponnslil pecype]. URL: info@enzoway.ru (nara obpamenus: 14.04.2025).

4 Yepnnix B.A., Koctiouenko M.H., banysn X.A. u ap. CHIXEHUE CKOPOCTH YePCTBEHUS X1€000yI0UHBIX U3ETUI
13 nueHnYHoH Myku // ITonzynoBckuii BecTHUK. 2024. Ne 2. C. 96-106.

5 ITamenxo JLU., Kysnenosa W.B., Huxutun M.A. TekcTypupoBaHHasl yTIJIEBOAHO-OEIKOBas KOMIIO3ULUS U €€
BIIMSIHUE Ha TpoLiecC YepcTBeHus xeba // XpaneHue u nepepaboTka cenbxo3chipbs. 2005. Ne 3. C. 52-54.

6 Kopotkos E.I'., [lonomapes A.H., MensaukoBa E.W. u np. MccnenoBanue ¢opm CBS3M BiIarn B TBOPOTe C
MHKPOTIAPTHKYJIATOM CHIBOPOTOUYHBIX O€JIKOB // MonouHast mpoMbIuieHHOCTh. 2016. Ne 8. C. 31-32.

7 Maromenos I'.O., IInotaukoBa U.B., Ky3nenosa N.B., Haymuenko W.C. HccnenoBanue ¢opMm cBsizu 3edupa
Pa3IMYHOTO COCTaBa METOAOM TepMuueckoro aHanu3a // Becthuk BI'YUT. 2017. T. 79. Ne 3. C. 42-50.

8 Ponuonosa H.C., Ky3nenosa WU.B., 3anenuiuna H.II. u ap. BnusHue ¢opMsl cBsi3u Biaru (apuieBblx CHCTEM Ha
OCHOBE Pa3IMYHOro peIOHOTO ChIpbst MeTogoM DTA // Xpanenue u nepepaboTka cenbxo3cbipbs. 2010. Ne 12. C. 39-40.

9 Iloxunaesa E.A., Umomuna A.B., bonotosa H.B., MBanosa E.B. MccnenoBanue GpopM cBA3U BJIard B TBOPOMKHBIX
HPOAYKTaX MeToAOM I hepeHIHaNbHO-CKaHIPYIONIeil KaIOpUMETPHUH U TepMorpaBuMeTpu // ITuimesast IpOMBIIUICHHOCTD.
2018. Ne 11. C. 73-77.

10 Yxapuesa M.IO., Kanonuu B., Txauesa JI.B. Metoasl uccnenoBaHus HPOJOBOJIBCTBEHHOIO CBIPbS M IMIIEBBIX
MIPOAYKTOB U OMBIT uX pumenenus // [lotpedurensckas koonepanus. 2014. Ne 1 (44). C. 66-74.

11 IMonomapea E.M., Maromenos M.I'., boramesa X.}O. u np. PanuoHanbHbIe pPEXHUMBI CYHIKH (JIAKCOB W3
MIPOPOILECHHOTO 3epHA JIbHA U HETPATUIIMOHHOTO ChIpbs // Xnebonpoaykrer. 2020. Ne 8. C. 34-36.

12Chen Y., Eder S., Schubert S. et al. // ACS Food Sci. Technol. 2021. Vol. 1, Ne 6. P. 1143-1150.
doi: 10.1021/acsfoodscitech.1c00158.

13 Kim H.-J., Yoo S.-H. Effects of Combined o-Amylase and Endo-Xylanase Treatments on the Properties of Fresh and
Frozen Doughs and Final Breads // Polymers. 2020. Vol. 12, No 6. Art. 1349. doi: 10.3390/polym12061349.

14 Matsushita K., Tamura A., Goshima D. et al. Effect of combining additional bakery enzymes and high pressure
treatment on bread making qualities // J. Food Sci. Technol. 2020. Vol. 57. P. 134-142. doi: 10.1007/s13197-019-04038-4.

15 Gomez M., Gutkoski L.C., Bravo-Nufiez A. Understanding whole-wheat flour and its effect in breads: A review //
Compr. Rev. Food Sci. Food Saf. 2020. Vol. 19. P. 3241-3265. doi: 10.1111/1541-4337.12625.

16 Dahiya S., Bajaj B.K., Kumar A. et al. A review on biotechnological potential of multifarious enzymes in bread
making // Process Biochem. 2020. Vol. 99. P. 290-306. doi: 10.1016/j.procbio.2020.09.002.

17 Mohammadi M., Zoghi A., Azizi M.H. Effect of Xylanase and Pentosanase Enzymes on Dough Rheological
Properties and Quality of Baguette Bread // J. Food Qual. 2022. Art. 2910821. doi: 10.1155/2022/2910821.

18 Sun X., Wu S., Li W. et al. The effects of cooperative fermentation by yeast and lactic acid bacteria on the dough rheology,
retention and stabilization of gas cells in a whole wheat flour dough system — A review // Food Hydrocoll. 2023. Vol. 135. Art. 108212.
doi: 10.1016/j.foodhyd.2022.108212.

19 Chen Y., Gavaliatsis T., Kuster S. et al. Crust treatments to reduce bread staling // Curr. Res. Food Sci. 2021. Vol. 4.
P. 182-190. doi: 10.1016/j.crfs.2021.03.004.

20 Bhandari M., Sharma R., Bobade H. et al. Infrared thermogenesis: Review of multifaceted effects on cereal grains'
functional, morphological & rheological properties and safety concerns / Food Control. 2025. Vol. 172. Art. 111207.
doi: 10.1016/j.foodcont.2025.111207.

21 Bosmali I., Kotsiou K., Matsakidou A. et al. Fortification of wheat bread with an alternative source of bean proteins
using raw and roasted Phaseolus coccineus flours: Impact on physicochemical, nutritional and quality attributes // Food
Hydrocoll. 2025. Vol. 158. Art. 110527. doi: 10.1016/j.foodhyd.2024.110527.

References

1 Moskvin E.A., Zagorujko I.Yu. Recommendations for improving the quality of bakery products. Economics and
Society. 2022. no. 4 (95). pp. 162-165. (in Russian).

2 Petrichenko V.V., Ponomareva E.I., Alekhina N.N. et al. Influence of enzymatic grain treatment on the content of
aroma-forming substances in wheat flour bread. Technologies of Food and Processing Industry of Agro-Industrial Complex -
Healthy Food Products. 2024. no. 4. pp. 145-152. (in Russian).

3 LLC "Grain Ingredient". Available at: info@enzoway.ru (accessed: 14.04.2025). (in Russian).

4 Chernykh V.Ya., Kostyuchenko M.N., Baluyan Kh.A. et al. Reducing the staling rate of wheat flour bakery
products. Polzunovsky Bulletin. 2024. no. 2. pp. 96-106. (in Russian).

5 Paschenko L.I., Kuznetsova 1.V., Nikitin I.A. Textured carbohydrate-protein composition and its effect on bread
staling process. Storage and Processing of Agricultural Raw Materials. 2005. no. 3. pp. 52-54. (in Russian).

6 Korotkov E.G., Ponomarev A.N., Melnikova E.I. et al. Study of moisture binding forms in cottage cheese with whey
protein microparticles. Dairy Industry. 2016. no. 8. pp. 31-32. (in Russian).

7 Magomedov G.O., Plotnikova L.V., Kuznetsova 1.V., Naumchenko L.S. Study of moisture binding forms in
marshmallows of different composition by thermal analysis. Bulletin of VSUIT. 2017. vol. 79. no. 3. pp. 42-50. (in Russian).

8 Rodionova N.S., Kuznetsova 1.V., Zatsepilina N.P. et al. Influence of moisture binding forms in minced systems
based on various fish raw materials by DTA method. Storage and Processing of Agricultural Raw Materials. 2010. no. 12.
pp- 39-40. (in Russian).

9 Pozhidaeva E.A., Ilyushina A.V., Bolotova N.V_, Ivanova E.V. Study of moisture binding forms in curd products by
differential scanning calorimetry and thermogravimetry. Food Industry. 2018. no. 11. pp. 73-77. (in Russian).

215


https://mailto:info@enzoway.ru/

Orlova V.. et al. Proceedings of VSUET, 2025, vol. 87, no. 1, pp. 211-216

post@uestnik-vsuet.ru

10 Uhartseva 1.Yu., Kadolich V., Tkacheva L.V. Methods for studying food raw materials and food products and
experience of their application. Consumer Cooperation. 2014. no. 1 (44). pp. 66-74. (in Russian).

11 Ponomareva E.I., Magomedov M.G., Botasheva Kh.Yu. et al. Rational drying modes for flaxseeds from sprouted flax
grain and non-traditional raw materials. Bread Products. 2020. no. 8. pp. 34-36. (in Russian).

12 Chen Y., Eder S., Schubert S., Gorgerat S., Boschet E., Baltensperger L. et al. Impact of Enzymatic and Microbial
Bioprocessing on Protein Modification and Nutritional Properties of Wheat Bran. ACS Food Science & Technology. 2021.
vol. 1. no. 6. pp. 1143-1150. doi: 10.1021/acsfoodscitech.1c00158.

13 Kim H.-J., Yoo S.-H. Effects of Combined o-Amylase and Endo-Xylanase Treatments on the Properties of Fresh and
Frozen Doughs and Final Breads. Polymers. 2020. vol. 12. no. 6. 1349. doi: 10.3390/polym12061349.

14 Matsushita K., Tamura A., Goshima D. et al. Effect of combining additional bakery enzymes and high pressure treatment on
bread making qualities. Journal of Food Science and Technology. 2020. vol. 57. pp. 134-142. doi: 10.1007/s13197-019-04038-4.

15Goémez M., Gutkoski L.C., Bravo-Nufiez A. Understanding whole-wheat flour and its effect in breads: A
review. Comprehensive Reviews in Food Science and Food Safety. 2020. vol. 19. pp. 3241-3265. doi: 10.1111/1541-4337.12625.

16 Dahiya S., Bajaj B.K., Kumar A., Tiwari S.K., Singh B. A review on biotechnological potential of multifarious
enzymes in bread making. Process Biochemistry. 2020. vol. 99. pp. 290-306. doi: 10.1016/j.procbio.2020.09.002.

17 Mohammadi M., Zoghi A., Azizi M.H. Effect of Xylanase and Pentosanase Enzymes on Dough Rheological
Properties and Quality of Baguette Bread. Journal of Food Quality. 2022. 2910821. doi: 10.1155/2022/2910821.

18 Sun X., Wu S., Li W., Koksel F., Du Y., Sun L. et al. The effects of cooperative fermentation by yeast and lactic acid
bacteria on the dough rheology, retention and stabilization of gas cells in a whole wheat flour dough system - A review. Food
Hydrocolloids. 2023. vol. 135. 108212. doi: 10.1016/j.foodhyd.2022.108212.

19 Chen Y., Gavaliatsis T., Kuster S., Stideli C., Fischer P., Windhab E.J. Crust treatments to reduce bread
staling. Current Research in Food Science. 2021. vol. 4. pp. 182-190. doi: 10.1016/j.crfs.2021.03.004.

20 Bhandari M., Sharma R., Bobade H., Sharma S., Singh B. Infrared thermogenesis: Review of multifaceted effects on
cereal grains' functional, morphological & rheological properties and safety concerns. Food Control. 2025. vol. 172. 111207.

doi: 10.1016/j.foodcont.2025.111207.

21 Bosmali I., Kotsiou K., Matsakidou A., Irakli M., Madesis P., Biliaderis C.G. Fortification of wheat bread with an
alternative source of bean proteins using raw and roasted Phaseolus coccineus flours: Impact on physicochemical, nutritional
and quality attributes. Food Hydrocolloids. 2025. vol. 158. 110527. doi: 10.1016/j.foodhyd.2024.110527.

Caenenusi 00 aBTopax

Banepus B. OpaoBa K.T.H.,, [OLEHT, Kadeapa NIHIICBOI
nmwkeHepun, KyOaHCKuil rocynapcTBEHHBIH TEXHOJIOTHYECKHI
yHUBepcuTeT, yi1. MockoBckad, 2, r. Kpacnonap, 350072, Poccus,
v.orlova@enzoway.ru

https://orcid.org/0009-0004-9388-0154
Enena U. Ilonomapesa 1.1.H., npogeccop, kaderpa TEXHOIOTHH
XJIe00IEeKapHOT0, KOHIUTEPCKOT0, MaKapOHHOTO M 3epHOIIepepa-
0aTHIBAIOIIETO TPOM3BOJACTB, BOpOHENKCKUII TrocyaapCcTBEHHBIN
YHHUBEPCUTET MH)XXEHEpHBIX TeXHosoruil, np-t Pesomonun, 19,
r. Boponex, 394036, Poccus, elena6815@yandex.ru

https://orcid.org/0000-0003-2310-2838
Hanexna H. Anexuna 1.1.H., mpodeccop, kadenpa TeXHOIOTHH
XJ1e00IeKapHOT0, KOHIUTEPCKOTr0, MaKapOHHOTO M 3epHOIIepepa-
0aThIBAIOMIETO MPOM3BOACTB, BOPOHEKCKHIA TOCynapCTBEHHBII
YHHUBEPCUTET MHXCHEPHBIX TEXHOJIOTHH, mp-T PeBomormu, 19,
r. Boponex, 394036, Poccust, nadinat@yandex.ru

https://orcid.org/0000-0002-3317-9858

Cgernana W. JIykuHa K.T.H., IOIEHT, KadeIpa TEXHOJIOTHH XJIe-
0oTeKapHOTO, KOHAUTEPCKOT0, MAKapOHHOTO U 3epHOoInepepada-
THIBAIOIIETO TPOU3BOJCTB, BOpPOHENKCKMI TOCYyIapCTBEHHBIN
YHHUBEPCUTET MHKCHEPHBIX TEXHOJOTHH, mp-T PeBomrommu, 19,
r. Boponex, 394036, Poccusi, lukina.si@yandex.ru
https://orcid.org/0000-0003-4393-2046

KOuausa II. I'ybapeBa K.T.H., aCCUCTEHT, Kadeapa TEXHOJIOTHH
XJ1e00TIIeKapHOT0, KOHIAUTEPCKOT0, MAaKapOHHOTO H 3epHOIIepepa-
0aThIBAIOIIETO MPOU3BOJCTB, BOpOHENKCKHI TOCynapCTBEHHBII
YHUBEPCUTET UHKEHEPHBIX TEXHOJIOTUi, p-T PeBomonuy, 19, r.
Boponex, 394036, Poccus, yuliya.gubareva@mail.ru
https://orcid.org/0000-0003-2949-2048

Bkiang aBTopoB
Bce aBTOphl B paBHOI CTeleHH NPUHUMAIK y4acTHe B HAIMCAHUU
PYKOIIMCH M HECYT OTBETCTBEHHOCTb 3a ILIaruaT
KondmkT uaTepecon
ABTOpBI 3asBJSIIOT 00 OTCYTCTBUU KOH(MIMKTa HHTEPECOB.

Information about authors

Valeria V. Orlova candidate of technical sciences, associate
professor, department of food engineering, Kuban State
Technological University, Moskovskaya str., 2, Krasnodar,
350072, Russia, v.orlova@enzoway.ru

https://orcid.org/0009-0004-9388-0154
Elena 1. Ponomareva doctor of technical sciences, professor,
Bakery technology, confectionery, pasta and grain processing in-
dustries department, Voronezh State University of Engineering
Technologies, Revolution Av., 19 Voronezh, 394036, Russia,
elena6815@yandex.ru

https://orcid.org/0000-0003-2310-2838
Nadezhda N. Alehina doctor of technical sciences, professor,
Bakery technology, confectionery, pasta and grain processing in-
dustries department, Voronezh State University of Engineering
Technologies, Revolution Av., 19 Voronezh, 394036, Russia,
nadinat@yandex.ru

https://orcid.org/0000-0002-3317-9858
Svetlana I. Lukina candidate of technical sciences, associate
professor, Bakery technology, confectionery, pasta and grain
processing industries department, Voronezh State University of
Engineering Technologies, Revolution Av., 19 Voronezh, 394036,
Russia, lukina.si@yandex.ru

https://orcid.org/0000-0003-4393-2046
Julia P. Gubareva candidate of technical sciences, associate,
Bakery technology, confectionery, pasta and grain processing in-
dustries department, Voronezh State University of Engineering
Technologies, Revolution Av., 19 Voronezh, 394036, Russia,
yuliya.gubareva@mail.ru

https://orcid.org/0000-0003-2949-2048

Contribution

All authors are equally involved in the writing of the manuscript and
are responsible for plagiarism

Conflict of interest
The authors declare no conflict of interest.

Hoctynuia 01/01/2025

Tocae pexakuuu 18/01/2025

IIpunsTa B meuars 10/02/2025

Received 01/01/2025

Accepted in revised 18/01/2025

Accepted 10/02/2025

216



