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HauuoHanpHbl, peLeH3UpyeMbli
Hay4HBIH JKypHaJ, MOCBSIIEHHBIH BO-
MpocaM MUIIEBOH MPOMBIIUIEHHOCTH U
CMEXHBIX oTpacieit. XKypHan BKIo4YeH
B SCOPUS, RSCI, Ilepeuenr BAK
(xareropus K1).

Muccus: co3nanue, arperanus, moa-
JepKKa M pacHpoCTpaHEHHE HaydHO-
00pa30BaTeIbHOr0 KOHTEHTA B 00JIaCTH
MUIIEBOH INPOMBINUIEHHOCTH, O0BeIu-
HEHHE YCHIMH pa3IHYHBIX KaTeTOpui
uccienoBaTesei, By30BCKOM U Hay4qHOU

MHTEJUIUTCHLUHY, IIPEOI0JICHUE Pa3phlBa
MEXIy U3AaHUSIMHU PETHOHANBHOTO, Ha-
[IOHAJILHOTO U (pe/iepalIbHOr0 YPOBHEH.
JKypHan npu3BaH OCBEIIaTh aKTyaIbHbIE
npo0ieMBbl B MUIIEBOI M CMEXHBIX OT-
pacisx, MpOABHUTAaTh HOBBIE MEPCIEKTHB-
HbI€ TEXHOJIOTUH B IIUPOKYIO ay JUTOPHIO
HayYHBIX U MPAKTHUECKUX PaOOTHHUKOB,
npernoaaBaresei, aClIUPaHTOB, CTYJEHTOB,
npeanpUHUMAaTelIel, a TaKXKe OKa3blBaTh
COJZIEHCTBHE B MOATOTOBKE BHICOKOKBAIIH-
(UIPOBAHHBIX CHEIHATNUCTOB.
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B xypHane nmyOnuKyOTCS Hay4HbIE
U 0030pHBIC CTaThH, KPAaTKHE HaydHBIC
COOONICHMS 10 HAIPABJICHHUSIM: ITHIIC-
BBIC CHCTEMBI; OMOTEXHOJIOTHS; TEXHOJIO-
[USl THIIEBBIX MPOHU3BOICTB;
pus W THUTHEHA; SKOJOorus; Omobe3o-
MACHOCTh; YaCTHAsI 300TCXHUS; JICKTPO-

caHuTa-

TEXHOJIOTHH, MAIIUHBI B 000pyAOBaHUE
JUIsL arpONPOMBIIIIEHHOTO KOMILIEKCa.
[Monpobuast mHGOpPMANUs JUIsI aBTOPOB
M uyuTaTeledl MpejcTaBleHa Ha cailTe
https://fptt.ru
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[MumeBas n nepepabaThiBaroliasi IPOMBILIIEHHOCTD
Poccunm sBasieTcs cTpaterudeckd BaKHOU OTPACIBIO
SKOHOMHKH, OOEClNeunBaromell HalMOHAJIbHYIO MPOJ0-
BOJILCTBEHHYIO M 9KOHOMHUYECKYI0 OezomacHOCTb. [Ipo-
M3BOJICTBO HANUTKOB SBJISETCS BaXXHBIM CETMEHTOM
MUILEBOM MPOMBILIUIEHHOCTH BO BceM Mupe. Poccuiickuii
CerMEeHT HAmUTKOB cocTOMT Ha 57 % (mpu pacuere B
MUTpax) U3 0e3alKOroJbHON MPOAYKIMK 1 Ha 43 % u3
aJIKOT'0JIbHOM.

B Poccum mpousBoanTenu 0€3alKOrOIbHBIX HAITHT-
KOB Ipe/UlaraloT MHUPOKUH aCCOPTUMEHT MPOJYKIIHH
(uait, koe, MUHEpaNIbHAS BOJA, CJIaJIKUE TA3UPOBAHHbBIC
HAIHUTKH, COKA M COKOCOIEeprKalllie HAITUTKHU, SHEPT€THKN).
OO0beM BBIITYCKaeMO MPOAYKIIMU MO3BOJISIET 00ECIICUUTh
POCCHICKHI PHIHOK M OCYIIECTBUTH SKCIIOPTHBIE TOCTABKH.

CeKkTop aJKOroJIbHOM NMPOMBIIUIEHHOCTH 3aHUMAaeT
OJIHO U3 JIMIUPYIOIUX MECT 10 HHBECTULHOHHON NPUB-
JIEKaTeJIbHOCTHU B Halel ctpane. B ero cTpykrype npeo-
OinanaloT nuBo M nuBHBIE HanmuTku (81 % oT cymmap-
HOTO BBIITyCKa aJKOTOJIA B CTPaHE), HA BTOPOM MECTE —
BOJKA U JuKepoBoaouHble uznenus (10 %), Ha TpeTbeM
mecte — BuHa (5 %). B nmepuon 2017-2021 rr. Gonee
91 % ankorois, NpensIoKEeHHOTO K mpojaxe B Poccun,
MPOU3BOJIMIIOCH OTEYECTBEHHBIMHU TPOU3BOIUTEIISIMH.

B 2022 r. B pe3ynbpTare aHTUPOCCUUCKUX CAHKIIUHN
CEerMEeHT HAIMTKOB CTOJIKHYJICS C CEPhE3HBIMHU MpoOiIe-
MaMU: OCJIO)KHMIIUCH 3aKYNKH U ITOCTaBKU MTOPOIIKOBBIX
MHTPEUEHTOB U KOHIEHTPATOB 3apyOeKHBIX MPOH3BO-
JIATEIICH, a TAaK)Ke KapJAMHAIBHO U3MEHMUIICA PBIHOK KakK
AJIKOT'0JIBHOM, TaK U 0€3aJIKOT0JIbHOW MPOAYKIIHH.

ITo nanubiM PocankoronbperyinupoBanusi, HECMOTPS
Ha CJIOKMBILYIOCS CUTYalMIO, IPOU3BOACTBO AJIKOTOJIb-
HBIX HaMUTKOB Bcex BUA0B B Poccum B 2022 r. BRIpOCIO
Ha 2,24 % B cpaBHeHuu ¢ 2021-m rogom. Ilo ouenke
MPaBUTEILCTBA, B cTpaHe 55 % pbIHKA BUHA IPUXOIUTCS
Ha OTEYECTBEHHOE BHHO, a TAK)KE PUKCUPYETCS POCT MPO-
M3BOJCTBA BUHOJEIBYECKON MPOIYKIIMH OOJiee ueM Ha
9 % 1o otnomenuto k 2021 r. [IponsBonurenu orMevaroT
COOTBETCTBHE KauecTBAa OTEYECTBEHHOI'O BBIJIIEPKAHHO-
ro BUHa MUpOBOMY ypoBHI0. ['eorpadus poccuiickoro
BUHOTPAAAapCTBA M BUHOJEIHS MOCTOSIHHO PaCIIUPSIETCS.
PrIHOK 6€3amKOroIbHBIX HAITUTKOB aKTUBHO OCBAaWBAIOT
OTEUECTBEHHBIE MPOU3BOJAUTENN C MHOTOJIETHEH HCTOPHEH.

NmMnopro3amernieHue sBISETCS OJHUM M3 IPUOPH-
TETOB OTEYECTBEHHOTO MPOU3BOJACTBA BCEX BMJIOB Ha-
nUTKOB. lJiss 9TOrO HEOOXOIUMBI HE TOJBKO PECypChl

I'naBHBIN pegakTop XypHajia
«TexHHKa U TEXHOJIOTUS MUIIEBBIX IMTPOU3BOACTBY,
uyneH-kop. PAH, nmpodeccop

Kousionka penakropa
https://fptt.ru

arpoONpOMBIIITIEHHOTO0 KOMIIJIEKCa U TOCYyAapCTBEHHAS
MOJJIep>KKa, HO U HAy4YHBIN moaxoAd. B poccuiickux Ha-
YYHBIX OpPTraHU3alMIX U YHUBEPCUTETAX MPOIOJIKACTCS
aKTHUBHAs paboTa MO PEeUICHUI0 MPOOJIeM POU3BOICTBA
HAIUTKOB ¥ BHEJPEHHIO B OTPACIH PE3yIbTATOB HAYUHBIX
HCCIIEN0BaHUN U pa3paboOTOK.

N3BecTHBIM POCCHMCKUM YYEHBIM BHUHOAEIHYECKOU,
MMUBOBAPEHHOW M 0E€3alKOTOJIBHOW OTpaciiell SBISETCS
akaneMuk PAH, NOKTOp TeXHMYECKHX HayK, Ipodec-
cop, 3aCIy>XKeHHBIN nesaTens Hayku P® JleB ApceHoBHY
OranecstHll. Ero HayudHble HMCCIEIOBaHUS IMOCBSIICHBI
npodJieMaM KauyecTBa U 0€30MaCHOCTH BUHOICIBYCCKON
Y TMBOBAPEHHON MPONYKLINU, MHHEPATHHBIX BOJ U 0e3-
aJTKOTOJbHBIX HATUTKOB U CO3JIaHUI0 (DYHKIIMOHATHHBIX
HallUTKOB JJISl Pa3iIUYHBIX PETHOHOB M BO3PACTHBIX
TPYII HACENEHUsI CTPaHbI, a TAK)KE HOBBIX TEXHOJOTHUN
1 TeXHOJOTUYECKUX IPUEMOB.

JI. A. OranecsiHIl BeieT OOJBIIYH OOIIECTBEHHYIO,
Hay4HYIO U Iejaroruueckyro pabory. Hayunas mxoua,
chopmupoBannas JIbBOM ApceHOBHYEM, HIUPOKO H3-
BecTHa B Poccum u 3a pybexom. Haydansle pe3yabTaTsl,
nonyudeHHble akagemukom PAH JI. A. OraHecsHuem u
€ro y4eHHKaMH, BHOCAT HEOIICHUMBIH BKJIA] B Pa3BUTHE
OTEYECTBCHHBIX HAIIUTKOB.

ITon pykoBoactBoMm JI. A. OraHecsiHIIa MPOBOAATCS
Hay4HbIE HCCIENOBAHHS B pPaMKaxX MeEXIYHapOIHBIX
MIPOEKTOB B COTPYJHHYECTBE C YYEHBIMHU U CIICIHAIHC-
TaMM U3 Ipyrux cTpad. OH MPOBOIUT CEPhE3HYIO paboTy
10 Pa3BUTHIO HAYYHBIX U MPO(ECCHOHATHHBIX CBSI3EH C
MEXIYHapOIHOH OpraHu3aueil BHHOTPa apcTBa U BUHO-
JeJHs ¥ PAIOM CTPaH, BXOIAIIUX B €€ COCTaB.

HaydHast HOBU3HA U PaKTHYECKasi 3HAYMMOCTh MHO-
ronetTHux ucciuenosanuil JI. A. OraHecsHLa NpeacTas-
JICHBl B MHOTOYHUCIIEHHBIX MyOIHKAIHSIX, aBTOPCKUX CBH-
JIETEeNIbCTBAX M MATEHTaX, KOTOpbhle BHEJIPEHbI Ha Mpe-
npusatusax Poccuu u 3a pyGexom.

Bruag JIbBa ApceHoBHYA B pa3BUTHE BUHOEIBYECKOIA,
[IMBOBApEHHOHN U 0€3aJIKOrOJILHOM OTpacieil OlleHeH MHO-
JKECTBOM TOCYAapCTBEHHBIX U MEKIYHAPOAHBIX HArpasi.

29 mapra akagemuk PAH JI. A. OranecsiHIl oTMeUaeT
cBoii 75-neTHuii roouneit. Pegakuus sxxypHana « TexHuka
Y TEXHOJIOTHUS TTUILIEBBIX IIPOU3BOICTBY» MPUCOCTHHICTCS
K MO3JIpaBJeHusIM | kenaeT JIbBy ApceHOBHUYY KpPEIKOro
370pOBbS M 0Jaronoy4nsi, HEUCCAKAEMOM SHEPTUH IS
peanu3anuu HOBBIX 3aMBICIIOB H TIPOEKTOB, MOJACPKKA
OJIM3KHX, KOJUIET U YYCHUKOB!

A. 10. IIpocexon
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[Ipon3BoacTBO B3OMTHIX KHUCIOMOJOYHBIX JIECEPTOB, B TOM YHCIE HOTPEOIIEMBIX B Pa3MOPOKEHHOM BHJIE, CIIOCOOCTBYET
pacUIMPEHUIO ACCOPTUMEHTa (PYHKIMOHAIBHBIX IPOAYKTOB MUTaHUsA. POPMOYCTOHYMBOCTE B3OUTOTrO AecepTa OnpeelseTcs
JIUCIICPCHOCTBIO BO3AYIIHOM (a3bl. Llens paboThl 3akiIrouanach B H3yUSHUH BIHUSHHS COCTaBa U CIOC00a MPOU3BO/ICTBA B3OUTOTO
KHCJIOMOJIOUHOTO JlecepTa, HOTpedIsieMOro B pa3MOPOKEHHOM BH/JIE, Ha AUCIEPCHOCTh M CTa0MIBHOCTh BO3AYIIHOH (a3bl B
TIPOIECCE eT0 XPAaHeHHs U pa3MOPAKUBAHNUS.

OOBbeKTaMu HCCIIeI0BAHUS SIBISIIUCH B3OUTHIE KHCIOMOJIOUHBIE JIECEPTHI C JKEIaTHHOM U MeKTHHOM (Ne 1 1 2), ¢ pa3iauuHbIM
cozepkanueM ¢pepMeHTHpoBaHHON ocHOBHI (Ne 1 1 3) u sxematuna (Ne 3 1 5) 1 ¢ KOHIIEHTPATOM CHIBOPOTOUHBIX OesKOB (Ne 4).
JUIst KOHTPOJISL TUHAMUYECKON BSI3KOCTH MCIIOJIB30BAJIM METObI POTAI[MOHHON BUCKO3UMETPHH, ISl H3YUCHHS AUCIIEPCHOCTH
CTPYKTYPHBIX 3JIEMEHTOB — MUKPOCTPYKTYPHBIE METOIBI.

VYCTaHOBICHO, UTO CMECH Ul JeCepToB ¢ coxepkanueM 1,3 % INeKTHHa XapaKTepHU3YIOTCsl 0ojiee BHICOKMMH 3HAYCHHUSIMHU
JUHaMu4eckou BsizkoctH (B 3,8 pasa), uem ¢ 1,3 % xenatuna. lononuutenbHoe BBeaeHue 3 % KOHIIEHTpaTa ChIBOPOTOYHBIX
OCJIKOB CIIOCOOCTBOBANIO MOBHIIICHHUIO BSI3KOCTH cMecH B 4,4 pa3a u B30MTOCTH aecepra B 1,4 pas3a, a Takke CTaOMIBHOCTH
BO3YIIHOH (ha3bl Mpy pa3MopakMBaHUM. B neceprte ¢ jxenaTHHOM, IPOU3BEIEHHBIM ITyTeM (epMEHTAIlMH MOJIOYHOI OCHOBEI
(Ne 3), uepes 24 4 xpaHeHus npu temnepatype 4 = 2 °C 0TMETHIIM BO3AYLIHBIC My3bIPHKU C MEHBIIUM CPEIHUM AHAMETPOM
(1a 21 MxM) B cpaBHeHHH ¢ geceproM ¢ 30 % Horypra. YBennueHne KoIH4ecTBa KelaTuHa 10 2 % He IPUBEIIO K MOBBIIICHHIO
JTMHAMHYECKOH BSI3KOCTH CMeCH, HO B 1,3 pa3a MOBBICHIIO B3OUTOCTh JecepTa U OTPUIATEIBHO CKA3aJI0Ch HA AUCHEPCHOCTH
BO3IyImIHOHN (a3l BozmymiHast ¢a3a B3OUTHIX KHCIOMOJIOUHBIX I€CEPTOB ObLIa MeHee cTaOuiIbHA IPU BBEJACHUN MEKTHHA.

B pesysbrare NpoBeJEHHOIO UCCIIEA0BAHUS YCTAHOBICHO BIMSHUE Teneo0pa3oBareeil, KOHIIEHTPATOB CHIBOPOTOUYHBIX OEIKOB
" GepMEHTHPOBAHHOI OCHOBBI Ha JUCIIEPCHOCTH U CTAOMIBHOCTH BO3AYIIHON (ha3bl KHCIOMOIIOYHBIX IECEPTOB. Y CTAHOBICHO
OTpHILIATEIbHOE BIMSHUE IEKTHHA HA AUCIIEPCHOCTh BO3AYLIHOI (pa3bl pa3MOPOKEHHBIX JIeCEPTOB. Y BEINUCHUE COACPIKAHUS
(hepMEeHTHPOBAHHOIT OCHOBHI 1 JKeJIaTHHA, a TAKXKE MCIOJIb30BaHHE KOHIIEHTPATOB CHIBOPOTOYHBIX OETKOB MOBBIIIAET CTAOMIBHOCTD
BO3/yLIHOI a3kl B TeueHue 24 4 xpaHeHus npu temrnepartype 4 £ 2 °C. Pe3ynbpTaThl HcCIeJ0BaHHUS MOTYT OBITh NCIIOJIb30BAHEI
npu pa3paboTKe TEXHOJIOTHI MPONU3BOACTBA B3OUTHIX KHCIOMOJIOYHBIX JE€CEPTOB U UX XPAHEHUS B PA3MOPOKEHHOM COCTOSHUH.

KuroueBsbie ciioBa. Knuciomoao4yHble TPOIYKTHI, 3aMOPOKEHHBIE TIPOTYKTHI, TUCIIEPCTHOCTD, CTAOMIN3aTOp, TeIe00pa3oBaTensb,
KOHIICHTPAT CHIBOPOTOYHEIX OEIIKOB, pPa3MOPaXUBaHHUE, XPAaHCHHE

®unancupoBanue. CTaThsl MOATOTOBJICHA B PaMKaxX BBINOJHEHUs HCCIEIOBaHUI MO rocymapcTBeHHoMy 3ananuio OHIJ
numeBsix cucteM uM. B. M. ['opbaroBa PAH.

Jas nutupoBanus: ['ypexuii Y. A., TBoporosa A. A. BinsiHue TexHOJIOrHUeCKHX (PaKTOPOB Ha BO3AYIIHYIO (a3y B3OUTHIX
KHCIIOMOJIOUHBIX JAecepToB // TexHMKa M TEXHOJOTHs MHUIEBbIX mpoussonactB. 2023. T. 53. Ne 1. C. 1-12. https://doi.
org/10.21603/2074-9414-2023-1-2410
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Abstract.

Whipped desserts made of fermented milk are very popular. They also make it possible to expand the range of functional
products. The consumer properties of defrosted desserts depend on the air phase. This research featured the impact of different
formulations and methods on the dispersion of the air phase in the process of defrosting fermented-milk desserts.

The study featured several samples of whipped fermented desserts. Sample 1 contained gelatin; Sample 2 contained pectin.
Samples 1 and 3 had different contents of fermented foundation while Samples 3 and 5 differed in the amount of gelatin stabilizer.
Sample 4 contained a whey protein concentrate. The dispersion of structural elements was measured using microstructural
methods.

The experiments included the quality parameters of mixes, as well as the dispersion of air phase in the frozen state and after
24 h of storage at 4 + 2°C. The viscosity of the sample with pectin exceeded that with gelatin by 3.8 times. Extra whey protein
increased the viscosity by 4.4 times and the overrun — by 1.4 times. In the whey protein sample, the average diameter of air
bubbles was 36 pm after 24 h of storage at 4 + 2°C and 50 pm after 12 months, while in the sample without protein it was
48 and 86 um, respectively. Sample 3, which had a greater fermentation, demonstrated a smaller average diameter of air
bubbles (by 21 um) after 24 h of storage than the sample with yogurt. The sample with extra gelatin increased the overrun
by 1.3 times and negatively affected the dispersion of the air phase. After 24 h of storage, the average diameter of the air
bubbles in the sample with an increased content of stabilizer was higher by 27 um. The air phase was less stable in the sample
with pectin.

The research established the effect of gelling agents, whey protein concentrates, and fermented foundation on the dispersion
and stability of the air phase in fermented-milk desserts. Pectin appeared to have a negative effect on the air phase during
defrosting and caused excessive condensation and drainage. The increasing amount of fermented base and gelatin, as well as
the use of whey protein concentrates, increased the stability of the air phase during 24 h of storage at 4 + 2°C. The research
results could be used to develop new production technologies of overrun fermented desserts and their preservation in the
defrosted state.

Keywords. Dairy products, frozen products, dispersion, stabilizer, gelling agent, whey protein concentrate, defrosting, storage
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Beenenue u KupoBble THOOynel [1, 2]. OpraHomenTH4ecKuid

3a mocienHee BpeMsl YBEJIHWYHIOCH IOTpebieHne
B30MTHIX NPOAYKTOB, XapaKTePU3yeMBbIX KpeMooOpas-
HOU KOHCUCTEHUHUEH. PacliupuTh aCCOPTUMEHT TaKOI
IIPOYKIMU MOYKHO 3a CUET KHCIOMOJIOYHBIX 1€CEPTOB,
H3TOTOBIISIEMBIX 110 TEXHOJOTHHA MOPOXKEHOTO M IOT-
pebmsieMbIX B pa3MopokeHHOM Buze. Knucinomonounsie
JlecepThl, KaK U MOPOXKEHOE, SIBISAIOTCS CIIOXKHBIMU
CTPYKTYPUPOBAHHBIMU IIPOJYKTAaMU, B IIa3ME KOTOPBIX
pacmpenenaeHbl KpUCTaUIbL JIbJA, Iy3bIPbKU BO3AYyXa

MoKasareiib «KpeMooOpa3Has KOHCHUCTEHIUS» U Tep-
MOYCTOMYMBOCTh JIECEPTOB 3aBUCIT OT COCTOSHUS
BO3AYITHOH (pa3sl U ee cTabmIbHOCTH [3].
dopmupoBaHue BO3AYNIHOW (Da3bl MPOUCXOIUT B
nporecce QpusepoBaHus cmecu. OIHOBPEMEHHO C
HACHIIICHHEM CMECH BO3YXOM IPOUCXOIUT €€ OXJIaxK-
JICHHUE, 3aMOpakKHBAaHUE W OO0pa30BaHHC KPUCTAJIIOB
Jbjla, B pe3ylbTaTe 4Yero HapacTaer BS3KOCTh [4].
H3MeHeHre BA3KOCTH BIHSCT HA pa3Mep 00pa3yroIIUXCs
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BO3JYIIHBIX My3bIpbKkoB [5]. [lomMmnmo BSA3KOCTH, K
(bakTOpam, BIUSIONINM Ha COCTOSIHHE ITy3bIPKOB BO3/IyXa,
OTHOCSITCSI CIOCOOBI TPOU3BOJICTBA B3OUTHIX ITPOJAYKTOB
U HUX KOMIIO3WIIMOHHBIN cocTaB (KAa4YeCTBEHHBIM |
KOJIMYECTBEHHBIH COCTAaB CTAOMIIN3ATOPOB, IMYJIBIATOPOB,
KUPOB U OenkoB) [6—12].

IIpon3BOACTBO KHCIOMOJIOUHBIX JI€CEPTOB BO3-
MOJKHO JIByMsI CITOCOOaMH: BHECEHNE KUCIOMOJIOYHBIX
NPOJNYKTOB (CMETaHbl, PSUKCHKH, Kedupa, Horypra)
B CMeChb Ha MOJIOYHOI OCHOBE HWJHM CMEIIMBAHHE
(epMEHTHPOBAHHONW MOJOYHOH OCHOBBI C CHPOIIOM
u3 caxapoB. B mpouecce gpepMeHTaUU MPOUCXOMAST
KoaryJsiiust Oeyika, o0pa3oBaHHE CTPYKTYPhI B BHUIC
MaTpPHILbI, YACPKHUBAIOLICH BOJYy, U HapacTaHUE Bs3-
koctu [13]. OT KonmmvecTBa PepMEHTHPOBAHHON OC-
HOBBI 3aBHCHT NPOYHOCTH MaTpHIbL. B padote [14] Obu10
PACCMOTPEHO BIMSHHUE PA3HOTO KOJIMYECTBA BHECEHHOTO
Horypra Ha JUCIEPCHOCTh BO3AYIIHOH (a3wl, HO HE
M3Yy4YCHO BIMSHUE DPa3IMYHbIX KOMIIOHEHTOB Ha €e
CTaOMIJILHOCTH B IIPOIECCE PA3MOPAKHUBAHHUSI.

OCHOBHBIMM ~ MEXaHHM3MaMH  HW3MCHEHHS  IIy-
3BIPPKOB BO3AyXa SBISIIOTCS KOAJNCCHEHIMUsS, JHC-
npomnopuuoHUpoBaHue (co3peBanue OcTBaibia) U
npenax [15-17]. Jns mpou3BOIACTBA Pa3MOPOKEH-
HBIX JIECEPTOB HCIIOJB3YIOT CTaOMIM3aToOphI-Tele-
oOpazoBarenu. bnarogapst BA3KOCTH, coO37aBaeMoil
CTa0bMIIN3aTOPOM, MOKHO M30exKaTh JpeHaxka 3a cuer
YBEIUYCHHS] MPOYHOCTH MATPHIBI, YIEP>KHBAIOIIEH
¢azsl necepra. Takumu cradunuzaropamu-reseoOpaso-
BaTEJISIMU MOTYT OBITh Pa3jU4HbIC BHJIbI )KEJIaTHHA U
MEeKTHHA, IPUMEHSIEMbIE B TIPOU3BOJICTBE KOHIAUTEPC-
kux m3genuit [18]. Ilpu TexHOMOTHYECKH HEO0XO-
JIMMOM BBICOKOM COJIEp’KaHUU cTabuiau3aropa-ree-
obOpa3oBaTens cMech JecepTa MpruodpeTaeT BHICOKYIO
BA3KOCTh W MOJAeTcs BO (ppusep mpu Temmeparype
oxoio 20 °C [14]. Beicokas n3HavanbHas TeMIepaTypa
00yCIIaBIMBaeT JUITUTENIbHOE HAXOXK/ICHHE CMECH BO (pH-
3epe, YTO CIOCOOCTBYET CHIKEHHIO CPETHETO pa3Mepa
ny3bIpbKOB BO3ayxa [19]. benku Takxke BBINOIHAIOT
pOJIb 3aTyCTUTENA 3a cueT BJlaroyjep KUBaroei cro-
COOHOCTH 1 OKa3bIBAIOT BIMSHUE HA CTA0MIBHOCTh BO3-
JTyIIHOH (ha3el, MOBBIIIAS CTIOCOOHOCTH K HACHIIICHUIO
BO3J[yXOM U U3MEHSISI IOBEPXHOCTHOE HATSDKCHNE MEKTY
¢dazamu [20, 21]. Ha srane dopmupoBaHus My3bIpb-
KOB BO3/yXa BO (ppH3epe MPONUCXOAUT UX JOMOTHUTEINb-
Has cTaOMIIM3aIUs arJIoMEepUPOBAHHBIM )KHPOM H3-32
JIEAIMYJIBTUPYIONICH CIIOCOOHOCTH 3MYJIbraTopoB. Panee
OBIJIO YCTAHOBIICHO BIHSHHE OCITKOB Ha MMOBEPXHOCTHOE
HaTsDKeHHME Ha TpaHuIle pas3jena ¢a3, 4TO NPUBOAHIIO
K YBEJIMUCHUIO COJIEPIKAaHUS BO3TyXa BO B3OUTOM IPO-
nykte [22, 23]. [Ipouecc pa3MopaxuBaHMs OKa3bIBAaeT
BIIUSTHUE Ha JUCIIEPCHOCTH BO3AYIIHOM (a3l [14]. [Tpu
YBEJIMYEHUH TEMIEpaTypbl CTPYKTYpPHO-MEXaHUYeC-
KHE [T0Ka3aTesd OBICTPO TPAHCPOPMHUPYIOTCSI, BO3AYIII-
Hag Qasa IpH pa3MOpakHMBAaHUHM B3OHUTHIX JECEPTOB
OyzeT N3MEHSThCS 3HAYUTEIILHO OBICTpEE, YeM B TIEPHO.
XpaHEeHUs MPU OTPULIATEIBHBIX TeMIeparypax [24].

Y4uThIBasl HEJOCTATOYHOE KOJWUYECTBO JAHHBIX
0 COCTOSIHUM BO3AYHIHOW (ha3sl B pa3MOPOKEHHBIX
JlecepTax, elblo JaHHON paboThI SIBISLIOCH H3yUeHUE
BIIUSHUS Pa3JIMUHBIX TEXHOJOTHYECKUX (aKTOPOB HA
JIMCTIEPCHOCTD BO3AYIIHON (ha3bl B IPOLIECCE XPAHCHUS
U pa3MOpakMBaHMUS.

O0BbeKTbI 1 METOABI HCCIET0BAHUS

Marepuajsl. B Hacrosiem McClel0BaHUN B Ka-
YeCTBE MaTepHalioB BeICTynwiIH xenatud 180 bloom
(Ewald, T'epmanust), HU3K0dTEpeYUITUPOBAHHBIN IIUT-
pycoBbiii mektuH (AndrePectin, Kwuraif), nnrynun
(CosucraGroupeWarcoing S.A., Beasrus), ¢ppykrosa
(HosalIpoxyxt AI', Poccus), mamsTomexctpua (OMNIA
NISASTA SAN. TIC. A.S., Typuus), MOJIOKO CyXoe
obe3xupennoe (Evolution Food, Poccust), koHnenTpar
ceiBopoTouHoro 6enka (Mlekovita, Tlonpma), sMyab-
rarop E471 (Mup no6asok, Kuraif), HorypT ¢ MaccoBbIMH
nqonsimu kupa 1,5 % u cyxoro 00€3)KUPEHHOI'0 MO-
sogHOTO ocTaTka 9,1 %, KpecThIHCKOE Maciio C MaCCOBOU
nonei xxupa 72,5 % u Monoko uensHoe 3,2 % xupa,
npuoOpeTeHHbIe B MeCTHBIX Mara3dunax (Poccust).

O0bexThl. B nanHoit pabore 00bEKTOM HCCIIeN0-
BAHMS SABISIIUCH B30UTHIE KUCIOMOJOYHBIE JE€CEPTHI
B 3aMOpPOXEHHOM M Pa3MOpPOXEHHOM COCTOSIHMSIX,
HYTPUEHTHBI COCTaB KOTOPBIX IIPEJCTaBIEH B
tabnune 1. [Ipu npuroToBiaeHnn oopasmos Ne 1 u 2 B
MOJIOYHYIO OcHOBY BHOocwiIH 30 % #orypTta, 00pa3isl
Ne 3—5 u3roraBnuBaIN C UCHIOIH30BAHNEM 3aKBACOYHBIX
MHKPOOPTaHU3MOB M (PYKTO3HOTO CHpOTA.

IpousBoacTBo gecepra. [Ipoecc npousBocTBa
KHCJIOMOJIOYHOTO JeCepTa COCTOSI U3 CIEAYIOIHX
OCHOBHBIX  OIlEpaluii: CMEIIMBAaHUE CBHIPHEBBIX
KOMIIOHEHTOB MO peLenType, MOJOTPEB CMECU M0
45 °C u ee QpuiabTpOBaHHE, MACTEPU3ALUS CMECH NTPU
temnepaTtype 85 °C ¢ BBIAEPKKOH 3 MHH U €€ TOMO-
reHusanus npu temneparype 75 °C u naBieHUM Ha
1 ctynenu 19,0-21,0 MIla, Ha BTOpOIl CTymeHH —
3,0-5,0 MITa. ITpu nsroroBienun oo6pasoB Ne 1 u 2
MOJIOUHYIO OCHOBY oxJiaxaanu 10 20 °C 1 cMeluBaiy ¢
Horyprom B cootHomeHnn 7:3. Cmecu oOpasnos Ne 3—5
oxnaxnanu 70 40 °C, BHOCHIN 3aKBACKY, COCTOSIIIYIO U3
Streptococcus thermophilus n Lactobacillus delbrueckii
ssp. Bulgaricus, ckBammBaiu 1pu 40 °C 10 TuTpyemoi
kucaordocty 100 °T, oxnaxkganu 1o 20 °C u cMemmBaiu
¢ ppyKTO3HBIM CHPOIIOM, IIPUTOTOBIEHHBIM U3 QPYK-
TO3BI U BOJIBI B COOTHOIICHNH 1:1. OXJIa)/IeHHbIE CMECH
¢dbpusepoBaiu 10 Temieparypsl gecepra —5 °C. 3arem
necepT ¢dacoBald B Tapy M3 MOJUCTHPOIA 00HEMOM
150 M3 ¥ BBIAEPKUBAIU C LEJIbIO 3aKaJUBAHUS TPU
temnepatype —30 °C 3 nus. ['0TOBBIN AecepT XpaHHIn
mpu temmepatype —18 °C.

Metoasl. McciaenoBanue TMHaAMUUYECKON BI3KOCTU
cMeceil 11 MOPOKEHOI'0 MPOBOJUIN C HCIOIb30Ba-
HHEM peoBHUcko3uMeTrpa DV2+Pro ¢ mporpamMMHBIM
obecmeuenneM Rheocalc V3 1-1 (BrookField, CIIIA)
B COOTBeTCTBUH C [14].
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Tabnuna 1. HyTpueHTHBINH cOCTaB HcCIeayeMbIX 00pa3IoB aecepTra

Table 1. Nutrient composition of the dessert samples

Ha3Banue HyTpHeHTa CopneprkaHue HyTPUEHTOB, %

Ne 1 No 2 Ne 3 Ne 4 Ne 5
Mono4HEII KUp 2.5 2,5 2.5 2,5 2.5
Cyxoii 00€3)KHpEeHHBIH MOJIOUHBIH OCTaTOK 11,0 11,0 11,0 11,0 11,0
Dpykrosza 10,0 10,0 10,0 10,0 10,0
Kenatuu 1,3 - 1,3 1,3 2,0
[TexTun — 1,3 — - -
OMyJbraTop 0,3 0,3 0,3 0,3 0,3
KonueHtpar cpIBOpOTO4HOTO OenKa - — - 3,0 —
WNnynun 6,0 6,0 6,0 6,0 6,0
ManbTonexkcTpuH 2,0 2,0 2,0 2,0 2,0
Cyxue BerecTna (BCero) 33,1 33,1 33,1 36,1 33,8
Boma 66,9 66,9 66,9 63,9 66,2
HTorosoe xonmyecTBO (hepMEHTUPOBAHHON YacTu, % 30,0 30,0 80,0 80,0 80,0

B36urocts (%) ompenensiu BECOBBIM METOIOM
Ha OCHOBE MacChl OJJHOTO U TOTO K€ 00beMa CMECH U
MOpOKeHOro coriacHo [2] mo ¢popmyre (1):

B36urocts = M-M. x100 (1)

MZ

rae M, —macca cMecH, T; M, — Macca MopoeHoro, T; 100 —
KO3 (UIIMEHT TepecyeTa OTHOMICHHS B ITPOLEHTHI, Y.

O1eHKy CTaOMIIBHOCTH BO3LyITHOW (pa3bl IPOBOIHIIH
¢ ucnons3zoBanrueM Mukpockona CX41RF (OLYMPUS,
SlnoHwust) co BCTpOEHHOH (oTOKamMepoll M mporpam-
MHBIM oOecrieuenneM ImageScope M (CMA, Poccus).
Jnst wccienoBaHus BO3IAYIIHOW (a3pl HeOobIIOe
KOJIMYECTBO MOJATOTOBICHHOTO 00pa3a HaHOCHIN Ha
MIPEIMETHOE CTEKJIO, HAKPHIBAJIN TIOKPOBHBIM CTEKIIOM
1 YCTaHABJIMBAJIM Ha MPEMETHBIN CTOJIMK MUKPOCKOTIA.
WccnenoBanus nposoaunu npu yBenundaeHuu B 100 pas.
Jla kaxxnoro oopasua npooanian 8—10 ¢oTocHUMKOB
n ompexnensin auametp He MeHee 500 mMy3BIpEKOB
BO3/1yxa. PaccunThIBaIy cpeTHUIl TUaMETp My3bIPHKOB
Bosayxa (D ), a TakKe X KOJTHYCCTBEHHYIO J0JII0 110
50 mxMm, oT 50 1o 100 mxwm u cBeime 100 Mmxm. Kpussie
pacupenenenus crpounu B Mathcad (Bepcus 14; PTC,
Maccauycetc, CIIIA) B COOTBETCTBUH ¢ ypaBHEHHEM (2):

F(D) = (bx D) xe ™" )

Craructuyeckas oopadorka. Crarucruyeckas 00-
paboTKa MPOBOJMIIACE C UCIIOJIB30BAHUEM NTPOIPAMMBI
Past (Bepcus 4.03; OyvindHammer, Hopserus). Mcnoas-
30Bajd OJHO(MAKTOPHBIN MUCTICPCUOHHBIN aHAIHU3
(One-way ANOVA) (=95 %) n npumensum tect Tukey
JUIS TIOTIApHOTO CpaBHEHHUs 00Pas3IoB.

Pe3ysabTaThl M HX 00CyKICHUE

B kauectBe TexHOJOTHUYECKHX (AKTOPOB, MMOTEH-
LMaJbHO BIWSIONMX Ha ITOKAa3aTeln KadecTBa Jecep-
Ta, pacCMaTPUBAINA KOJIMYECTBO ()ePMEHTHPOBAHHOMN

ocHOBHI (00pasusl Ne 1 u 2, Ne 3-5), Buz reneobpaso-
BareJeit (00pasibl Ne 1 1 2), MaccoByI0 J0JII0 Teleo0-
paszoBatens (oOpasusl Ne 3 u 5) m nomoaHUTENBHOE
NpUMEHEHHE KOHI[EHTpaTa CHIBOPOTOYHOTO Oeska
(o6paszusr Ne 3 u 4).

IMoxa3aTenn, BAUSIIONINE HA COCTOSTHUE BO3AYII-
Ho# ¢a3bl B 1eceprax. Ha nepBoii craauu uccienona-
HUS ONPEeIISUTH OKA3aTelH, OKa3bIBAIONINE MPSIMOC
BIIUSTHUE HAa COCTOSIHUE BO3JYIIHOW (a3bl JecepToB
B 3aMOpOXEHHOM M Pa3MOPOXEHHOM COCTOSHHSAX:
JIMHAMHUYECKYIO BSI3KOCTH CMECH U B3OMTOCTH ITPOAYKTA.
IIpu omeHke Mmokasarens «IMHAMHUYECKas BSI3KOCTh)
YCTaHOBIIEHO, YTO MpPH MPOYUX PaBHBIX YCIOBHSIX
BUJ| Trejeo0pa3oBaTeis OKa3blBaeT BIUSHUE HA ITOT
MoKasarenb. Bs3KOCTh cMecH NpPH HCHOJb30BAHUH
nekTuHa B 3,7 pasa Oojblie, yeM IMpPH HMCIOJIb30Ba-
Huu xeraaTuHa (00pasisr Ne 1 1 2). D10 00yciIoBICHO
CHOCOOHOCTBIO MEKTHHAa B IIPUCYTCTBHHM CaxapoB
(dbopMupoBaTh BsI3KHE Teld. BnusHue Ha nquHamuuec-
KYIO BSI3KOCTh OKa3aJlo IOIOJIHUTEIbHOE BBEICHHC
KOHIIEHTpaTa ChIBOPOTOYHOro Oeika. J[mHamMuyeckas
BSI3KOCTH 00pa3noB Ne 3 u 4 otnmuanacek B 4,5 pasa
(Tadm. 2).

Ha noxasarene «B30HMTOCTB» J€CEPTOB CKa3ajoCh
MPUCYTCTBHE OEJIKOB KaK B COCTaBe CTAOMIN3AIIMOHHON
CHUCTCMbI, TAK U B BUJC AOIIOJHHUTCIBHO BHOCHUMOI'O
KOHIIEHTPaTa CBIBOPOTOYHOTO Oenka. Hammensbimas
CHOCOOHOCTH K HACBIIIEHUIO CMECH BO3JyXOM yCTa-
HOBJICHA TP HCIOJB30BAaHUU Treyeodpa3oBarTers,
He sBIsirolerocs oemkom (obpaszern; Ne 2), u monuca-
xapuja nektuHa (B3outocTh 44 %), HambosbIIas —
B oOpasme Noe 4 mpu HMCHOJNB30BaHWH KOHIICHTPATa
ceiBopoTouyHoro Oenka (92 %). MaccoBas mons xe-
nmatuHa (Oeika) TakKe cKazajlach Ha CIIOCOOHOCTH
CMECH K HaCBHIIIEHNIO cMecH Bo3ayxoM. O6pasubr Ne 3
U 5 ¢ MaccoBbIMH HoJisiMu cradbunuzatopa 1 u 1,7 %
COOTBETCTBEHHO OTJINYAJINCH MO B30UTOCTH B 1,3 paza
(Tadmn. 2).
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Tabnuna 2. [Tokazarenu BA3KOCTH U B3OMTOCTH 00pasloB recepra

Table 2. Indicators of viscosity and overrun in the dessert samples

[Toxazarens Obpaszent
Ne 1 Ne 2 Ne 3 Ne 4 Ne 5
JluHamuueckas BA3KOCTh cMecH, [la-c 52+0,2 19,6 £0,3 5,1+0,1 23,0+0,1 52+0,2
B3sourocts necepta, % 65,5+6,6 44,5 +4.5 65,8 £6,7 92,0+9,3 86,3+ 8,7

Tabnuna 3. [Tokazarenu IUCIEpCHOCTH BO3AYIIHEIX IMy3BIPEKOB B JlecepTax npu temmneparype 4 + 2 °C nmocie 3aKaTHBaHHS

Table 3. Indicators of dispersion of air bubbles in the desserts at 4 + 2°C after hardening

O6paszen Bpewms BeLaepkky, 4 Dcp, MKM Jlo11s BO3yIIHBIX ITy3BIPHKOB, %
10 50 MKM ot 50 1o 100 Mmxkm 6onee 100 MM

Ne 1 0 33,97+ 1,14 80,6 19,0 0,4
4 36,36 + 1,49 77,5 19,7 2,8

8 40,20 + 1,85 75,7 20,6 3,7

16 46,47 + 3,56 66,4 22,7 10,9

24 69,93 + 5,49 35,2 43,1 21,7

Ne 2 0 28,93+ 1,21 88,3 10,8 0,9
4 30,28 1,19 84,8 14,7 0,5

8 31,35+ 1,91 84,3 11,6 4,1

16 30,37 £ 2,39 85,6 10,6 3.8

24 32,62 +£4,72 82,4 10,2 7.4

Ne3 0 37,47 +1,33 74,6 23,8 1,6
39,86 + 1,88 71,8 24,4 3,8

8 42,93 +2,47 73,0 19,5 7,5

16 54,56 £ 5,07 58,9 25,0 16,1

24 48,69 +4,97 69,2 17,6 13,2

Ne 4 0 38,72 +1,52 73,9 24,1 2,0
42,81 +1,89 65,9 30,3 3.8

8 33,90 + 1,55 82,4 14,1 3,5

16 38,74 £ 2,44 74,0 19,2 6,8

24 36,23 +2,89 81,6 8,9 9,5

Ne 5 0 3543+1,21 79,8 18,6 1,6
36,29 + 1,45 76,7 21,5 1,8

8 38,60 + 1,72 75,4 20,1 4,5

16 67,68 £4,11 37,4 40,7 21,9

24 44,64 + 3,31 69,1 20,4 10,5

CocTosiHMe BO3AYIIHBIX MY3bIPbKOB B JecepTax
npu Temmneparype 4 + 2° C. Bo3nyuinyro a3y oopasios
JiecepTa U3ydalii B 3aMOPOKEHHOM COCTOSIHUU U MPU
BBIJIEp)KUBAHUM TIpU Temnepatype 4 + 2 °C B TeueHue
4, 8, 16 u 24 4 mocye 3aKaJUBaHU U 4epe3 3 Mecsia
XpaHEHUs B 3aMOPOKEHHOM COCTOSIHUM. Pe3ynbTatsl
OMpeJNleNIeHUs] CPEHUX pPa3MEpPOB BO3AYLIHBIX Y-
3BIPbKOB M MX KOJIMYECTBEHHBIX aoJiell 10 50 MKM,
ot 50 mo 100 mxm u 6omee 100 MKM TTpeCTaBICHEI B
tabnunax 3 u 4.

JlaHHBIC TI0 BIIMSTHUIO BPEMCHU BBIJICPKUBAHUS 00-
pas3uoB aeceptoB mpu Temnepatype 4 + 2 °C Ha cpenHuil
JTHaMETp ITy3BIPEKOB BO3/IyXa, IPUBEICHHBIC B TAOMHAIIC 3,
MO3BOJIMIIM YCTAaHOBUTH JUHAMHKY JUCIIEPCHOCTH BO3-
JIYUIHBIX MY3bIPHKOB MPU pa3MOpaXMBaHUU jecepra. B

o6Opa3sie Ne 1 O6b110 yeTaHoBIeHO 3HaunMoe (p < 0,05)
HW3MEHEHHUE CPEJHero AuameTpa uepes 8 4 ¢ Hayaia
XpaHeHus npu Temneparype 4 = 2 °C.
Pa3mopaknBaHue He 0Ka3aj0 3HAYUMOTO BIIUSHUS
Ha CpeIHHUH pa3Mep My3bIPhKOB Bo3ayxa oopasma Ne 2
(p > 0,05). KommaecTBo my3bIpbKOB BO3ayXa 10 S0 MKM
cHu3mWIOCh 3a 24 4 Ha 6 %, a cBeime 100 MkM yBe-
nugrinock Ha 6 %. Ilpu orieHke cTaOMIBHOCTH BO3AYIII-
HBIX ITy3BIPHKOB B JTAaHHOM 00pa3iie YCTaHOBJICHO, YTO
BBICOKOE COJIEPKaHUE MEJIKUX Iy3bIPHKOB BO3/1yXa B
Pa3MOPOKEHHOM JiecepTe He TapaHTHPYET BBICOKYIO
CTAaOMIBHOCTB CTPYKTYPHI JIecepTa B 3TOM COCTOSTHUH.
Obmiee copeprkanne BO3AYIIHOM (a3sl B 3TOM Jlecepre
OIICHEHO KaK HeBbIcoKoe. [IpuunHOi MOXKeT OBITH Hpo-
LIECC MEPEKOHICHCAIIMH KPYITHBIX MTy3BIPHKOB B PE3YJIb-
TaTe JpeHaxka n3-3a cllabol CTPYKTYPhI reisl IeKTHHA.
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Tabnuna 4. [Tokazatenu AUCIEPCHOCTH BO3IYIIHBIX MMy3BIPHKOB B AecepTax mpu Temmneparype 4 + 2 °C gepes 3 mecsana
XpaHEHUs B 3aMOPOKEHHOM BHUJIE

Table 4. Indicators of dispersion of air bubbles in the desserts at 4 + 2°C after 3 months of frozen storage

Ob6pasenr | Bpems BbIIepxKKH, U Dcp, MKM Jomnst mo 50 mxm, % | Jlonst ot 50 go 100 mxm, % | Jonst 6ostee 100 mxm, %
Ne 1 0 40,60 + 2,03 74,2 23,2 2,6
8 43,34+234 71,3 23,5 52
24 73,26 +7,09 33,2 45,8 21,0
Ne 2 0 37,86 £ 1,65 77,8 21,3 0,9
8 29,72 +1,35 88,8 10,6 0,6
24 23,66 + 3,75 92,2 3,9 3,9
Ne 3 0 38,80+ 1,84 74,3 22,9 2,8
8 35,80+ 2,07 79,6 17,2 32
24 49,29 +£ 6,33 70,6 14,6 14,8
Ne 4 0 40,22 £1,92 70,5 27,1 2,4
8 31,47 +1,68 84,3 13,2 2,5
24 56,32+ 6,96 63,1 16,3 20,6
Ne 5 0 40,63 + 1,87 73,0 24,1 2,9
8 47,08 £3,05 68,3 21,9 9,8
24 76,79 + 6,92 31,1 39,9 29,0

VYCcTaHOBIIEHO YBEIMYEHHE CPEJIHEr0 AMAaMETpa |
JIOJIM TTY3BIPHKOB BO3AyXa ¢ pa3MepoM Beime 100 Mkm
B IIpoliecce pasMopakuBaHus B oOpasmax Ne 3 u 5.

Haubonee crabunbpHa mpu pa3zMOpaKMBaHUU BO3-
nyuHas ¢asa y obpasma Ne 4. PasHuiia Mexay Hawu-
MEHBIIMM U HAaUOOJIBIIUM CPEAHUM JHaMETPOM B IIPO-
1[ecce pa3MOpaXMBAaHMsI COCTaBWIA 0,5 MKM, MEXIy
KOJIMYECTBEHHBIMH J0JIIMU 710 50 MM, oT 50 10 100 Mxm
u cBbimie 100 mxm — 19,5, 21,4 1 7,5 % cOOTBETCTBEHHO.

[IpoBesu aHATU3 QUCIIEPCHOCTH BO3AYIIHOM (a3sl
JlecepToB uepe3 3 MecsIa XpaHeHHUs ¢ IMOCIeyOIIIM
BBIICpKUBAHUEM IIpHU TemrepaType 4 + 2 °C B TeueHue
24 4 (tabn. 4). [Ipu cpaBHEHUU TUCIIEPCHOCTH BO3YIII-
HOH (ha3bl gecepToB rocie 3akanuBaHus (Tadi. 3) u yepes
3 mecsma XpaHeHHs! 710 BBIICP)KUBAHMS TIPH TEMIIEpa-
Type 4 = 2 °C yCTaHOBJICHO, YTO YBEIMIHIICS THAMETP
BO3JIyIIHBIX My3bIPbKOB B oOpa3zmax Ne 1 Ha 19,5 %,
No 2 —na 30 %, Ne 5 — Ha 14,6 %.

[Tpu pazMopakuBaHuu depe3 3 Mecsia XpaHeHUs
obOpazerr Ne 2 mmen HauMEHBUIMH CpeJHHUU pa3mep
My3bIPEKOB BO3/yXa. Pa3smepbl My3bIpbKOB BO3/ayXa
obpaznoB Ne | m 3-5 B mpouecce pasmMopaxMBaHUS
yBenanmunBanuck. Mukpodororpadun, CBHUAETEILCT-
ByIOIIHE 00 3TOM, IIPEICTaBICHBI HA pUCYHKaX | m 2.

Kak crnenyer u3 HaHHBIX, NPUBEJCHHBIX B Tad-
nunax 3 U 4 U Ha pUCyHKe 2, B IpoIlecce XpaHeHUs
neceptoB mpu Temmepatype 4 + 2 °C cpeanuil aua-
METp BO3JYIIHBIX ITy3bIPbKOB KaK yMEHbBINAJICS, TAK U
YBEIMYMBAJICA. DTO CBSI3aHO C YBEJIWYCHHEM IO-
BIDKHOCTH PA3MOPOXXEHHOW IJIa3Mbl MOPOKEHOTO
U TPOTEKaHWEM paHee OTMEUYEHHBIX B o00pasie c
MEKTUHOM IIPOIIECCOB MEPEKOHEHCAIUN U JApeHaxa
BO3JIyIIHBIX MY3bIPHKOB. B CBsI3H € 3TUM Lieniecoo0pa3Ho
MIPOBECTU CPABHUTEIbHBIN aHAJIHN3 BIUSHUS Ha JTUCTIEPC-
HOCTb BO3JYIIHOW (a3bl KHCIOMOJIOYHBIX JIECEPTOB

mpu XpaHeHUW mnpu temmepatype 4 + 2 °C mocie
3aMOpaKUBAHMUS COIIOCTAaBUMBIX (haKTOPOB: KOJINYECTBA
(epMEHTHPOBAHHOM OCHOBBI, OMOJHUTEIHLHOTO BBEE-
HUSI CBIBOPOTOYHBIX OCIIKOB, pAa3HOBUIHOCTH CTaOMIN3a-
Topa-reneo0pa3oBaTelisi U KOJIUYeCTBa CTabuian3aropa
0eTKOBOTO MPOUCXOKICHHUS.

AHaJIN3 BIUSHASA KOJHYeCTBA (pepMEeHTHPOBAHHOM
OCHOBBI Ha JUCIEPCHOCTh BO3YIIHOI ¢a3bl JecepToB.
Amnanu3 Bo3yImHo# ¢a3bel oopasnos Ne 1 u 3 ¢ macco-
BOH moieil ¢pepmentupoBanHol ocHOBBl 30 u 80 %
COOTBETCTBEHHO OJIHOTO M TOTO € HYTPHUEHTHOI'O
coCTaBa MO3BOJIMI YCTAHOBUTH 3HAYMMOCTD €€ BIIMSHUS
Ha IHUCIIEPCHOCTH BO3AYIIHOM (ha3el. B mpomecce pas-
MOpaXMBaHUsl 00pa3loB MOCJE 3aKaJIWBaHUSA ObUIH
yCTaHOBJEHBI 3HauuMmblie pasznuuus (p < 0,05) cpen-
HUX AMAMETPOB Ha MPOTSHKEHUH BCEro Ipoliecca pas-
MOp@)XHUBaHUs. YCTaHOBIEHO, YTO CPEIHHH JHUaAMETp
BO3JyIIHBIX My3BIPBKOB B 3THX oOpa3slax mocie 3a-
KaJIMBAHUS 3aMETHO He oTiinyancs (pasHuna 3,5 MKM).
Paznuuus B 3HaUGHHM 3TOTO MOKaszaTeds depe3 24 u
BEIICP)KUBAHM TIpU TeMiepaType 4 + 2 °C cocTaBmim
21 mxm. Paznuuus cpegHero nuamerpa npu Temmepa-
Type xpaHeHus 4 + 2 °C Takxe MOATBEPKIAIOTCS depes
3 Mecsilla XpaHEHUs JIeCEPTOB B 3aMOPOKEHHOM COC-
TOSHUH. XOTs B 3aMOPOKEHHOM BHJE Yepe3 3 mecsa
XpaHEHUs HE OBIIO YyCTaHOBJICHO 3HAYNMBIX Pa3INIHH
(p > 0,05) cpegnero aguameTpa BO3IYIIHBIX MY3bIPHKOB,
yepes 8 u 24 9 3TOT mokaszaTenb B obpasmax Ne 1 u 3
cymectBeHHo oriauydaincs (p < 0,05). O6pazern Ne 1
XapaKTepU30BaJICI 3HAYUTEIHHO HE OTINYAIONUMHUCS
pasMepamMu CpeIHUX AMAMETPOB BO3TYIIHBIX My3bIPb-
KOB uepe3 8 u 24 4 xpaHeHus npu remmnepatype 4 + 2 °C
mocJie 3aKajJuBaHUs 1 yepe3 3 Mecsia XpaHeHus B 3a-
MOPO’XEHHOM COCTOSIHMH. Paznuuusi B AMCIIEpPCHOCTH
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Pucynoxk 1. MukpodoTtorpaduu my3spbKoB Bo3qyxa 00pa3ioB AecepToB 10 pa3MOpakuBaHUs dyepe3 3 MecsIa XpaHeHUs:
1 — ¢ BHecenueM 30 % iHorypra ¢ )xeraTuHOM; 2 — ¢ BHeceHHeM 30 % Horypra ¢ MeKTHHOM; 3 — 3aKBAIIEHHOTO
C KEJIATHHOM; 4 — 3aKBAIICHHOTO C KOHI[EHTPATOM CHIBOPOTOYHOTO O€IKa; 5 — 3aKBALIEHHOTO C yBEIHYCHHBIM
KOJINYECTBOM JKEeJIATHHA

Figure 1. Air bubbles before defrosting after 3 months of storage: 1 — with extra 30% yogurt with gelatin; 2 — with extra 30% yogurt
with pectin; 3 — fermented with gelatin; 4 — fermented with whey protein concentrate; 5 — fermented with extra gelatin

e

Pucynoxk 2. MukpodoTorpaduu my3sIpbkoB Bo3ryxa 00pas3ioB aecepra uepes 24 4 pa3MopaKUBaHUs 1ocie 3 Mecsna
xpanenust: 1 — ¢ BHecenueM 30 % iorypra c xxenatuoMm; 2 — ¢ BHeceHueM 30 % Horypra ¢ IeKTHHOM; 3 — 3aKBAaIICHHOTO
C KEJIATHHOM; 4 — 3aKBAIICHHOTO C KOHI[EHTPATOM CHIBOPOTOYHOTO O€IKa; 5 — 3aKBALIEHHOTO C yBEIHYCHHBIM
KOJINYECTBOM JKEeJIATHHA

Figure 2. Air bubbles after 24 h of defrosting after 3 months of storage: 1 — with extra 30% yogurt with gelatin; 2 — with extra 30% yogurt
with pectin; 3 — fermented with gelatin; 4 — fermented with a whey protein concentrate; 5 — fermented with extra gelatin

BO3JYIIHOHN (ha3bl 10 MOKA3aTeN0 «CPEIHUN pazMep Ipu dpepmenranuu Beeit cMecu o0pas3yromascs ceTka

BO3JIYIIHBIX ITY3BIPHKOB» MOTYT OBITH OOYCJIOBJICHBI u3 OenkoB ¢Gopmupyer 0Oojiee MPOYHYIO CTPYKTYpY,
BIIMSIHUEM CTPYKTYpPBI, 00pasyeMoil OelKOBBIMH MO-  4eM Ipu BHeceHHH 30 % KHCIOMOJIOYHOTO MPOJYKTa.
JeKyJlaMH B TPHUCYTCTBHM Pa3HOTO KOJIMYECTBA OT0 crmocoOCTByeT 0ojee MPOYHOMY YICPKHBAHHIO
MOJIOYHOH KHCJIOTHI B ()€PMEHTHPOBAHHBIX OCHOBAX. BO3AYIIHBIX My3BIPEKOB B CTPYKTYpE.
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Hanbompmrass cTabuabHOCTE BO3AYHIHOHN (ha3bl B
nmeceprax ¢ 0ojee BBICOKMM cofepkaHmeM (epMeH-
THPOBAaHHOW OCHOBBI OTMEYEHA NPHU OINpPEICICHUU
pacrpeneieHns: BO3AYIHBIX y3bIPHKOB MO pa3Mepam
[0 TIOKa3aTeNI0 IUIOTHOCTh paclpeeIeHHs] Jucia
BO3JIyIIHBIX MY3BIpbKOB». KonmuecTBeHHas mouis
y3bIpbKOB BO3ayxa g0 50 MkMm B ob6pasue Ne 3 1o
pa3MOpaKMBaHUs TOCJE 3aKaJMBaHHUS Oblja BBIIIE
Ha 6 %, mo cpaBHeHUIO ¢ oOpasiom Ne 1, yepes 24 u
paznuune coctaBuio 34 %. HecmoTpst Ha To 4TO uepes
3 MecsIa XpaHeHus1 10JIs MMy3bIPhKOB BO3yXa B 00pasiax
Ne 1 m 3 mo mavama pa3MopaXMBaHHS HE OTINYANACH,
yepe3 24 1 xpaHeHHs Ipu Temiiepatype 4 + 2 °C pazHurma
coctaBmia 37 %. DTO MOATBEPKAACT MOIOKUTEIHHOE
BIIMSTHAE MacCOBO¥ 0 ()epMEHTHPOBAHHON OCHOBEI
Ha cTaOMIBHOCTH BO3MyIIHOU (pa3sl (puc. 3).

AHaJIN3 BJIUSIHUSI TOMOJHHUTEJHLHOTO BHECEHMHSI
0esika Ha IMCIEPCHOCTHL BO3AYIIHOM (ha3bl ecepToB.
VYCcTaHOBIIEHO, YTO BHECEHHBIH KOHIEHTPAT ChIBO-
porounoro Oenka B oOpasue Ne 4 He okaszay moso-
KUTCIBHOI'O BJIMAHUA Ha AUCIHCPCHOCTH IMY3LIPHKOB
BO3JlyXa B Ipolecce ux (pOpMUPOBaHHUs. 3HAUYUMBIE
OTIMYUSA B CpeJHEM JUaMeTpPe BO3MYIIHBIX My3bIPb-
KoB B oOpasmnax Ne 3 m 4 B mporecce XpaHEHHS TIPH
Temneparype 4 £ 2 °C BBISABICHBI IOCIIE 3aKaTNBaHUS
Ha Bcex MHTepBasnax. Ha pucyHke 4 mpejacraBieHEI
CPaBHUTEIBHBIC JaHHBIC 10 PACHPECIICHUIO My3bIph-
KOB BO3JyXa IO pa3mepaM o0Opa3noB ¢ U 0e3 KOH-
LEHTpaTa CHIBOPOTOYHOTO Oeyika B 3aMOPOKEHHOM
Jgecepre W udepe3 24 4 XpaHEHHs IPH TeMIlepaType
4 + 2 °C. Ilpu pazmopaxuBaHUK yepe3 3 Mecsla XpaHe-
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081
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0,4+

024

[110OTHOCTH paclpeeNieHus YKHcia My3bIPhKOB,
%/MKM

HUS 4epe3 8 4 ObUIN yCTaHOBIICHBI 3HAUMMBIE Pa3IHIHS
Mexy obpasznamu. CpeHAi qruaMeTp My3bIpbKa BO3ayXa
ObLT HIDKE Ha 12 MKkM B 00pasie Ne 4.

Hanboisiee 3aMeTHO BIMSHUE KOHIIGHTPATa ChIBO-
pPOTOYHOrO OeJsika Ha JUCTEPCHOCTH BO3AYIIHOMN (a3bl
Pa3MOPOKEHHBIX JIECEPTOB BBISBICHO Yepe3 12 Mme-
csaneB xpaneHus. B obpasmax Ne 3 u 4 ompenencHo
CYIIECTBEHHOE pa3jIMuMe CPeJHUX TUAMETPOB, a TaK-
K€ JoJiel My3BIpbKOB Bo3ayxa 10 50 MkM (Tabmd. 5).
[TonydeHHble pe3yiabTaTHl IMO3BOJSIOT TOBOPUTH O
MOJIOKHUTEIIBHOM BIUSHUU KOHIEHTpaTa ChIBOPO-
TOYHOTO OenKa Ha CTAOMIBHOCTH BO3AYIIHOW (a3l
Pa3MOpPOKEHHOTO B30MTOTO AeCepTa IMPH €ro AINTEIEHOM
XpaHECHHH.

AHaJu3 BJAMSHUS BUJA rejieodpa3zoBareseil Ha
AMCIIePCHOCTH BO3AYWHOW ¢a3pl gecepros. [lpu
temieparype xpaneuust 4 + 2 °C oOpazuoB Ne 1
(c sxemaTHOM) U 2 (C MEKTHHOM) ITOCJIE 3aKaJINBAHUS
OBLIM yCTaHOBJICHBI 3HauUMMbIe pasnudust (p < 0,05)
MEXy CPeIHUMH pa3MepaMM My3bIPbKOB BO3yXa Ha
Ka)kJIOM dTane uccieaoBanus. M3HauansHo B 0Opasie
C TMEKTHUHOM OTMEYEeH MEHBIIUN CpeJHUl pasMep
My3bIPbKOB BO31yXa. Ha sTame 3akanuBaHUsS MEXIY
oOpa3naMu pasHHUIA B CPEAHEM IHAMETPE COCTAaBHIIA
5 u 37 MM yepe3 24 9 mpu TeMmIepaType XpaHCHHs
4 + 2 °C (puc. 5). 3HaunMBbIC pa3NUYUs B 3HAUCHUU
CPEIHEro JraMeTpa BO3AyNIHbIX ITy3bIPHKOB B 00pasnax
B IIpollecCe pPa3MOPaXMBAHUS YCTAHOBJICHBI dYepes3
3 Mecsna. B 3aM0opokeHHOM BUJE 3TOT MOKa3aTeNlb B
obOpasme No 1 ObuT BBINE Ha 2,7 MKM, a depe3 24 4
pa3HUIlAa CPETHUX Pa3MEPOB cOCTaBisAna yxe 49 MKM.

0

0 10 20 30 40 50 60 70 80 90 100 110120 130 140 150 160 170 180 190 200

JlnameTp BO3AYIIHBIX My3bIPEKOB, MKM

—Nel(0u) —Nel(24u)

Ne3 (0u) — Ne3 (24 u)

Pucynok 3. Pacnpenesnenne ny3sipbKoB Bo3/lyXa 00pas3IoB JecepTa J0 U 1ociie pa3MopakuBaHus oopasuoB Ne 1 u 3
HocJie 3aKaJUBaHUs

Figure 3. Dispersion of air bubbles before and after defrosting: Sample 1 with extra 30% yogurt with gelatin and Sample 3 fermented
with gelatin, after hardening
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Pucynox 4. Pacnpenenenue my3bIpbkoB BO3lyXa 00pa3ioB AecepTa 10 U Mmocie pa3MopakuBanus oopaszuos Ne 3 u 4
10CJIe 3aKaTUBaHUS

Figure 4. Dispersion of air bubbles before and after defrosting: Sample 3 fermented with gelatin and Sample 4 fermented with a whey
protein concentrate, after hardening

Tabnuua 5. [lokazarenan JUCIEPCHOCTH BO3AYIIHBIX ITy3bIPEKOB B Pa3MOPOXKEHHBIX JecepTax npu temmeparype 4 £ 2 °C
gyepes 12 MecsIeB XpaHEHUS B 3aMOPOKEHHOM BHJIE

Table 5. Dispersion of air bubbles in defrosted desserts at 4 + 2°C after 12 months of frozen storage

O06pa3senr | Bpemst BELIEpKKH, 4 DCP, MKM Jomst 1o 50 mxm, % | Jomst ot 50 1o 100 mxm, % | Jlonst 6o0ee 100 mxm, %
Ne 3 0 349+1,9 80,6 17,2 2,2
8 49,7 +£3,7 59,7 31,0 9,3
24 86,0+ 6,9 25,6 40,3 34,1
Ne 4 0 33,6+1,7 81,7 16,5 1,8
8 427+£3,2 70,0 22,9 7,1
24 50,4+4,8 68,8 14,1 17,1

B npomniecce xpanenus 3a 3 Mecsiia CpegHUN THaMeTp
BO3IyIIHBIX My3BIPEKOB 00pa3ma Ne 1 yBennqwmiics Ha
6 MKM, a oOpasma Ne 2 Ha 9 MKM.

JlucriepcMOHHBINM aHaiau3 TOKas3aj, 4TO IpU TeM-
nepatype 4 = 2 °C B TeueHne 8 u 24 4 B oOpasuax gecep-
TOB TIOCJIC 3aKAJMBAHUS U yepe3 3 Mecsa XpaHeHHs
3HAYUMBIX pa3ﬂnq1/1171 B pacnpeacjiCcHuu BO3AYHIHBIX
My3BIPEKOB 110 pa3mepam HeT (p > 0,05). Hecmotps Ha TO
4yTo obOpazer; Ne 2 XapakTepH30BaJICsi MEHBIIIUM CPETHUM
JmaMeTpoM, yeMm obpaser Ne | nmpu pasMopaxMBaHUM,
9TO HE CBUJIETEILCTBYET O OOJIbIIEH CTAOMIBHOCTH BO3-
IyIIHOHU (ha3bl JaHHOTO 00pasma u3-3a MPOTEKAIOIIETo
mporecca NepeKoHAeHCAnU. DTO 00BSICHIET yBelnde-
HUE KOJINYecTBa 00JIee MEJIKUX ITy3bIPhKOB BO3AyXa
cMmeleHue rpaduka pacnpenenenus. Jost my3bpbKoB
Bo3ayXxa 10 50 MKM HE M3MEHsUIACh MPH PAa3MOpPaKh-
BaHMHU U COCTaBIIsLIa B cpeaHeM 85 %, a uepes 3 mecsiua
yBenuuuiach 10 92 %. B obpasue ¢ xxenatuHOM 101

BO3JIyIIHBIX My3BIPHKOB 10 50 MKM CHM3MJIACh 4Yepe3
24 4 pazmopaxuBanus 10 35 % nocne 3aKaaTuBaHU U
10 33 % uepe3 3 Mecsla XpaHEHUS.

AHaIn3 BINSHUSA KOJHYeCTBA CTA0WIN3aTOPA HA
JHCHEPCHOCTH BO3AYIIHOI (pa3bl fecepToB. B 06pas-
nax Ne 3 u 5 ObLIM YyCTAaHOBJICHBI 3HAYUMBIEC PA3ITUIHS
CcpeaHero pasMepa Mmy3bIpbKOB BO3AyXa MPH pa3Mopa-
JKUBAHWM MMOCIIE 3aKauBanus ¢ 4 1o 16 4. 3akaleHHbIE
oOpasupl u uepe3 24 4 pa3MOpaXMBaHHUS HE MMEIH
3HAYUMBIX pa3IMunil 110 ATOMY Iokazarenio (p > 0,05)
(puc. 6). BpuTO yCTaHOBIEHO 3HAYMMOE pasinudue 00-
pasLoB Jecepra MpU pa3sMOPaKMBAHUM uYepe3 3 Me-
cana xpaHeHust udepe3 8 u 24 u. CpenHuil pasmep
Iy3bIPEKOB BO3ayxa B oOpasue Ne 5 Ha 12 MKM BbllIe
yepes 8 4 pa3MOpaXUBaHUS U Ha 27 MKM BBIIIE Yepe3
24 9 pa3MOpaXMBaHHS IO CPABHEHHIO C 00pa3ImoMm
Ne 3. Bpin ycTaHOBIICHBI 3HAUMMBIC PA3JINIHS MEXKIY
3HAUYEHUSAMU CPEJHEro JuaMeTpa B IIpollecce pas-
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Figure 5. Dispersion of air bubbles before and after defrosting: Sample 1 with extra 30% yogurt with gelatin and Sample 2 with extra 30%
yogurt with pectin, after hardening
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Figure 6. Dispersion of air bubbles before and after defrosting: Sample 3 fermented with gelatin and Sample 5 fermented with extra
gelatin, after hardening

MOpPKHUBAHUS MEXJy 3aKaJUBAaHUEM M 3 MecsIamu
xpaHeHnsa. KonnmdecTBeHHBIE OJIM IY3BIPHKOB BO3-
ayxa 1o 50 MKM mocie 3aKaluBaHH IPHU pa3Mopa-
JKUBAHUU OBIIM CXOKM MeXJy oOpasuamu Ne 3 u 5.
IIpu pasmopakuBanuu uepes 3 mecsna ux noist Ha 40 %
HKe B oOpasie Ne 5 B cpaBHeHuu ¢ oOpasiom Ne 3.
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DTO CBUACTENBCTBYET 00 OTPHLATEIFHOM BIUSHUH Ha
JUCIIEPCHOCTh BO3AYINHOW (ha3bl MOBBIMICHHON OIU
kenatuHa. CMmemenne rpaMKoB pacupeeeHus ye-
pe3 24 4 xpaHeHUs! 00yCIIOBICHO YBEINYCHUEM KOJIH-
4ecTBa My3bIPHKOB BO31yXa B AMANla30HE Pa3MEpPOB OT
10-30 mxM, BbI3BaHHOE 3(h(PEKTOM MEPEKOHICHCAIIUH.
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AHHOTAIMA. .

Hcnonp3oBaHrEe B MUIIEBOM IMPOU3BOJCTBE OMOJIOTHYECKH AKTHBHBIX COCIAMHCHHW, B TOM YHCIC JKCTPArHPOBAHHBIX W3
BOJOPOCIICH, MO3BONSACT MOBHINIATH (YHKIHOHAIHHOCTH MPOIYKTOB NMHUTaHHUS. KOMIIIEKCOM MOKa3aHHBIX OHMOJOTHYECKH
AKTHBHBIX CBOMCTB 00JajaeT ambrUHAT HATPUA. B MHUIEBOI MPOMBINIUICHHOCTH OH HMCIOJB3YETCSA B KaueCTBE 3aryCTUTENS,
crabunuszartopa, rejieo0pa3oBaTeis U BOJIOYIEP)KUBAIOLIETO areHTa. buonornyeckas akTHBHOCTh ajJblHHATa HATPHUS U €O
BIUSHUC HA TCXHOJOTHYECKHUE CBOMCTBA MUIIEBBIX CHCTEM 3aBHUCAT OT MOJICKYJISAPHON MacChl U OJJHOPOTHOCTH pa3Mepa YacTHII
JNaHHOTO Tosucaxapuna. Llenpro paboThl ABIAIOCH HCCIEIOBAHUE BO3MOKHOCTH MPUMEHEHHS METOJAa COHOXHMHYECKOTO
MHKPOCTPYKTYPUPOBAHHS aJIbTUHATA HATPHS JJIs MOBBIIICHUS €0 OMOJIOTHYECKOW aKTUBHOCTH 1 3()EKTUBHOCTHU B COCTaBE
xJ1e000yTOUYHBIX U3CTHI.

OO0BeKTaMu HCCIEeJOBAHUS SBISUINCH albTMHATHBIE Telld, IPOXKKEBBIE CYCIICH3UU Ha OCHOBE Saccharomyces cerevisiae n
xJ1e0 U3 MIIEHUYHOW MYKHU MepBOro copra. Jias MUKpPOCTPYKTYpHUPOBaHUS ajlbTHHATA HATPUS MPUMEHSUIM HU3KOYACTOTHYIO
YIIBTPa3BYKOBYIO 00paboTKy MorHocThI0 240, 435 u 630 Bt/n pu remnepatype 50 °C B Teuenue 20, 25 u 30 mun. [IpoBoaunuck
WCCJICIOBAHUS CBOWCTB albIMHATHBIX Iejieii: MOP(OJIOTHS YaCTHUI[ B COMIOCTABIICHUH C paCIpe/IeliCHUEM B IUCIIEPCHOM cpele
HX THIPOJMHAMIYECKOT0 TUaMeTpa, aHTHOKCHIAHTHAS aKTHBHOCTD, BS3KOCTh, OMOAKTUBHOCTb i1 Vitro U OMOJOCTYIHOCTD Ha
Paramecium caudatum u S. cerevisiae. ViccnenoBanu kagecTBo xye6o0ymounsix uzaenuiit mo 'OCT P 58233-2018.
COHOXMMHYECKOE MUKPOCTPYKTYPHPOBAHUE MPHUBEIO K JACMOTMMEPHU3AUN KPYINHBIX YACTHUI[ aJbIHHATa HATpHs Ha Oonee
kopoTkue (5670 um — 30,6 %, 502 um — 53,4 %, 56,1 HM — 16 %). OTMeTHIM yBeTUYEHUE aHTHOKCUIAHTHOM aKTUBHOCTH B 7 pa3
1 TIOTEHIHAbHOM OnoakTHUBHOCTH Ha 3,9 %. Mcnonp3oBaHre MUKPOCTPYKTYPHPOBAHHOTO albTHHATA HATPHS CIIOCOOCTBOBAIIO
YBEIUYCHUIO OPOTUIIEHON aKTHBHOCTH S. cerevisiae ¥ IPUPOCTY OHOMacChl Apoxokeit Ha 8 %. O0pasibl xiieda ¢ UCIOIb30BaHHEM
MHKPOCTPYKTYPUPOBAHHOTO aJIbTHHATA HATPHS OTINYAIHNCH MOBBIIICHHON MOPHCTOCTHIO (Ha 5,9 %) M GyHKIIMOHAIBHOCTHIO
(yBennueHNE aHTHOKCHUIAHTHOW aKTUBHOCTH B 3,7 pa3).

[Ipennaraemsplif MOAX0A COHOXUMHYECKOTO MUKPOCTPYKTYPUPOBAHUS TIO3BOJISIET CHU3UTH pa3Mep YaCTHULl aIbTMHATA HATPHS,
a TaKXKe MOBBICUTH €T0 ONOJIOTUYECKYIO aKTUBHOCTh. COHOXMMHMYECKU MUKPOCTPYKTYPUPOBAHHBII allbIrMHAT HATpuUs o0nanaeT
OOJIBIITUM TTOTCHIIMAIOM B TEXHOJOTUHU MUIICBBIX CHCTEM, B TOM YHCIIC XJI€000YIOUHBIX U3ICTHIA.

KnwueBsbie cioBa. Eypble BOJOPOCIN, MUKPOCTPYKTYPUPOBAHUC, YJIbTPA3BYK, aHTUOKCUAAHTHAsA aKTUBHOCTD, 6H03KTI/IBHOCTB,
6I/IO,HOCTyHHOCTI>, APOIKIKH, XHS606yHO‘{HLIC HU3CITHA

®uHaHcupoBanue. PaboTa Oblia BeimoaHeHa Ha 6a3e FOxHO-YpanbCcKoro rocy1apcTBEHHOTO YHUBEpCUTETa (HallMOHAIBHBIH
uccnenosarenbckuilt yauusepcurer) (FOYpl'y (HI/IS/'))RQR B HAyYHO-UCCIICTIOBATEIbCKUX JIA00PATOPHSIX Ka(eaphl MUMICBBIX U
ouorexunonorui, HOL| «HanotexHomoruu» u Cubupckoro (heaepaibHOT0 HAYIHOTO IIEHTpa arpoOnoTexHonoruii Poccuiickoit
akanemuu Hayk (COHIIA PAH) B pamkax cormamenust Ne 16/1 ot 16.11.2021, 3akmouennoro mexay IOYpl'Y (HUY) n COHIIA
PAH. UccnenoBanue BBITIOJHEHO pH MOANEpKKe Poccuiickoro HaydyHOTO (QOHIIA (PHGD)Rb:R B paMKax mpoekrta 22-26-00079.

Jst uutupoBanus: COHOXMMHUYECKOE MUKPOCTPYKTYPUPOBAHHE aJIbI’MHATA HATPHS AJIS MOBBILCHUS er0 3 PEKTUBHOCTH B

TEeXHOJIOTHH XJ1e000ynounsix uzgenuii / A. B. [Naiimynuna [u np.] / TexHnKka 1 TEXHOJIOTHS MUIIEBBIX NMPOU3BOACTB. 2023.
T. 53. Ne 1. C. 13-24. https://doi.org/10.21603/2074-9414-2023-1-2411
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Abstract.

Algae are a source of many biologically active compounds that can be used in food production to expand the range of functional
products. For instance, sodium alginate possesses a complex of scientifically proven biologically active properties. In the food
industry, it usually serves as a thickener, stabilizer, gelation agent, and water-retaining agent. The biological activity of this
polysaccharide and its effect on the technological properties of food systems depend on the molecular weight and particle
size uniformity. The present research objective was to study the method of sonochemical microstructuring of sodium alginate
to increase its biological activity and efficiency as part of various bakery formulations.

The research featured alginate gels, yeast suspensions of Saccharomyces cerevisiae, and bakery products. The sonochemical
microstructuring of sodium alginate involved a low-frequency ultrasonic treatment at 240, 435, and 630 W/L and 50°C for
20, 25, and 30 min. The effect of the treatment included the following indicators: particle morphology vs. distribution of
the hydrodynamic particle diameter in a dispersed medium, antioxidant activity, dynamic viscosity, in vitro bioactivity, and
bioavailability against Paramecium caudatum and S. cerevisiae. The quality assessment of bakery products followed State
Standard 58233-2018.

The process of sonochemical microstructuring depolymerized large particles of sodium alginate into shorter ones: 5670 nm —
30.6%, 502 nm — 53.4%, 56.1 nm — 16%. It increased the antioxidant activity by 7 times and the potential in vitro bioactivity by
3.9%. The microstructured sodium alginate improved the fermentation activity of S. cerevisiae and reduced the yeast biomass
by 8%. The resulting bakery products had a greater porosity by 5.9% and antioxidant activity by 3.7 times.

The sonochemical microstructuring reduced the particle size of sodium alginate, as well as increased its biological activity.
The sonochemically microstructured sodium alginate demonstrated a great potential for baked foods.
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Beenenue MUIIEBOH MaTPHUIIE ONPEIENSIET aKTyalbHOCTh TaHHOH
YBenuueHue npoaoKUTEIbHOCTH AKTUBHOM JKU3HH paborel. CormacHo CrTpareruu TOBBIIMICHHS KadecT-
YeIIOBEKa SBJSICTCS TII00aIbHOM 3a1a4cit yist 00ecTBa. Ba nuuieBoi npoaykuuu B Poccuiickoit denepanuu
Co3manne HHCTPYMEHTA [T TPOPHUIAKTHKA HAPYIIICHUI 1o 2030 r., yrBepxknenHoi IlpaButenscrBom P® ot
3/I0pOBbsI 32 CYET (PYHKIIMOHAIBHBIX KOMIIOHEHTOB B 29 utons 2016 r. Ne 1364-p, oHUM U3 TPUOPUTETHBIX
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HATIPABJICHUH SBIIIECTCS PAa3BUTHE HAyIHBIX HCCIIET0BA-
HUH B 00J1aCTH CO3[aHUS MTUIIEBON MPOIYKIIUH HOBOTO
MOKoJIEHUsA. B CBsI3W C 3THUM COIMAbHO 3HAYMMBbIE
MIPOAYKTHI, HAIpUMeEp, XJ1e000yT0UHbIC U3ACTUSI, MOTYT
BBICTYNATh B KAYECTBE MOJCIHHON MUMIEBOH CUCTEMBI
It o0oramieHus: OMOJIOTHYECKH aKTHBHBIMH BEIICCT-
BaMH HaIPaBJIECHHOTO JEHCTBUS.

Pa3paboTka mumIeBO#l MpPOAYKIINH, 00OTAIICHHON
(yHKIIMOHATBHBIMHU THICBBIMI HHTPSTUCHTAMHE, MOXKET
OBITH COIpPsDKEHA ¢ psiioM IpobieM. YacTo co3gaHHbIe
MHOTOKOMITOHEHTHBIC TIUIIEBBIC TPOIYKTHI HE 00Ia1at0T
3asBJICHHBIMUA (DYHKIIMOHAIBHBIMH CBOWCTBAMH. DTO
CBSI3aHO C HU3KOH OMOCOBMECTUMOCTHIO 00OTaIIa0MIeTo
WHTPEINEHTa KaK C OCHOBHBIMH HYTPHEHTAMH MaTpPHUIIBI
MUIICBON CHCTEMBI, TaK U C OPTaHU3MOM 4YelioBeKa. B
CBSI3U C OTUM BO3HHKACT HEOOXOAMMOCTH ONPEACICHHUS
TEXHOJIOTHYECKUX TPOIECCOB U ONEPAIIHiA, HAIIPaBJICH-
HBIX Ha IOBBINICHUE OHMOJOTHYECKOW IOCTYIMHOCTH
(YHKIIMOHAIBHBIX MUIECBBIX HHTPEIUCHTOB B COCTaBE
MUIIEBON MaTPHUIIBI IPOTYKTA.

OnarME W3 Hanbosee MEepPCIeKTUBHBIX MMHINEBBIX
UHTPEIUCHTOB SIBJISIFOTCS OWOJOTUYECKU AKTHBHBIC
BEIIIECTBA MOPCKUX M OKEAHHIECKUX OYpPBIX BOZOPOCIICH.
ATBTTHOBAS KUCIIOTA U €€ COJH SBISIFOTCS OCHOBHBIMHU
CTPYKTYPHBIMH MOJIHCAXapUIaMH OypPBIX MOPCKHX U
OKEaHWYeCKHX BOJOpOCIe, coctaBisromux a0 40 %
OT UX cyxoro Beca [l]. ANBrHHATHl TPEACTABISAIOT
c000if moMMaHNOHHBIH comonuMep nu3 1—4 cBs3aHHBIX
ocratkoB D-mannyponoBoit (M) u l-rynypoHoBoii
(G) xucmot. Octatkn M u G MOTYT OOBEIUHATHCS C
obpazoBanuem 010k0B MM, GG u MG, KOTOpBIC BIIH-
SI0T Ha (YHKIIMOHAJIbHO-TEXHOJOTHYECKUE U OHOaK-
THBHBIC CBOMCTBa ambrmHaTOB. Hambomee wacTo wmc-
MOJIB3YEMBIM B TTUIICBOM MPOMBIIIICHHOCTH SBIISCTCS
aneruHat HaTpus (E401), KoTOpEeIi BRICTyNaeT B KauecT-
BE€ 3aTyCTHTEIs, CTAaOMIM3aTopa, reneodpa3oBaTens u
BOJIOYICPKUBAIOIIECTO arcHTa. YIPAaBJICHUE MO CaHH-
TapHOMY HAJ30Py 332 KAY€CTBOM IHUILEBBIX MPOTYKTOB
n menukameHToB CIIIA FDA mpu3Hamo aibruHaTHI
BeIecTBaMHy, KnaccupunupoBaHnHbIMU Kak GRAS (00-
HIepU3HAHHbIE KaK Oe3onacHsbie), a EBponeiickoe yi-
paBieHHe 1Mo 0€30MacHOCTH MHUIIEBHIX MPoIyKTOB EFSA
Pa3peIniio UCIOIb30BaHNE ATbTHHATA M POJICTBEHHBIX
€My coJiell B oIpesesIeHHbIX fo3ax [2, 3].

B MHOrOYHMCIEHHBIX HCCIEAOBAHUSIX OTCYECTBEH-
HBIX ¥ 3apyOeXHBIX YUEHBIX TTOKa3aHO, YTO aJIbIHHAT
HaTpus 00JlalaeT IEIbIM KOMIUICKCOM JOKa3aHHBIX
OHOJIOTHYCCKH aKTUBHBIX CBOWCTB, BKJIFOUAsl aHTHOK-
CHJAHTHBIE, UMMYHOMOJIYJTUPYIOMIHE, aHTUMHUKPOO-
HblE, aHTUTOKCHUYECKHE U aHTUPaJUALMOHHBIE [4—6].
Benuunaa OWOJOTHYECKONH AaKTUBHOCTH 3aBUCHT
OT TPHUPOABl MOHOMEPHBIX 3BEHHEB, COOTHOMIICHUS
MaHHYPOBOH W TYJIYPOHOBOH KHCIOT M CTPYKTYPBI
OCHOBHOU lLlenu nojucaxapujaa (IJuHa, CTeEeHb pa3-
BETBJIICHHUSA), a TAaKXKe OT MOJEKYJISPHON MacChl H
pasMepa MOJEKyJ nolucaxapuaa. AIBrHHATH HATPH
C BBICOKOUM MOJIEKYJISIPHOM Maccoil U HEPaBHOMEPHBIM
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pacupeneleHueM pa3Mepa 4acTHIl B CHCTEME IPOsIB-
0T Oosiee HHM3KYIO OMOJIOTMYECKYIO aKTHBHOCTD
10 CPAaBHEHHIO C HU3KOMOJIEKYJSIPHBIMH (ppaKIHsIMU
OJIHOPOJHOTO pazMepa.

AnbruHaT HaTpPUS MOXET PACCMaTPUBATHCS IS
BO3MOYKHOT'O MPUMEHEHHS B Ka4ECTBE CTA0MIIN3aTOpa
YCTOWYHUBBIX B XPAaHECHUH U CTAOMIBHBIX (GU3NUECKU U
XMMHYECKH 3MYJbcui [InkeprHra. OMyIIbCHOHHBIE TEIH
[TukepuHra MCHOIB3YIOTCS B KaueCTBE 3aMEHHUTENEH
KHpa B IpOAYKTAX C €ro NOHWKCHHBIM COJACPKAaHUCM,
a TaK)Ke JUJISl CO3JaHUSl HOBBIX TEKCTYPHBIX CBOMCTB.
Pa3HOpOIHOCTD YacTHIl O pa3Mepy MOXKET SBISATHCS
OTPAaHUYMTEIBHBIM (aKTOPOM JJIsi OKa3aHus dpdekra
crabunpHOCTH. [l JTUX TIened MoryT mpuMe-
HSITBCS TOJIBKO OJIHOPOJTHBIC YAaCTHIIBI C THAMETPOM JI0
1 mxMm [7, 8].

B cBs3M ¢ 3TUM aKTyalbHBIM HalpPaBICHHUEM
COBpPEMEHHBIX HUCCIICAOBAHUH SBISIETCS MTOKUCK criocoda
CHIDKEHHS pa3Mepa 4acTUIl aJIbIMHATA HATPUS C LENbI0
MTOBBIMICHUSI €T0 OMOJIOTHYECKOW aKTHBHOCTH H (-
(EKTHBHOCTH B TEXHOJOTHH IHUILEBHIX MPOU3BOACTB.

OaHUM U3 BO3MOXHBIX IyTeil peleHnus Toc-
TaBJICHHOW 3aJa4dl 1O YBEIMYCHHIO OMOIOTHYECKOM
aKTUBHOCTH QJIbI'MHATA HATPUS MOXET CTaTh CHIIKEHUE
pasmepa 4acTHUI[ METOJJOM COHOXHMHUYECKOTO MUKPO-
CTPYKTYPHUPOBAHMS, KOTOPOE 3aKJII0YaeTCs B 00paboTKe
HU3KOYAaCTOTHBIM YIIBTPa3BYKOBEIM Bo3eHcTBHEM [9—13].
B xadecTBe neiicTByrOIIEro Havana yiabTpa3ByKOBOTO
BO3JEHCTBUS BBICTYNIAET aKyCcTUUECKas KaBuTauus. Ee
3¢ PexThI compsKeHBI ¢ 00pa3oBaHHEM MeETbYalIIINX
ra30BbIX My3bIPHKOB, KOTOPBIC ITOCIIE HAPACTAHHS CXJI0-
MBIBAIOTCS C BEICBOOOXKICHHEM dHEpTruu. B pesynbrate
3TOTO MPOUCXOIAT TpaHC(HOpManst CTPYKTYPBI CPEJIBI U
COOTBETCTBYIOIUE U3MEHCHHS €€ (PU3UKO-XUMHUECKUX
cBoiicTB [14-16].

[lenpro paboOTHl SBISJIOCH HCCIEIOBAaHUE BO3-
MOXXHOCTH TIPUMEHEHHUS METOJa COHOXHMHYECKOTO
MHUKPOCTPYKTYPUPOBAHUs allbTMHATa HATpUSA JUIA
TOBBIMIECHUSI €r0 OMOJOTHYECKONH aKTUBHOCTH M d(]-
(EeKTHBHOCTH B COCTaBE MUIIEBOH MaTpHUIBl XJIebo-
OyJIOYHBIX U3ICIIHA.

O0BbeKTbI 1 METOABI HCCIETOBAHUS

B kadecTBe 00BEKTOB HCCIIEOBAHUS TPUMEHSUINCH!

1) 1 %-Hble anbruHATHBIC TEJIH:
— Alg-Na — KOHTpOJBHEIN 00pasel, MOJXYYCeHHBIA ITy-
TEM pAacTBOpPEHHUs aJbIMHATa HATPHUS IHIIEBOTO
OypwIxX Bogopocneit Laminaria digitata v Laminaria
saccharina (TY 15-544-83, TOPSPICE, Poccus) B
JUCTUIUIMPOBAHHOM BoJe ¢ TeMnepaTtypoit 50 °C;
— Alg-Na* — anprunar HaTpus, MOAU(UINPOBAHHBIN
METOJIOM COHOXUMUYIECKOTO MUKPOCTPYKTYPUPOBAHHUS.

Mou¢unupoBanubie (GOpPMBI adbrMHATA HATPUS
(Alg-Na*) monyuyanu nyteM o00paOOTKHM HATHUBHOM
¢dopmsl (Alg-Na) HU3KOHACTOTHBIM yIBTPa3BYKOBBIM
BO3JCICTBHEM B IHCTHJLIMPOBAHHON BOJIE HA yIBTpa-
3BykoBoM anmapate BOJIHA Y3TA-0,63/22-OM npu
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gactoTe KoJjiebanuii 22 + 1,65 k'l ¥ HHTEHCUBHOCTH
nznydenus He MeHee 10 Br/em? (OOO «Llentp ynbt-
Pa3BYKOBBIX TeXHOJIOTHIY, Poccns). st onpeneneHus
palMOHAJIBHBIX PEKUMOB COHOXMMHYECKOTO MHKpPO-
CTPYKTYpUPOBAHHUSI Ha OCHOBAaHUU PEKOTHOCIHPO-
BOYHBIX MCCJIEOBAHNIN OBUIN OIpEAeIeHbl BapHAalllH
rapamMeTpoB HU3KOYaCTOTHOT'O yJIBTPA3BYKOBOT'O BO3-
JEHCTBUSL NPU KOHTPOJIE TEMIIEPaTypHOro pexuma
Ha ypoBHEe 50 °C (¢ UCMONB30BAHHEM OXJIAXKIAIOIIEH
pyOamkn):

— MOIIHOCTHh HU3KOYAaCTOTHOT'O YJIBTPA3BYKOBOT'O BO3-
nevictus — 240, 435 u 630 B1/7;

— JUIMTENIbHOCTD 3Kcno3unuu — 20, 25 u 30 MuH.

2) IpOKXKEBBIE CYCIICH3WH Ha OCHOBE IPOKIKEH
xJIe00TeKapHBIX IPECCOBAHHBIX BUAA Saccharomyces
cerevisiae ('OCT P 54731-2011, OO0 «CA®-HEBAY,
r. BopoHex) 1 6MOCTUMYJISATOPOB: HATUBHOTO M MHUK-
POCTPYKTYPUPOBAHHOTO albTMHATA HATPHUSL.

Perugparamuio npoxokeit S. cerevisiae mpoBOAHIN
B TedeHue 10 MHH mpH pa3BeIEHUU JIPOXKIKEBOU
KyJbTYpBl B JUCTHJUIMPOBAHHOW BOJEe (TUAPOMOYIIH
1:10) Temnepatypoit 30—40 °C. PerunpatupoBaHHYIO
JIPOKKEBYIO KYIbTypy HHKYOHPOBAIIM HA MNTATEIBHON
cpesie WIM B pacTBopax OnoctumyisitopoB Alg-Na u
Alg-Na* B coornomenuu 1:10 npu Temneparype 30 °C
B TeueHue 15 MuH:

— obpazen Ne 1 (koHTpOIB) — B TUTaTEeNbHOM cpene YP,
cocrosteit u3 16 % pactBopa nenrona u 16 % pactsopa
JIPOXOKEBOTI0 IKCTPAKTA;

— o0pazen; Ne 2 — B 1 %-M pacTBOpEe HATUBHOT'O aJlbIHHATA
Hatpus Alg-Na;

— oOpazery Ne 3 — B 1 %-M pacTBOpe COHOXUMHUYECKH
MHUKPOCTPYKTYPHUPOBAHHOTO asibruHaTa Hatpus Alg-Na*.

3) nabopatopHbie 00pa3Ilbl XJICOO0YIOUHBIX U3/ICITHIA:
— obpazer; Ne 1 (KOHTPOJIB) — XJ1€0 M3 MIICHUYHON MYKH
[IEpBOTO COPTA, NPOU3BEIECHHBIN MO TpPaIULUOHHON
perenType U TEXHOJIOTHH 0e30MapHbIM CIIOCOO0M;

— oOpasery Ne 2 — xJy1e0 M3 NMIICHUYHOH MYKH IEPBOTO
copra, oboramieHHbI HaTUBHOW (opmoit Alg-Na u
MPOM3BEJICHHBIN 0€30MapHBIM CIIOCOOOM;

— obpazery Ne 3 — xme0 U3 MIICHUYHON MYKH IIEPBOTO
copra, 00OTalICHHBIH COHOXHMUYECKH MHKPOCTPYK-
TypupoBaHHOW (opmoii Alg-Na* u mpounsBeneHHBIN
06e3omapHbIM CITOCOOOM.

OpraHonenTniecKne MoKa3aTeIn albIrMHATa HATPHS
omnpenensun coraacHo TpedboBanusam TY 15-544-83.

N300paxkeHrss MUKPOCTPYKTYPbI YaCTHIl HATUBHOTO U
MOAM(DHUIMPOBAHHOTO AJIbITMHATA HATPHSI ObUIH IOy YEHBI
C IPUMEHEHNUEM METO/1a CKAaHUPYIOLIEH 3JIEKTPOHHOMN
MHUKPOCKOIINH (PacTPOBBINA 3JIEKTPOHHBIH MUKPOCKOTI
BbIcOKOTO pazpemenus Jeol JSM-7001F, Snonus).
[IpenBaputenbHo 00pa3usl B Buae 1 %-HBIX BOTHBIX
pPacTBOPOB BHICYIINBAIN METOJOM CyOINMalHOHHON
cymku B nHobunbHoil cymuike UHEM-4. 3atem Bbi-
CyIIEHHbIE MOPOIIKH 3aKpeIulsId Ha IUIAHIIeTe Ha
JIBYCTOPOHHEM MpOBOJALIEM CKOTue (yTJIepogHOM),
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MIPOBOIMIIN HAIIBIJIEHUE HAa 00pa3Ilbl 30JI10Ta B TEUCHHE
30 ¢ Ha BaKyyMHOH HambUIUTEIHHON ycTaHOBKE (Jeol
JEC 3000FC, SnoHus) u MUKpOCKONUPOBAIH.

Pacnpenenenue B aucnepcHoil cpejie ruApoavHa-
MHUYECKOTO JMaMeTpa 4YacTUI[ alblHHATa HaTpUA
HCCIIEIOBATM METOJOM IHHAMHYECKOTO PACCETHUS
CBETa Ha JIa3epHBIX aHAIM3aTOpax pa3Mepa YacTHIL
cepun Nanotrac 253 Ultra (Microtrac Inc., CIIA).
W3mepenns npoBoauiu B 1 %-HBIX BOZHBIX pacTBOpax
ampruHaTa HaTpus Alg-Na u Alg-Na*.

HccnenoBanne BI3KOCTH albIMHATHBIX Tellel Mpo-
BOJMJIOCH TOCPEACTBOM ONPECICHHUsSI KaMEePTOHHOM
BS3KOCTH (M3MEpEHHE IPOM3BEICHUsI TUHAMUYECKOM
BSI3KOCTH Ha INIOTHOCTH 00Opasma) Ha BUCKO3UMETpE
cepun SV-10 (A&D, Snonus).

OO0my0 aHTHOKCHUAAHTHYIO AKTHBHOCTH HAaTHB-
HOTO M MOIM(HUIMPOBAHHOTO allbTMHATA HATPUs
n 00pa3noB xJIe000YIOUHBIX H3ACNHI OICHUBAIN
ITyTEM OIIpEeJIeIeHNs TOTJIOMAIOIIEeH ClIOCOOHOCTH CBO-
O6oxHOTO pagukana 1,l-qudeHnn-2-nmuKpuaruipasnia
cnekrtpodoromerpudecku npu 515 HM ¢ UCHOJIB30Ba-
HUeM MeTaHosbHOro pacrsopa DPPH (mo monudwu-
karuu X. Sui u np.) [17].

Ornenky 0€301acHOCTH M TOKCHYHOCTH HATHBHOI'O
1 MOAM(HUIMPOBAHHOTO aJIbI’MHATA HATPUS IPOBOJIUIN
M0 METO/Y OIEHKH TOKCHYHOCTH MPOJAOBOJIBCTBEHHOTO
CBIpbSl HAa TecT-opranusmax Paramecium caudatum
(yrB. PACXH u T'HY Bcepoccuiickuif Hay9HO-HC-
CJICIOBATEIIbCKUH HWHCTUTYT BETEPUHApHON CaHM-
Tapuu, TUTHEHbI U 9KoJoruu, 2009 1.) ¢ IpuMeHeHneM
aBTOMATHU3UPOBAHHOI'O NPUOOPHO-BBIYHCIUTEIHLHOIO
xomrurekca buoJlat («EBpomnonurect», Poccus).

[MoTenumanbHyl0 OMOAKTHBHOCTH HATHBHOIO H
MOJUGUIIMPOBAHHOTO aJIbTUHATA HATPHUS UCCIIEI0BAIN
in vitro ¢ HCIOJIB30BaHUEM MOJEIM IIpoLecca Ie-
peBapuBanusa (mo meromuke M. J. Rodriguez-Roque
u ap.) [18]. Okcnepument npoxoaui B ase (assl. IlepBoii
(azoii BeICTyINajga MOJIENb Ipolecca IepeBapuBaHus
B JKEIyJIKe, KOTOPYI0 TOTOBMIIM IyTEM pa3BeICHUs
(epMeHTa CBUHOTO CHIBOPOTOYHOTO METICHHA U COJIsI-
HOW KHCIJIOTHI B AUCTUJLIMpOBaHHOM Boae a0 pH 2,5.
3areM uccienyemMblii 00pasel] aJbruHaTa HaTPUs Tep-
MOCTaTHPOBAJIH B 3TOM cMecH B TeueHue 2 4 npu 37 °C.
Bropyro ¢a3y (Momens mporecca nepeBapuBaHus B
TOHKOM KHIIIEYHHUKE) TOTOBIIIH ITyTEM Pa3BEICHUS CMECH
(epMEeHTOB MaHKpeaTHHa M JHUIAa3bl B AUCTUIINPOBAH-
Ho#i Bozie 1o pH 6,5-7,0. [Tonnyuennyto nocine nepBoi
(a3bl cMech BBIZCPKUBAIHM BO BTOPOii (pase B TeueHue
2 g mpu 37 °C. 3areM cMech MOABEPraliv IEHTPUPYTHPO-
BaHMIO B TeueHue 10 MuH mpu (axkTope pasieneHus
6584g (qactoTa obpamenust poropa 8000 06/MuH) s
OCaXJICHUSI HEPaCTBOPUBIIMXCS YacTULl (LeHTpUdyra
OITH-8, Poccust) u GpuabTpoBaIu 4epe3 MEeMOpPaHHBIN
areTaT-IeJUTI0N03HbIH GunsTp (pasmep mop 0,45 MkMm).
B noxyuennom ¢unpTpare n3mepsian oONIyI0 aHTHOK-
CUJAHTHYIO aKTUBHOCTb CHEKTPO(OTOMETPUUECKHU C
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HCIIOTB30BaHUEM MeTaHOIbHOTO pactBopa DPPH [17].
Wnnexc 6uoaktuBnoct (MBA, %) paccunTeiBain 10

¢dopmyie (1):

KOHI{

UBA = AOA x 100

(1
ex

rae AOA | — 00111asi aHTUOKCHJIAHTHASI aKTHBHOCTH
HatuBHOro Alg-Na u mogudunuposannoro Alg-Na* o
OKOHYaHWH TIPOIIECcca NepeBapuBanms in vitro, AOA  —
oOmasi aHTHOKCHJIAHTHAas AaKTUBHOCTb HATHBHOI'O
Alg-Na n mogudunuposannoro Alg-Na* no mporecca
[epeBapuBaHusl in vitro.

BpoaunbHy0 aKTUBHOCTH IPOKIKEBBIX CYCHEH3UH
YCTaHaBIMBAIH ITyTEM OINpPENEICHUS HHTCHCUBHOCTH
BBIZICNICHUS] JABYOKHCH YyTJEpOJa MaHOMETPHUECKHM
crocoboM ¢ momo1nkko amnmapara Bapoypra. [Ipupoct
OroMacchl IpOXOKEH OMpeessyii TPAaBUMETPHUECKUM
METOZOM B a3pOOHBIX yCIOBHIX.

OLEHKYy OPTaHOJENTUYECKUX U (PU3UKO-XUMHYEC-
KX MOKa3areseil o0pa3noB xy1e600yI0UHbIX N3IETHH
OCYUIECTBIISIN CTaHJApPTHBIMH METOJIAMHU COTJIACHO
I'OCT P 58233-2018.

Bce m3MepeHust B X0/i€ 3KCIEPHMEHTOB IIPOBO-
JIAIIN B TPEXKPATHOH MapajuienbHoi noBropHocTH. CTa-
TUCTHYECKAsi 00pabOTKa pe3yJIbTaTOB OCYIECTBIISIACH
npu BepositHocTH 0,95.

Pe3yabTaThl U HX 00CyKIEHHE

Ha mepBom sTamne uccienoBaHusi ObLIO HU3Y4YECHO
BJIMSIHHE COHOXMMHUYECKOTO MUKPOCTPYKTYPHUPOBAHHUS
Ha CTPYKTYpHBIE XapaKTEPUCTHKH, OMOAKTUBHOCTh U
OMOJOCTYITHOCTh aJIbI'MHATA HATPHSI.

OOpasern anbruHaTa HaTpHUs MpeacTaBisia coboit
OJTHOPOJIHBIN MEJIKOICIIEPCHBIN MOPOIIOK OEIoro 1Bera
co cr1aboBBIPAKEHHBIM BKYCOM U 3allaxOM BOJOPOCIEH
(puc. 1).

JJisi COHOXHMHUYECKOTO MUKPOCTPYKTYPHPOBAHUS
MaKpOMOJIEKYJI ITOJINCaXapH10B ObIIO MTPUMEHEHO HU3-
KOYaCTOTHOE yJIbTPa3ByKOBOE Bo3eiicTBrue. MexaHu3M
COHOXMMHYECKOTO MUKPOCTPYKTYPHUPOBAHHUS 00YCIIOB-
CIIOBJICH (OPMHUPOBAHHEM KaBHUTALMOHHBIX Iy3BIPh-
KOB, BO3HMKAIOIIUX B BOJHOH CHCTEME PacTBOPOB, IIPH
CXJIOTIBIBAHUH KOTOPBIX MOKET BO3HUKATh MHTEHCHB-
HBIM JokaneHBI HarpeB (mo 1500 °C) u BbICOKOE
nasienne (okono 1000 atmocdep). B pesymbpTaTe K07I-
Jarca TaKUX MYy3BIPHKOB BBICBOOOXKIACTCS SHEPrus,
JIOCTaTO4Hast /Ui pa3pblBa XUMUYECKUX CBSA3EH B JIO-
OBbIX ITOJIMMEPHBIX MaTepuanax. [Ipu aToMm npoucxonat
HM3MEHEHHS MHKPOCTPYKTYPBI U MOP(OIIOTHH YaCTHI], a
TaK)Ke CHIKCHUE MOJICKYJISIPHOI MacChl U pazMepa Mo-
JICKYJIBI TIOJIMCaxapyuaa 3a CUeT pa3pbIBa MOJUMEPHBIX
nemnei [19, 20].

IIpu BusyanbHOH oneHke 1 %-HBIX BOZHBIX pacT-
BOPOB aJbIrUHATa HATPHUS OBUIO BBIABICHO, YTO
Alg-Na ouYeHb MENJIEHHO pacTBOpSJICS B BOJE
(oxoJl0 2 9 10 TOJHOTO pacTBOpeHHs), 00pasys
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Pucynox 1. BHenrnuil Bug nopouka ajbruHaTa HaTpust
(TY 15-544-83, TOPSPICE, Poccus)

Figure 1. Sodium alginate powder, Technical Specifications
15-544-83 (TOPSPICE, Russia)

Pucynox 2. BHemHui BUA pacTBOPOB aJIbTHHATOB HATPH
o ucreyennu 20 muH Boiiepkku: a — Alg-Na; b — Alg-Na*

Figure 2. Sodium alginate solutions after 20 min exposure:
a— Alg-Na; b — Alg-Na*

BSI3KMH M YCTOHYMBBIM B XpaHEHUU MPO3payHbId
renb. [lociae 00pabOTKM yIBTPAa3BYKOM CHCTEMa
BoJHOTO pactBopa Alg-Na* omHoponHa M mpeacTas-
nser coboit remm pasHoit BsiskocTu (puc. 2). Ilpo-
LIECC PacTBOPEHNUS] MHTEHCU(UIIUPOBAJICS U COCTABHUII
20 MHH.

[Tociie COHOXMMHYECKOTO MHKPOCTPYKTYPHPOBa-
HUSl B PEKMME HEBBICOKOW MOIIHOCTH W HEINpPOJ0JI-
JIOJDKUTENEHOTO BPEMEHH DKCIO3WUIUU 3HAYCHHE I10-
Ka3aTels BI3KOCTH CHavasia yBeJInunuBaiock (10 16 %
pu 00paboTKe HU3KOYACTOTHBIM YJIBTPa3BYKOBBIM BO3-
JIercTBHEM MOIIHOCTHIO 435 B1/n B Teuenue 20 MuH).

DTO CBSA3aHO C Pa3pbIBOM BOJOPOIHBIX CBsA3CH B
MOJIEKYJIe Mosucaxapua, 00pa3oBaHiHeM CBOOOHBIX
(DYHKIIMOHANBHBIX TPYII W UX B3aUMOJICHCTBHEM C
TUAPOKCHIBHBIMU TPYIIIAaMH BOJBI, MOABEpTIICHCS
mporeccaM KaBUTanuu. [IpW yBeTWYEHUN MOIIHOCTH
HHU3KOYaCTOTHOTO YJIBTPAa3BYKOBOTO BO3JACHCTBUA H
JTUTUTEIHPHOCTH SKCIIO3UIIAA TTPOUCXOIUIO PE3KOE CHH-
JKEHHUE TIoKa3aTens Bsi3kocth (Ha 87 % mpu oOpadoTke
MoIHOCThI0 630 BT/1 B Teuenne 20 MHH), COIPOBOXK-
Jaronieecs pa3KIKEeHNEM PacTBOPOB. DTH U3MEHEHHS
MOTYT CBHAETEIbCTBOBATH O JIECTPYKIIMH HCXOJHOM
(hopMBI anmbruHaTa HaTpHs, IMEperpynnupoBke (QyHK-
LUOHAJIBHBIX TPYII U U3MEHEHUN MaKPOMOJIEKYJISIPHBIX
cBoicTB (puc. 3).
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Pucynox 3. BA3KOCTh pacTBOPOB aJbIHHATA HATPUS
JI0 ¥ IOCJIE COHOXUMHUYECKOTO MUKPOCTPYKTYPHPOBAHHUS
(P=10,95)

Figure 3. Viscosity of sodium alginate solutions before
and after sonochemical microstructuring, P = 0.95

CTpyKTypHbIE XapaKTepUCTUKH OHOIMOJIUMEpPOB
TECHO CBSI3aHBI C MPOSBICHUEM HX OHOJOTHYCCKOU
akTuBHOCTH [21]. ['enu, momydeHHbIC U3 aTTHTHATOB
¢ Ooiee HHU3KUM MOJICKYJISPHBIM BecoM, obnanamu
0oJiee BRICOKOW aHTHOKCHIAHTHON aKTUBHOCTHIO. Pe-
3yJBTATHl UCCICOBAHUS BIUSHUS COHOXUMHYECKOTO
MHKPOCTPYKTYPHPOBAHHUSA HA OOIIYyI0 aHTHOKCHIAHT-
HYIO aKTHBHOCTLH aJIbTMHATa HATpUsd MPECACTABJICHBI
Ha pUCYHKE 4.

AHanu3 pe3ynbTaToB ONMpeaelIeHHs 00IIeH aHTHOK-
CH}IaHTHOﬁ AKTUBHOCTHU aJIbTMHATa HATpUA TIIO0CIIC
COHOXHMHYECKOTO MUKPOCTPYKTYPUPOBAHHUS TTOKA3AJI,
YTO C YBEIWYECHUEM MOIIHOCTH HU3KOYACTOTHOTO YIIb-
TPa3BYKOBOTO BO3AEHCTBHUS MPOHMCXOIUT HapalluBa-
HUE JaHHOTO MoKa3aTessi: B 7 pa3 nmpu 00paboTKe MOIII-
HocThio 630 B1/n1 B Teuenne 20 mun. C yBennueHHEeM
MIPOIOIKUTEIHFHOCTH BpEMEHH 00pabOTKH PacTBOPOB
aJibruHaTa HAaTpud HU3KOYACTOTHBIM YJIbTPAa3BYKO-
BBIM BO3JICHCTBHEM 3HAYCHHUE OOINEH aHTUOKCHUIAHT-
HOM aKTUBHOCTH yMeHbIaeTcss. O0paboTka yiIbTpas3By-
KoM MomHOcThI0 MeHee 240 m 6omee 630 Bt/m mHe
MPECTABISIIACH BO3MOXKHOU M3-33 TEXHHUYCCKUX BO3-
MOXKHOCTeH mprudopa. OIHAKO, BaphUPYs BPEMS IKCIIO-
3ULMH, NIPU BO3AEHCTBUH MUHHMMAJIBbHOM MOLIHOCTH
yibTpasByka (240 Bt/n1) menee 20 MUH U3MCHCHHH B
3HAYCHUU AHTHOKCHJIAHTHOW aKTUBHOCTH OTMEYCHO
He Opwto. IIpwm HU3KOYACTOTHOM YIBTPa3BYKOBOM
BO3ACHCTBMM Ha pPAaCTBOPHI ajbICHHATA HATPUA
MaKCHMaJIbHO BO3MOXXHOH MoIIHOCThIO 630 B1/n
MPOIOJKUTEIBHOCTRIO Ooniee 30 MHH HapamuBaHUE
3Ha4YeHns OOImell aHTHOKCHUIAHTHOW aKTHUBHOCTH
MpeKpamnaeTcs.

YBenudeHne o0IIei aHTHOKCUIAHTHONH aKTUBHOCTH
COHOXHMHYECKA MHKPOCTPYKTYPHPOBAHHOTO ajbIH-
nata Hatpus (Alg-Na*) moxeT OBITh CBSI3aHO C
0oJiee BBICOKOH CTCIICHBIO PACTBOPUMOCTH M yMECHB-
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Pucynok 4. YcpenHeHHas oleHKA BIHUSHUS Pa3HBIX
PEKUMOB COHOXMMHUYECKOIO MUKPOCTPYKTYPUPOBAHUS
Ha OOIIYI0 aHTHOKCHIAHTHYIO aKTUBHOCTh
anprunara Hatpus (P = 0,95)

Figure 4. Effect of different modes of sonochemical

microstructuring on the total antioxidant activity of sodium
alginate, P = 0.95: averaged assessment

IIEHHEM pa3Mepa 4acTull monmcaxapuaa. IIpu sTom
YBEIUYUBACTCS yJCiIbHAs MOBEPXHOCTh, YTO obecre-
YUBACT JOCTATOYHOE KOJUYSCTBO aKTHBHBIX IICHTPOB
JIJIS peakuu CO CBOOOIHBIMHU paguKalaMd U IOJaB-
JICHUsI OKUCIUTEIBHBIX peakiuil. CHUXKCHUE 00Inei
AHTHOKCHUJIAaHTHOW aKTUBHOCTH TIPHU YBEIHUYCHHUH Bpe-
MEHH JKCIIO3UIIUH BO3ACHCTBHS YIABTPa3BYKOM MOXKET
OBITH 00YCIIOBIICHO MEPETPYNIUPOBKON 1 H3MCHCHUEM
COOTHOIIICHNS THATYPOHOBOW M MAHHYPOHOBOH KHCIIOT.
[omydueHHBIe pe3ynbTaThl COTTACYIOTCS C IUTEPATyPHBIMH
JIaHHBIMU UCCJIEIOBAaHUM aHTUOKCHJIAHTHOW aKTUBHOCTH
HU3KOMOJIEKYJISIPHBIX MOJIMCAaxapuioB [22].

Ha ocHOBaHWM TMOJYYEHHBIX PE3yIbTATOB ObLIA
pa3paboTaHa MaTeMaTHYecKkas MOJCNb IMpolecca
COHOXHMHYECKOTO MHUKPOCTPYKTYPUPOBAHHS aTbIH-
HaTa HaTpus. Ha ocHoBe ABYX(akTOpHOro aHalu3a
(X, — MOUIHOCTh HU3KOYACTOTHOTO YJIBTPa3BYyKOBOTO
BO3zcHcTBUsA, B1/1; Xz— JUIATENBHOCTE 3KCIO3UIINH,
MUH) ¥ B pe3yJbTaTe PEIICHUS 3aJa4d ONTHUMHU3ALNN
U CTATUCTHYCCKON 00pabOTKH JaHHBIX YKCIICPUMCHTA
MMOJyYeHa IMOBEPXHOCTh OTKJIMKA U ypaBHEHHUE per-
peccuu, OMHICHIBAIOIINE BIUSHAE PA3HBIX PEKUMOB CO-
HOXMMHYECKOTO MUKPOCTPYKTYPUPOBAHUS HA OOIIYIO
AHTHOKCHJIAHTHYI0 AaKTHBHOCTh pPACTBOPOB AalIbTH-
Hata HaTpusa — Y, (puc. 5). OueHnBas aneKBaTHOCTh
MOJy4eHHON MaTeMaTU4YEeCKOW MOJIENIH UCCIEyEMOT0
mporecca, KOTopasi MO3BOJIICT HAHTH ONTHUMAJbHEIC
mapaMeTpbl COHOXHMHYECKOTO MHKPOCTPYKTYPHPO-
BaHUs allbTUHATAa HATPHs, MCIOJIb30BAIU KPUTEPUN
duuepa.

VuuTeiBas (QU3NYECKUH CMBICT BEIUYUH U TEX-
HUYECKUE XapaKTEePUCTHUKU HCIOIB3yEMOTO YIbT-
pa3BYKOBOTO ammapata, s CHIDKCHHS pasMmepa
YacTHI[ aJbIHHATAa HATPHUS METOJIOM COHOXHUMHYEC-
KOTO MHUKPOCTPYKTYPUPOBAHUS OBUIM OMPCACICHBI
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Figure 5. Sonochemical microstructuring of sodium alginate:
simulation results
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panuoHaIbHBIE TapaMeTpPbl HU3KOYACTOTHOTO YIbT-
Pa3BYKOBOTO BO3AEHCTBUA: MOIIHOCTH — 630 Bt/m,
JUTUTEJIBHOCTh 9KCHO3UINU — 18 MHH, KOHTPOJIb TEM-
nepatypHoro pexuma — Ha ypoBHe 50 °C. JlaHHBIH
PEXKUM HUCIOIB30BAJICSA B MOCIEAYIOIMUX UCCIET0Ba-
HUSAX JIJIS1 COHOXUMUYECKOTO MUKPOCTPYKTYPUPOBAHUS
aJibruHaTa HATpHUA

HpOBelleHO HN3YYCHUEC BIINAHUA COHOXUMHUYCCKOTO
MHUKPOCTPYKTYPHUPOBAHUSA Ha MOP(OIOTHIO U pasMep
YaCTHIl aJIbTMHATA HATPHS C IOMOIIBIO CKAaHUPYIOIIEH
3JIEKTPOHHON MUKPOCKOIIUH U METOAA JTUHAMUYIECKOTO
paccesiHusI CBETa COOTBETCTBEHHO. [losryueHHbIE CHUM-
KM MHUKPOCTPYKTYpPBI YaCTHUI[ B CONIOCTABIEHUH C PE3y-
JIbTaTaMM OLICHKHU paclpeseleHus B TUCIEPCHOII cpene
TUAPOJAMHAMUYECKOTO JAMaMeTpa 4YacTHI] aJblUHaTa
HaTpus (puc. 6) 10 U Mocie yIbTPa3BYKOBOTO BO3ICHCT-
BH TO3BOJIAIOT OIMMCATh U3BMCHCHUA, IPOUCXOAAIINEC B
IIPOIecCce COHOXUMUUIECKOTO MUKPOCTPYKTYPUPOBAHMUS
anbTUHATA HATPUSL.

AHann3 n300pakeHU CKaHUPYIOIIEH JIIEKTPOHHOH
MHUKPOCKOITUH 00pa3IoB aJIbIMHATa HATPHUS MTOKA3aJl, YTO
ocyie yIbTpa3ByKoOBOH 00paOOTKH OTMEUEHO HAJIHIHE
CTPYKTYPHBIX U3MEHEHUH. AbIUHAT HATPUS B HATUB-
HOIl (hopmMe mpencTaBisieT cOOOW YacTHIBI HUTEBHI-
HOIl UppalMOHAILHOI (OPMBI C INIaIKOW CTPYKTYPOi

Alg-Na*

[Ipoxoxnenue, %

’H;',

O e
1,0 10 100 1,000 10,000

Pa3Mep qacCcTHull, HM

YacroTa BcTpeuaemocTtu, %

Pucynoxk 6. ComocraBieHne pe3yIbTaTOB HCCIEJOBAHNS MUKPOCTPYKTYPEI YaCTHII aTbrHHATa HATPHS (a)
1 UX paclpeieleHnus B JUCIIEPCHON cpee TuapoAnHaMudeckoro auamerpa (b)

Figure 6. Microstructure of sodium alginate particles (a) vs. their hydrodynamic diameter distribution in a dispersed medium (b)
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MTOBEPXHOCTH (pa3MepoM MPEUMYIIECTBEHHO 5650 HM).
ITocne COHOXMMUYECKOTO MHUKPOCTPYKTYPHUPOBAHUS
HaOJI0MaeTCs NeTIOTNMEepH3aIus KPYITHBIX KOHTIIOMe-
patoB Ha Gosiee KOPOTKHE EMEHTHI (pa3MepoM 5670 HM —
30,6 %, 502 um — 53,4 %, 56,1 um — 16 %). Ha no-
BCPXHOCTH YaCTHUIl OTMCYCHO HAJIUYUE AYCUCTOCTH U
HaJIPBIBOB.

Jnsg nporHo3upoBaHUs MNOTEHLUUAIBHON IOJE3-
HOCTH MUKPOCTPYKTYPHPOBaHHOW ()OPMBI ajibruHaTa
HaTpus ObUTa WCCieAOBaHA in Vitro MOTCHIHATbHAS
OMOaKTHBHOCTD C UCIIOJIB30BAHUEM MOJIEIIH Tpoliecca
nepeBapuBaHus. Pe3ynbTaThl OMpeaclieHus WHIEKCa
OMOAKTUBHOCTHU MPEJACTABICHBI HA PUCYHKE 7.

[TpoBenn OuOTECTHPOBAHWE MHUKPOCTPYKTYPHUPO-
BaHHOW M HATUBHOHW (popM anbruHaTa HATpUs Ha TECT-
opranusmax Paramecium caudatum. VccnenoBanue
MIPOBOJIMIIH ITYTEM IOACYETa KOJTUIESCTBA TMPOCTEHIITIX
B HCCIIEIyeMBbIX PacTBOpax HATHMBHOTO U COHOXUMU-
YECKH MUKPOCTPYKTYPHUPOBAHHOTO allbTHHATA HATPHUSA
cpasy mocie pa3BeneHHs U yepes 2 4. BekuBaemMocTh
P. caudatum 3aBucut OT MHOTHX (DAKTOPOB, B TOM UHCIIC
OT KOJIMYCCTBA NUTATCIIBHBIX BCHICCTB B OKCTpAKTax
HCCIIEeyeMBIX 00BEKTOB.

Ha pucynke 7 npeacraBieHbl JaHHbIE IPUPOCTA TECT-
OpraHu3MoB P. caudatum B MccllelyeMbIX pacTBOpax
aJbrUHATA HATPHUS 10 U TTOCIIE COHOXUMHYECKOTO MUKPO-
CTPYKTYpHUpPOBaHUS.

[ToryueHHBIE pPE3YyABTATHl CBHICTEIBCTBYIOT O
TOM, YTO MOCJIE IIpoLecca NepeBapuBaHUA in Vitro
MPOUCXOIUT CHUXKCHUE OOmeld aHTHOKCHIaHTHOW
aKTHMBHOCTH B 00OMX 00pa3iax aibruHaTa HaTpHs
B cpenHeM Ha 60 % B CBSI3M C IOPOUCXOASAIINMHU B
cucremMe (U3UKO-XUMHUYSCKUMH IPEBPAIICHUSIMHU, B
TOM 4Hclie OJOKHMPOBKOW aKTHBHBIX T'MJIPOKCHIIBHBIX
rpynm u 00pa3oBaHWEM MallOAaKTHBHBIX PaIUKalioB.
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Pucynok 7. UHgexc GMOAKTUBHOCTH M TIPUPOCT
Paramecium caudatum B mutatensHOU cpene
C UCIOJIb30BAaHUEM HATUBHOTO
1 MUKPOCTPYKTYpPUPOBAHHOTO anbruHata Hatpus (P = 0,95)

Figure 7. Bioactivity index and Paramecium caudatum growth
in a nutrient medium using native and microstructured sodium
alginate, P = 0.95
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[HoTenmnmanpHast OMOAKTUBHOCTH COHOXUMUYIECKU MUK-
POCTPYKTYpHPOBAaHHOW ()OPMBI aIbTHHATA HATPUS Ha
3,9 % npeBbiiana KOHTPOJIbHBIN 0Opa3ell.

[Iporrecc COHOXMMUYECKOTO MUKPOCTPYKTYPUPOBAHHS
aNbrUHATA HATPHS HE OKAa3bIBACT TOKCHYHOTO IEHCTBHS
Ha mpoctemux Buaa P. caudatum. Ilpu 3T0OM TIpoucxo-
JIUT KOJINYECTBEHHbBIN npupocT uHdy3opuit Ha 27,2 %
M0 CPaBHEHHIO C KOHTPOJBHBIM 00pa3moM. JlaHHEIE
Ha0JIIO/IEHUSI MOTYT KOCBEHHO CBHUJIETEILCTBOBATH 00
YBCINYCHUU 6I/IO)IOCTy1'IHOCTI/I " YCBOACMOCTHU MUKPO-
CTPYKTYPHUPOBAHHOW (OPMBI albrwHATA HATPHS KIIe-
TOYHBIMHU CTPYKTYpPaMH.

Ha xnebomekapHbIX NPEANpPUATHSAX B KadecTBe
3aKBACOYHON KYJIBTYpHl IIHPOKO TPUMCHSIOTCS B
HAaTUBHOM M CyOJIMMHUPOBAHHOM BHJIE APOXIKHU XI1€00-
nekapHele Buia Saccharomyces cerevisiae. Ilonyuenue
MOPOIIKOB MUKPOOPTAHMN3MOB COTPSKEHO C pPUCKAMH
yTpaThl UX aKTHBHOCTH NPU BOCCTAHOBJICHUHU B pe-
3yabTate 00e3BoxuBaHusA. OIHUM U3 dPPEKTHUBHBIX
CITOCOOOB TOBEIMICHUSI OMOAKTUBHOCTH S. cerevisiae
SIBIIICTCS OOOTAIICHAE MUTATEIBHOM CPEIbl BEIIIECTBAMH,
JIOCTYTIHBIMHU JJIsl TIPOHUKHOBEHUS B KJeTKH. [Ipumene-
HUE ToNicaxapunoB OypeIX BOJOPOCHEil B KadyecTBe
OMOCTUMYIIATOPOB MUKPOOPTAHU3MOB MOKET SBIISATHCS
OJIHMM M3 CIIOCOOOB BOCCTAHOBJICHHS U YJIYULICHHS
AKTHBAIlMH 3aKBACOYHBIX MUKPOOPTaHU3MOB. B cBs3HM
C 3TUM OBLIO W3yYEHO BIHMSHUEC allbTHHATA HATPHUS B
HATUBHOW M COHOXUMHUYECKH MUKPOCTPYKTYPHUPOBaHHOM
(hopmax Ha aKTUBHOCTB JIPOXIKEH XJ1e00neKapHbIX B
S. cerevisiae (puc. 8).

Ha ocHOBaHMM NOTy4YEeHHBIX JaHHBIX O OPOJANIBHOM
AKTUBHOCTHU XJEOOMEKapHBIX IpOXiKen S. cerevisiae
YCTaHOBJICHO, YTO B MIPUCYTCTBUU OMOCTHMYIISATOPOB —
HATUBHOM ¥ COHOXUMHUYECKH MUKPOCTPYKTYPHUPOBAHHOM
(hopM anbruHaTa HaTPUs — MPOUCXOUT UHTCHCH(DUKALIHS
MpoIiecca HaKOIJICHHUS IBYOKHCH yTIIEpo/ia B pe3yIbTaTe
obOorameHuss Cpeapl JOMOTHUTCIBHBIMU ITHTATCITh-
HBIMH BEIIECTBAMH YTJIEBOJHOU MPUPOIBI (B YACTHOCTH
MOHOCAXapHuIOM alblWHATa HATPUS — MAaHHO30ii)
U aKTUBHOTO CHHPTOBOro OpokeHus. bpomuiapHas
aKTHBHOCTh B 00pa3lax ¢ HAaTUBHBIM M COHOXHMH-
YeCKH MUKPOCTPYKTYPHPOBAHHBIM aIbTHHATOM HATPHUS
OJIMHAKOBas U cOoCTaBIsAeT 4 %.

OmnpeneneHne npUpocTa OMOMACCHI  JAPOXKIKEH
MOKAa3aJ0 KOPPEIAnHio ¢ OpOAMIBHON aKTUBHOCTBIO.
BxuitoueHnue B cocTaB MUTATEIbHOMN Cpelibl AJIbIMHATA
HaTpHsI OKa3bIBACT BJIMSHHME Ha MHPHUPOCT OHoMac-
Chl Japoxoked (yBenmumueHue Ha 8 % 11 HATUBHOM
¢dopmer, HA 10 % 19 MHKPOCTPYKTYPHPOBAHHOM).
Takum o00pa3zoMm, HCIOIB30BAaHHE HHU3KOYACTOTHOTO
yAbTPa3BYKOBOI'O BO3AEUCTBUS MJISI COHOXMMHUYEC-
KOTO MHUKPOCTPYKTYPHPOBAaHHS aJbIHHATA HATPUSA
1eJIecO00pa3HO U MO3BOJUT O00ECHEYUTh KICTOUYHYIO
JNIOCTYMHOCTD 1Jis1 S. cerevisiae.

Jns monrBepkaeHus d(PPEKTHBHOCTH COHOXHUMH-
YECKOTO MHKPOCTPYKTYPHPOBAHUSA aJbI'WHATA HAT-
pusi B cOCTaBe IMUIICBOW MaTPUIBI OBUIO MPOBEACHO
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Pucynok 8. buorexnonornueckue csoiictBa Saccharomyces cerevisiae Ipu UX peruapaTallly B MUTATEIbHBIX CPelax
pasHoOro cocrasa: a — OpOAMIbHAS AKTHBHOCTh; b — MpUPOCT GHOMACCHI

Figure 8. Biotechnological properties of Saccharomyces cerevisiae during rehydration in different nutrient media:
a — fermentative activity; b — biomass growth

Tabnuna 1. Penentypsr xsieb6a U3 MIICHUYHOW MYKH ITIEPBOTO COpTa

Table 1. Bread formulations with first-grade wheat flour

HaumenoBanue Pacxon cbipps, T
00pasios Myka nieHnuHas Jposxoxu Conb AJIbryHaT HaTpHs AInBruHaT HaTpUst
1-ro copra xjeOonekapHble | mumeBast | HaTHBHBIHN (Alg-Na) MHUKPOCTPYKTYPHUPOBaHHBIN
MPECCOBAHHbIE (Alg-Na*)
Oopazen Ne 1 1000 13 15 - -
(KOHTPOJIB)
Obpaszen Ne 2 1000 13 15 10 -
(c BHecenuem Alg-Na)
Obpazer Ne 3 1000 13 15 - 10
(c BHecenneMm Alg-Na*)

HCCIIeJOBAHNE BIMSHUSA TAHHOTO (DYHKIIMOHATHHOTO
MUIICBOTO UHTPEIUCHTA HA KaYECTBO XJIeO00YITOUHBIX
m3nenuid. Xne® ObLT BHIOpaH B KadecTBe Hambolee
npuemMiIeMOl MOJECIbHONW NHUIEBONH CUCTEMBI IS
oborameHus, T. K. ABISICTCA MPOIYKTOM MacCOBOTO
cmpoca.

ATBTHHAT HATPHS UCIIOIB3YETCS B XJICOOMCYCHIH B
Ka4eCTBE 3aryCTUTEIS, €ro TI03UPOBKA OOBIYHO COCTABIISICT
ot 0,3 10 2 %. Ha ocHOBaHMM PEKOTHOCIIMPOBOYHBIX
UCCIIeIOBAHUH ObLIa OTpe/IeiIeHa J03UPOBKA BHECCHHUS
MHKPOCTPYKTYpPHUPOBAHHOTO albIHATA HATPHS, KOTOPAs
coctaBusa | % OT mMacchl MyKH. AJBrUHAT HaTpus
BHOCHJICSA B BHJE BOJIHOTO PACTBOpPA B HATUBHOU M
MUKPOCTPYKTYpPUPOBaHHO# (opme Ha dTame 3ame-
IIMBaHUS TecTa (BIakHOCTH TecTa 36,8 + 1,0 %). Xied
TOTOBHJIN OE30MapHBIM CIIOCOOOM COTJIACHO KITACCUYCCKOM
TeXHOJIOTHHU. Pernentyps! xieba U3 MIIeHNIHONH MYKH
MEepPBOI0 COpPTa MPeACTaBICHBI B TabuIe 1.

OIeHKY OPTaHOJENTUICCKUX U (PU3NKO-XIMHYECKIX
mokasareJieit 00pa3ioB xyieda MPOBOUIIN 110 UCTCUCHHUH
3 4 mocie BeImeyku. OpraHoNeNTHYECKHE TTOKa3aTeIN
HCCIICIyeMBIX 00pa3I0B MPEJCTABICHBI B TabauIe 2.

Ilpu oneHke OpraHoJEeNTUYECKUX IOKa3aTesei
KadecTBa xJjieba M3 MIICHUYHOW MYKH MEPBOrO COpTa

OBLTIO ONIpENENIeHO, UYTO BCE HCCIETyeMble O0OpasIlhl
cootBercTBoBanyu TpeboBanusim [OCT P 58233-2018.
BHecenue anpruHara HaTpusi B HATUBHOM M MHKPO-
CTPYKTYPHUPOBAHHOH (hOpMax MpakTHUECKN HE BIMSCT Ha
M3MEHEHHE BHEIIHETO BHU/A, BKyca U 3amaxa, IpH TOM
YIJIyUIIAETCsl COCTOSTHAE MSIKHIIA. JTO MOATBEPIKIACTCS
JMAHHBIMHU (U3UKO-XUMHUYIECKON OIEHKH KadecTBa MPHU
OTIPE/ICIICHUH TTOKa3aTells MOpUCcTOCTH (Tadu. 3).

BHecenue anpruHata HaTpus B HATUBHOM H
MHUKPOCTPYKTYPHUPOBaHHOK (hOpMax MPaKTUYECKH He
BIIMSIET HA BJIAXKHOCTb M KHCIOTHOCTH MIKHUIIA XyIeba,
HO OKa3bIBacT BIUsSHHE Ha opucTtocTh. O0paser Ne 3
(c BHecenmeM Alg-Na*) oTnndancs MOBBIIICHHBIM
3HAYEHUEM MOPHUCTOCTH (Ha 5,9 % B CpaBHEHUHU C KOHT-
posemM), 9To CBA3aHO C MHTEHCH(HUKANKEH mporecca Opo-
JKEHHS M aKTHBHBIM HAaKOIUICHHEM JMOKCUAA yriiepo/a,
(dbopMHUpYIOImEro Mopsl B MaTpHIlE XJIeO00yI09HOTO
n3/1emusl.

AHTHOKCHAAHTEHI, COACpKAIINECS B OJIMCaXapuaax
OypBIX BOZIOPOCIIEH, UMEIOT BOJJOPACTBOPUMBIH XapakTep
1 SIBISIOTCS HE TEPMOCTAOMIBHBIMH, IIO9TOMY Ba)KHO
OBLIO MPOCIIEIUTH COXPaHEHNE AHTUOKCHJIAHTHOM aKTHB-
HOCTH TIPH BCTPAWMBAHUHU MUKPOCTPYKTYPHUPOBAHHON
(GopMBI asbrMHATA HATPUS B MHIIEBYIO0 MaTpUILy Xjeo0a.
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Tabnuua 2. OpraHoyienTHYECKHE MOKAa3aTEIN KadyecTBa 00pas3moB xiaeda U3 NIIEeHHYHOH MYKH IEPBOTO cOpTa

Table 2. Sensory evaluation of bread samples with first-grade wheat flour

Haumenosanue HanmenoBanue nokasarens
00pasioB =
P Buemnuii Bug CocrosiHie MSIKUILA Bkyc 3amax
Oopaszer Ne 1 DopmoBoii x71e6 ¢ Heckobko | [IponedeHHbIH, He BIaxHbIi HA |  CBOWCTBEHHBIH CBOHCTBEHHBIH
(KOHTPOJIB) BBIITYKJIOHN BepXHEH KOPKOH. OLIYTIb, CPETHEH 3MACTHYHOCTH, x71e0y U3 x71e0y 13
[loBepxHOCTb KOPKH € KpYITHOM HEpaBHOMEPHOI MIIEHUYHON MYKH MIIEHUYHON
IIepoxoBarasi, 6e3 TpelyH. TOJICTOCTEHHON MOPHUCTOCTHIO, TIEPBOTO COPTa, MYKH TIEPBOTO
Hmetorcst HeOOMbIIIE TOAPBIBBI 0eroro 1BeTa ¢ CepoBaThIM 0e3 MOCTOPOHHUX | COpPTa, IPUATHBIMH,
mmpHrHO# MeHee 1 cm. L{get OTTEHKOM, NP Pa3’KeBbIBAHUU MIPUBKYCOB BBIPAYKEHHBIH,
KOPKH — KOPUYHEBBIH, OKpacka KOMKYeTCsl 0e3 TOCTOPOHHUX
paBHOMEpHast 3araxoB
Oopaszery Ne 2 dopmoBoii x71e0 ¢ Heckobko | [IporeyeHHbIH, He BIaxHbIi Ha | CBOWCTBEHHBIN CBOICTBEHHBIH
(c BHecennem Alg-Na) | BBIyKJIOH BepxHeil KOPKOH, | OLIYIIb, 2TACTUYHBII, CO CpeHer XJ1e0y n3 XJ1e0y n3
MOBBIIIIEHHOTO 00BEMA. PaBHOMEPHOM TOHKOCTEHHOW | IIIEHWYHON MyKH MIIEHUYHOH

[ToBepxHOCTH KOPKH
1epoxoBatasi, 6e3 TpeLuH

TMOPUCTOCTBIO, 6es1oro 1BETa
C CEPOBATHIM OTTECHKOM

HEPBOTO COPTA,
0€3 MOCTOPOHHUX

MYKH T1€PBOrO
copTa, NPHUSTHBIH,

Y HaJIpbIBOB. [[BeT Kopku — X TIPHBKYCOB, BBIPAKEHHBII,
KOPHYHEBBIH, OKpacka B TOM YHCIIe 0e3 OCTOPOHHUX
paBHOMEpHast BOJIOPOCIIEBOTO 3aI1axoB,
B TOM YHCIIe
BOJIOPOCIIEBOTO
O6pazer; Ne 3 DopmoBoii xi1e0 ¢ BeImyKioi | IIporieueHHsI, He BnakHblii Ha |  CBONHCTBEHHBII CBOICTBEHHBIH
(c BHECeHHEM BEPXHEH KOPKOH, MOBBIIIICHHOTO OLLLYTIb, HJIACTHYHBII, xJ1e0y 13 xJ1e0y 13
Alg-Na*) oowema. [ToBepxHOCTH C XOPOIIIO Pa3BUTOM MIICHUYHON MYKH TMIICHAYHON
KOPKH I1iepoxoBarasi, 6e3 aBHOMEPHOI TOHKOCTEHHO# HIEPBOTO COPTa, MYKH TI€pBOTO
TPEILMH U HaJpbIBOB. [[BeT MOPUCTOCTBIO, OesIoro 1Beta ¢ | 0e3 MOCTOPOHHUX | COpPTa, PUSITHBIM,
KOPKH — KOPHYHEBBIi, OKpacka CepOBAaTHIM OTTEHKOM TIPUBKYCOB, BBIPKCHHBIH,
paBHOMepHast B TOM YHCIIE 6e3 MOCTOPOHHKX
BOJIOPOCIIEBOT'O 3aIaxos,
B TOM YHCIIE
s BOJIOPOCIIEBOTO

d
= TN

Tabnuua 3. ®U3NKO-XUMUYECKHE TTOKA3aTeNIN KayeCTBa KOHTPOJIBHOTO U OMBITHRIX 00pa3noB xjaeda

Table 3. Physical and chemical properties: experimental bread samples vs. control

HaumenoBanue 00pa3ios

HaunmenoBanue nokasarers

Brnaxxnocts msikumia, % Kucnornocts Msikuiia, rpa. [lopucrocts Msikuia, %
Ob6pazens Ne 1 (KoHTpOIIB) 39,9+£0,2 24+0,2 759 +0,1
Oo6pazen Ne 2 (c BHecennem Alg-Na) 40,5+0,1 2,5+0,1 79,4 +£0,5
Oo6pazen Ne 3 (c BHecenneM Alg-Na*) 40,4+0,2 2,5+0,1 81,8 +0,3
PesynbpTaThl ompepeiieHus o0IIeH aHTHOKCHUIAHTHOM BoiBoaBI

AKTUBHOCTH W €€ IOTEPH IOCIe BBIICYKUA Xieba
MpeJ/ICTaBICHbI HA PUCYHKE 9.

HecmoTps Ha 0011y 0 TEHASHIIMIO CHI)KEHUS aHTH-
OKCHJIAHTHOW aKTMBHOCTH MOCIIE BBITICUKH OOJiee yeM
Ha 50 % B pe3ynbTaTe TeMmIieparypHoro (akrtopa,
HCII0JIb30BAHUE B TEXHOJIOTHH XJIe0a MUKPOCTPYKTY-
PUPOBAHHOIO aJlbIMHATa HATPUS IPHUBEJIO K IMOBBIIIE-
HUIO 00TIeH aHTHOKCHUIAHTHOH akTuBHOCTH (B 3,7 pa3
110 CPAaBHCHUIO C KOHTPOJILHBIM 00pa3iioM xjeba).

22

Pe3ynbrarsl NpOBEACHHOTO UCCIEAOBAHUS MOCIY-
YKHJIM JI0Ka3aTebHOW 0a30H P OlIeHKE MPUMEHHUMOCTH
COHOXMMHYECKOTO MHKDPOCTPYKTYPHUPOBAHUS ATbIH-
HaTa HATPHsI C IEIIbIO MOBBILICHHUS €0 A3PPEKTHBHOCTH
B TEXHOJOTHU XJIeOOOYJIOUHBIX wn3aenuil. J{aHHBIH
MOJX0J[ 0OecrneuynBaeT JENOIUMEPHU3ALUI0 KPYITHBIX
KOHTJIOMEPATOB YacTHIl aJlbTHHATa HATpHs Ha Ooee
KOPOTKHE 3JIEMEHTHI pa3MmepoMm 5670 um — 30,6 %,
502 am — 53,4 %, 56,1 um — 16 %; yBeauueHue
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Pucynox 9. O0mias aHTHOKCUIAHTHAS! aKTUBHOCTh
U €¢ MOTEPH MOCJIE BHIMCUYKH KOHTPOIHHOTO H OMBITHBIX
00pa3moB xieda

Figure 9. Total antioxidant activity and its loss after baking:
experimental bread samples vs. control

AHTUOKCHUJIAHTHON aKTHBHOCTH B 7 pa3; yBeJHUYEHUE
MOTEHUMAILHONW OMOAaKTHUBHOCTH in vitro Ha 3,9 %.
Hcnonp3oBaHne MHUKPOCTPYKTYPHPOBAHHOTO  allb-
ruHaTa HaTpus B KadyecTBE OHOCTUMYJSATOpA JJis
IpoxoKer Buga Saccharomyces cerevisiae TPUBOJIUAT
K YBEJIMYEHUIO OPOJIMIHLHONW aKTUBHOCTH U MPUPOCTY
ouomaccel apoxokeit Ha 8 %. VMcmonb3oBaHue COHO-
XUMHYECKH MHKPOCTPYKTYPHUPOBAHHOTO allbTHHATA
HATpHs B TEXHOJOTUHU XJI€OOOYJIOUHBIX U3JEIHH OKa-
3bIBAET IMOJIOKUTEIHHOE BIUSHUE HA KX KAadyeCTBO
(oTMe4eHO yBeNIHYEHHUE TOKa3aTelsl «IIOPUCTOCTh) Ha

5,9 %) u QyHKIMOHAIbHBIE CBOMHCTBA (yBEJIHWUYCHHE
AHTUOKCHIAHTHOW aKTUBHOCTH B 3,7 pa3z).
[Ipemmaraemslit B paboTe MOAX0 COHOXUMHYECKOTO
MHUKPOCTPYKTYPHPOBAHUSI IO3BOJISIET CHU3UTH pazMep
YacTHIl ajJbI'MHATA HATPHsI, a TakKXKe IOBBICUTH €ro
OMOJIOTHYECKYI0 aKTUBHOCTb M 3()(PEeKTUBHOCTH B
TEXHOJIOTUU THUIIEBBIX MPOU3BOJCTB. [IpoBenenHoe
HCCIIeIOBaHNE MOCIYKUIIO OCHOBOM /ISt Oy AyIINX, KO-
TOpble OynyT HampaBjieHbl Ha pa3paboTKy HOBOTO
Kj1acCa COCTaBHBIX IMUIICBBIX MaTPHIl HA OCHOBEC yCTOﬁ-
YUBBIX AMynbcuil [lukepuHra, CTaOMIN3MPOBAHHBIX
COHOXMMHYECKH MUKPOCTPYKTYPHUPOBAHHBIMHU 4YacCTH-
aMH TOJINCcaxapuaoB (aJbruHatT HATpHs, QyKowumaH,
MUKPOKPHUCTAITHYECKAs [EJIITI0I03a).
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VpOaHu3anus ¥ aHTPOIOTCHHOE BO3JICHCTBHE Ha OKPYIKAIOUIYI0 Cpelly NPUBOJAUT K 3arpsA3HEHUIO S9KOCUCTEM, B TOM YHCIE
TOPOJICKUX, XUMUYECKHUMH DJIEMEHTaMHU. B OMOMOHHMTOPHMHIOBBIX HCCIEIOBAHHUIX OKPYKAIOIMIEH CPeAbl NMTHUIBI SBISIOTCS
HauboJiee MOAXOMAIIMM HHANKATOPOM 3arpsi3HeHUsI moJurroTantamu. Llens nccienoBanns 3akiovanach B H3y4YEHNHU ITyTeH
MOCTYIUIEHUSI MEKPOAJIEMEHTOB, B TOM YHCIIE TSDKEJIBIX METAJITIOB, B OPTaHU3M OOBIKHOBEHHOTO IaBJIHHA Pavo cristatus.
UccnenoBanne nmposoaunock ¢ 2018 mo 2022 rr. Ha MUKPOTIOMYJISIIUAX (GU3UOTOTHYECKH 3I0POBBIX 0c00€i 0OBIKHOBEHHOTO
MaBJIMHA, COJIEPKAIUXCS B Tpex 3oomapkax (r. Mocksa, . MBanoBo, r. SIpocnaBnb). O0bEKTaMU UCCIETOBAHUS SBISLINCH
nepbs napiauHa (n = 33), KOMINOHEHTH! pannoHa nutaHus (n = 303), nutheBas Boaa (n = 94), mousa (n = 123) u cuer (n = 204).
VccnenoBaHus 1o onpeesIeHUI0 MUKPO3JIEMEHTOB IPOBOIMINA HA aTOMHO-abcopOimonHoM criektpomerpe KBAHT-2AT.
BapuabenbHOCTh KOHIICHTPAIIMA MHKPOAJIEMEHTOB B UCCIIENyeMOi BbIOOpKEe ocobeit coctaBmia, %: Zn — 73,9, Cu — 94,3,
Fe—111,6,Pb—150,0, Cd — 136,88 u As — 203,87. CpexHue ypoBHH HaKOILICHHS SJIEMEHTOB B Onocpenax yObIBaIOT B Py
Fe >Zn> Cu>Pb > Cd > As. AHanu3 pallioHOB NUTaHU ITABIMHOB, OPTAaHM30BAaHHBIX Ha 0a3€ 300JIOTHUECKHUX yUPEKICHUI
Mockssl, BanoBo u fSlpocnasis, mokasain, uto Zn nmoctynaet 11,35, 6,60 u 2,50 mr; Cu — 2,29, 0,75 u 0,41 mr; Fe — 55,83,
30,54 u 6,78 mr; Pb — 0,14, 0,18 u 0,01 mr; Cd — 0,02, 0,01 u 0,005 mr; As — 0,04, 0,02 u 0,002 mr cooTBeTcTBeHHO. Eciun
0C00B TOJTHOCTBIO ChEAaeT BeCh BBIAAHHBINA KOPM, TO OPHEHTHPOBOYHOE 001Iiee CyTOYHOE MOCTYIIeHHEe Zn OT JHEBHOW HOPMBI
notpebiieHus aeMenTa cocrapisier 16,7-75,7 %, Cu — ot 13,7 no 76,3 %, Fe — ot 48,4 10 398,79 %. Pb, Cd u As nocrynator
C paIoHaMH B IIpejesiaXx cyTouHoH HopMbl. OcHOBHO#H Iy Th noctymuieHust Zn, Cu, Fe B SIpocnasne u Cd — nmepopansuslii, Fe
B Mockse u lIBaHOBO, As u Pb B MockBe — HHTaJIATOPHBII.

B xome aHamm3a MHOTOMapHIPYTHOM M MHOTOCPENOBOH SKCHO3MIHMU MHUKPOIIEMEHTOB, B TOM UHCIIE TSXKENBIX METAaJIIOB,
IpPU MOCTYIJIGHUH B OPraHU3M IITHI OBUIO YCTAaHOBJIEHO, YTO YPOBEHb KOHIEHTPALMH HCCEHIMANBHBIX MHUKPO3JIEMEHTOB B
Orocpenax onpeaesseTcsi uX nNocTyrieHneM ¢ nuieid. Hakorutenue opranusmom nui Fe (B Mockse u MlBaHoBo) u As (Ha Bcex
TEPPUTOPUSIX UCCICAOBAHHS) CBSI3aHO C UX MOCTYIUICHUEM U3 NOYBEHHOTO ITOKPOBA, T. K. B ICIOHUPYIOIIEH cpele oOHapyKeH
BBICOKHH ypOBEHb COAEPIKAHUS JaHHBIX dCCEHIMAIBHBIX MHKpOlJieMeHTOB. Hauboinbiee Bo3aeiicTBHe HAa OPraHM3M IITHI
OKa3BIBaeT BaJIoBoe conepkanne Pb B mouBe MockBbl 1 muTheBOH Boje Spociasis u MiBaHOoBO. CHEXXHBIN TOKPOB OKa3bIBAI
HanMEHbIIIee BO3IEHCTBIE HA HIEMEHTHBII cTaTyc OMOCpes MaBIHHOB.

KawueBbie ciioBa. BI/IOCpeZ[LI, MUKPOSJIEMEHTBI, TAXKECIIbIE METAJIJIbI, MBILIbAK, MUTpallUus, ACHNOHUPYOIIUE CPEABI, IPOAYKTHI,
3arpsA3HCHUC
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Exposure Routes

@ Anatoly P. Kaledin'®, Marina V. Stepanova®*
Vladimir A. Ostapenko?®

! Russian State Agrarian University — Timiryazev Moscow Agricultural Academbe:R, Moscow, Russia
2 Russian Biotechnological UniversitynbiR, Moscow, Russia

3 Moscow state Academy of Veterinary Medicine and Biotechnology — MVA by K.IL SkryabinR:o:R, Moscow, Russia

Received: 10.09.2022 *Marina V. Stepanova: stepanova-marina@bk.ru,
Revised: 10.10.2022 https://orcid.org/0000-0002-0041-1091
Accepted: 08.11.2022 Anatoly P. Kaledin: https://orcid.org/0000-0002-1769-5043

© A.P. Kaledin, M.V. Stepanova, V.A. Ostapenko, 2023

Abstract.

Urbanization leads to chemical pollution. Contaminants accumulate in feed and enter animal body through digestive tract.
Numerous studies have established that the level of mineral content in the environment reflects the technogenic load on the
territory and is transmitted in the system through products of plant and animal origin, which can be used to prevent and
correct elementoses.

This research featured feathers of Indian peafowls Pavo cristatus (n = 33), diet components (n = 303), their drinking water
(n=94), soil (n=123), and snow (n = 204). The micro-elemental profile was defined using an atomic absorption spectrometer.
The samples were obtained from zoological institutions of Moscow, Ivanovo, and Yaroslavl.

As for the feathers, the average Zn accumulation level was 122.74 + 9.64 mg/kg, Cu — 5.36 + 0.05 mg/kg, Fe —
508.06 + 56.84 mg/kg, Pb — 6.75 + 1.13 mg/kg, Cd — 1.65 = 0.26 mg/kg, and As — 0.61 + 0.23 mg/kg. The variability
of the concentration of microelements in the sample was as follows, %: Zn — 73.9, Cu—94.3, Fe — 111.6, Pb — 150.0, Cd — 136.88,
and As — 203.87. The average levels of accumulation of elements in the biological media decreased in the following order:
Fe >Zn> Cu>Pb > Cd > As. The share of Zn in the total of all determined elements was 0.7-48.0%, Cu — 0.04-2.8%, Fe —46.2-92.8%,
Pb — 0-2.5%, Cd — 0-2.5%, and As — 0-4.6%. The diet analyses showed the following results for Moscow, Ivanovo, and
Yaroslavl, respectively: Zn — 11.35, 6.60, and 2.50 mg; Cu — 2.29, 0.75, and 0.41 mg; Fe — 55.83, 30.54, and 6.78 mg; Pb — 0.14,
0.18, and 0.01 mg; Cd — 0.02, 0.01, and 0.005 mg; As — 0.04, 0.02, and 0.002 mg. If the birds consumed all the food they
received, the approximate total daily intake of the selected essential microelements Zn was 16.7-75.7% of the recommended
daily intake, Cu — 13.7-76.3%, and Fe — 48.4-398.79%. Pb, Cd and As stayed within the daily norm. The oral route of intake
was registered for Zn, Cu, and Fe in Yaroslavl and for Cd in all samples. Inhalation was registered as the main route of intake
for Fe in Moscow and Ivanovo, as well as for As and Pb in Moscow. The highest intake of Pb was registered in Ivanovo and
Yaroslavl.

The analysis revealed the multi-route and multi-environment exposure of urban birds to microelements, including heavy metals.
The level of concentration of essential microelements in the biological media depended on the diet. Fe in Moscow and Ivanovo
and As in all the samples came from the soil cover, which had a high content of these elements. The gross content of Pb in
the soil samples from Moscow and the drinking water from Yaroslavl and Ivanovo demonstrated the greatest impact on the
avian organism. The snow samples had the least effect on the elemental status of the bioenvironments.

Keywords. Biological media, trace elements, heavy metals, arsenic, migration, deposit media, products, pollution
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Beenenne

B pesynbTare aHTpOMOTEHHOrO BO3JECUCTBUS B
OKpYKAION[yl0 CpeAay IOCTOSHHO MOMaJaloT IoJ-
JMIOTaHTHI, TO3TOMY I100abHOE 3arpsA3HEHNE YKOCHUC-
TEM BBI3BIBACT OOECIOKOCHHOCTH MHPOBOTO CO00-
mectBa [1-8]. HMccrnemoBaHus »IEMEHTHOTO COC-
TaBa MPOBOJATCS B JCMOHUPYIONIUX Cpeiax, 00beKTax
OKpyKalomel cpeasl W MponaykTax mutanus [9—13].
N3-3a TOCTOSHHOTO YBEIWYCHUS YpOaHHW3aAUUH U
CBSI3aHHBIX C HEH NPOMBIIUICHHBIX IPOILIECCOB 3ar-
PABHCHUE XUMUUYCCKHUMHU J3JIEMEHTAMHU MOXKET CTaTb
OCHOBHOH JKOJIOTMYECKOW MPOOIEeMO B TOPOACKOH
cpexne [4, 9, 14-16].

B nocnennne necsaTUIIETHS ITHIBI M MICKOITUTAIO-
mue CTaju yCICIIHO MPUMCHATHCA B Ka4UC€CTBC 6I/IO-
WHJINKATOPOB 3aTPA3HEHUS OKPYKAIOMEH CpeIbl T0JI-
JMIOTAaHTAMH H3-32 UX HNIMPOKOTO PACHpPOCTPAHEHUS H
9acTO BBICOKOTO Tpoduyeckoro ypoBHs [9, 15]. [Toatomy
olpejiesieHue KOHIIGHTPAIMi MUKPO3JIEMEHTOB, B TOM
YUCNe TSKENBIX METAJUIOB, B PAa3IHUYHBIX TKAHIX H
MPOAYKITUU Pa3HBIX BUIIOB NITHI (HATIPEMED, B KPOBH,
MephsX, ICYCHH, TOYKAX, MBIIIIAX, sTHIax, (eKamusx
U T. J.) HINPOKO IPUMEHSIETCS B OMOMOHUTOPUHTOBBIX
nccnenoBanusx [17-20].

KyMmynsanust KOHTAMIHAHTOB B KOPMaX OKa3bIBaeT
BIUSTHUE HA yPOBEHb COJAEpXKaHUS BELIECTB B Opra-
HU3ME JKHBOTHBIX, T. K. OCHOBHAsl JIOJIsI DJIEMEHTOB
MOCTYIAET B OPTaHU3M aJIMMEHTapHBIM IyTeM [21, 22].
MHOTOYNCIEHHBIMI HCCIETOBAHUSIMH yCTaHOBJICHO,
YTO YPOBCHB COJCPKAHHUS MHHCPAIBHBIX BCIICCTB
B OKpY’Kalolleil cpeje oTpakaeT TEXHOTEHHYIO Har-
Py3Ky Ha TEppUTOPHUI0O U TMepeAaeTcsi B CUCTeMe
yepe3 MPONYKIHIO PACTHTEIBHOTO W HKHBOTHOTO
MPOUCXOKACHUSA, KOTOPYIO MOXXHO TPUMCHSTH IS
npo(UIAKTUKH U KOPPEKIHU DIIEMEHTO30B [23, 24].
OI[HaKO HEAO0CTATOYHO YJACIATh BHUMAHHE TOJIBKO
MOJIMAIIEMEHTHOMY COCTaBY KOMIIOHEHTOB DaIloHa
nuTaHus. HeoOXoMMo MpOBOANTE MCCICIOBAHHS KOMII-
JISKCHOT'O XapakTepa 3arpsi3HeHUH C yu4eTOM B3aUMHOTO
BJIMAHUA TAXKCIIBIX METAJIJIOB, OIIPEACIICHNA NX MUTpaAlluA
Y HETaTHUBHOTO BJIMSHUS TMOBBIIICHHBIX KOHIICHTPAIIHHA
B nipupoje. [lToMruMo ypoBHS CoepKaHUSI TOKCHIHBIX
9JIEMEHTOB, HEOOXOJMMO KOHTPOJIMPOBATH COJIEpKAHUE
JCCEHIMANBHBIX 3JIEMEHTOB, T. K. OHU UTPAIOT POJIb B
obecrieuyeHn  KU3HEIEATETHHOCTH OPTaHu3MOB [24-27].

Lenb maHHOTO UCCIEAOBAHUS — M3YyYCHHE ITyTEH
MOCTYTIJICHUS. MUKPOAJIEMEHTOB, B TOM YHCJIE TSKEIBIX
MCTAJUIOB, B OpTaHHU3M 06])IKHOBGHHOFO nasyiuHa Pavo
cristatus.

O0beKTH M METO/bI HCCIEJ0BAHUS

UccnenoBanne mnposeneno B 2018-2022 rr. Ha
MIpeJICTAaBUTEINSIX ceMeicTBa (azanoBble (Phasianidae),
cogepxkammuxcsi B MOCKOBCKOM 300JIOTHYECKOM MapKe,
pacnonararomemcsi okosno CaloBOro KojibLa MEXIY
yauuamu Kpacunas Ilpecus, bonbmas ['py3unckas u
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3oomnoruueckas, B IBaHOBCKOM 300TapKe, HaXOSIIEMCST
Ha ynune PaOdakoBckas @pyH3eHcKoro paioHa
r. IBaHOBO — 00JacTHOro IIEHTPa C YJ/OBJIETBOPHU-
TEJILHON JKOJIOTMYECKOM CHUTyauued U pa3BUTOU
TEKCTHILHOHM MPOMBIIUIEHHOCTHIO, HO TUNIOXHM 3KOJIO-
TUYECKUM COCTOSIHUEM ECTECTBEHHBIX BOIHBIX 00BEK-
TOB, U B SIpOoCIaBCKOM 300MapKe, pacloOKEHHOM B
3aBOJDKCKOM paiioHe T. SIpociaBisg — KpyHnHOI'O Mpo-
MBIIIJIGHHOTO ¥ TPAaHCIOPTHOTO LEHTPa, KOTOPBIH
XapaKTepU3yeTCsl BBICOKOH aHTPOIIOT€HHOM HAarpy3Kou
Ha aTMoc(epHBI BO31yX, MOBEPXHOCTHBIC BOJHBIC
00BEKTHI ¥ TOYBEHHBIN IMOKPOB, C Pa3BUTHIM HedTenepe-
pabaTbIBAIOIIUM, XMUMHYECKHM, MAaIlHHOCTPOHUTEIb-
HBIM 1 TETUIODHEPTETHUECKUM KOMIUIEKCOM (B paioHe
pacnojyiaraeTcsi MyCOpOCKHUTaIONINI 3aBOJ).

HccnenoBanusi BBIMOJIHEHBI Ha aTOMHO-a0cop0-
nnoHHoM crektpomerpe KBAHT-2AT wa MuKpo-
TMOMYJSAUAX  (U3HOJIOTHUYECKH 3/I0POBBIX JKHBOT-
HBIX BUJIa OOBIKHOBEHHBIN NaBIuH Pavo cristatus. Bece
JKIBOTHBIE HAXOAMIINCH B TIOJIOBO3pEoM Bo3pacte. OToop
00pasIoB MePbEB BCEX TUIIOB OCYIIECTBIISIICS CO BCETO
Tesa Maccoit mpoosl He Meree 10 r. [IpoOs1 ounmanucey
1 00€3)KUPUBAIINCH AllETOHOM U OMJIMCTHILINPOBAHHOK
BOJIOI B TeUeHNE IByX CyTOK. [Ipon3Boaunocs MOKkpoe
KHCJIOTHOE O030JIEHHE Ha JJIEKTPOIIUTKE, a 3aTeM
B My(enbHOH MeYH ¢ IOCTCIECHHBIM IOBBIMICHHUEM
temmeparypsl oT 250 mo 450 °C ¢ moxygacoBoit
BBIIEpXKKOI. Bcero Owimo orobOpano 33 mnpoObl u
BBITTOTHEHO 198 M3MepeHuil XUMHYECKUX JIEMEHTOB.
B mpo6ax mpoBoamiiack OIEHKa YPOBHS COAEPIKAHUS
MHUKPORJIEMEHTOB M TSDKEJIBIX METAJNIOB — IMHKA, ME/IH,
JKese3a, KaJMHUsl, CBUHIIA M MBIIIbAKA.

Kpome 3TOr0, mpoBOINIOCE HCCIIEA0BAHNE YPOBHS
COJIEp KAHMUS UCCIIEyEeMbIX MUKPO3JIEMEHTOB B 00BEK-
Tax OKpy»arolei cpeabl ¥ panroHax nuranus. OToop
MTUTHEBOW BOJIBI OCYIECTBILUIN B paiilOHaX MMOCTOSHHOTO
coJIepKaHMs KUBOTHBIX B COOTBETCTBUH C TPEOOBAHUSI-
Mu I'OCT P 56237-2014 (MCO 5667-5:2006). Kauect-
BO NMUTHEBON BOJIBI OLEHUBAIIOCH B COOTBETCTBHH C TPE-
6oBarussM ['OCT P 51232-98 u CaulluH 2.1.4.1074-01.
Jlns uccnenoBaHus BOJBI Ha IPEAMET COJIEpKAHUA B
Hel MUKPORJIEMEHTOB He00X0 MO Hanuuue | 71 mpoOs
BOJBI TOCie 15 MUH CITycKa IPU MOJHOM OTKDPBITHH
kpaHa. Cpok xpaHenus npo6 72 4. [IpoananusupoBaHo
94 ipoOBwI.

OTtb6op u XxpaHEeHHE MPOO KOMIIOHCHTOB paIlHO-
Ha TIMTaHUS S>KUBOTHBIX TIPOBOAMIJIM B COOTBET-
crBun ¢ MocMP 2.3.2.006-03. IIpoananu3zupoBaHo
303 mpoOwI.

CHer oTOMpascs B IepuoJi MaKCUMaJIbHOTO CHEIro-
CTOSIHHSI KOHBEPTHBIM CIIOCOOOM Ha riommanke 1x1 m
B coorBercTBUHu ¢ I'OCT 17.1.5.05-85 (208 mpoOsrI,
1044 wusmepenwmii). CHer TONMWIM TpPH KOMHATHOU
temneparype. [lonroroBneHHbie MpoObl K UCIBITAHUIO
BOoabI, cHera (o6vemMom 100 cM®) W MOYBHI MEPEHO-
CHJIM B BBIAPUTEIBHYI 4YallKy, nobaBuB [-2 cm?
KOHIIEHTPUPOBAHHOM a30THOMN KUCIOTHL. CoaepkuMoe
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YalllKU yIIapuBalu 10 BIAXHbIX cojeld. Eciu octaTok
OBLT TEMHBIM, TO KHCIOTHYIO 00pabOTKy MOBTOPSIIH
JI0 €T0 OCBETIICHHUSI.

OT160p 00BeAMHEHHBIX TPOO TTOYB MAaCCON HE MEHEE
1 XI' OCYIIECTBIISIN Ha TEPPUTOPHH 300JOTHUYECKUX
yUpexJeHHH IBa pa3a B TojJ — BECHOW U OCEHBIO.
Otbop mpo0O M3 TATH TOYEK OCYMIECTBISICS Ha
OZIHOPOJHOM TIOYBEHHOM IIOKPOBE C TEPPUTOPHUI
OCHOBHBIX 3KCIO3UIMH B KOJIMYECTBE HE MEHEE OTHOMN
C TOBEPXHOCTHOTO TOpPU30HTa Ha riyomHe 0-5cm
mnomanku 10x10 m. TpancmopTupoBka U XpaHe-
HUE TPOO IOYB OCYNIECTBISUINCH B COOTBETCTBHH
¢ I'OCT 17.4.3.01-2017, TOCT 17.4.4.02-2017 un
I'OCT 58595-2019. Bceero 3a BpeMs ucciie0BaHus ObLIO
n3ydeHo 123 mpoOsr.

B xopxe BeImonHEeHUS paboOThl OBLIN MPOU3BEICHBI
pacdeTsl CpeHECYTOUYHBIX /103 IMOCTYIUICHUS MHKPO-
9JIEMEHTOB M3 TOYBBI 300JIOTHYECKUX YUPEIKICHHUH
B OpPraHHW3M >KHBOTHBIX, KOTOPbIE YYHMTHIBAIOT BHEIII-
Hee BO3JIEHCTBHE XUMHUYECKUX DJIEMEHTOB TIPU IMEpo-
panbHOM (3arjlaTblBaHUE YacTHIl MTOYBBI) M HHIAlfA-
LMOHHOM TIOCTYIUIGHHH HpPH 3SMHUCCHHU TIBUIEBBIX
YacTHIl M3 IOYBEHHOI'O IIOKPOBAa B aTMOC(EpHBIN
BO3JIyX, a TAaKXKe MPH MOMAJAHUHU TKEIBIX METAJJIOB
1 As B OpraHu3M IMpH HAKOKHOM IKCIO3UIUH TTOYBEI;
CpEJIHECYTOUYHBIX 103 TIEPOPATBLHOTO, HHTAISITOPHOTO
U HaKOXXHOTO TIIOCTYIUICHUS MHUKPOIJIEMEHTOB U3
MUTHEBOM BOJIBI U C IPOJYKTaMH MUTAaHUS B OPTaHU3M
NTUI U MJICKONHUTAIOMINX MO aJalTHPOBAHHBIM IS
KUBOTHBIX (DOPMYJIaM pacdera J03 NP OLEHKE PHCKa
MHOTOCPEJIOBOTO BO3JCHCTBUS XMMHUECKHX BELIECTB.

MexaHn3M BO3JICHCTBHS OTPAXKAET IyTh MTOCTYIUICHHS
XUMHYECKHX DJIEMEHTOB OT MCTOYHMKA 3arpsi3HCHMS
OKpYJKaromie cpepl J0 OpraHu3Ma MTHUIBI. DJIeMeH-
TaMH MapuIpyTa BO3ACHCTBUS SIBISIIOTCS MCTOYHHKHU
MOCTYIIICHHS 3arPsI3HEHUSI B 0OBEKTHl OKPY’KaIoIeH
Cpeibl, BOCIpUHUMAIOMIAst (IEPBUYHO 3arpsi3HEHHAs)
cpesia, TPaHCIOPTHPYIOMIHE W TpaHc(HOpMHUpYIOIIHE
Cpesibl, TOUYKa BO3JCHCTBUS HAa OpraHu3M (perenTop-
HYI0 TOYKY), BO3ACHCTBYIONIIME CpeAbl M IYTH IOC-
TYIUICHHUS] BELIECTB B OPraHU3M NTHIL (IEpOpaIbHOE U
HMHTAJSTOPHOE MOCTYIUICHUE, KOKHast abcopOius). Bee

BEIMICTICPEYNCIICHHBIE DIIEMEHTHI COCTABIISIIOT TIOJTHBIH
MapHIpyT BO3IEHCTBUS XUMUICCKHUX IEMEHTOB. Map-
WPYT UCCIAEN0BaHUS 10 MHOTOCPEAOBOMY CLIEHAPHIO
BO3JICICTBUS MpUBEICH B Tabmuie 1.
Pacuer mocTymnieHusT HCCIETYyEMBIX
MPOBOMIICS TIO CIEAYIOIIUM (HopMyiam:
1. [TutpeBas Bojaa: mepopanbHOE MOCTYINICHUE

7= C, xVxEFxED
BW x AT x365

rne [ — mepopaibHOE MOCTYIICHUE BEIIECTBA C MUTHEBOM
BOJIOH, MI/KrXJienb; C — KOHLEHTpalus BElIECTBA B
MUTHEBOW BOZIC, MI/JT; V — BelIMUMHA BOJOTIOTPEOICHNUS,
a/cyr. (0,5 n/cyt.); EF — 9acTtoTa BO3ICHCTBHUS, ICHB/TOT
(350 gmeti/ron); ED — po10KATETFHOCT BO3ICHCTBHA,
net (20 nmet); BW — macca tena, kr (4 kr); AT — nepuon
OCPEIHCHUS YKCIO3UIUH, JeT (5 1eT).
2. IlutheBasi BOjia: MHTAISIIMOHHOE BO3JICHCTBHE

BCIICCTB

o)

_ CDI xED x EF @
AT %365
rae I — HWHTAITAIUOHHOC TIOCTYIJIEHHUE BEIIECTBA

C THUTBEBOW BOAOW, Mr/KrxaeHb; CDI — cpemHss
KOHIICHTPAIIMS B BO3AYXE, MI/N (PacCUUTHIBACTCS IO
¢dopmye (3)); ED — npo10IKUTETBHOCTD BO3ACHCTBHYS,
net (3-20 net); EF — 9yacToTa BO3JICHCTBUS, ICHB/TOT
(365 nHeii /ron); AT — neprox OCPEIHCHUS SKCIIO3UIIHH,
neT (KaHIeporeHsl — 25 ner).

CDI =(X, +X,)xC, xTheta (3)

rjie X, — BCrioMoraTesbHas BEIMYHHA, OTPaKArOIIas BKJIaj
BOJIHBIX IIPOLIEAYP B OOIIYIO HHTAJSIIMOHHYIO HArpy3Ky
(paccuuThiBaeTcs 1o popmyie (4)); X, — BcromoraTels-
Has BeJIMYMHA, OTPpakalollas BKJIaJ MHUTHEBOI BOJBI
(kpoMe BOIHBEIX MpOIEAyp) B OOIIYIO WHTATIANHOH-
HYI0 Harpy3ky (paccumthiBaeTcs mo dopmyrne (5));
Theta — 3¢ (heKTHBHOCTH MaccomepeHoca BEIIeCTBa U3
BOJIBI B BO3yX (paccuuThiBaeTcs Mo Gpopmyie (6)).

_0,7x IR x Ty x W,
VR, x 60

4

b

Tabmuua 1. CueHapuiit MHOTOCPEIOBOTO BO3ICHCTBHSA XUMHUYECKHX JIEMEHTOB Ha OpraHu3M Pavo cristatus, COaepKammuxcs
B 300JIOTHYECKUX YUPEIKICHUAX

Table 1. Scenario of multi-environment impact of chemical elements on the organism of Pavo cristatus kept in urban zoological

institutions
OOBEKT BO3ACHCTBUS IlyTe moctymnenus
Wuranaropuo [lepopansHO HaxoxHo
ITutneBas Boja + + +
IIpoaykThl nUTAHUS - + —
ITouBa + + +
CHer + + +

+ — JaHHBIN IIYTh MOCTYIUICHUA XUMHUYCCKUX DJIEMCHTOB U3 CPCABI BKIIIOYCH B Pac4YCT A03 U PUCKOB UCCICAOBAHUSA.

+ — this exposure route was included in the calculation of doses and risks.
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rae IR, — CKOPOCTb BEHTHJISIMHM TpPU AKTHBHON
nearenbHOCTH, MY/Krxuac (0,02 m*/krxwac); T, —
BpPEMs Ha €KEIHEBHBIEC BOJHBIEC MTPOIIETYPHI, MUH/IEHb
(30 mun/nenn); W, — BomonoTpeOaeHHE s BOXHBIX
npouenyp, a/mMun (8 n/mMun); VR, — CKOPOCTh BEHTH-
JAIUU B momemenud, m>/MuH (0,5 M3/MuH).

0,54xW, xIR x(T, —T,)
VR,
T xIR xW,
VR,

Xy = )

rne W, — obmee BomonoTpebienue, i/49ac (30 n/gac);
IR, — CKOPOCThH BEHTHJISILIMU NPU aKTUBHOW JEATEIb-
Hoctu, M*/krxgac (0,02 m*/krxuac); T, — obuiee Bpems
npeObIBaHUSI B TIOMEIIeHUH, Yac/aeHb (16 yac/neHs);
T — HpOJOJKMTENBHOCTh CHA, OT/]bIXa, 4Yac/JIeHb
(8 wac/nenp); VR, — CKOPOCTb BEHTWJISILAH B IOMENICHHH,
M*/muH (360 M*/mun); T, — Temnepartypa B IOMEIIEHUH,
°C (25°C); IR — CKOpOCTb BEHTHISIUU B MOKOE,
m*/krxgac (0,007 m3/krxuac).

3000000

25/
D 2/3

rae D — xodpdunuent audpdysuu B BOLy, CM/C
(0,1 cm?/c); R — yHuBepcasbHas ra30Bast MOCTOSIHHAS
(8,31); T — remnepatypa B nomemenuu, °C (25 °C);
H — xoucranTa 3akona ['enpn, [Ta-M*/Mob (cripaBouHOe
3nadenue); D, — xodppuuuent nupdysun B BO3AYX,
cm?/c (0,1 cm¥/c).

3. IluTtheBas BoJa: HaKOKHOE BO3jAeiicTBUE

T
Theta = +Rx—D,"” (6)
H

DAEXEV xEDxEF xSA
BW x AT x365x1000

DAD = (7)

rae DAD — morjiolieHHas 103a, MI/KrxaeHb; DAE —
abcopOupoBaHHAas J103a 3a OJHO COOBITHE Ha IKCIIO-
HUPYEMYIO IUIOIIAJb KOXHU (PacCUUTHIBACTCS IO
¢dopmye (8)); EV — yacToTa KOHTaKTa, KOHTAKT/I€Hb
(1 xonTakT/nenn); ED — MpoOIOIKUTEIBHOCTh BO3-
neiictBus, et (20 net); EF — d4acToTa BO3JICHCTBUA,
nenp/ron (350 mueit/ron); SA — mmomanpe ydvacT-
ka koxwu, cm’> (2874 cm?); BW — macca Tena, Kr
(4 xr); AT — mepuoa OCpPEJHEHHUs SKCIIO3UINH, JEeT
(xaHIEepOoreHsl — 25 JeT).

DAE=K, xC xt, (8)
rae K]D — KO(Q(QUIMEHT KOXHOW MPOHHUIIAEMOCTH
(paccuutsiBaetcs o popmyie (9)); C — KOHLEHTpanus
BEILIECTBA B BOJIE, MI/JI; {, — POJIOJKUTENLHOCTh OJJHOTO
coOpITH, yac/coowsrThe (1,0 yac/coObiTHE).

logK,

=-2,8+0,67xK, —0,0056xMW  (9)
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rne K — KO3 UIIUEHT pacTpeaeNeHus, OKTaHOJ/BOIa
(cmipaBouHOE 3HaueHHE); MW — MoneKkyIsIpHas Macca,
r/MOJB (CTIpaBOYHOE 3HAUCHHUE).

4. CHer: epopajibHOE MTOCTYIIICHHE (3arIaThIBAHNE)

_ C,xIRxEFxEDxET
AT xBW x365

roe [ mepopansbHOE TOCTYIJICHHE BEIIECTBa,
MI/KT X 1€Hb; CW — KOHIIGHTpaIHs BEIIECTBA B CHETE,
Mr/1; IR — ckopocTh noctyruienus, ji/4ac (0,05 n/gac);
EF — gacTtoTa BOo3AelcTBHA, AeHb/Toa (45 mHel/Ton);
ED — mpogomKuTenbHOCTh BO3aeHcTBHS, JeT (20 neT);
ET — Bpems Bo3gnelicTBus, dac/meHs (1 dac/meHp);
BW — macca tena, xr (4 kr); AT — IepHO OCPETHCHUS
SKCIO3HITNH, JeT (KaHIIepOTeHHI — 25 JeT).
5. CHer: MHTAISIIUOHHOE BO3IENCTBHE

I CAXIRXxEF xET x ED
AT

rae [ — MHTamsMOHHOE MOCTYIUICHHE BEINEeCTBa CO
cHeroMm, Mr/krxaeHs; CA — KOHIEHTpanus BEIIeCTBa
B BO3ayxe, Mr/mM> (paccunTtsiBaeTcst mo popmyite (12));
EF — gactoTra Bo3JIeicTBHSA, AeHb/T0a (45 mHEl/TON);
ET — Bpems BozneiicTBus, dac/meHs (1 wac/meHs);
BW —wmacca tena, kr (4 kr); ED — IpOI0IKATETHHOCTD
Bo3aeiicTBus, et (20 nmet); AT — mepnuoa OCpeTHEHUS
9KCIO3UIHH, JIeT (KaHI[EPOTEHHI — 25 JeT).

i C, XV, x2T3x MW
T 760xK x22,4

rae CW — KOHIICHTpAIMs BeIlecTBa B CHETE, MI/I;
V — naBneHHe IMapoB, MM.PT.CT. (PaCCUMTHIBACTCS 110
dopmyne (13)); MW — MonekynspHas mMacca, T/MOJIb
(cupaBouHoe 3HaueHne); K — remmepatypa,’K (298 °K).

1 (10)

(1)

(12)

— MW
Vo= A8,9 (13)
6. CHer: HaKOKHOE BO3/EHCTBHE
DAD:DAEXEVXEDXEFXSA (14)
BW x AT x3600x1000

rne DAD abcopOupoBaHHAs HaKOXXHas J103a,
Mr/krxaens; DAE — abcopbupoBanHas 103a 3a OJHO
CcOOBITHE HAa SKCIIOHUPYEMYTO IUIOIMIAb KOKU (PACCUUTHI-
BaeTcs mo Qopmyne (8)); EV — wacTora KOHTaKTa,
cobwiTHe/TOA (45 COOBITHI/TON); ED — MPOIOIKUATEB-
HOCTB BO3JieiicTBu, JeT (20 nieT); EF — yacToTa BO3JIeHCT-
BUS, NeHb/ToN (45 mHel/ron); SA — muomanp ydyacTka
Kok, cM? (2874 cm?); BW — macca tena, kr (4 xr); AT —
MIePUOJT OCPETHEHHUS YKCIIO3HUIINH, JIET (KaHI[EPOTEHBI —
25 mer).
7. ITouBa: mepopajabHOE NOCTYIJIEHUE

[=C x FIx EF x ET x CF2x 220K |

ED,xIR,
BW,
+
AT=365

(15)
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rae / — MOCTyTUICHHNE BEUIECTB C MMOYBOM, MT/KI X ICHb;
Cs — KOHIICHTpAIWMS BEHIECTBAa B MouBe, MI/Kr; FI —
3arpsi3HeHHas ppakius nouskl, oTH. ex. (1,0 oTH. ex.,
T. e. 100 %); EF — 4acTora BO3JeHCTBUS, JCHB/TOA
(75 nmmeit/ron); ET — Bpems BO31eHCTBHSA, 4ac/ICHb
(1 gac/mens); CF2 — mepecdeTHBIH KOI(PPUIHCHT,
nenb/vac (E7/24 nu/4); ED, — NpOJOIKHATENBHOCT
BO3JeiCcTBUSA, ToJ (NTUIBI — 3 T0/a); IR — CKOpOCTH
noctymienus, mr/cyt. (0,0002 mr/cyr.); BW_— macca
Tela MOJIOTHSKA, Kr (2 Kr); ED_ — TpomOIKATENb-
HOCTB BO3JICHCTBHS B 3peioM Bo3pacte, et (20 ner);
IR, — cKOpOCTb MOCTYIJIEHUS MOJIOJHAKY, MI/CYT.
(0,0001 mr/cyT.); BW, — macca Tena B3pociibix 0cobeid,
KT (4 x1); AT — mepuo OCpeTHEHUS YKCIIO3UINH, JIET
(kaHIIEpOTEHEI — 25 JeT).
8. [TouBa: MHrANSAIIMOHHOE BO3/IeiCTBUE

I= C,xIRxEDxEF

(16)
BW x AT %365

rae [ — MHrajasluoOHHOE MOCTYIJICHHE, MI/KIXICHb;
C, — KOHIEHTpalMsi BelecTBa B BO3AyXe, MI/M’
(paccuuteiBaercs mo dopmyne (17)); IR — cko-
pocts moctymienus, wm/cyr. (10 m/cyr.); ED -
MPOJIOJDKUTEIBHOCTh  BO3nehcTBusl, roja (3 roaa);
EF — gactora Bo3jeicTBuUs, neHb/rox (350 nHei/ron);
BW — macca tena, xr (4 kr); AT — iepuo OCpeaHEHUs
9KCIO3UIINH, JIeT (KAaHI[EPOTEHHI — 25 JeT).

1

1
Ca CS X EF

PEF (7

rae C_ — KOHLEHTpauus BEIIECTBA B IOYBE, MI/KT;
PEF — (axkTop SMHCCHM MBUICBBIX YaCTHIl, M>/KT
(1,32x10° M*/kr); EF — yacToTa BO3/ieficTBUS, IEHB/TO/T
(350 gueit/roxn).

9. IlouBa: HaKOKHOE BO3/CiiCTBHE

DAD:DAEXEFXEDXEVXSA (18)
BW x AT x365
rne DAD — aOcopOupoBaHHas HakOoXHas J103a,

Mr/krxaenb;, DAE — abcopOupoBaHHas 1032 3a OJ-
HO COOBITHE Ha OJKCHOHHPYEMYIO IUIOMIAJb KOXH
(paccumuthiBaercs nmo ¢opmyne (19)); EF — gacrora
BoznelcTBusA, coObitue/ron (350 cobbiTHil/TON);
ED — mnponomKUTEeNbHOCTh BO3AeHCcTBUS, roA (3
roga); EV — dauciao coObITHI B JieHb, COOBITHE/ICHB
(1 cobbiTHE/NEHD); SA — MIomaabh Y4acTKa KOXKH, CM>
(2874 cm?); BW — macca Ttena, kr (4 xr); AT — nepuon
OCpPEIHEHUS YKCIO3UIUH, JIeT (KaHIIepPOTeHBI — 25 JeT).

DA, =C. xCF x AF x ABS, (19)
rae C_ — KOHLEHTpauus BEIIECTBA B IOYBE, MI/KT;
CF — nepecueTHblil K03 duruent, kr/mr (107° kr/mr);
AF — (aktop 3arpsA3HEHHS KOXH, MI/CM>XCOOBITHE
(0,2 Mr/cm*xcobpiTue); ABS, abcopOupoBaHHas
(dhpaknus, oTH. ea. (Heopranuyeckue Bemectsa — 0,01).

30

10. ITepopanbHOE TOCTYIJIEHHE C MPOAYKTaMHU
NUTaHHS

I= CRxCxF xEDxEF
BW x AT %365

(20)

rae [ — mepopagbHOE CPEIHECYTOYHOEC IMMOCTYIICHUE C
pauroHaMu nuTaHus, Mr/aeHb; CR — cpeTHeCyTOYHOe
coJep)KaHHE OJJIEMEHTa B KOMIIOHEHTAaX paluoHa,
mr/kr; C — Macca KOMIIOHEHTa palioHa ¢ PallMoOHOM
MUTaHUS Ha OCHOBE 3aTpeOOBaHMII Ha KOPMOKYXHIO
W PAIlOHOB MUTaHUS, KT; ED — IpOJODKUTEIBHOCTD
BO3JIeHCTBUSA, To (3 rona); EF — yacToTa BO3/ICHCTBHS,
coObITHe/TO (365 cobObITHII/TON); BW — Macca Tena, Kr
(4 xr); AT — mepuox OCpEeIHEHHS SKCHO3WIHH, JEeT
(kaHIIEpOTeHEI — 25 JIeT).

Pe3yabTaThl 1 MX 00cy:K1eHHe

OOBIKHOBEHHBIH TaBIUH Pavo cristatus — oguH
U3 CaMbIX KPYIHBIX IpeJCTaBUTENeH oTpsiaa. ['ooBa,
mest ¥ TpyJib camila CHHUE, CIIMHA 3eJeHasl, HA3 Teja
yepHsblil. Ha TynoBuIe ecTh HaAXBOCThE U3 YIAJIMHEH-
HBIX MePheB OPOH30BO- U 30JI0TUCTO-3JICHON OKPACKU
C METAJUIMYeCKH OJEeCTSMHUMHU CHHE-OpaHKeBO-PHO-
JIETOBBIMU TJIa3KaMU U TPEYTOIbHBIMU U3YMPYIHBIMU
kocuuamu. CaMKH NaBJIMHOB OKpaIIeHbl CKPOMHEE H
HE UMEIOT YUINHEHHBIX NePheB B HAJIXBOCTHE.

CpenHuii ypoBeHb HaKOTUICHHS ZN MEePbsIMU OOBIK-
HOBEHHOI'O MaBJIMHA cocTaBui 122,74 + 9,64 mr/kr,
Cu - 5,36 + 0,05 mr/kr, Fe — 508,06 + 56,84 mr/kr,
Pb - 6,75 £ 1,13 mr/kr, Cd — 1,65 £ 0,26 Mr/kr u
As — 0,61 + 0,23 mr/kr. BapuabenbHOCTh KOHIIEHTpA-
MU XUMHUYECKHUX 3JIEMEHTOB B UCCIIETyEMOIl BRIOOPKE
ocobeli coctaBmia, %: Zn — 73,9, Cu—94,3, Fe — 111,6,
Pb—150,0, Cd — 136,88 u As — 203,87. CpenHrie ypoBHH
HAKOIIJICHHUS 3JIEMEHTOB B OMOCpenax yObIBaIOT B Py
Fe > Zn > Cu > Pb > Cd > As, 4TO COOTHOCHTCS C
HcCleI0OBaHUsIMU psifia aBTOPOB [28].

Bonbmioit pazmax yposHs Hakorutenuss Cd u As
CBS3aH C MCCIICJIOBAHMSIMH JBYX pPa3HbI LBETOBBIX
Bapualluii aBJIMHOB: OeJ0oW M cTaHmapTHOW. B xonme
MPOBEJICHUSI CPABHUTEIBHOTO aHAIM3a C YUYETOM
OKpacKu NTHI] YCTaHOBJIEHO jpocToBepHoe (p < 0,05)
yBenuuenue koHueHtpauuu Cd B 5,4 u As B 8.4
pas3a y cTaHJIapTHOW BapHWalluW B CPaBHEHHUHU C Oeloi
(tabm. 2). Komebanus qpyrux 3JeMEHTOB B UCCIIETy MO
BBIOOPKE CBSI3aHO C HW3YYCHHEM IMTHI[, MOCTOSHHO
COJIEPKAIUXCSI B YCIOBUSIX C Pa3HOM TEXHOTEHHOM
HarpysKou.

Cognepkanue Zn Juid HUCCIEJOBAHHOTO BHJA
coctapismo 0,7-48,0 %, Cu - 0,04-2,8 %, Fe —
46,2-92,8 %, Pb — 0-2,5 %, Cd — 0-2,5% u As —
0-4,6 % oT cyMMBI BCEX OIpeIeIsieMbIX 3JIeMEeH-
TOB. Buz nposiBIsieT 4yBCTBUTENBHOCTD K BO3ACHCTBHIO
TOKCHYHBIX IMOJUTIOTAHTOB, KOTOPAsl MPOSBIAETCS Ha
(hoHE MOHMKEHHOTO YPOBHS COJIEPKAHUS B OPraHU3Me
Zn u Cu.
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Tabnuma 2. DneMEHTHBIN CTaTyC IEPHEBOTO MOKPOBA IBETOBBIX BapHalii 0codeil 0OBIKHOBEHHOTO MaBiIuHa Pavo cristatus,
COJICPIKAIIUXCS B MCKYCCTBEHHO CO3JaHHBIX yCIOBHUAX

Table 2. Elemental status of Pavo cristatus feather varieties obtained from urban zoological institutions

IIBeToBas Bapuarus KoHniieHTpanus XUMHISCKAX JIEMEHTOB, MI/KT'
Zn Cu Fe Pb Cd As
Benas 114,51 £ 8,40 4,75 £ 1,81 411,15+39,74 | 4,66+1,34 0,40 +0,72%* 0*
CrannapTtHas 126,03 +£9,44 5,59 + 1,80 546,82 £ 16,24 7,19+1,13 2,16 = 1,47* 0,84 +0,39*

* — noctoBepHbie oTanuuns (p < 0,05).
* — significant differences (p < 0.05).

Tabnuua 3. Pannon KopmiieHUs OOBIKHOBEHHBIX MABIMHOB Pavo cristatus B NCCIEAYEMbIX 300MapKax

Table 3. Diets of Pavo cristatus in urban zoological institutions

KopmoBsie cocTaBbl KonnuecTBo B cyTKH, KT Ha TOJI.
MockoBckuii 300mapk VBaHoBCKUii 300n1apK SIpocnaBckuil 300mapk
Pacrutenpuble kopMa

Otpy6u 0,01 0,01 -
Komb6uxopm mis xyp (ITK-1) 0,1 0,1 —
[Tmenunna 0,15 0,15 0,08
Slumenn 0,03 0,03 0,035
IIpoco 0,05 0,05 -
OBcsHKa 0,08 0,08

T'opox 0,05 0,05 0,03
Kyxkypysa 0,08 0,08 0,03
IToxconnyx 0,02 0,02 0,05
CeMs TBIKBEHHOE 0,02 0,02 —
DpyKTHI pa3HbIe 0,05 — -
Slrojsl pa3Hbie 0,05 - —
MopxkoBb 0,1 0,1 0,025
Kamycra 0,04 0,04 0,025
Caekia 0,02 0,02 0,005
Camar 0,05 - -
Jlyx 0,02 0,02 0,01
YecHOK 0,015 - —
OBo1uy pa3Hble 0,1 — -
Macio pacturenbHoe - - 0,003

KuBoTHbIE KOpMa
Msico 0,015 0,015 0,015
TBopor 0,015 0,015 0,03
Slitno xypuHoe 0,025 0,025 -
l'ammapyc 0,01 - -
JloOaBku

TpaBsiHas myka 0,015 0,015 -
Kocrhas myka 0,003 0,003 0,002

HccnenyeMble OTUILBI COJEpXKaluch Ha paspa-
6otaHHOM paruoHe (Tabdn. 3), cOaTaHCHPOBAHHOM TIO
OCHOBHBIM IIUTATCIIBHBIM ITIOKAa3aTCJIAM.

AHanu3 palMoOHOB MUTAHKS OOBIKHOBECHHBIX TaBJIU-
HOB, OPTaHU30BAHHBIX Ha 0a3¢ 300JIOTHICCKUX YUPEHK-
nenuit Mocksel, UBaHOBO u SlpocnaBiis, mokasain, 4YTo
Zn noctynaert 11,35, 6,60 u 2,50 mr; Cu—2,29, 0,75 u
0,41 mr; Fe — 55,83, 30,54 u 6,78 mr; Pb — 0,14, 0,18
n 0,01 mr; Cd - 0,02, 0,01 u 0,005 mr; As — 0,04, 0,02
n 0,002 mr cooTrBeTcTBeHHO. ECli 0C00B MOIHOCTHIO

31

ChelacT BECh BBIJAHHBIH KOPM, TO OPHEHTHPOBOYHOE
ob1ee CyTOYHOE TTOCTYIICHUE Zn OT THEBHOW HOPMBI
notpebieHus daeMeHTa cocrtaBiser 16,7-75,7 %,
Cu — ot 13,7 no 76,3 %, Fe — ot 48,4 no 398,79 %.
Pb, Cd u As mocTymaioT ¢ palHoHaMH B Tpeaeiax
cyTouyHOi HOpMBI. COamaHCHPOBAHHOCTH PAIMOHOB
MUTAHUS 110 MHUKPOIJIEMEHTHOMY COCTaBy MOX-
HO JOCTHYb, HACHIIAs WX MPOIYKTAMH, OOTaTBIMH
HEO0OXOUMBIMHU 3JIEMEHTAMH, HJIH BBOJS MUHEPAJIHHBIC
KOMIIJIEKCHI.
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B xozne ananuza MHOromMapIipyTHOM U MHOTOCPEI0-
BOM OKCIIO3UIIUHN HCCICAYEMBIX MUKPOIJIICMCHTOB Ha
OCHOBAaHUU KOJIMYECTBEHHOT'O PAacyeTa UX MOCTYIUICHUS
B OpraHU3M OBIJIO yCTaHOBJIEHO IIPEBBIIICHHUE pede-
PEHTHBIX KOHICHTPALMUK I OCTPOTO WHTAISIIHOH-
Horo Bo3aeiicTBus mo Cu (0,1 MI/Kr), mocTynaromen
n3 mouBbl B T. MockBe, B 2,19 pasza, 4To MOXKET
MPUBECTHU K 3a00JICBAaHUSIM OPTaHOB JIBIXaHUS )KUBOT-
HBIX (Ta0u1. 4). OTME4YeHO NpeBbIICHNE PeEePEHTHBIX
KOHILEHTpAIUi ISl XPOHUYECKOT0 MHTAISALHOHHOTO
BoszaeicTeusa mo Zn (0,0009 Mr/kr), mocTynamomemy
13 CHEXXHOTO MOKpPOBa U MOYBHI, B I. Mockse B 1,22
u 394,11 pa3sa, r. fpocnasiae — B 1,11 u 9,78 paza
COOTBETCTBEHHO, M3 MUTHEBOH BOJABI B MOCKBE — B
1,78 pa3a. D10 crmocoOCTBYeT pa3BUTHIO 3a00JIeBaHAN
OPIraHOB ABIXaHUS, IMMYHHON U KDOBEHOCHOM CUCTEM.
BrisiBiieHo mpeBbilieHHe pedepeHTHBIX KOHIEHTpa-
LU U1t XPOHUYECKOTO HHTISIIIMOHHOTO BO3JICHCTBHS
Fe (0,6 Mr/kr) mpu mOCTyIUICHWH 3JIeMEHTa B Opra-

HU3M IIaBIMHOB U3 TOYBEHHOTO IMMOKPOBA I'. MOCKBEI H
HBanoBo — B 50,15 1 95,27 pa3 COOTBETCTBEHHO, YTO
CTUMYJHUPYET BO3HUKHOBECHHE OTKJIOHCHHI B ()YyHK-
LUUOHUPOBAHUHU ABIXaTEIbHOM cucTeMbl. B r. Mockse
npeBbInieH B 275,8 pa3 ypoBeHb noctymieHus Pb u3
MTOYBHI B CPAaBHEHUH C peepeHTHBIMU KOHIIEHTPAIN-
MH JIJISI XPOHUUYECKOT0 MHTAJISIIMOHHOTO BO3ICHCTBHS
(0,0005 mr/kr). DTO co34aeT yrpo3y sl BOSHUKHO-
BeHUs OOJIe3HEH KPOBU WM Pa3BUTUS PEHPOIYKTUB-
HOW M TrOpMOHaJIbHOM cucTeM, nouyek. Ha Bcex uc-
CIeIyeMBIX TEPPUTOPHUAX OOHAPYKEHO MPEBBIIICHNE
HHTAJATOPHOTO YPOBHS MOCTyIieHus: u3 moussl Cd
u As (pedepentnsie koumenrpanuu 2,00x107° wu
3,00x10° Mr/kr cOOTBETCTBEHHO): I'. MOCKBa — B
10,0 u 790,0 pa3, r. UBanoBo — B 15,0 u 863,33 pasa,
r. SIpocnasib — B 60,0 1 396,67 pa3a COOTBETCTBEHHO.
DTO MOXET MPUBECTH K 3a00JIeBaHUSIM IIOYEK, Op-
raHOB JbIXaHUs, HEPBHOU U CEPAEYHO-COCYIUCTOMN
CHUCTEM, U3MEHEHHUIO FOPMOHAJIBHOI'O CTAaTyca MTHL,

Ta6Jmua 4. CBogHast Ta6nnua JUI aHaJIu3a MHOI‘OMapH.IpyTHOﬁ u MHOI‘OCpeIIOBOﬁ OKCIIO3UIUU XUMUYCCKHUX DJICMCHTOB
1IpH NOCTYIJICHUU B OPraHU3M 0OBIKHOBEHHOIO MmaBiuHa Pavo cristatus

Table 4. Multi-route and multi-environment exposure of urban Pavo cristatus to chemical elements: a summary table

ITyTs Teppuropus OOBEKTHI MOCTYTIIEHUS] MUKPOJIEMEHTOB
MOCTYIUICHUS CHer ‘ ITousa ITuTbeBas Boga IIpomyxTsl Cymma
[unak, Mr

Wuransmus Ne 1 0,0011 0,3547 0,0016 — 0,3574
Ne 2 0,0002 0,0886 0,0002 - 0,0890

Ne 3 0,0010 0,0088 0,0007 — 0,0105

IIepopasbHo Ne 1 1,1749%10°° 0,0756 0,0133 2,8366 2,9255
Ne 2 1,6397x10°¢ 0,0189 0,0019 1,6508 1,6716

Ne 3 1,1142x10°° 0,0019 0,0063 0,6212 0,6294

Hakosxno Ne 1 0,0335 1,7838x10°° 0,7447 - 0,7782
Ne 2 0,0048 4,4577x10° 0,1060 — 0,1108

Ne3 0,0159 4,4432x107 0,3522 - 0,3681

Cymma Ne 1 0,0346 0,4303 0,7596 2,8366 4,0611
Ne 2 0,0050 0,1075 0,1081 1,6508 1,8714

Ne3 0,0169 0,0107 0,3592 0,6212 1,0080

Mensb, mr

Waransmus Ne 1 0,0001 0,2188 0,0002 — 0,2191
Ne 2 0,0002 0,0533 0,0001 - 0,0536

Ne 3 0,0002 0,0083 0,0002 — 0,0087

IlepopansHo Ne 1 1,5041x10°¢ 0,0466 0,0057 0,5717 0,6240
Ne 2 1,6397x10°¢ 0,0114 0,0040 0,1882 0,2036

Ne 3 2,1144x10° 0,0017 0,0077 0,1013 0,1107

HakosxHo Ne 1 0,0035 1,1x10°° 0,0787 - 0,0822
Ne 2 0,0048 2,6801x10° 0,0560 — 0,0608

Ne 3 0,0048 4,1738x107 0,1074 — 0,1122

Cymma Ne 1 0,0036 0,2654 0,0846 0,5717 0,9253
Ne 2 0,0050 0,0647 0,0601 0,1882 0,3180

Ne3 0,0050 0,0100 0,1153 0,1013 0,2316

Kenezo, mr

Wuramsuums Ne 1 0,0054 30,0977 0,0029 — 30,1060
Ne 2 0 57,1618 0,0025 - 57,1643

Ne 3 0,0028 0,7079 0,0013 — 0,7120
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Oxonuanue Tabi. 4.

ITyts Teppuropus OOBEKTHI OCTYIUIEHHSI MUKPO3JIEMEHTOB
MOCTYTUICHUS Cuer ITouBa [TutbeBas Bona IIponyxTsl Cymma
JKeneso, mr
[IepopanbHO Ne 1 6,6736x107° 6,4135 0,0962 13,9569 20,4666
Ne 2 0 12,1807 0,0839 7,6361 19,9007
Ne 3 3,4576x10°° 0,1508 0,0439 1,6948 1,8895
Haxkoxzo Ne 1 0,0579 0,0015 1,2874 - 1,3468
Ne 2 0,0506 0,0029 1,1237 — 1,1772
Ne3 0,0264 3,5602x10° 0,5872 - 0,6136
Cymma Ne 1 0,0633 36,5127 1,3865 13,9569 51,9194
Ne 2 0,0506 69,3454 1,2101 7,6361 78,2422
Ne 3 0,0292 0,8587 0,6324 1,6948 3,2151
CBuHel, Mr
Wnranauus Ne 1 0,0003 0,1384 9,09x10°° - 0,1387
Ne 2 0,0001 0 0,0001 - 0,0002
Ne 3 0,0003 0,0005 0,0002 - 0,0010
[IepopanbHO Ne 1 9,1849x1077 0,0295 0,0031 0,0361 0,0687
Ne 2 4,2534x107 0 0,0047 0,0445 0,0492
Ne 3 9,4315x1077 0,0001 0,0057 0,0030 0,0088
Haxkoxzo Ne 1 0,0026 3,9586x10°¢ 0,0568 - 0,0594
Ne 2 0,0039 0 0,0861 - 0,0900
Ne 3 0,0048 2,6249x10°® 0,1056 - 0,1104
Cymma Ne 1 0,0029 0,1679 0,0599 0,0361 0,2668
Ne 2 0,0040 0 0,0909 0,0445 0,1394
Ne 3 0,0051 0,0006 0,1115 0,0030 0,1202
Kagmmii, mr
Unransius Ne 1 0 0,0002 2,842x10° — 0,0002
Ne 2 0 0,0003 0 - 0,0003
Ne 3 9,9266x107 0,0012 0 — 0,0012
[IepopanbHo Ne 1 0 0,0011 9,589%10° 0,0053 0,0064
Ne 2 0 5,8381x10° 0 0,0031 0,0031
Ne 3 6,1644x10°° 0,0874 0 0,0012 0,0886
Haxkoxzo Ne 1 6,9761x10°° 5,5118x10°® 0,0016 - 0,0016
Ne 2 0 1,3779%10°® 0 — 1,3779x10°®
Ne 3 0 6,0216x10°® 0 - 6,0216x10°®
Cymma Ne 1 6,9761x10°° 0,0013 0,0016 0,0053 0,0082
Ne 2 0 0,0003 0 0,0031 0,0034
Ne 3 9,9266x1077 0,0886 0 0,0012 0,0898
MBbIBSIK, M
Wnransmus Ne 1 1,1149x10°° 0,0237 1,1368x10°° - 0,0237
Ne 2 0 0,0259 1,5631x10°° - 0,0259
Ne 3 3,9352x10° 0,0119 7,1048x10°° — 0,0119
[IepopasbHO Ne 1 1,0479x1077 0,0050 0,0004 0,0088 0,0142
Ne 2 0 0,0055 0,0005 0,0059 0,0119
Ne 3 3,6986x10°* 0,0026 0,0002 0,0004 0,0032
Haxkoxno Ne 1 0,0003 1,1919x10° 0,0056 - 0,0059
Ne 2 0 1,3022x10°° 0,0077 0,0077
Ne 3 0,0002 6,0333x107 0,0035 0,0037
Cymma Ne 1 0,0003 0,0287 0,0060 0,0088 0,0438
Ne 2 0 0,0314 0,0082 0,0059 0,0455
Ne3 0,0002 0,0145 0,0037 0,0004 0,0188
O6miee Ne 1 0,1047 37,4063 2,2982 17,4154 57,2246
NOCTYIIJIEHHE Ne 2 0,0646 69,5493 1,4774 9,5286 80,6199
Ne 3 0,0564 0,9831 1,2221 2,4219 4,6835

Ne 1 — MockoBckwuii 300napk, Ne 2 — MiBanoBckuii 30onapk, Ne 3 — SIpocnaBckuii 30onapk.
Ne 1 — Moscow Zoo, Ne 2 — Ivanovo Zoo, Ne 3 — Yaroslavl Zoo.
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BO3HHKHOBEHHMIO Pa3HOTO POJia OHKOJIOTUH M OTKIIOHE-
HUSIM B pa3BuTHH. [10o 1pyruM mokasatensM IpeBblIIe-
HUN HE OIPE/IENIeHO.

B pesynabraTe ananmza MHOTOMapUIpyTHOH W
MHOTOCPEJIOBOM IKCIO3HLIHUN HCCIEIYyEMBbIX KCEHO-
OMOTHKOB Ha OCHOBAaHWHU KOJIMYECTBEHHOTO pacyera
WX TOCTYIUICHUS B OPTaHU3M OBIJIO YCTAaHOBIICHO TIpe-
BBIIICHNE pe(epeHTHBIX KOHLEHTPAIHMH AT XPOHH-
yeckoro nepopansHoro Bosaehctaus Cu (0,019 mr/kr)
B MockBe 13 ouBHI B 2,45 paza. 3TO MOKET MPUBECTH
K 3a00JI€BaHMAM JKEITYJOUYHO-KHIIEIHOTO TPAKTa | T1e-
yeHH (Tabu. 4). VI3 moYBEHHOTO MOKPOBa T'. MOCKBEI H
WBanoso Fe nepopanbHO MOCTYIAET B KOHIICHTPAIHAIX
Boime pedepeHTHrX (0,3 MI/Kr) UIst XpOHHYECKOTO
Bo3aeiictBus — B 21,38 u 40,60 pa3 COOTBETCTBEHHO.
DTO CIOCOOCTBYET Pa3BUTHIO 3a00JICBAaHUI CIIU3HCTOM,
KOXH, KPOBU, UMMYHHO# cHCTEeMBI. BBIsSIBICHO ITpEBBI-
nieHue peepeHTHBIX KOHIEHTPAIHUN IS XpOHUYeC-
Koro mepopanbHoro Bosxeictus Pb (0,0035 mr/kr)
IIPH MTOCTYIUICHUH 3JIEMEHTA B OPTaHNU3M I1aBINHOB U3
MTOYBEHHOTO MTOKPOBa I'. MOCKBHI — B 8,43 pa3 u MuThe-
BOH Bozsl T. MIBaHoBO 1 Apocnasnsa — B 1,34 u 1,63 pa-
3a COOTBETCTBEHHO. DTO CTHUMYJIHPYET BO3HHKHOBE-
HUE OTKJIOHCHHWH B (DyHKIIMOHUPOBAHUH LIEHTPAIBHOM
HEpPBHOI CHCTEMBI 1 KPOBEHOCHOH CHCTEMBI M HapyIIaeT
OMOXMMHUYECKHUI COCTaB BHYTPEHHEI CpeJibl, pa3BUTHE
PEeNpPOAYKTHBHON CHCTEMbI M TOPMOHAIILHOTO CTaTyca
opranusma nruu. B Mockse u fIpocnasiie ypoBeHb I10-
crymnenus Cd u3 moussl mpeBsileH B 2,2 u 174,8 pas

COOTBETCTBEHHO B CPaBHEHHH C pe(pepeHTHHIMH KOH-
HEeHTPAUHUSIMH JJIT XPOHHIECKOTO MMEePOPATHHOTO BO3-
nevictBrs (0,0005 Mr/Kr), 9TO CO3/IaCT YTPO3y ISl BOSHUK-
HOBEHUS 00JIe3HEH TOPMOHAIFHON CUCTEMBI U ITovyek. Ha
BCEX UCCIEAYECMBIX TCPPUTOPHIX OOHAPYIKEHO IIPEBBI-
[ICHUE TIEPOPATLHOTO YPOBHS IMOCTYIUICHHS AS U3 MOYBBI
(pedepentnrie konnenTpanuu 0,0003 mr/kr): Mocksa —
B 16,67 pa3, Banoso — B 18,33 pasa, SIpocnaBnb — B
8,67 paza. YpOBEHb MEPOPATHHOTO MOCTYIUICHUS U3
MUTHEBOW BOJBI TIpeBHINIeH B T. MockBa B 1,33 pasa,
r. IBaroBO — B 1,67 pa3. XpoHudueckoe yBeIMICHUE TIe-
POpPAaTBEHOTO MOCTYIUICHHUS B OPTaHU3M IITHI MBIIITBIKA
MOJKET MIPHUBECTH K 3a00JICBaHUAM KOXKH, IICHTPATHHON
HEPBHOW U CEPIICIHO-COCYIUCTON CUCTEM, H3MCHCHIIO
TOPMOHAJIBHOTO CTaTyca (YBEIIMYNBACTCS BEPOSITHOCTD
pa3BuTHs nuabeTa), HAPYUICHUIO B pabOTE KEITYJOUHO-
KHIIIEYHOTO TPAaKTa U mouek. [1o Apyrum mokasarensm
[IPEBBILICHUN HE OIIPEIEIICHO.

B xome ananu3a MHOrOMapIIPyTHOW ¥ MHOTOCpE-
JTOBOM DKCITO3WIIMM MHKPOIJIEMEHTOB, B TOM YHCIIE
TSDKENBIX METAaJUIOB, NMPH TOCTYIJICHUH B OPTAaHU3M
MITAL OBIJIO YCTAHOBIICHO, YTO YPOBEHBb KOHIICHTPAITIHI
ACCEHIMANBHBIX MHUKPO3JIEMEHTOB B OHOCpeIax ompe-
JeNseTcs UX MOCTYIUICHUEM ¢ TTHUIIeH (Tadi. 5).

KoHueHTpanus Zn B ephsiX MTHI] CBsI3aHA C UX I10-
CTYIJICHHUEM B OpraHu3M ¢ kopMmamu Ha 61,63-88,21 %,
Cu—mna43,74-61,79 %, Fe B fpocnasne — Ha 52,71 %
u Cd B MBanoBo u Spocmarie — 64,63 u 91,18 %
COOTBETCTBCHHO (Tabi. 4). JlaHHBIC COTrJIACYIOTCS C

Tabauua 5. MHOrOCpe10Basi SKCHO3HUIIMS IJIEMEHTOB IPH MOCTYIUICHUH B OPraHN3M OOBIKHOBEHHOTO MaBlIMHA
Pavo cristatus

Table 5. Multi-environment elemental exposure of Pavo cristatus

XuMHYECKUH 271eMeHT, % Teppuropus OOBEKTHI MOCTYIIICHHS
Cuer ITouBa [TutheBas Boga IIpoayxTsr
Hunk Ne 1 0,85 10,60 18,70 69,85
Ne 2 0,27 5,74 5,78 88,21
Ne 3 1,68 1,07 35,63 61,62
Menp Ne 1 0,39 28,68 9,14 61,79
Ne 2 1,57 20,35 18,90 59,18
Ne3 2,16 4,32 49,78 43,74
Keneszo Ne 1 0,12 70,33 2,67 26,88
Ne 2 0,06 88,63 1,55 9,76
Ne 3 0,91 26,71 19,67 52,71
Caunen Ne 1 1,09 62,93 22,45 13,53
Ne 2 2,87 0 65,21 31,92
Ne 3 4,24 0,50 92,76 2,50
Kamgmuii Ne 1 0 15,85 19,52 64,63
Ne 2 0 8,82 0 91,18
Ne 3 0 98,66 0 1,34
MBl1IbsK Ne 1 0,68 65,53 13,70 20,09
Ne 2 0 69,01 18,02 12,97
Ne 3 1,06 77,13 19,68 2,13

Ne 1 — MockoBckuit 300mapk, Ne 2 — MBaHoBckuit 300napk, Ne 3 — fIpociaBckuii 300napk.

Ne 1 — Moscow Zoo, Ne 2 — Ivanovo Zoo, Ne 3 — Yaroslavl Zoo.
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Pucynoxk 1. AHanu3 MHOroMapupyTHOH U MHOTOCPEIOBOM 3KCIO3ULIUN XUMHUYECKUX 3JIEMEHTOB IPH MOCTYIUICHUU
B OPraHM3M OOBIKHOBEHHBIX NaBIMHOB, %

Figure 1. Multi-route and multi-environment exposure of Pavo cristatus to chemical elements, %

pe3yJbTaTaMu UCCIeIOBAHUMN Psijia aBTOPOB IO TOCTYII-
JICHUIO 3CCCHITUATBHBIX MUKPO3JIEMEHTOB B OPTaHU3M
nrun [29]. Hakorurenue opranmsmom ritutl Fe 8 Mockse
u VIBaHOBO CBSI3aHO C €ro MOCTYIUICHHEM U3 MOYBEH-
Horo nokpoBa — 70,33 u 88,63 % cooTBeTCTBEHHO, AS
B Mockse — 65,53 %, UBanoBo — 69,01 %, SIpocnasne —
77,13 %. DTO cBsi3aHO C BBICOKMM YPOBHEM COJEp-
JKAHUsI JAHHBIX MHKPO3JICMCHTOB B JICTIOHHUPYIOIICH
cpene [13]. Haubonpiiee Bo3eiicTBHE HA OPTaHU3M
TITHI] OKa3bIBAaeT BalloBOE cojepkaHue Pb B mouse
MockBbl U nuTheBOM Boue SApocnaBig u KMBanoBoO.
Y CTaHOBIICHO BIMSHHE BAaJOBOTO COJCPIKAHUS BCEX
HCCIEyeMBIX DJIEMCHTOB B IIOYBCHHOM IIOKPOBE H
MUTHEBOI BOJIE HA YPOBEHb KyMYJISIIUN MaBIUHAMH,
3a UCKJIFOUCHHCM BIIUSHUS HAKOIUICHHUS AS TIOYBOW.
CHEXHBI TIOKPOB OKa3bIBaJl HANMEHBIIIEE BO3ICICTBHE
Ha 3JIEMEHTHBIN CTaTyc OMOCpEe MaBIMHOB.

OcHOBHOM MyTh nocTymaeHus Zn (62,44-77,4 %),
Cu (47,8-67,44 %), Fe B fpocnasne (58,77 %) u
Cd (78,05-98,67 %) — mepopansHbrii (puc. 1), Fe B
Mockse u UBanoBo (57,99 u 73,06 % cOOTBETCTBEHHO),
As (54,11-63,3 %), Pb B Mockse (51,99 %) — unra-
nartopHerii. Hanbonpiee moctymieHnne Pb HakoxHO
otmedeHo B MBanoBo u Spocnasne (64,57 u 91,85 %
COOTBETCTBCHHO).

35

BriBOABI

CpenHuii ypoBeHb HAKOIUIEHHUS Zn TMephIMHU
OOBIKHOBEHHOTO TaBnuHa Pavo cristatus COCTaBUI
122,74 + 9,64 mr/kr, Cu — 5,36 £ 0,05 mr/kr, Fe —
508,06 + 56,84 mr/kr, Pb — 6,75 + 1,13 mr/kr, Cd — 1,65
+ 0,26 mr/kr u As — 0,61 £ 0,2 mr/kr. BapuabenbHOCTh
KOHIICHTPAIIMH MHUKPOIJIEMCHTOB B HCCICIyEeMOM
BBIOOpKE ocobeif coctaBmna, %: Zn — 73,9, Cu — 94,3,
Fe — 111,6, Pb — 150,0, Cd — 136,88 u As — 203,87.
CpenHue ypOBHH HAKOIUICHHSI 3JICMEHTOB B OHocpeax
yosiBaror B psiny Fe > Zn > Cu > Pb > Cd > As.
Conepxxanue Zn cocrasmio 0,7-48,0 %, Cu — 0,04—
2,8 %, Fe —46,2-92.8 %, Pb — 0-2,5 %, Cd — 0-2,5 % u
As —0-4,6 % oT CyMMBI BCEX ONPEAEISIEMBIX SJIEMEHTOB.
AHanu3 panuoHOB MUTAHUS OOBIKHOBCHHBIX MABIIH-
HOB, OPTaHW30BAHHBIX Ha 0a3€ 300JIOTHIECKUX YUPEIK-
nenuit Mocksel, UBaHOBO U SpociaBiis, nokasain, 4To
Zn noctynaet 11,35, 6,60 u 2,50 mr; Cu—2,29, 0,75 u
0,41 mr; Fe — 55,83, 30,54 u 6,78 mr; Pb — 0,14, 0,18
u 0,01 mr; Cd — 0,02, 0,01 u 0,005 mr; As — 0,04, 0,02
u 0,002 mr coorBetrcTBeHHO. ECin 0c00b MOIHOCTHIO
CheJIaeT BECh BBIIAHHBIN KOPM, TO OPUEHTHPOBOYHOE
ob1ee CyTOYHOE TOCTYIICHHE Zn OT THEBHOW HOPMBI
notpebieHus snemMenTa cocrasisier 16,7-75,7 %, Cu— ot
13,7 1o 76,3 %, Fe — o1 48,4 10 398,79 %. Pb, Cd u As
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MOCTYNAIOT ¢ PALIMOHAMH B MpeZeNlaX CyTOYHON HOPMBI.
OcHoBHoOM nyTh nocTymuienus Zn, Cu, Fe B fIpocnasie
n Cd — nepopanshubiii, Fe B Mockse u lBanoBo,
As u Pb B MockBe — uHranstopubiii. Haubosmnbinee
moctymieHne Pb HakokHO oTMedeHO B VIBaHOBO m
SIpocnasie.

B xoxe aHanm3a MHOTOMAapUIpYyTHOM M MHOTrOCpe-

nuTheBoil Bone SpocmaBns m VBaHoBo. CHEXHBIN
MOKPOB OKa3blBaJl HAMMEHbIIEE BO3JICIICTBUE Ha dlie-
MEHTHBIH CTaTyCc OMOCpea MaBIWHOB.
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Abstract.

Enzymatic treatment is a common method of fruit juice production that facilitates juice extraction from plant cells. The choice
of enzyme depends on the fruit composition. Pectinase and cellulase are the most popular enzymes while amylase remains
less wide-spread. For some raw materials, enzymatic procedures are more efficient than mechanical comminution or thermal
processing. The fruit juice industry uses enzymes for streamlining. Enzymes maximize juice extraction from raw materials
and improve such processes as pressing, solid settling, and solid removal. Juices that underwent enzymatic treatment are clear
and, as a result, more aesthetically appealing to consumers.

The review covered the most recent and influential publications on the enzyme treatment of fruit juices (2000-2021). The list
of enzymes included pectinase, cellulase, and amylase. The research included the factors that affect the juice fermentation
process, i.e., hydromodule, enzyme concentration, incubation time, temperature, and enzyme combination. The methods
included data extraction, data analysis, and data compilation, as well as literature search and screening.

The review focuses on the effects that individual parameters have on specific responses, e.g., yield, viscosity, total soluble
solids, acidity, turbidity, clarity, pigment concentration, phenolic content, color, and solids. A greater enzyme concentration,
incubation time, and temperature decrease the viscosity of juice and turbidity but cause color changes. If used in different
combinations and at different concentrations, enzymes boost the production of bael pulp, banana, sapodilla, durian, pawpaw,
grape, white pitaya, and water melon juices. A longer incubation period improves the production of bael pulp, citron, date,
and pawpaw juices. However, higher incubation temperatures seem to have no positive effect on the juice yield. Cellulases,
pectinases, amylases, and their combinations are able to produce more fruit juice of higher quality with a more favorable
time-temperature combination of incubation.

The optimal enzyme concentration, incubation time, and temperature can increase the juice yield. Therefore, enzymatic
treatment is an effective method that ensures favorable properties of the finished product.

Keywords. Enzyme, fruit juice, incubation time, incubation temperature, viscosity, color
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V
B
AHHO ramus.

O06paboTka ceIpbs hepMEeHTAMU — PACIPOCTPAHEHHBIH METO/I MTPOU3BOACTBA (PPYKTOBBIX COKOB, CIIOCOOCTBYIOIINI Hanboee
MOJTHOMY M3BJICYCHUIO COKA U3 PACTUTEIBHBIX KIETOK. J[JIsT HEKOTOPBIX BUAOB CHIPbsI ()epMEHTATHBHBIE ITPOLIECCH] OKa3BIBAIOTCS
6onee 3 GEKTHBHBIMY, YeM MEXaHHUECKOE N3MENbYCHHE MU TepMuyeckas 00padoTka. BeiOop KOHKpeTHOTO pepMeHTa 3aBUCHT
ot cocraBa (GpykToB. Yamie Bcero B NUIIEBOH MPOMBIIIICHHOCTH HCIIOJIB3YIOTCS IEKTHHA3A U IIeJUTI0Ia3a, peXke — aMuiasa.
Hcnonp3oBanue pEpPMEHTOB B TEXHOJIOTMYECKOM TIPOLIECCE CIIOCOOCTBYET PAllMOHAIN3ALNH TPOU3BOACTBA (PPYKTOBBIX HAITUTKOB.
®DepMeHTHI CIIOCOOCTBYIOT MAKCHMATbHOMY U3BICUCHHUIO COKA U3 CHIPBS M O3BOJISIIOT ONITUMHU3UPOBATH TaKUE MPOIECCHI, KaK
OT)KMM, OTCTaMBaHUE M yAaleHue TBepaAbIX yacTul. Coku, mpomeamue GepMeHTaTUBHYIO 00paboTKy, Oosee mpo3payHbl U
00anaoT 6oNbIIeH MOTPEOUTETHCKON MPUBICKATEIBHOCTBIO.

B 0030p BKJIIOUEHBI aKTyallbHbIC U @aBTOPUTETHBIC HAYYHbIE MyOIUKAL[UH 110 PepMEHTaTUBHOM 00paboTKe GPYKTOBBIX COKOB
(2000-2021 rr.). B cincox ¢epmMenHTOB I MOKMCKA BOLIUIN MIEKTHHA3A, IIeJUTI0Na3a 1 ammiasza. Hacrosmuii 0630p cymmupyer
Takue (aKTopbl, BIUSIONIME HA NIPOLIECC IPOU3BOACTBA PPYKTOBOTrO COKa, KAK TMAPOMO/YJIb, KOHIIEHTpanus GepMeHTa, Bpems
MHKyOauy, TeMnepatypa nu KoMOuHaIus GpepMeHToB. B kadecTBe HaAyYIHBIX METOIOB OBUIN HCIIOIB30BaHbI TOMCK U CKPUHUHT
Hay'-n-[oﬁ JIATEPATYPBI, U3BJICUCHUC NAaHHBIX, UX aHAJIU3 U KOMIIUJIALUS.

OcHOBHOE BHHMaHHE B 0030pe yAENmseTcs TOMY, KaK OTAEIbHBIC TEXHOJIOTMYCCKHE IMapaMeTphl BIUSIOT Ha pPE3ynbTaT
IPOM3BOJICTBEHHOIO IpOIlecca: BbIXOJ COKa, BSI3KOCTh, 00IIee KOJIUYECTBO PACTBOPUMBIX TBEPJBIX BELIECTB, KHUCIOTHOCTS,
MPUMECH, IPO3PAYHOCTh, KOHIIEHTPAIHIO IINTMEHTA, CO/iepKaHue (peHONO0B, IBET U T. A. boee BrIcOKas KOHIEHTpaIms GpepMeHTa
U TeMIlepaTypa, a Takxke 0oJiee JUTHTEIbHBIH Tepro/] MHKYOAIlMK CIIOCOOHBI YMEHBIIUTH BI3KOCTh COKA M CAENaTh ero Ooiee
MPO3padHBIM, HO OHHU BBI3BIBAIOT M3MEHEHHe IBeTa. ONTHManbHass KOMOWHAIMS W KOHIEHTpanus (EepMEHTOB CHOCOOHBI
MOBBICUTH BBIPA0OTKY COKa M3 MSKOTH Oauiisi, OaHaHa, CaloJMIUIbI, ypUaHa, nanaiu, BUHOrpaaa, 0enoit nuraiiu u apoysa.
bonee qnnrtenbHas MPOAOKUTENBHOCTE HHKYOAINHU yIydIIaeT IPOU3BOACTBO COKA U3 MAKOTHU Oauis, HUTPOHA, GUHUKOB U
nanaiiu. bonee BbicOkHe TeMIiepaTypbl HHKYOAI[MM HE OKA3bIBAIOT MOJIOKUTEILHOTO BIMSHMS Ha BBIXOJ coka. l{emromnassl,
MEKTHHA3bl, aMHUJIA3bl U UX KOMOWHAIIMU TPHUBOIAT K BBIPaOOTKe Oosibmiero odbemMa (QpyKTOBOTO COKa M CIIOCOOCTBYIOT
MOBBIIICHUIO €T0 KauecTBa, €CIM TEXHOJIOTMYECKUH Iponecc NpeaycMaTpuBaeT ONTHMAIbHOE COYSTaHHE TeMIIepaTypHOTo
peXxnMa U MpoJIOKUTEIbHOCTH HHKYOanuy.

OnTuManbHast KOHIEHTpanus (epMeHTa, NPOJOJDKATEIBHOCTh HHKYOAIUU U TEeMIIEPaTyPHBIH PEKUM yBEININBAIOT 00BEM
MPOU3BOACTBA COKa. DTOT (PaKT AOKa3bIBaeT, 4TO pepMeHTaTnBHAsI 00paboTKa — 3P PEeKTUBHBIH METO MPOU3BOACTBA COKa,
o0ecneunBaomui TOTOBBIH MPOAYKT MaKCUMAaJIbHO BEICOKOTO Ka4ecTBa.

Karouessie cioBa. @epmenT, PpyKTOBEIH COK, BpeMsI HHKyOalnu, TeMIepaTypa HHKyOannuu, BI3KOCTh, IIBET

Jnst nuruposanus: [Tyn JI. I1., Canena JI. A. K. [Ipumenenue ¢epmenTOB 1IpH BEIpaboTke GppykToBOro coka: 063op // Texuuka
M TEXHOJIOTHSI MUIIeBbIX npou3BoactB. 2023. T. 53. Ne 1. C. 38-48. (Ha aurun.). https://doi.org/10.21603/2074-9414-2023-1-2413

Introduction part of the fruit juice industry, they boosted the yield
Enzymes have been widely applied in the food  and quality [4]. Enzymes are biological catalysts that
industry, where they facilitate the process of juice are widely used in fruit juice production, winemaking,
extraction from plant cells [1, 2]. Modern science offers and brewing. Pectinases, cellulases, amylases, proteases,
novel enzymes with a wide range of uses, specificity, and etc., allow juice producers to achieve the high production
new application areas [3]. When enzymes first became volume required by the market [5]. Recent studies
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focus on optimizing the enzyme-assisted juice extrac-
tion process based on the quality factors of the final
product [6].

Fruit juices contain colloids, e.g., pectin, cellulose,
hemicellulose, lignin, and starch. Pectinase treatment
is a common practice aimed at degrading pectin [7].
Table 1 summarizes the application of enzymes in
the fruit juice industry. Enzymic treatment increases
the juice yield and results in more transparent final
products, especially in grape, apple, pear, and orange
juices. Enzymes degrade the cell walls of fruit mash,
resulting in a lower juice viscosity and a higher juice
yield. Enzymes are known to facilitate the release of
flavors, enzymes, polysaccharides and proteins from
fruit juices [8]. Enzyme treatments provide a better
filtration rate and a clearer finished product, which
is regarded as a better quality indicator. In addition,

enzymes improve cloud stability and texture in fruit
pulp. In some cases, cellulase improves the juice yield
and color properties.

Table 1 demonstrates that pectinase have been
the most popular research object so far. Less popular
enzymes include cytolase and cellulase [9]. Pectinase
and cellulase improve the general fruit juice quality
by yielding more soluble solids and juice particulates.
Chen et al. stated that enzyme concentration and incubation
condition, i.e., temperature and time, affect the pectic
hydrolysis [10].

Study objects and methods

This review concentrated on such enzymes as
pectinase, cellulase, and amylase in fruit juice production.
The list of factors included hydromodule, enzyme
concentration, incubation time, temperature, and enzyme
combination that affect the fermentation process of

Table 1. Variables used in the enzymatic treatment of fruit juices

Ta6nuna 1. IlepemenHnsle, Hcnoib3yeMble IpH GpepMEHTaTHBHON 00paboTKe GPPYKTOBBIX COKOB

Sample Part/ Enzyme/ Variables Responses References
Condition |  Enzyme trade Enzyme Temperature, Time
name concentration/ °C
Dose
Acai Juice Citrozyme-UltraL | 0.01-0.2% 45 15-60 min Clarity, color, pH, [11]
titratable acidity,
total soluble solids,
reducing sugar,
vitamin C
Apple Juice Pectinex® Clear 10U 40-50 60 min Clarification, turbidity, [12]
viscosity, total
phenols, antioxidant
activity
Apricot Pulp Pectinase 0-1.2% 30-50 5 Juice yield [2]
Bael Pulp Pectinase 0.64-7.36 mg/ 28.18- 97.5-652.5 min | Juice yield, viscosity, [13]
5 g pulp 61.82 clarity
Banana Juice Pectinase 5-10% 25-40 50-80 h Polygalacturonase [14]
activity, clarity,
acidity, reducing
sugar
Blueberry Juice Pectinex® BE 10U 4-50 60 min Viscosity, turbidity, [12]
Colour degree of clarification,
antioxidant and total
phenolic content
Carambola |  Juice Pectinex® Ultra 0.10% 30-50 0.3-1.7 Turbidity, clarity, [15]
SP-L viscosity, color
Plum Juice Pectin methyl 0.05 g/kg 50 120 min Yield (96.8%) [16]
esterase and
polygalacturonase
Cherry Juice Pectinase 0-0.5% v/v 50 lh Turbidity [17]
Date Pulp Pectinase, 50U,5U0 50 120 min Total soluble solids, [18]
Cellulase polysaccharide, pH,
total nitrogen, ash,
total phenolic content,
turbidity, sensory,
color
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Continuation of table 1

Sample Part/ Enzyme/ Variables Responses References
Condition | Enzyme trade Enzyme Temperature, Time
nhame concentration/ °C
Dose
Durian Juice Pectinex® Ultra 0.10% 38.5 3 Juice yield, total [19]
SP-L soluble solids, pH,
viscosity, color,
sensory
Grape Juice Pectinase 1.5-3mL 50 and 60 1h pH, total soluble [20]
100/kg solids, titratable
acidity, turbidity,
color intensity, juice
yield, organic acid
Grapefruit Peel Pectinex® Ultra 1-15 and 45 - Yield of sugar, dry [21]
SPL, Cellulase 1-10 mg/g matter
1.5L
Guava Mash Cellulase 0.048- 50 11.7-68.3 min Extraction yield, [22]
0.132% (w/w) total sugar, ascorbic
acid, total phenolic,
antioxidant activity
Lemon Juice Pectinase 0-1200 U/L 25-50 0-90 min Dry matter, protein, [23]
ash, total phenolic
content, turbidity,
viscosity, color,
clarity, pH, sugar
Litchi Pulp Pectinase 100-500 ppm 40 2 Total soluble solids, [24]
titratable acidity,
color, sugars, ascorbic
acid
Mosambi Juice Pectinase 0.0004% w/v - - Color, clarity, total [25]
soluble solids, acidity,
pH, density
Passion Juice Pectinex® 3X L 1 mL/L 50 90 min Turbidity, color, [26]
fruit total soluble solids,
viscosity
Peach Juice Pectinex® AFPL3,| 240-1200 1845 30-150 min Viscosity, pulp [7]
Ultra SP WOP ppm decrease
Pineapple Juice Cellulase, 25-150 35-55 210-540 min Juice yield, clarity, [27]
pectinase, mg/100 mL viscosity,
hemicellulase
Pineapple Juice Xylanase, 0-3% 37 270 min Yield, clarity [28]
pectinase,
cellulase
Pome- Juice Pectolytic enzyme | 0-15 pL/L 25 120 min Antioxidant, juice [29]
granate yield, color, total
soluble solids,
betacyanin content
Red Juice Pectinex® Ultra 0.01-0.1% 30-50 20-100 min | Proximate, vitamin C, [30]
pittaya SP-L, Pectinex® total phenolic content
CLEAR
Sapodilla Juice Pectinex® 3X L | 0.03-0.10% 30-50 30-120 min Turbidity, clarity, [31]
viscosity, color
Water- Juice Masazyme 0.01-0.1% 30-50 20-120 min Juice yield, total [32]
melon (w/w) dissolved salts,
viscosity, turbidity,
cloud stability,
lightness
White Juice Pectinex® Ultra 0.01-0.1% 30-50 20-100 min Yield, viscosity, [33]
pittaya SP-L clarity, color
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fruit juice. The processing approach made it possible
to compile the most recent reviews and research papers
on the enzyme treatment of fruit juices (2000-2021).
The methods included data extraction, data analysis,
and data compilation, as well as literature search and
screening.

Results and discussion

Enzymes in juice production. Pectinase. Pectolytic
enzymes, or pectinases, hydrolyze pectic substances.
Fungi used to be the main source for commercial
production of pectinases [34]. Pectinolytic enzymes
are classified into two main groups: esterase and
depolymerases. Esterase affects pectic substances by
hydrolysis. Depolymerase happens via two mechanisms,
namely hydrolysis and trans-elimination lysis [34].

Pectinex® Ultra SP-L enzyme (Novozymes, Denmark)
was described as early as in 1996 as a means of mash
enzyme preparation [35]. It had both pectolytic activities,
including polygalacturonase, pectinlyase, pectinesterase,
etc., as well as hemicellulose, cellulase, protease and
amylase galactosidase, chitinase, transgalactosidase,
etc. [15]. Pectinex® Ultra SP-L was reported to have a
polygalacturonase activity of 26 000 U/mL at < 50°C
and pH 3.5-6.0 [36]. On the other hand, Wilkins ez al.
reported that Pectinex® Ultra SP-L exhibited a pectinase
activity of 233 IU/mg [21].

The major industrial application of pectinases is
fruit juice extraction and clarification (Table 1) [34].
Girijesh et al. employed pectinase enzyme to extract
kendu (Diospyros melanoxylon Roxb.) juice, an underused
seasonal fruit that grows in India and possesses various
medicinal and nutritional qualities [6]. Pectinases have
been used to clarify apple, kiwi, tangerine, pineapple,
sapodilla, and carambola [15]. Several other purposes
of pectolytic enzymes involve liquefaction, maceration,
and cloud stabilization [35]. Pectolytic liquefaction
caused qualitative and quantitative changes in tropical
fruit compounds and increased the volume of carotenoids
released into juice [37].

Cellulase. Cellulases are a group of enzymes that
catalyzes the bioconversion of cellulose into soluble
sugars and glucose. These enzymes are produced
by bacteria, fungi, insects, and mollusks. Cellulase
components, such as endo-1,4-f-D-glucanase, exo-
1-,4-p-D-glucanase, and f-glucosidase, are generally
produced by fungi, bacteria, and actinomycetes,
either separately or as a complex. Cellulase is
produced by Trichoderma reesei. It can be used to
break down cellulosic materials, increase yield, and
reduce the viscosity of soluble cellulosic substrates.
Wilkins et al. stated that Celluclast® 1.5 L had a cellulase
activity of 0.126 FPU/mg protein [21]. Cellulases are
used in a variety of industries, including food industry,
catering, food supply, and food preservation. Cellulases
tenderize fruits, clarify fruit juices, decrease roughage in
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dough, hydrolyze roasted coffee, extract tea polyphenols
and essential oils from olives, and improve food flavor
and taste [38].

Food industry uses cellulases to extract or clarify fruit
juices. Cellulases also remove cell walls, thus facilitating
the release of flavors, enzymes, polysaccharides,
and proteins. According to Abdullah et al., cellulase
outperformed tannase in cashew apple juice extraction by
4.69% [39]. In the enzymatic extraction of sugar from date
fruit, the optimal conditions for the cellulolytic enzyme
included 58°C, pH 5.5, and 0.015% concentration [40].

Amylase. Amylases are one of the oldest and most
important commercial biocatalysts, accounting for
over 30% of the worldwide enzyme market. They
find widespread commercial use in the starch proces-
sing sector, where they facilitate starch liquefaction
and saccharification. Other spheres of application
include baking, pulp production, paper industry, fruit
juice clarification, detergents, textile desizing, and
distilling [41]. Amylases have been used to process fruits
that contain starch: they hydrolyze the raw material into
glucose forms. This method prevents retrogradation
and post-bottling haze formation, which results in a
better clarification and filterability of some fruits, e.g.,
unripe apple [35].

Lee et al. treated banana juice with amylase to obtain
starch hydrolysis before treating it with Pectinex® Ultra
SP-L [42]. Will et al. added Fructamyl HT amylase (80
mL/t) into apple juice to avoid gray and foggy shade, a
color defect that resulted from starch retrogradation [43].

Combinations of enzymes. Previously, scientists
focused on single enzymes. Recently, scientific attention
has shifted into the direction of more effective enzymic
combinations. For instance, Padma ef al. used multiple
enzymes (pectinases, amylases, and cellulases) to clarify
apple juice [44]. Borchani et al. reported the optimal
treatment for prickly pear syrup using 5 U cellulase
and 20 U pectinase [45].

Handique et al. found that 0.34% cellulase and
0.35% pectinase served as optimal conditions for banana
juice extraction [46]. On the other hand, Heffels ef al.
used four commercial pectinolytic and two cellulolytic
enzymes for bilberry juice extraction [47]. For palm juice
extraction, the optimal ratio of pectinase:cellulase
enzyme was 1:0.75 (w/w) while for blueberry juice
it was 1:1 [48, 49]. In addition, Navarrete-Solis et al.
applied response surface methodology to jackfruit juice
hydrolysis, which was at its best at 1% cellzyme and
pectinex enzyme treatment [50].

The results may differ from fruit to fruit. For
example, when Chang et al. applied Pectinex® Ultra
SP-L, Celluclast® 1.5L, and Fungamyl® 800 L to soursop
in single or combination, Pectinex® Ultra SP-L proved
to be the primary liquefaction enzyme to yield the best
puree samples [51]. Bora ef al. found out that pectinase
improved banana juice yield, compared to cellulase and
their combinations [52].
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Effect of hydromodule on fruit juice fermentation.
Table 2 shows different applications of enzymes in
liquefaction or clarification of fruits. Clarification may
need numerous prior extraction stages, including hot,
cold, and enzymatic extraction, to maximize the fruit
juice yield. The enzymatic stage proved to be the one
with the highest juice recovery yield when compared
to the previous two preparatory processes [53]. Water
is commonly added to aid in the extraction of fruit
juice from pulp. A water to pulp ratio of 1:1 facilitated
the enzyme maceration of soursop and yielded more
juice from the pulp. Al-Hooti ef al. used a higher pulp
to water ratio of 1:2—1:4 to homogenize date pulp and
facilitate juice extraction [9]. Norjana and Noor Aziah
utilized a ratio of 1:2 (w/v) to facilitate juice extraction
from durian pulp [19].

Factors that affect the properties of enzyme-
treated fruit juice. Enzyme concentration. Pectinase
can hydrolyze plant cell walls, causing carotenoid
release from plant cells [37]. Pectinase increased the
yield, soluble solids content, and clarity of asparagus
juice [10]. Chauhan ef al. also reported an increase in the
total soluble solids in juices compared with pulp [2].

Table 3 illustrates the effects of enzyme concentrations
on the properties of fruit juices. Sin ef al. concluded that
the enzyme concentration was the most crucial factor
for sapodilla juice [31]. The yield of durian juice treated

Table 2. Extraction of fruit juices with different
water percentage

Tabnuna 2. DxkcTpakuus GPYKTOBBIX COKOB C pa3HBIM
HPOLCHTHBIM COJICPKAHUEM BOIbI

Sample Sample:water References
ratio/percentage

Banana pulp 1:2 [14]
Acai juice 30% (w/v) [11]
Apricot, plum, 100 mL/kg [2]
mango mL

Citron waste 2:3 [54]
Date pulp 1:3 [18]
Grape pomace 1:5 [55]
Pitaya pulp 1:1 [56]

with 0.05% Pectinex® Ultra SP-L increased by 35%.
Mango showed a 70—80% reduction in viscosity after
pectinase liquefaction, which increased juice recovery
and soluble solids.

A greater enzyme concentration resulted in a larger
amount of positively charged protein. This effect reduced
the electrostatic repulsion between cloud particles, and,
in turn, caused aggregation of larger particles. However,
these particles eventually settled down [58]. According
to Nur Aliaa et al., it is polysaccharides, e.g., pectin
or starch, that are responsible for cloudy juice [33].

Table 3. Effect of enzyme concentrations on fruit juice properties

Tabnuua 3. Bnusiuue KoHLIEHTpauuu GpepMeHTa Ha CBOICTBa (GPYyKTOBOTO COKa

Sample Enzyme concentrations z . - °
= E | =5 e
o |2 23 |z 2 £ 2 S5 03
= |§ |2 = 5 |z |& BE8 |5 LIz
22 2R 2 202 E 532 B |E23
~ |2 |° s |8 |2 |0 || |¢ ERERR
N B g |2 |F g5 ES &
= = | < S |= > £
ﬁ [ o 5 =
Bael pulp 0.64-7.36 mg/25 g pulp | tve | -ve — - - +ve | — - — - | [13]
Banana juice 0-0.2% tve | — |+ve | — - - - |tve | - — — - | [57]
Carambola juice 0.01-0.1% v/v - |-ve | — - — — |-ve |-ve - — | L*+ve | - [15]
Durian juice 0-0.1% +ve |-ve |tve | -ve | — - - - - — | L*-ve - [19]
a*-ve
b*-ve
Grape juice 1.5-3.0 mL100/kg +ve | — | NS|NS|NS| — |-ve | — — — NS - | [20]
Guava juice 0.16-0.84 mg/g - |-ve | — — — |tve | — |+ve | — — | L*+ve | — |[58]
Pawpaw juice 0-40 mg tve | -ve | — - - - - - - - - - | [599]
Pineapple juice 25-150 mg/100 mL - |-ve | — - - — - |tve | - - — - | [27]
Pomegranate juice 0.5-5 pL/mL — - - — - - — | -ve - | tve — — | [60]
Sapodilla juice 0.03-0.1% -ve | — - - — |-ve |-ve - — | L*+ve | - |[31]
Watermelon juice 0.01-0.15% (w/w) +ve | -ve | — - - — - - - — | L*+ve | +ve |[32]
White pittaya juice 0.01-0.1% +ve |-ve | — - | -] - - |tve | - — +ve - | [33]
*+ve — positive effect/increases; -ve — negative effect/decreases; NS — no significant effect; — — not reported; L* — brightness; a* — +red
to -green component; b* — +yellow to -blue component.
*+ve — MOJOKHUTENbHBIN P deKT/yBennueHne; -ve — OTpULaTeabHblil dQpextr/ymenniienne; NS — 6e3 3naunmoro 3d¢dexra; — — JaHHBIC

OTCYTCTBYIOT; L* — SIpKOCTB; a* — +KpacHBIi, -3eJIeHbIi; b* —HKeNnThIi, -CUHUH.
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Incubation time. Table 4 summarizes the effects
of incubation time on the properties of fruit juices.
Tadakittisarn et al. optimized incubation time to increase
the yield during banana juice liquefaction [57]. They
treated banana juice with 0.15% pectinase enzyme at
50°C for 120 min and obtained a yield of 59.44—65.29%,
which exceeded that in the control sample (43.2%).

Norjana & Noor Aziah increased the yield of durian
juice by 35% by treating the durian pulp with 0.05%
pectinase for 3 h [19]. Bhat treated fruit pulp with
enzymes and obtained a greater yield and a better
performance [1]. Not only did this method increase
the yield but it also reduced the processing time and
improved the extraction of fruit compounds.

Viscosity is usually considered as an important
physical characteristic related to the quality of liquid
foods. Enzymes decreased viscosity due to their hydraulic
action on cellulose and pectin present in the juice [31].
Domingues et al. found that a shorter treatment time did
not reduce viscosity in passion fruit juice after 30 min
of incubation [26]. In the production of banana juice, a
longer treatment time was associated with an increase
in filterability and clarity [42]. A longer maceration
time also decreased the absorbance [33].

The highest yield of carotenoids was reported after
the enzymatic maceration of orange peel. The extraction
time was 12, 18, and 24 h. The experiment involved 5-,

10-, and 10-mL pectinase, respectively, per 100 g of wet
peel and 0.5 g of cellulase per 100 g of cellulose [63].
Enzymes are known to disrupt cell wall, thus releasing
carotenoids that bind with protein. This process prevents
pigment oxidation and affects color stability, while
solvent extraction causes its dissociation and affects
water solubility.

The change in incubation time from 30 to 90 min
was the variable that significantly affected turbidity,
clarity, viscosity, color, and yield [64]. The L* value of
carambola juice decreased with time and started to in-
crease after 80 min [15]. The increase of incubation time
triggered the development of protein-tannin complex.
Sin et al. tested sapodilla juice and managed to increase
its L* value by raising the enzyme concentration and
incubation time [31].

Incubation temperature. Table 5 summarizes the
different effects of incubation temperature on the
properties of fruit juices. Enzymic incubation can be
performed at different temperatures, but the main range
is 40-50°C. The incubation temperature fell below 50°C
because the high temperature deactivated the enzyme [19].

Chauhan et al. increased the yield of apricot, plum,
and mango juice by increasing the incubation time,
the optimum being 5, 5, and 6 h of incubation, respec-
tively [2]. In terms of clarity, a longer incubation time
had a positive effect on the clarity of banana juice [61].

Table 4. Effects of incubation time on fruit juice properties

Tabnuna 4. BausiHue npoJoJKUTEILHOCTH HHKYOAlIMU Ha CBOMCTBA ()PYKTOBOTO COKaA

Sample ° K>
£ 2 B § |- = =2 g
S - |2 2508 & |z (5% 255 |Esgl
5 = 2 °o%T |2 it 3= 285 |g¢ |8 s 23|85
E £ 18 |25 g 2 | |BE|5E |3 |ES3|s
£ £ g7 5 | P |F2 £% 2272
2 S g8 < a-Al
= <
Bael pulp 97.5-652.5 min | +ve +ve — — — +ve — — — — [13]
Banana juice 20—120 min - -ve - - - +ve - +ve +ve [61]
Blackberry juice 120 min - -ve — — — - +ve - - [18]
Carambola juice 20-100 min - -ve - - +ve - - L*-ve - [15]
Citron waste 20-80 min +ve - - - NS - — - L*-ve - [62]
a*+tve
b*+ve
Date pulp 120 min +ve - +ve - — - - - - [18]
Guava juice 0.95-11.05h - -ve - -ve - +ve - — | L*¥tve - [58]
Pawpaw juice 0-360 min +ve -ve - - - - — - - - [59]
Pineapple juice 210-540 h — -ve - - — +ve - - — - [27]
Pomegranate juice 30-300 min - — — — — -ve — +ve - — [60]
Sapodilla juice 30-120 - -ve - - -ve -ve - — | L*+ve [31]
Watermelon juice 20-120 min NS NS - - -ve - - — | L*+ve| +ve [32]
White pittaya juice 20-100 min -ve +ve — — -ve — — -ve — [33]
+ve — positive effect/increases; -ve — negative effect/decreases; NS — no significant effect; — — not reported; L* — brightness; a* — +red
to -green component; b* — +yellow to -blue component.
*+ve — MOJIOKHUTENbHBIN 3G PeKT/yBennueHne; -ve — oTpulareabubpiii a¢pext/ymenpuenne; NS — 6e3 3Hauumoro sddekra; — — raHHbIC

OTCYTCTBYIOT; L* — sIpKOCTB; a* — +KpacHBII, -3e1eHbIN; b* —+KeNThI}, -CHHHH.
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Table 5. Effects of incubation temperature on fruit juice properties

Tabnuna 5. Biusiaue TeMnepaTypbl HHKyOalluy Ha CBOMCTBA (PPYKTOBOTO COKa

Sample ° 2z o = g
= g 2 s |E 2 |_8lv = 5_= 3
= 2 |5, 2|8 |8 |z £ |EE2E|, 23538
5= = Z |53 |z o |8 |E |38 8 8§52 |8 S < 4 | 5
2o o 9 S ? = 2 |8 |B g s ES|g 5|0 Eg= |2
— Q QL _— = =} (SR e)
2 & - |2 =32 < |8 |5 | |8 ::D 812 = »z 2 <
- - 153 = —
£ 3 S E |z = 5 5|~ < 87 |«
F . —
Bael pulp 28.18-61.82 | NS |+tve | — - | - — - |-ve | — — — — — [13]
Banana juice 30-50 - | -ve - - - — |-ve |-ve |tve | -— - - - [42]
Carambola juice 30-50 - NS | - - | = - - |NS | - — | TC+ve - [15]
Grape juice 50, 60 NS| — | NS NSNS | — |-ve | — - — — — — [20]
Guava juice 36.6-53.4 - | -ve - - = |-ve +ve L*+ve [58]
Pineapple juice 35-55 — | -ve - - | = - - |tve | — - — - [27]
Pomegranate juice 20-50 — - - - | - - - |NS | - - | tve - - [60]
Watermelon juice 30-50 NS | -ve - - | = - |-ve | — - — | L*tve +ve [32]
*+ve — positive effect/increases; -ve — negative effect/decreases; NS — no significant effect; — — not reported; L* — brightness; TC — total color.
*+ve — IMOJIOKUTENbHBIH P deKT/yBennueHue; -ve — oTpuuareabublii 3 dexr/ymenpiienne; NS — 6e3 3Haunmoro s¢dexra; — — IaHHbIE

OTCYTCTBYIOT; L* — sipkocTh; TC — mOTHBIH 1BET.

Color is an important sensory criterion for fruit juices.
Sin et al. also stated that the enzyme clarification should
be conducted under moderate temperatures because the
temperature of 40—-60°C facilitated enzymatic clarification
in their experiment with sapodilla juice [34]. A higher
temperature increased the enzymatic treatment rate in
the clarification process when it stayed within the range
of 40-60°C, which was below denaturation temperature.

Conclusion

Enzymes improve the sensory profile of fruit juice.
The optimization parameters of enzyme treatment include
enzyme concentration, incubation time, and temperature.
According to this review, different enzymes applied
at different concentrations increased the yield of the
bael, banana, sapodilla, durian, pawpaw, grape, white
pitaya, and water melon juices. A longer incubation time
increased the yield of bael, citron, date, and pawpaw
juices. However, a higher incubation temperature had
no positive effect on any of the abovementioned raw
materials. Cellulases, pectinases, and amylases, when
applied individually or in combinations, increased
the amount of fruit juice produced and improved its
quality throughout the incubation process. A correct
adjustment of the enzyme concentration, incubation time,
and temperature improved the juice yield. The effect
differed for each fruit, which means that juice producers

have to define the optimal conditions in each particular
case. Proper enzyme concentrations, incubation times,
and temperatures decreased juice viscosity, reduced
turbidity, improved color, and increased yield and total
soluble solids. Incubation time had a positive effect
on pigment concentration, while a greater enzyme
concentration increased the clarity.
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Wurencudukanus nporecca OHOKOHBEPCHH BO30OHOBIAEMBIX PECYPCOB PACTHTETBHOTO MPOUCXOXKACHHS SABIIACTCS IPHOPUTETHBIM
HaIpaBJICHHEM COBPEMEHHON OnoTexHOoIOrnu. BaxkHON cTOpOHOM mpoBeaeHus 00paboTK 1 NpeJoOpadOTKH LEIIII0I03HOTO
CBIPBS (B TOM YHCIIE OTPYyOei) sIBISIEeTCs MOTyYeHHE B KOHEYHOM IPOIYKTe BHICOKOT'O COJEPIKAHHS PEIyIHPYIONINX BEIIECTB.
Ilenb uccie0BaHus — ONpPEIeICHNE ONTUMAIBHBIX YCIOBUI XMMUYECKOM TpaHC(HOPMALMH PACTUTEIBHBIX MOJIUMEPOB JUIs
TOTyYeHUs] GMOJIOTUUECKH IIEHHBIX BEIECTB. DTO MO3BOIUT CHU3UThH CE0ECTONMMOCTh KOHEYHOTO MPOJLYKTa OMOTEXHONIOTHYECKOTO
MIPOU3BOACTBA.

B nanHO# paboTe KOHBEPCHIO IMTOJINMEPOB MIIEHHYHBIX OTPyOeH OCYIIECTBISUIN B IIPOIecCe XUMUIECKOH 00pabOTKH CepHO
KUCI0TOH. OLeHKa CTeNeHU KOHBEPCUH ITOJIMMEPOB [IPOBOAMUIACH HA HATUBHBIX U MEXAHUYECKH aKTUBUPOBAHHBIX IIIIEHUYHBIX
otpy6six ppakiuu 600, 200 1 100 mxMm. MccnenoBaHust KHHETHKH MPOIEcca BHICOKOTEMIIEPATYPHOTO XMMUYECKOTO THIPOJIN3a
MEXaHMYECKH aKTUBUPOBAHHBIX MUIEHUYHBIX OTPYOEH OCYIIECTBIISUIM IPU BapbUPOBAHMU TEXHOJOIMYECKHUX I1apaMEeTpPOB:
B amamaszoHe TemmepaTypsl 120-130 °C, xonuentpanum cepHoit kucinotsl 0,6—0,9 %, mpogomxuTeabHOCTH 00paboTKH
30-60 muH 1 TuApOMOLyIIe 1:8;9;10. KonmuecTBEHHBIH M Ka4ECTBEHHBI COCTaB MOHO- U ICaXapH/I0B THAPOIH3ATOB OMPEICIISITH
mertonoMm BDXKX. B paboTe ncrnonp30Banu KOMILIEKC OOMIETIPUHATHIX U CTAaHAAPTHBIX METOJIOB HCCIIETOBAHUI.
OmnpejeneHre cocTaBa MIIEHUYHBIX 0TPpyOel IoKa3allo HU3Koe coJiepkanne B HUX JuranHa (7,55 %), BHICOKOE — IEHTO3aHOB
(17,9 %). beuu onpenenaeHbl ONTHMAJIbHBIE TEXHOJIOIMYECKHE YCIOBHS TPaHC(HOPMAIMH MOJUCAXAPUA0B C HAMOOIbIIMM
COZIEpKAaHUEM pPEIyIUPYIONIMX BEIIECTB B ruaponuzatax — 640 mr/r orpybeii: ruapomoxayns 1:10, remmepatypa 120 °C,
MPOJOIDKUTENBHOCTh 45 MUH M KOHIEHTpanus cepHoil xucioTsl 0,9 %. HanGomnbinmee m3MeHeHHE COACpXKAaHHUSI MOHO- U
JIICaXapHI0B THIPOIN3aTOB yCTAHOBHIIH ISl IEHTO3, KOJIMIECTBO HX B IIepecueTe Ha KCuo3y — 78,2 Mr/r otpy0Oeil. KonmaectBo
JIETKOTHUAPOJIN3YEMBbIX YITIEBOJOB M KJIETYATKU IIICHUYHBIX O0TpyOeil npu xumuueckoii o6paboTke ymeHbinanzock Ha 80 u
19 % cOOTBETCTBEHHO.

B nanHOM HMCCleOBaHMU yCTAaHOBUJIM ONTHMAalbHBIE MapaMeTPhl XMMUYECKOT0 THAPONN3a MIIEHHYHBIX OTpyOel s mx
KOHBEPCHUH B IIEJIEBBIC MPOIYKTH OMOCHHTE3a — OMOIIOTHIECKH [IEHHBIC YTIIEBOABL. DTO SBIAETCS IIePCHEKTUBHBIM HAPaBICHUEM
HCCIICIOBAaHUH M MPAKTUYECKOTO UX MCIIOJIB30BaHUS B IPOU3BOJICTBE OMOTOIUINBA, XUMUIECKHX BEIIECTB U MHUIIEBBIX J00ABOK.

Kirouessie cioBa. OTpyOu, ruJIpoin3, IOJIUMEpPbI, LEJUI0I03a, XpoMaTorpadus, MEeXaHH4ecKas aKTUBAIUs, KOHBEPCHUSI.
®dunancupoBanue. Pabora BeimonHeHa Ha 0a3e KadeApbl MPOAYKTOB NMHTAHUS M MHINEBOH OmoTexHOJOTHH OMCKOTO
rOCyIapCTBEHHOrO arpapuoro yuusepeurera um. 1. A. Cronsimuna (Omckuii TAY)ROR g pamkax gorosopa HUP ¢ MunucrepctBom

CEJIbCKOT'0 X035UCTBA U IpUpOAOIIOJIb30BaHUSA OMCcKo# 06J1aCTH.

Jns nurupoBanus: [Toropenosa H. A., T'aBpuniosa H. b. KonBepcust mineHHYHBIX OTpyOei B LiesieBble MPOIYKTHI OnocuHTe3a //
TexHHKA U TEXHOJOTHS MUIIEBBIX MPon3BoACTB. 2023. T. 53. Ne 1. C. 49-59. https://doi.org/10.21603/2074-9414-2023-1-2414
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Abstract.

A more efficient bioconversion of renewable plant resources is a priority in modern biotechnology. An important aspect of the
processing and pretreatment of cellulose raw materials is to obtain a high content of reducing substances in the final product.
The present research objective was to determine the optimal conditions for the chemical transformation of plant polymers to
obtain biologically valuable substances. The research results will reduce the final cost of biotechnological production.

This research featured wheat bran polymers treated with sulfuric acid and relied on a set of standard research methods.
The degree of polymer conversion was tested on native and mechanically activated wheat bran fractions of 600, 200, and
100 microns. The kinetics of the high-temperature chemical hydrolysis was as follows: temperature — 120-130°C, sulfuric acid
concentration — 0.6—0.9%, treatment time — 30—60 min, hydromodule — 1:8;9;10. The quantitative and qualitative composition
of mono- and disaccharides of hydrolysates was determined using the high performance liquid chromatography method.
The composition of wheat bran showed a low content of lignin (7.55%) and a high content of pentosans (17.9%). The highest
content of reducing substances in hydrolysates was 640 mg/g bran. The optimal technological conditions with the highest
content of reducing substances were as follows: hydromodulus — 1:10, temperature — 120°C, treatment time — 45 min, and
sulfuric acid concentration — 0.9%. The greatest change in the content of mono- and disaccharides of hydrolysates belonged
to pentoses: 78.2 mg/g of bran (in terms of xylose). The amount of easily hydrolysable carbohydrates and wheat bran fiber
decreased by 80 and 19%, respectively.

This research revealed the optimal parameters for the chemical hydrolysis of wheat bran to obtain biologically valuable
carbohydrates. This area of research can be of practical use for producers of biofuels, chemicals, and food additives.

Keywords. Wheat bran, chemical hydrolysis, carbohydrate-containing raw materials, chromatography, mechanical activation
Funding. The research was performed on the premises of the Department of Food and Food Biotechnology of the P.A. Stolypin
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Benenue /MM MHUKPOOHOMY TMPEBPAIICHHIO B OHOTOILIHUBO,
YnpapaeHHE TPOLECCAMU KOHBEPCHH BO300HOB- XUMHUYECKHUE BEIECTBA, MHUIICBBIC T00ABKU WU Ma-
JIACMBIX PACTUTCILHBIX PECYPCOB C ICHBIO IOJNYHE-  teppanbl Npu peanu3aliid KPYIMTHOTOHHAKHBIX MPOM3-

HUsl OMOJIOTMYECKH IICHHBIX YIJIEBOJOB M OCJIKOB
SABJISIETCSI TEPCIEKTHUBHBIM HAlpaBICHUEM HCCIIe-
noBauuil. [TmeHn4HbIle OTPYOM M OTXOJBI MYKOMOJIb-
HOTO TIPOM3BOACTBA pPacCMaTPHUBAIOTCS KaK BBICO-
KOMOTEHUMANbHbIA KpaxXMalIlEeII0JI03HbI  pecypc
OGuoMacchl JJIs IIPOMBILIUIEHHOTO MTPOMU3BOJACTBA OHO-
TOIUTHBA, IPOKIKEBOM OMOMACCHl M JPYTHUX TOBAPHBIX

BOACTB [3, 4]. DddekTuBHON KOHBEpCHH OMOMACCHI
MPEISITCTBYIOT CTPYKTYPHBIE OCOOCHHOCTH W XHMH-
YyecKasi yCTOMYNBOCTh K IETHAPATAIINN U JeTpagalin
TIOJIMMEPOB YTIICBOHOM puposl. Hu3kas crioco6HOCTh
K TpaHcopManuu JUTHUHIEIUTIONO3HON (pakunn
00ycJI0oBIeHa KPUCTAITMYECKOI CTPYKTYPOH M CTETICHBIO

6HOHp0,ﬂyKTOB [1’ 2] . OCHOBHBIC HOHHC&XapI/IHHBIe MOJIMMEPU3AINU KpaxMajla U HEJIFOJI03bI, 4 TAKKE KOJIH1-
(1)pa[<]_[1/11/1 NHNICHUYHBIX ()pr6ef/'1 — Kpaxmaj, IEJLUIKJ103a YECTBOM I'C€MHULCIIIIOTIO3bI U JINTHUHA PACTUTCIIBHOTO
U TEMULEIUTIOJIO3bI — MOT'YT IOABEPTATHCS XUMUYCCKOMY CBIpbA [5].

50


mailto:na.pogorelova@omgau.org
https://orcid.org/0000-0001-8495-3869
https://orcid.org/0000-0001-8544-4214
https://doi.org/10.21603/2074-9414-2023-1-2414
https://elibrary.ru/DAHAKZ
https://fptt.ru/en
https://orcid.org/0000-0001-8495-3869
https://orcid.org/0000-0001-8544-4214
https://ror.org/05kfm7k22
https://ror.org/05kfm7k22
https://doi.org/10.21603/2074-9414-2023-1-2414
http://crossmark.crossref.org/dialog/?doi=10.21603/2074-9414-2022-1-654-663&domain=pdf
https://creativecommons.org/licenses/by/4.0/deed.en

Iozopenosa H. A. [u dp.] Texnuka u mexnonozus nuugegvix npouzeoocms. 2023. T. 53. Ne 1. C. 49-59

BaxHBIM 3TamoM TEXHOJIOTHYECKOro Ipolecca
SIBJISIETCS TIpe/IBapUTeIbHast 00paboTKa, HalpaBICHHAS
Ha aKTHBAIUIO MMOJMMEpPOB OMOMAcCCHl, & UMMEHHO UX
CTPYKTYpHBIE pa3pylICHUs Pa3jIMYHBIMH METOJIAMH:
¢usndeckumMu (M3MeabueHHE, MIIN(POBaHUE), XUMHU-
YECKMMH (KHCIIOTA, MIEN0Yb M HOHHAS KHAKOCTB),
OnonornyeckuMu (MHUKPOOPTAHU3MBI, pa3jararonue
Oouomaccy) wim GU3NKO-XUMHUECKUMH (Topsiuasi Boja,
MapoBOU B3PBIB U MOKpPOE OKHUCIeHue) [6, 7].

B psape wuccinenoBaHMM  ompenelieHbl  ONTH-
MaJbHBIC YCJIOBHSI M CIIOCOOBI IpeaBapHUTEIbHOU
00paboTKM, a TakKe WX KOMOMHAIMM Ha IpUMepe
LEJUTI0JI030COIEPKAIIMX OTXOJ0B IMepepaboTKu pu-
COBBIX OTpyOel, KOoQeHHBIX 3epeH, COW, NHHUBHOH
JpOOWHBI U T. JI., KOTOPBIE MO3BOJSIOT MOBBICUTH B
nocJyeyromei ctaauu OnoTpaHc(hopMannuy BIXOA H
CKOPOCTh 0Opa3zoBanus npoaykra [8—11]. Xumnyeckyro
TpaHC(HOPMAIUIO IIEJITI0I030COAEPKAIIETO ChIPbi B
CMSTKHX» YCIOBUSX MOJ JIEHCTBUEM HEOPTaHMUECKHUX
KHCJIOT HCIIOJIB3YIOT B NPOM3BOJACTBE OMO3TAaHONIA B
KauyecTBE IpeJBapUTEIbHON 00padOTKH KHUCIOTHOTO
TUIPOJIN3a, TpeIIecTByoLell (epMeHTaTHBHOMY
THIPOJIN3Y PACTHTEIBHOTO CBIPHS, & TAKXKE MPH MPOU3-
BOJICTBE PACTUTEIbHBIX OCIKOBO-YTIEBOJHBIX KOPMOB
(B. U. ITandwunos, 2014) [12, 13]. Takas npexnBapu-
TelbHasE 00pabOTKa MPUBOIUT K JACTOJUMEpPHU3AIUU
n  (U3UKO-XUMUYECKOW MOAU(HUKANHA JTUTHOIIEI-
JIIOJIO3HBIX KOMITOHEHTOB. JTO OMpEJEesieT IKOJIOTH-
YECKyI0 M IKOHOMUYECKYIO ILeJIecO00pa3sHOCTh KOM-
MEpUYECKOro MPOU3BO/ICTBA ITPOYKTOB HA OHOJIOTHYECKOM
ocHose [14, 15].

Hcxons w3 JUTEpaTypHBIX JaHHBIX, MOXHO
MPEANOJIOXKUTh, YTO PEAKIUOHHYIO CIIOCOOHOCTH
YTJIEBOJICO/IEPIKAIIET0 ChIPbS MOXXHO YBEIUYHUTH C
MOMOIIBI0 NPEJABAPUTEILHON MeXaHH4YecKol 00-
paboTKM TBEpIOTO IEJUIIOJIO3HOTO cybOcTpara B
MEJIbHULIAX WM CIIeHUAJIbHBIX akTuBaropax [16, 17].
OcHOBHBIMH (DaKTOpaMH, BIMSIOINIMMH Ha IIOBBIIIC-
HUE PEAKIIMOHHOM CIOCOOHOCTH PACTUTENILHOTO ChIPhS,
SBIISIFOTCSI MEXaHUUECKOE pa3pylICHNE TKaHEH U KIIETOK,
YMEHBIICHNE pa3Mepa YacTHI K H3MEHEHNE CTPYKTYPBI
KOMIIOHEHTOB cChIpbsi [18, 19]. [lanHas runoresa
MOJITBEPIKIAETCS TEM, UTO B PE3YJIbTaTE U3MEIbYCHHUS
JIMTHOLIGJUTIOJIO3HBIX MaTepUAIOB MPOUCXOAHUT YBEIH-
YeHHUE yAEIBbHON MOBEPXHOCTH CyOCTpaTa M M3MEHe-
HUE €T0 CTPYKTYpBI, a CIEIOBATENIbHO, MOBBIIICHHE
IUIOLIAaIM TTOBEPXHOCTH cyOcTpaTa, JOCTYITHOTO Kak
JUISE XHMHUYECKOTO BO3JICHCTBHSI, TaK U OHOJIOIMYECKOT0.

Peanuzanns KOMIUIEKCHBIX O€30TXOJHBIX TEXHO-
JOoTHH TepepadOTKH BTOPUYHOTO CHIPHSI OCTAETCS
OJIHOM M3 CaMbIX BaXXHBIX M aKTYalbHBIX 3aj]ad.
[ToaToMy wuccienoBaHUSI MO HCIHOJB30BAHHIO BBICO-
KOTEMIEPATYPHOI0 XMMHUYECKOI'0 THAPOJIN3a MOJIHU-
caxapuIoB NpPEIBAPUTEIBHO MEXaHHYECKH AKTHBH-
POBaHHBIX MIICHWYHBIX OTpyOedl mnpu BapbUpOBa-
HUU TEXHOJOTHYECKUX IapaMeTpoB (Temrmeparypa,
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KOHLICHTPALMs HEOPTaHMYECKUX KHCIOT, THAPOMOIYJIb,
MIPOJIOJKUTENIEHOCTh 00pabOTKN) aKTyaIbHBI.

Llenb 1aHHOTO MCCIIEJOBaHUS — OLICHUTH CTEIICHb
s pexTHBHOCTH TpaHCHOPMANMKM MONTHCAXAPHUIOB
PACTHTEIBHOTO CHIPhS (MMLUECHUYHBIX OTPYOEi) METOIOM
XUMHYECKOTO THAPOIIH3a.

O0BbeKTbI 1 METOABI HCCIET0BAHUS

OObeKkTaMH HCCIIeJJOBaHMs SIBJSUINCh HAaTHBHbBIC
neHnIHbIe 0TpyOu mpoussoacTea OO0 «MeasKom»
o 'OCT 7169-17, TOCT 27558-87 u TOCT 27668-88.
[TpenoOpaboTKa MIIEHNYHBIX OTPYOeH Tpenonarana ux
MEXaHUYECKYIO0 aKTUBAIMIO B IEHTPOOESKHOHN POITMKOBOM
menpauie PM-20, ocHAIIIEHHONW BOISTHBIM OXJIa)KIEHUEM
(mponsBoacTBO MHCTUTYT XMMHHM TBEpAOTO Tejla H
Mexanoxumuu CO PAH, HoBocubupck), ¢ momyueHrneM
¢pakmuu mmeHuYHBIX oTpyOeit 100 MxM. Pesxxumer
MexaHu4eckoit o0paborku — 20 u 40 ',

Bce skcrniepuMeHTa bHbIE HCCIEA0BaHUs Ipolecca
BBICOKOTEMIIEPATYPHOTO FMIPOJIN3a CEPHON KUCIOTOM
BTOPHYHOTO CBIPHS OCYIIECTBIISIIIN 10 OTPAOOTaHHBIM
METOJIMKaM Ha YCTAaHOBKE BBHICOKOTO J1aBJICHUSI.

Hcnonp3oBann  CIEAYIOUINE TEXHOIOTHYECKHE
mapamMeTpbl  IpoIecca XHMHYECKOTO THAPOJIN3a
MIICHUYHBIX O0TpyOei (puc. 1):

— runpoMoayik: 1:8, 1:9u 1:10;

— temmeparypa: 120-130 °C;

— KOHUEeHTpanus cepHoit kucnotel: 0,6—0,9 %;
— MPOAOKUTENBHOCTE 00paboTku: 30—60 MuH.

OO0pa3msl TOTYyYEeHHBIX THAPOIH3aTOB UCCICIOBATH
110 0TpabOTaHHBIM METOJIUKAM:

— KOJIMYECTBO JIETKOTHIPOJIN3YyEMBIX YIIIEBOIOB (Kpax-
mana) mo F'OCT 26176-91;

— maccoByto gouito Biaru no 'OCT 9404-88;

— MmaccoByto oo kinetyatku mo 'OCT 31675-2012;
— MaccoByIo foimo ceiporo npoterHa o 'OCT 13496.4-93;
— KOIM4YeCTBO peayuupyromux caxapos no 'OCT 53973-
2010.

KonndecTBO aMHMHHOIO a30Ta ONPENEISUIA IO
Merony lloma-CrtuBenca (I'ocynapcTBenHas ¢dapma-
xomest POXIIT: ODC.1.2.3.0022.15). CyuHocTh aH-
HOW METOJMKH 3aKJII04YaeTcs] BO B3aUMOJICHCTBHUU
aMHUHOKHUCJIIOT B I[EJIOYHOM PACTBOpE C HOHAMH JABYX-
BAJIGHTHON MeJM M IOCJENyIoneM o0paTHOM HOm0-
MECTPUYCCKOM TUTPOBAHUU.

JUis ompezneneHusl COAepKaHUS KHCIOTOHEPACT-
BOPHMMOTO JIMTHWHA ¥ IIEHTO3aHOB MCIIOJIH30BAN KJ1ac-
CHYECKHE METOAMKM AN IeJUTI0I030COAEePIKAIIEeTo
ceipbs (A. B. ObGonenckas u np., 1991).

CocTaB MOHO- M AKMCaxapuIoB T'MIPOJIN3ATOB OII-
penerstn MmetogoM BDXKX. Hcecnenyembie 00pasiisl
1 KanuOpOBOYHBIE TOUKM aHaIM3MpoBann Ha BOKX-
xpomatorpade Mummxpom A-02 co cieaylomuMu
rnapameTpamMu:

— copbeHT xpomaTorpadudeckoit komonku Prontosil-C18;
— teMneparypa aHanusa 40 °C;
— naBieHue B Koyionke 3—7 Mlla;
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TIpOTEHHA, MaccoBas 10JIs CBIpOﬁ KJICTYaTKH, MacCoBast A0JIA JICTKOTUAPOJIU3YEMBIX

YIJIEBOJOB (Kpaxmaja), aMUHHBIN a30T.

Pucynox 1. Cxema uccie0BaHNs XUMUYECKOTO THAPOJIN3a MIIEHUYHBIX OTpyOei

Figure 1. Chemical hydrolysis of wheat bran: research design

— IeTEeKTOp (POTOMETPUICCKHIA;

— pauabl BoaH 220, 310, 350 1 400 HM;

— peXKUM aHaNIM3a T'PaJAHCHTHBIA (pacTBOpUTETs b —
ot 20 10 22 % 3a 3000 mx);

— pacxon dmroeHTa 250 MKI/MuH;

— 006bem mpoOsr 2 MK [20].

OrieHKa BOCTIPOU3BOUMOCTH HKCIIEPUMEHTOB TIPH
peaTu3aiy MpoIeccOB BEICOKOTEMIIEPATYPHOTO THI-
pou3a IpoBeACHA IO TPEeM MOBTOPHOCTSIM. OOpaboTKy
MTOJTYYEHHBIX PEe3yIbTAaTOB MCCIEIOBAHUS MPOBOIIIIH
¢ nmomotpio mporpaMmel STATISTICA 6.0, kotopas
BKJIIOYAET B ce0s MUPOKK HAOOp OCHOBHBIX CTATUCTHK
B IIOHSATHOM PyCH(UITUPOBAHHOM HHTepGeiice co BceMu
MIPEUMYIIECTBAMH.

Pe3yabTaThl M HX 00Cy:KIEeHUE

[TmernyHbIE OTPYOW SBISIOTCS OTXOJAMH MY-
KOMOJIBHOI'O IIpOU3BOJACTBA. B pesynbrare nomosia
3epHa B MYKY MPOUCXOJIUT MEXaHUUECKOE OTEJICHUE
COJIEP)KMMOI0 IHAOCIEPMA OT OCTaJbHBIX MOpQoJIo-
JIOTUYECKUX CTPYKTYpP 3€pHOBKU. [le10CTHOCTH CTPYK-
TYp 3€pHOBKM Hapymiaercs, M IT0J MHUKPOCKOIOM
BUJIHBI KJIETKH aJICHPOHOBOTO CJIOSI B BUJI€ OT/ACIBHBIX
OJHOCIIOHHBIX YYaCTKOB, COCTOSIIMX M3 KyOMUECKUX
KiIeTok. Pasmepsr wacTuil u (pakIMOHHBIA COCTaB
MIICHUYHBIX OTpyOeH ompeaenseT CTeNeHb U CKO-
pocTh TpaHc(hOpMAaIMK PACTUTEIIBHBIX MOTHUMEpoB. Ha
OCHOBAHUU MOJYUYCHHBIX PACUCTHBIX JAHHBIX (Tab. 1)

52

Tabmuna 1. ['paHynOMeTpUYECKHN COCTAB MIICHUYHBIX
oTpyoOeit

Table 1. Granulometric composition of wheat bran

Pasmep wactun Gppaxmmii Maccosas 1o, %
IILIEHUYHBIX 0TPYOeii, MKM
630 9,9
560 4,9
360 40,5
250 21,2
140 13,5
<100 8,1

OIPENIeIHIN TPAHYJIOMETPUICCKHIA cocTaB 00pa3IoB
MIICHWYHBIX OTpyOel. Dpakius NIIEHUYHBIX OTPY-
Oeit ¢ pasmepom uvactur 360 MKM COCTaBJISIET OKOJIO
40,5 % ot o611eit Mmacchl Bcex (hpakiuii.

OnpeeneHue XUMHYECKOT0 COCTaBa M XapaKTepHC-
THKH PACTHTEIBHOTO CHIPHS SBJIIETCS HEOOXOINMBIM
STANOM CJIEAYIOUINX IKCIIEPUMEHTAIBHBIX NCCIIeI0Ba-
HUH. XapaKTepUCTHUKH MIIEHNIHBIX O0TPyOei, oToOpaH-
HBIX JJIs IPOBEICHHS XUMHUYCCKOH TpaHC(HOpMaIHH,
HpeJ/cTaBJICHBI B Ta0uIe 2.

B HCCICAYCMbBIX HATHBHBIX MIICHUYHBIX Opr6$[X
00Hapy’KEeHO BBICOKOE KOJIMYECTBO IICHTO3aHOB U HH3-
KO€ KOJINYECTBO JINTHUHA 110 CPABHEHUIO C CCIIEI0BAH-
HBIMH paHee o00paslnaMH Jpyroro pacTHTEIbHOTO
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Pucynok 2. [Imennunsie oTpyOu: KIETKH aJepOHOBOTO CI0S HATHBHBIX (a) 1 HaOyxmux (b) orpy6eii, ceMenHast 000I04Ka
(¢) — memtrono3a

Figure 2. Wheat bran: cells of the aleurone layer of native bran (a), swollen (b) bran, and seed coat (c) — cellulose

Tabnuua 2. XuMuueckne XapakKTepUCTUKH PACTUTEIBHOTO
CBIPBS — MIIEHUYHBIX 0TPYyOeit

Table 2. Chemical profile of wheat bran

ITokazarens 3HavyeHne moKa3aTels

Cyxue BerecTsa, % 90,82 + 0,12
3onbHOCTE*, % 5,98 £0,28
Celpas kineryarka, % 8,50 £ 1,30
Celpoit nporeunH, % 14,70 +£ 0,46
Jluraun*, % 7,55+0,39
[enro3zansr®, % 17,90 £ 0,01
Kpaxman, % 17,80 + 2,80
C,» MI/KT 46,20

C,,, MI/KT 0,16

* — B iepecyere Ha CyXOoi MaTepual.

* — in terms of solids.

CBIPbSl — COJIOMBI IIIEHHUIBI, KyKypy3bl, APEBECHHbI
XBOWHBIX W TUCTBEHHBIX pacTeHuit [21]. [lomydeHHBIC
9KCIIEPUMEHTAJIBHBIEC PE3YIIbTAThl KOPPEIUPYIOT C JAaH-
HBIMH, TIPE/ICTABICHHBIMH B Hay4HOI JIUTEpaType ore-
4eCTBEHHBIX U 3apyOexHbix aBTopoB (b. A. KapeTkun
u 1p., 2014; F. Carvalheiro, 2004) [21, 22].

[pwn yBIa)XHEeHNH MIIEHUYHBIX OTPYOEH 3aXBaT BIaru
MPOUCXOJUT BHaYasle KJIETKaMH IUI0A0BOH 000I09KH,
MMEIOIUMH STYCHCTYIO CTPYKTYPY, @ 3aT€M KalWUIIPaMH,
MOpaMu U MyCTOTaMH, UTPAIOLIMMH POJIb 3aIacHBIX
pe3epByapoB IS BOJBI BCEX TKAHEH 3epHa: MI0A0Bas
U ceMeHHasi 000JI09Ka, aJIeHPOHOBBIH CIIOH, 3apOBIII
W KpaxMallbHbIEC 3EpHa.

CoaepkuMoe KJIETOK aJeHipOHOBOTO CIIOST SIBIISICTCS
OTHOPOIHBIM (pHC. 2a), 3aHUMAET BeCh 00BEM U TIOTHO
npuiieraeT K 00oxo4ke. I'pyIna KiIeTok mpeicTaBiseT
co0oif KOMIakTHOe 00pa3oBaHHWE W3 Pa30PBAHHOIO
aJIeipOHOBOTO CJIOS.

Knerku aneiipoHOBOro ciiosi, HECMOTPs Ha OT/e-
JIGHHWE OT 3e€pHa, MEXaHUUECKYI0 00paboTKy B pe3yib-
TaTe 1MoMoJia U OTCYTCTBHE BJIATH, COXPAHSIOT CBOIO
XKHU3HECocoOHOoCTh. [Ipu 3amMauMBaHMM MIICHHUYHBIX
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oTpyOeil mpoucxoauTr HaOyxaHue 000J04YeK M 00-
pazoBaHHE B KJIETKaX MHOXECTBA MEJKHUX M OJIHOM
WM JIBYX KpYHHBIX Bakyousied (puc. 2b). Llemtronosa
CEeMCHHBIX 000JI04eK OTpyOel mpencTaBieHa B BHUAC
OTICTHHBIX MOP(OIOTHICCKIX 00pa30BAHMM, TOXOKUX
Ha KJIETKU CTPYKTypamu (pHc. 2¢), HO B 3TUX CTPYKTY-
pax HeT HH SApa, HI KOMIOHEHTOB COOTBETCTBYIOIINX
KJICTOK.

B pesynbTaTe n3MenpuyeHus MIIEHUYHBIX OTpyOei
NpOUCXOOUT YBCINYCHUC UX yHeHLHOﬁ MMOBCPXHOCTHU
U pa3ymnopsgoueHue CTPYKTYpPhl, JOCTYIHON JUIS XU-
MHYECKOT0 1 OMOJIOTHYecKoro Bo3aencTersa. Kpome Toro,
THPOIIN3 IEJUTIONO03bI M KpaxMalla PACTUTEIFHOTO ChIPhS
3aTPyAHAIOT COMYTCTBYIOMINE OMOIIOINMEPHI: JINTHUH,
TeMUIIEIUTIONO03bI M TIEKTHUHBI, & TAK)Ke KPUCTAITIMYHOCTh
1esuTos03sl. [loaToMy s yBenMueHUs! peaKIIMOHHON
CIIOCOOHOCTH ChIPbsI UCIOJIB3YIOT MEXaHUYECKUHN CIIO-
€00 npeaBapuTeIbHOI 00pabOTKHU, HAPABICHHBIN HA
pa3pymeHne KpUCTAIUINIECKOH CTPYKTYPBI LEJUTIOI03bI
(m3nueckuM Bo3eiicTBHEM. M3MenbUeHNe MIIEHTIHbBIX
oTpyOeil mMpOBOINUIN HAa TUCKOBON KOJJIOUITHON MEIb-
HUIE C NaThbHEHIINM paccenBanreM Ha ppakiwu 600 u
200 MKM B COOTBETCTBHH C TeXHUUEeCKHUM 3agannem HUP.

Ha pucynke 3 npeacTaBieHO U3MEHEHHUE COEpPKa-
HUS PelyIUPYIOIINX BEIECTB T'HIPOJIU3ATOB OTpyOeii
IpU KOHTPOJIUPYEMBIX IapaMerpax XMMHYECKOoW 00-
paboTtku cepHoit kucnoroi (Cy g, = 0,7 %, T = 120°C,
t = 60 MUH) HATUBHBIX U HCCIETyEeMBIX (hpaKIIHif mime-
HHUYHBIX OTpyOei.

[Ipn yBenuYeHWH THUAPOMOAYISI HPOUCXOIUT
N3MCHECHHE COJEPIKAHMS PEAYLHUPYIONINX BELIECTB!
yYMEHBIICHHE B THApPOJIM3aTaXx M yBEJIMYEHUE Ha
eMHHILYy MacChl MIIEHUYHbIX 0TpyOei. Hanbonpmmii
BBIXOJl PEAYLIUPYIOLIUX BEIIECTB YCTAHOBJICH I TUIPO-
Monyna 1:9. CHIKeHHE KOMWYeCTBa PeayIUPYIOMHX
BEIIECTB THUAPOJN3ATOB A (PAKIUH MIICHUYHBIX
oTpybert 200 mxM mpu rugpomonyie 1:10 moxxer
OOBSICHATBCS JaibHEHIIeH JecTpyKnueld MOHO- U
JUcaxapuaoB. B cBs3M ¢ TeM YTO NpH MEXaHUYECKOH
00paboTKe M pacceMBaHMM MOJYYECHBI (pakIUU CO
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Pucynox 3. 3aBUCUMOCTD COAEPKAHUS PEAYLHUPYIOMIHUX
BEIIECTB HATHBHBIX U MEXaHUYECKU U3MEIbUCHHBIX
HIIEHUYHBIX OTPYOe# OT THAPOMOIYIIS TOCIIE XMMUIECKON
TpaHchopMaIHK

Figure 3. Effect of hydromodule on the content of reducing
substances in native and mechanically ground wheat bran after
chemical transformation

cpeaHuM pazmepom yactul 600 u 200 MkM, cocTosiue
M3 pa3HbIX AHATOMUYECKUX YacTed 3E€pHOBKH, MpHU
XUMHYECKOM THUJIPOJIU3E YPOBEHb PENYyLHUPYIOIIUX
caxapoB paznuueH. Haubomblee conepxanue peaynu-
PYIOIIMX BEHIECTB MPU UCCIAETYEMBIX THIPOMOIYISIX
ompeneneHo ansa ¢pakuuu 200 MKM, HaWMCEHBIIEE —
g 600 MKM. DTO MOXET OBITH CBSI3aHO C OOJBIINM
colepKaHMeM Kpaxmalla KakK JIETKOTHIPOJIN3yeMOTO
moimcaxapuna Bo (ppakiMd ¢ MEHBIIHM pa3MepoOM
yacTul. JJaHHBIM MPOMEKYTOUHBIA BBIBOJ MOJKET SIB-
JISATHCS 3HAYMMBIM JIJIS TIOJJ00pa THAPOMOYJIICH 1 Heo0-
XOJUMOCTH MEXaHUYECKOW aKTHBAIlMU MIIEHUYHBIX
oTpyOCcH Ha 3aKITFOYUTEIBHBIX dTanax TOW MW WHOU
TEXHOJIOTHYECKOH [EMOYKH MOIU(DHUKAIIMN PACTUTCIIb-
HOTO CBIPBA.

AMopdmzanus  KPHUCTAIIUYSCKONW  IICJUTIOIO3HI
PACTHUTENBHOTO CBIPhS CIIOCOOCTBYET YBEIUYCHUIO
CKOpPOCTH THAPOIN3a IMOJUCAXAPHUIOB, IIOITOMY Me-
TOJIOM MEXaHWYECKOW aKTHUBALUU ONpENeNUIIU Lelie-
c000pa3HOCTh MOJTy4YeHUs! (ppakuuil ¢ pa3MepoM dvac-
tui MmeHee 100 mxM. [TmeHnuHbIe OTPYOU MOJABEprain
MpeBapUTEIbHON MEXaHUYECKOW 00padoOTKe B IEHT-
pob6exxHON poIMKOBOH MenbHUIle PM-20, ocHameHHOH
BOJSHBIM OXJakIeHneM. Kpucrammmaeckas CTpyKTypa
oTpy0eii mpencTaBieHa kKpaxmanoM A-trrma. [lomydeHHbIe
MEXaHWYECKH aKTUBHpOBaHHBIE 00pa3msl (MA 20 '
1 MA 40 I'f) moaHOCTHIO aMOp(HEL.

JanbHelme ucciegoBaHus B OTHOINIEHUM XUMH-
YeCKOW TpaHCHOpPMAIUU PACTUTEIBHBIX MOJIHCAXaPHU-
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JI0OB OCYIIECTBJISUIM C HCIOJIb30BAHHEM MeEXaHHYEC-
KM aKTHBHUPOBAHHBIX MIICHUYHBIX OTPyOeH (pakuum
100 MKM.

3aBUCUMOCTD JIMHAMUKH HAKOIICHUS PEAYyUPYIO-
KX BEHIECTB B IIpOIecce THAPOIIHN3a IPU TEMIIEpaType
nporecca 120 °C MexaHHYeCKH aKTUBHPOBAHHBIX IIIIIC-
HUYHBIX OTPYOei OT KOHIIEHTPALUU CEPHOH KUCIIOTHI
Y THJIPOMOJYJIS IIPEJICTaBIeHa Ha pUCYHKE 4.

Ha ocHoBaHMM MPOBEJCHHBIX YKCIEPUMEHTAIBHBIX
MCCJIEI0BAHNHM BBICOKOTEMIIEPATYPHOTO THIPOIU3A
OBIITM TIOJTyYEHBI CIEAYIONINE PE3yJIbTATHI:

— IpH BCEX TUAPOMOJYJISAX ONpPENeIeHO MaKCHMajb-
HOE COJep)KaHHe PEAYIHUPYIONINX BEIIECTB ¢ IPOI0JI-
KUTEIBHOCTHIO Tuaponu3a 45 MuH. JladsHelmee mpo-
JIOJDKEHHE TIpOIlecca CIoCOOCTBYET CHMKEHUIO KOJIH-
YeCcTBa PEAYNHPYIOIINX BELIECTB, YTO SIBISETCS pe-
3yJIbTaTOM 00pa30BaHMs MOOOYHBIX NPOAYKTOB, T. €.
JECTPYKIMH YTIEBOAOB. JTO INPOIECC HEKEIATEICH
JUTSL TabHee OMOKOHBEPCHM PACTHTEIbHBIX ITOJTH-
MEpOB MHKPOOPTaHU3MAMH W TOJIyYeHHsI OETKOBBIX
MPOJYKTOB;

— CTeNeHb KOHBEPCUH IOJUCAXaPUJIOB TIIECHUIHBIX
oTpyOeil BO3pacTaeT ¢ yBENMYEHHEM KOHIICHTPAILIUU
CEepHOH KHCIOTHI B INpeaesax OJHOTO THIPOMOIYJIS
B TEYeHUE BHIOPAHHOTO HWHTEpBaJla HCCIEAOBAHUS
(60 Mun);

— YBEJIMYEHHE TUAPOMOJIYJIS CIIOCOOCTBYET MOBBILICHUIO
COJIEP)KAHMS PEAYLUPYIONINX BEHIECTB HAa EIUHUILY
Macchl ChIpbst IPU XUMHYECKOI 00pabOTKE MIIEHUYHBIX
oTpyOeil B MHTEpBaJIe KOHIICHTPALUU CEPHOU KHCIOTHI
(0,6-0,9 %).

B cnenyromeit cepun ucciie10BaHUN XUMHYECKYIO
00pabOTKy CepHOW KHCIOTOH MEXaHHYECKH aKTH-
BUPOBAHHBIX MIICHUYHBIX OTPYOEH OCYIIECTBISIIN
B ycioBusix Cy g, = 0,6-0,9 %, T = 130°C, nmpomon-
KUTENbHOCTH TuAponn3a 30—60 muH. [laHHBIE Tpen-
CTaBJICHBI Ha PUCYHKE 5.

AHanu3 IOJIy4eHHBIX JAaHHBIX IOKa3aj, 4TO M3-
MEHEHHUs KOJINYECTBA PEIyLHUPYIONIUX BEHIECTB Me-
XaHUYECKM AaKTUBHUPOBAHHBIX IIICHUYHBIX OTPY-
Ocil, Tpu XUMHYECKOM THJIPOJU3E C IOBBIIICHHEM
temnepatypsl 10 130°C, ananoruussl npeasiayuien
CepUHM OSKCHEPUMEHTOB B OJUHAKOBBIX YCIOBHSIX
mporuecca.

CozepkaHue pPEIyHUPYIOMHUX BEMIECCTB BHIIIE
IpU XUMHUYECKOH 00paboTKe MIICHWYHBIX OTpyOei
cepHoil kucnotoit 0,6-0,9 % mpu Bcex TUAPOMOAYIAX
u temneparype 130 °C B cpaBHEHHH € TeMIIepaTypoil
120 °C B Teuenme 30 muH. OgHAKO NIUTENbHAS XH-
Mu4eckas 00padoTKa MIIEeHHYHBIX oTpyOei 10 60 MuH
MPHUBOJUT K CHIDKEHUIO PEAyLUPYIONINX BEIIECTB HA
2,6-7,8 %, 4T0 MOXKET OBITH CBSI3aHO ¢ OOJIee TITyOOKOi
Jlerpajanueil yriueBo10B PaCTUTEIbLHOTO ChIPbSI.

Taknum 00pa3om, MAKCUMaJIbHOE COJIEPKAaHUE pey-
OUPYIONUX BEIIECTB PEaKIMOHHOH CMecH ompene-
JICHO JIISl CIISAYIOINX YCIIOBUH Mpolecca XMMUYECKON
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PucyHok 4. 3aBUCUMOCTb COJICpKaHHs PEIYLUPYIOLUINX BEIIECTB MEXaHUUECKH aKTHBUPOBAHHBIX MIIEHUYHBIX O0TPyOeii
OT KOHIICHTPALUU CEPHOM KUCIOTHI M THAPOMOAYJIS B pe3yabTaTe BEICOKOTEMIIEpATypHOT o ruaposnsa B Teuenue 30 (a),
45 (b) m 60 muH (c) (T =120 °C)

Figure 4. Effect of the concentration of sulfuric acid and hydromodule on the content of reducing substances in mechanically activated
wheat bran as a result of high-temperature hydrolysis at 120°C after 30 min (a), 45 min (b), and 60 min (c)

00paboTKH PaCTUTENBHOTO CHIPBS: THApOMONYJb 1:10,
temneparypa 120 °C, mpogoKUTEIbHOCTH MpoIecca
45 MuH, KOHIEHTpaus cepHoil kuciaotel 0,9 %, uTo
coctasuiio 604,0 mr/r oTpy0eii.

Ilox neiicTBMEM CEpPHOM KHUCIOTHI TPOUCXOIUT
THJIPOJIN3 TTIUKO3UIHBIX CBS3€H KpaxMmala MIICHIIHBIX
oTpyOeii. OcTanbHBIE TONHCAXapUIBl U3MCHSIOTCS B
MEHBIIEH CTENeHHu, IMOITOMY COJEpKaHWEe Kpaxmaia
OTIPEIeIISIIN TOCIe XUMHUYECKOH pe1o0paboTKH.

YCTaHOBICHO W3MEHEHHE OCHOBHBIX KOMIIOHCH-
TOB MEXAaHMYECKH AaKTHBHUPOBAHHBIX MIICHHUYHBIX
oTpyOeil mpu ONTHUMANBHBIX PEKHMaX XHMHUYECKOTO
THJIPOJIN3a PACTUTEIBHOTO ChIPBS: THAPOMOaYb 1:10,
temnepatypa 120 °C, npogoKUTENbHOCTh MpoOLec-
ca 45 muH, KOHUeHTpaunus cepHoi kuciaotsl 0,9 %
(Tabm. 3).
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Conepxxanue kpaxmaina (3,6 %) u cbIpoil KIeTuaTKu
(6,9 %) nieHNYHBIX OTPYOCH YMEHBIIIUIOCH B PE3YJIbTaTe
HX THAPOJIN3a MO IeHCTBUEM CepHON KUCIOTH Ha 79,8
n 18,8 % COOTBETCTBEHHO B CPAaBHEHHUH C HCXOIHBIMH
JmaHHBIMU chIpbs (17,8 1 14,7 %). 3HauNMOTO N3MEHEHUS
conepKaHUsA CBHIPOTO MPOTEWHA M aMHUHHOTO a30Ta
IIpU XUMHUYECKOH 00paboTKe MIIEHWYHBIX OTpyOei
HE YCTaHOBJICHO.

Takum 00pazoM, BEICOKOTEMIIEPATYPHBIN THIPOIU3
MTOJTUCAXapU/IOB MIIICHUYHBIX OTPyOeit CepHOM KUCIOTOM
koHneHTpanuu 0,6—0,9 % MoxkeT 00ecrednTh BEICOKYIO
KOHBEPCHIO CBHIPBS B II€JIEBBIC MPOTYKTHl OMOCHHTE3a
IIPH UCTIOJIB30BAHUH TH/IPOJIN3aTOB B KAYECTBE OCHOBBI
MUTATEIbHBIX CPEJI.

[TepepaboTka pacTUTEIBLHOTO CHIPHSI OCJIOXKHEHA
€ro XMMHUYECKUM COCTAaBOM. B KOMIIEKCHOM JIUTHO-
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PucyHox 5. 3aBUCUMOCTb COAECPIKAHUS PEyIHUPYIONINX BEIIECTB MEXaHNYECKH aKTHBHPOBAHHBIX MIIEHHYHBIX OTpyOei
OT KOHI[CHTPAIMH CEPHON KHUCIOTH U THAPOMOIYJIS B pe3yiIbTaTe BEICOKOTEMIIEpaTypHOTO ruaponia B reuenne 30 (a),
45 (b) m muH 60 (c) (T =130 °C)

Figure 5. Effect of the concentration of sulfuric acid and hydromodule on the content of reducing substances in mechanically activated
wheat bran as a result of high-temperature hydrolysis at 130°C after 30 min (a), 45 min (b), and 60 min (c)

Tabnuna 3. CocTaB NIIEHUYHBIX OTPYOEH MPH XUMHYECKOM THAPOIIN3e

Table 3. Composition of wheat bran during chemical hydrolysis

OmnpeenseMblil TOKa3aTelb HopmaruBHas nokymeHTanus [TreHnyHbBIe OTPYOH
Ha METOJIbl UCTIBITaHUS HatuHbie Xumnueckn 06paboTaHHbIE
MaccoBast 105151 CbIpOTo npoTeuHa, % T'OCT 13496.4-93 14,70 + 0,46 14,26 +£ 0,45
MaccoBasi 10Js CBIPOH KJICTYaTKH, %o I'OCT 31675-2012 8,5+0,4 6,9 +0,3
MaccoBasi 107151 JIETKOTUAPOIU3YEMBIX T'OCT 26176-91 17,8 £2.8 3,6£0,8
yIIEeBOAOB (Kpaxmana) Ha a.c.B., %
AMUHHBII a30T, MT/T OTpyOei OdC.1.2.3.0022.15 2,24 +0,12 2,46 £ 0,09

LEJUTIONIO3HOM ChIpbe, K KOTOPOMY OTHOCSTCS IIIIEHUY-
HBIE OTPYOH, IPOIIECCHI KUCIOTHOTO W (DepMEHTATHB-
HOT'O pa3JOoXKCHUS IOJUMEPOB OyAyT NPOUCXOIHUTH
HEPaBHOMEPHO.

B cnenyroumeit cepun uccienoBaHU ONMpeaeTuiIn
KauyeCTBEHHBIH M KOJMYECTBEHHBIN COCTAB YIJIEBOJIOB
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MIIEHUYHBIX 0TPYOeil XxpomaTorpadhuueckuM METOJ0M
Tmocie WX XUMHUYECKoW mpernobpabortkum. Ompenperne-
HUE M3MEHEHHS KauyeCTBEHHOTO M KOJIMYECTBEHHOI'O
cocTaBa yrieBOJOB M PacCTBOPUMBIX OCIKOBBIX cOe-
JIMHEHNH Ha PAa3JIMYHBIX TEXHOJIOIMYECKUX 3Tanax KOH-
BEPCUU YTJIEBOACOAEPIKAIIETO CBHIPbS 3HAYUMO JUIs
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Pucynoxk 6. XpomaTorpamma 3KCTpaKkTa HATHUBHBIX MIIEHUYHBIX OTPyOeii (a) u ux ruaponusara (b)

Figure 6. Chromatogram of native wheat bran extract (a) and its hydrolyzate (b)

Ta6J'II/IIIa 4. COIIep)KaHI/Ie MOHOCAaXxapua0B SKCTPAKTOB HATUBHBIX U 'MAPOJIM30BAHHBIX NIIEHUYHBIX Opr6eI71

Table 4. Monosaccharides in extracts of native and hydrolyzed wheat bran

CocraB MOHOCAXapHI0B, MI/T OTpyOeit [TmennuHbIe OTPYOH
HatusHbie T'unponuzoBanHbIe
Jlucaxapust Her Her
I'mroko3a 28,4 54,0
Manno3sa 53 25,4
[lenTo3H! (B mepecyeTe Ha KCHII03Y) 2,1 78,2
Jlpyrue MmoHOCaxapuabl 4,0 1,3

JaTbHEHIIero Npou3BOJCTBA HE TOJBKO KOPMOB KH-
BOTHOBOJYECKOHW OTpaciii, HO ¥ KOPMOBOTO Oeyka M
OuosTaHoa.

Conepkanue rekco3 (TIIoKo3a+ranakTo3a, MaHHO-
3a, CyMMa IIEHT03, CyMMa JUCaxapua0B) ONpeaesiin
BOXKX kak npuzHaHHBIM METOJOM JJIsl aHallu3a Ka-
YECTBEHHOT'0 M KOJIMUYECTBEHHOTO COCTaBa MOHOCAXapHu-
noB. M3 aHanu3a moxyuyeHHbIX XpoMaTtorpaMm (puc. 6)
OTIPEJICIINIIN HAINYNE B THAPOIN3aTaX TIFOKO3bI, KCH-
JI03bI ¥ HE3HAYNTEIHHOT'O KOJMYECTBA MAHHO3HI, UTO
XapaKTepHO JUIsi MOHOCAXapuHOTO COCTaBa MIIeHHY-
HBIX OTpyOei.

Pe3ynbratel 00paboTKH XpOMaTOTpaMM B IIPOTPaM-
Me Mynptuxpom (OAO «AmmnepceHa») MpeacTaBlie-
HBI B Ta0iuie 4. [Ipu BEICOKOTEMITEpaTypHOU TpaHC-
dbopManuu NIIEHWYHBIX OTpyOel yBelnuuuBaercs
colepaHue TIIOKO3el B 1,9 pasa, 4To cocTaBUIO
54,0 mr/r, manHO3 — B 4,8 pasza, YTO COCTaBHIO
25,4 mr/r. Haubonpiiee n3MEHEHUE OTMPEICICHO IS
neHTo3 (B mepecuere Ha Kcuioly) — B 37,2 pasza, ux
YPOBEHb B THAPOJIM30BAHHBIX OTPYOSX COCTaBHUII
78,2 Mr/r. Pe3ynpTaThl COTNACYIOTCS C JAaHHBIMHU
aBTopoB A. A. Gil-Montenegro u ap., KOTOpPBIE TIO-
Y4 M3 APOOMHBI THUIPOIM3ATHI, OOOralleHHBIC
Kcuno3oi [23].

B oOpa3snax oOHapyXuiIu Opyrue MOHOCAaxXapuabl
HEYCTAHOBJIEHHOU mpupoasl. IIpeanonoxurenasHo,
rajiakTo3y. B mporecce ruzmponmsa MX cojpepiKaHHe
yMeHbmanack B 3,1 paza B OTIHuUME OT JPyrux
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omnpenensieMblX MOHOcaxapuaoB. Jlakro3a u apyrue
Jucaxapubl He OOHapyKeHbl HU B OHOM oOpasiie.

BoiBoABI

MexaHndecKas aKTUBAIUs NMIICHUYHBIX OTpyOei
CIOCOOCTBYET TpaHCHOPMAIUKA PACTHTCIBHBIX MOJTU-
caxapuI0B IMPH XUMHIECKOM THIPOIIH3E.

Y CcTaHOBWIIHM TapaMeTPhl XUMHUECKOTO TUPOJIH3a
¢paknnu mmeHnIHbIX oTpyoeit 100 MKM ¢ HanOOIbIITIM
o0pa3oBaHUEM peAyHUPYIOIMKUX Bemects 640 mr/r
oTpy0beit: runpomoayns 1:10, Temmeparypa 120 °C,
NPOJOJKUTENBHOCTh 45 MUH, KOHLEHTpALUsl CEpHOU
kucioTel 0,9 %.

Onpenenuiy yBeIHYCHUE B THAPOIU3aTaX IMIICHUY-
HBIX OTpYOeil MOHOCaxapH10B: ITIOKO3bl, MAHHO3bI U
MEeHTO36l. Takue M3MEHCHUS BBIPAKCHBI IS TIEHTO3
(78,2 mr/r) — yBenuuenue B 37,2 pa3a. [Jucaxapusl
B OKCTpaKTaxX W THIPOJIM3ATaxX MIICHUYHBIX OTpyOei
HE yCTaHOBJICHBI.

XuMudeckas npegoopadoTka MIIeHUYHBIX 0TpyOei
HCOPTaHUYCCKUMU KHCIOTAMH MOXET SIBISATHCS OJI-
HHUM W3 3TAloB MPOM3BOJCTBA IEHTO3, B TOM YHCIE
caxapo3aMeHUTENs — KCUIIO3bI.

Kpurtepun aBropcra
ABTOpBI B PaBHOM CTENEHHU YYaCTBOBAJIU B MTOJITOTOBKE
Y HalMCaHUU CTaThH.

Kondaukr nurepecon
ABTOpBI 3asBIISIFOT, YTO KOH(JIMKTa HHTEPECOB HET.
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.: B
AHHO ranus.

)II/IOKCI/UI CEpHhI, HCHOHb3yeMbIﬁ B BUHOJZCJIMH KaK KOHCECPBAHT U aHTUOKCHIAHT, HECIaTUBHO BJIMAECT Ha 3JOPOBLHC YCJIOBEKA.
CHMXEHHUE /103 IMOKCH 1A CePbl BO3MOXKHO ITyTeM ITPUMEHEHHUS APOOKEH ¢ Xopolel OpoAMIbHON aKTHBHOCTBIO, JOMHHHPYIOLINX
NpH MHOKYJISILMK B CYCJIO, M HU3KOH CIOCOOHOCTRIO cuHTe3upoBaTh SO, u SO -cBa3biBaromue Bemectsa. [lociennee ceazano
¢ MexaHu3Mamu AeTokcukanuu SO, aposxikamu. Llenb paboTsl — H3ydeHne B3aMMOCBA3H YCTOHUMBOCTH APOAIKEH K THOKCHIY
CepBl M MX CMOCOOHOCTH CHHTE3UpOBaTh SO, U aneTanbaeru]l B IPOLECCe POCTa.

Uccnenosanu 17 mraMMoB npoxokeit pona Saccharomyces. KynbTUBUpOBaHHE IPOXKKEi ocymecTBisin Ha ycranoBke CGQ
Ha BUHOTPAJHOM CYCJI€ 10 JOCTHXKCHHUs cTalloHapHO# (a3bl pocta. KOHIEHTpaLuio THOKCHAA Cepbl ONPEACISUIA TUTPUMETPH-
YECKUM METOJIOM, albJETHI0B — OHUCYIb(QUTHBIM, CYIb)UTOYCTOHUMBOCTh JPOKiKeH — Mo pocropoit peakunu Ha SO, mo
Texnosoruu CGQ.

VCTaHOBIEHO, YTO IITAMMBI PA3IHYAIICh 10 cTeneHn SO,-pe3sHCTEHTHOCTH, OLEHHBAEMOM 110 YBEIMYEHHUIO IIPOAOKUTENBHOCTH
nar-¢asel B npucyrcreun (100 mr/nm?®) auokcuaa cepbl: mepBas rpymna (4yBCTBHTEIbHbIC) — 8 4 u Gojee, BTOpas —
2-6 4, TpeThs (ycTolunBhie) — 03 u3menenus. Borssneno (Wilks L = 0,228, & = 0,05), uto B cpese 6e3 SO, 4yBCTBUTEBHBIE
KyJbTYPBl OTJIMYAIMCH HAaMOONBIINM 3HaUY€HHEM MHUHUMAIBHOTO BPEMEHHU T€HepalMH B JKCIIOHEHIMaIbHOI (a3e pocra
(5,3 £2,1 1), ycToitunBbie — HAKOONBIIMM CHHTE30M aneranbaeruaa (54,7 = 11,1 mr/am’) u guokcuaa cepst (21,0 £ 10,3 mr/am?),
KYJIbTYPBl BTOPOH TPYNIEI — HAUMEHBIINM COJEPKAHUEM B cpesie cBsa3aHHbX Gpopm SO, (10,9 £ 4,2 mr/am’), 3anumas mo
OCTaJIbHBIM MOKA3aTEeJsIM ITPOMEKYTOUHOE MOJI0KEHHE.

B pabote Obl1a MokazaHa BO3MOKHOCTb UCHOJIb30BAHMSA JUIATENBHOCTH alalTallii ApoxoKkel k SO, 171 mepBUIHOro 0TOO0pa
KYJIBTYp B 9KOBHHOAETHH. [10 COBOKYIHOCTH (DPM3NOIOTHUECKUX M OMOXUMHUYECKNX 0COOEHHOCTEH BBIJSIINIIN TIEPCIIEKTHBHBIC
KYJIBTYPbI: U3 TPETheld TPYNIBI — JUIsl IPOU3BOJCTBA BUH C MOHMKXCHHBIM conepxanueM SO,, n3 BTOPOH — OpraHuYecKuX
BuH. [IpogoimkeHne McciefoBaHusl HAMPABICHO Ha pACHIMPEHHE CIEKTpa IITaMMOB APOXIKEH M yTOYHEHHE JAHMana30HOB
nokasaresnei 1 5GpPpEeKTUBHOrO BKIIOYEHUS KYJIbTYp B BUHOJEINE.

Kuouesslie cioBa. [Ipoxoxu, CGQ texHonorus, nar-asa, TeHepanus, CHHTE3, alleTalbIeTUI, THOKCU CEPbl, YKOBHHOACITHE
®unancuposanue. Pabora BrinonaHeHa Ha 6a3e Beepoccniickoro HallMOHAIBHOTO HAYYHO-HCCIE0BATEIBCKOIO HHCTHTYTA
BUHOTpaaapcTBa u BuHoaenus «Marapau» PAH (BHHUNBuB «Marapau» PAH)ROR g pamkax ['ocynapcTBEHHOTO 3a1aHUs
Ne 0833-2019-0022.

Has uutuposanus: SO -pe3UCTEHTHOCTh KaK KPUTEPUH 0TOOpa TaMMOB Saccharomyces cerevisiae s OpraHu4eCKOTO
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Abstract.

Sulfur dioxide is a popular conserving agent and antioxidant in winemaking. Unfortunately, it is bad for human health. Some
yeast strains can reduce the dose of sulfur dioxide. Such yeasts should have good fermentation activity and dominate when
inoculated into grape must. In addition, it should not synthesize sulfur dioxide and SO,-binding substances. The synthesis of
sulfur dioxide and carbonyl compounds by yeast is related to the mechanisms of sulfur dioxide detoxification. The research
objective was to study the relationship between the resistance of yeast to sulfur dioxide and its ability to synthesize sulfur
dioxide and acetaldehyde during growth.

The study featured 17 yeast strains of the genus Saccharomyces. The yeasts were cultivated on grape must in a CGQ device
until the stationary growth phase. The concentration of free and bound forms of sulfur dioxide was determined by titration,
while that of aldehydes was determined by bisulfite method. The sulfite resistance of strains was measured by the growth
response of yeast cells to sulfur dioxide using CGQ technology.

Yeast strains differed in the degree of sulfur dioxide resistance. The samples were divided according to the increase in the
lag phase time: by > 8 h (sensitive), by 2—6 h, without changes (resistant). At Wilks L = 0.228 and a = 0.05, the sensitive
cultures in a SO, -free medium had the highest value of minimal generation time in the exponential growth phase (5.3 = 2.1 h).
The resistant samples demonstrated the highest synthesis of acetaldehyde (54.7 + 11.1 mg/L) and sulfur dioxide (21.0 + 10.3 mg/L).
The second group cultures had the lowest content of SO,-bound forms in the medium (10.9 + 4.2 mg/L) and were in an
interposition in terms of other indicators.

The time it takes a yeast strain to adapt to sulfur dioxide can be used as a parameter for the primary culture selection in
eco-winemaking. According to the physiological and biochemical profile, the resistant strains can be recommended for the
production of SO,-low wines, while the samples from the second test group proved optimal for organic wines. Further research
will expand the range of yeast strains and their indicators.

Keywords. Yeasts, CGQ technology, lag phase, generation, synthesis, acetaldehyde, sulfur dioxide, eco-winemaking
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a Criterion for Selecting Saccharomyces cerevisiae for Organic Winemaking. Food Processing: Techniques and Technology.
2023;53(1):60—68. (In Russ.). https://doi.org/10.21603/2074-9414-2023-1-2415

BBenenne [iaeT BUHOMaTepuajbl U BUHA OT ()EPMEHTATUBHOTO U
Huoxcun cepsl (SO,) — ofHa M3 caMBIX PaclpocT- XUMHAYECKOTO OKUCICHHUS, TEM CAMBIM CTaOMIH3UPYs
paHeHHbIX, HeJOPOTUX U AP(HEKTUBHBIX XUMUYECKUX WX OpraHOJIENTUYECKHUE CBOWCTBA IMPU XPaHCHHUH
00aBOK, MCIOJB3YEeMBIX B BUHOAenuH. JloOaBieHHe U BBIICPXKKE. BBICOKHME OCTAaTOYHBIC KOJIHYECTBA
SO, mozaBIsleT poCcT MHOTMX MUKPOOPTaHM3MOB U 3allli-  JIMOKCH/IA CEPhl B BAHE MOTYT NPHUBECTH K MOSBJICHUIO
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HETIPUSATHBIX TIPUBKYCOB, @ TAKIKE MOTYT OBITH IPUINHOM
MOOOYHBIX peakuui y dYenoBeka — OpoHXocmasma,
OpaauKapIuu, )KeIyT0IHO-KHIICYHBIX CAMITOMOB, I'0-
JIOBHBIX 00JIeH, KO)KHOW CHINHU, apTepPHAIBHOW THUIIO-
TeH3UHU U aHAQHUIAKTHIeCKuX peaknuil [1-3]. B cBsa3u
C OTMM MHOTHE MPOU3BOUTENIN BUHA OPUCHTHPYIOTCS
Ha BBITYCK CBOEH NPOAYKIHMH C HMOHMKEHHBIM CO-
JIep’)KaHuEeM TUOKCHAA CePhl WM K€ COBCEM 0e3 Hero
(opraHuueckoe BUHOJEIHUE). YUYECHBIMU IPEIIOKEH
pSJl anbTEPHATHB TUOKCUAY Cepbl (PU3MKO-XHUMHUYEC-
KOro XapakTepa — TeMIepaTypHOE BO3JEHCTBHE,
MUKPOQWIBTPAIUS, BBICOKOE THIPOCTATHYECKOE JaB-
JICHHE, YIbTPA3BYK, YIbTpa(dUOIET, UMIYIbCHBIE JICK-
TPUYECKUE TOJS, JU30IUM, COPOMHOBAs KHCIOTa
n ap. OlHaKO MHOTHE U3 HUX OKa3bIBAIOT HETATUBHOE
BJIMAHNUE HA OPTAHOJICTITUYCCKNE XapaKTCPUCTUKU BUH
1 HE pa3pemieHbl B OPTaHNYECKOM BHHOICTHH [4].

Pezomronmeit OIV-OENO 631-2020 (RESOLUTION
OIV-OENO 631-2020 Review of practices for the
reduction of SO, doses used in winemaking) mpen-
JOKEH P PEKOMEHJANuil, MO3BOJAIOMUX CHH-
3UTh /103y HCIOJB3YEMOTO MpPH NPOM3BOJACTBE BHHA
JUOKCHAA Cepbl: BBHIOOP cOpTa BHHOTpaja M MecTa
€ro NpoM3pacTaHMs, ONTHMHU3AIMs BpeMeHH cOopa
U OIlpe/ielIecHHbIE TEXHOJIOTMYECKHE MPUEMBbl Ha pas-
HBIX 3Tanax Npou3BoicTBa BUHA. COIJIACHO JTaHHOU
PE30JIIOLNHU OJHUM U3 CIIOCOOOB CHIKEHUS 103 BHOCH-
MOTO JIMOKCH/IA CEPBI SIBISICTCS UCTIONB30BAHNE APOXKIKEH,
XapaKTePU3YIOIINXCS XOPOIeH OpOJUIbHON aKTUBHOCTHIO
U HHU3KOH CIIOCOOHOCTBIO CHHTE3HUPOBATH JHOKCH]
cepbl, cepoBoaopoa U SO,-CBA3BIBAIONINE BEIIECTBA
U CHOCOOHBIX [OMHHHPOBATh IPH HWHOKYJSLUU B
BHHOTPAJHOE CYyCIIO.

CuHTe3 cepoBOJIOpOJa, IMOKCHIA Cepbl M Kap-
OOHUJIBHBIX COCIMHEHUI IPOKIKAMH B MPOLIECCE KH3-
HEJESITENbHOCTH NPSIMBIM HJIM KOCBEHHBIM 00pa3oM
CBSI3aH C MEXaHU3MaMH JICTOKCUKAIIUU SO2 [5]. CornachHo
CYHECTBYIOIIUM TCOPHUAM Y BUHHBIX IAPOKIKCU €CTh
YEeThIPE OCHOBHBIX CII0C00A BBIKMBAHUS B IPUCYTCTBUU
JUOKCHUIA Cephl: MEepPexosa B KU3HECIIOCOOHOE, HO He-
KYJIbTUBUPYEMOE COCTOSIHHUE, BbiBeeHHe SO, U3 KIIETKH
C MOMOIIBIO CIENHATN3UPOBAHHBIX HACOCOB AJIA OT-
TOKa CyNIb()HTa, BOCCTAHOBIICHUE ANOKCH/IA CEPHI 3a CUET
BKJIIOUEHHs] B OMOCHHTE3 CEPOCOJIEPIKAIMX aMUHOKHCIIOT
U cUHTe3 aneTanpaeruaa [6—10].

[TpuopuTETHBIM JUIS IPOKOKEBOI KIETKH ITyTEM HHAK-
THUBAIMH TMOKCHUJIA CEPBI SIBIISIETCS IO BBIICIICHUE B CPELy
yepes crenuann3upoBaHHbIe Hacockl. HezaBucumo ot
croco6a MPOHNKHOBEHHUS THOKCH/IA CEPBI B IPOKIKEBYIO
KIIETKY, JOMHUHHUpPYIOLIeH (hOpMOI CepHUCTON KUCIOTHI
BHYTpU Hee spnsercs Oucynbpur (HSO,"), B xoze
ACCHMWJIAIINK KOTOPOTO Iponcxoaut obpasosanue SO,,
BBICTYMAIOIIETO B KAYECTBE MPOMEXYTOUYHOTO META00IIHNTA
Ha NIyTH CHHTE3a CEepocoJep:KaIlluX aMHUHOKHUCIOT
(puc. 1). [Ipu onpereIeHHBIX YCIOBUSAX TUOKCHI] CEPHI
MOXET CHHTE3UPOBATHCS B M30BITKE, a 3aTEM BBIJICIISATHCS

B cpeny [5].
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Figure 1. Saccharomyces sulfate adsorption [5]

OTU MeXaHU3Mbl FeHeTHuYecku 3akperuieHsl. Cre-
MeHb MX YYacTHs B JETOKCHUKAIMM AMOKCHJA CEPBI
BapbUPYETCs B IIMPOKOM JIHANA30HE B 3aBUCHMOCTH
oT wwTamMma apoxokei. HcciaenoBanus B3auMOCBS-
3W CHHTE3a aleTalbJeTHAa W yCTOHYMBOCTH IITaM-
MOB CaXxapOMHIIETOB K JUOKCHAY CEPbI, IPOBOJUMBIE
E. Casalone u np., mokasamnu, 4To APOXKOKH, YCTOHIUBBIC
K JACHCTBHUIO TUOKCUAA CEPbI, CHHTE3UPYIOT OOJIBIINE
KOJIMYECTBA ALETANBCTHA KaK B npucyTcTBun SO,
TaK U B ero orcyTcTBuu [10]. DTO yTBEpKACHHE MOCITY-
JKUJIO OCHOBAHHMEM JJISl IPOBEACHUS HACTOALIETO HCCIIe-
JOBAaHUA MO YCTAHOBJICHUIO CBA3HU MEXKAY CTCIICHBIO
YCTOHYHMBOCTH APOKKEH K AUOKCUAY CEPHI H UX CIIOCO0-
HOCTBIO CUHTE3UPOBATH AUOKCH/]] CEPBI U alleTaabAer U/
B mpouecce pocta. Tak Kak CyiTbQUTOYCTONIUBOCTH
JIpOXOKEeH 00yCIIOBIIEHA TEHETHYECKH, TO BBISABICHUE
TaKOM 3aBUCHUMOCTH JaJIo 6])1 BO3MOXHOCTb HUBEJIMPOBATH
BIIUSTHUE COCTaBa CPE/bl HA CHHTE3 AMOKCH/IA CEPBI U
aleTanb/eru1a MUKpOOpraHu3MaMHu.

Henpro HacTosmiedl pabOTHl SABISJIOCH H3yUCHHE
B3aUMOCBSI3H CTETIEHN yCTOHYMBOCTH poskkeit n3 LlenT-
pa xosutektuBHOTO nonb3oBanus (LIKIT) Komnekuns
MHUKPOOPTaHU3MOB BUHOENNs «Marapad» K AHOKCHILY
cepsbl M CIOCOOHOCTH IIITAMMOB CHHTE3UPOBATH JUOKCH]T
Cepsl U aleTanabAeTH/l B IIPOLiecce pocTa.

O0beKTHI U METO/IbI HCCIE0BAHUS

OO0BeKTaMu UCCIACIOBAHUN ABISUIACH |7 ITaMMOB
nposxokenr pona Saccharomyces w3 UKII Komnmekius
MHUKPOOPTAaHU3MOB BUHOJENU «Marapau», peKOMeH-
JTyeMBIX ISl IPOM3BOICTBA OCIBIX BUH: IITaMMEI [-527
(47 K), 1-525 (CeBactonounbckas 23), [-271 (deogno-
cus 1-19), 1-307 (Jlemmnrpanckas), 1-491 (Myckat
Oemprit), [-492 (Myckart po3ossrif), [-279 (Koxyp 3),
1-144 (Myckar Benrepckuit), 1-637 (Myckat-P (4)), [-187
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(Amurore-14) n I-106 (Toxait 22), KpaCHBIX BHH: IIITaM-
MbI, [-652 (Onmecckmit wepubrit-C/I-13), I-25 (Kabepre 5),
[-250 (bopno-60), 1-24 (bopao 20), I-640 (Meranom
kpacubiii 3) u [-440 (Marapau 17-35) [11-13].

B kauectBe Cpe€abl KYJIbTUBHUPOBAHUA HCIOJIbB30-
BaJIM CYCJIO U3 BUHOTPa/ia copTa AJHTOTe OJHOW NapTHH
CIEAYIOIIETO COCTaBa: MaccoBas KOHIGHTpAalus ca-
xapoB — 228 r/am?, tutpyeMmbix kuciaor — 6,7 rv/am3,
pH 3,4. KynasTuBHpOBaHUE OCYIIECTBIISIN TP TEMIIEpa-
Type 25 °C u nepeMeunBaHuy Cpeibl CO CKOPOCTHIO
150 06/mMun Ha ycranoBke CGQ ¢upmbr Aquilabiolabs.
B nBe x0n0b1 eMKocThIO 250 cm® HanmuBanu o 100 cm?
MacTeprU30BaHHOTO BHHOTPATHOTO CyCJIa W BHOCWIIH
JIPOXOKEBYIO Pa3BOAKY /10 HaYaJIbHON KOHIIEHTPAIIUU
kietok B cpene 0,5x10° kmerox/cm®. Jliis OleHKH
BJIMSAHUA JUOKCHUJA CCPhI HAa POCT KYJIBTYp, a TaKKE
0TOOpa MTaMMOB, IPOAYIUPYIOIINX OOJIBIIOE KOIHIECT-
BO SO2 1 ameTanbAeTH/Ia, B OJHY U3 KOJI0 J00aBIsuH
auokeua cepsl m3 pacuera 100 mr/am® (ombir) [14].
W3mepenust OCTaHABIMBAJIH MIPH JIOCTHHKEHUH KYJIBTYPOH
cranuoHapHoi ¢assl pocta. Ha sToM sTamne ocymiect-
BJISAJIN OT60p Cp€abl KYJbTUBUPOBAHUA IJIA ITPOBCACHUA
HCCIIeIOBAaHNNA XUMHUYECKOTO COCTaBA.

MaccoByr KOHIICHTPAIMI0 THOKCHIA CEphI, €T0
CBOOOJHOW W CBSI3AHHOH (OPM OIpENEIsUTH TUTPH-
METPHYECKHM METOJ/IOM, OCHOBAaHHBIM Ha OKUCJICHUH
CBOOO/IHO# CEPHUCTOM KUCIIOTHI B KUCIIOHN cpejie 10 cep-
HOH TpH IMOMOIIIH HOJa; anbJAeTUIOB (aleTaabAeTHIa) —
METO/IOM, OCHOBAaHHBIM Ha X CITOCOOHOCTH CBSI3BIBATHCS
C THAPOCYTH(OUTOM HATPHsI B KOMIUIEKCHOE HElleTydee
COCJIMHEHHNE, KOTOPOE pa3pylaloT LIEN0YbI0 C IOCIIe-
JIYIOIIUM TUTPOBaHHEM OCBOOOMBIIETOCS CEPHUCTOTO
aHTuJapuaa HOJIOM.

Cynb(pHUTOYCTOHYNBOCTD MITAMMOB OIICHUBAJIH TI0
POCTOBOM peakuu KJIETOK IPOAIKEH Ha TMOKCUJL CEPBI B
peanbHOM BpeMeHu npu nomomu texHonoruu CGQ [15].

KynapTHBUpOBaHWE MHUKPOOPTaHM3MOB TIO KaX-
JIOMY BapHaHTy NOPOBOJAUIN B 2-X TMOBTOPHOCTSX,
aHaJIN3 XUMHYECKOT0 cocTaBa — B 23-Xx. JlanHbIe 00pa-

—_
S N AN O N
1

HpOﬂOJ’I)KI/ITCJII)HOCTL, q

OateBam MeTonmamu naucrnepcuoHHOro (ANOVA)
W JHUCKPUMUHAHTHOTO aHaiu3a (C HCIO0JIb30BAaHHEM
mporpammsl Statistica 10). CpaBHeHHEe 3HaYEHUH KOJIH-
YECTBEHHBIX MPU3HAKOB B HE3aBHCHMBIX MOJAIPYIIAX
npoBoamn ¢ momotmbio U-kputepus Mann-Whitney.
WH(popMaTHBHOCTh TUCKPUMHUHAHTHBIX MEPEMEHHBIX
onenuBanu o Wilks L. Bepudukanuro cratuctugec-
KuX KO3()(HUIUECHTOB MPOBOIUIN [JIsI TOYKH 3HAYUU-
MocTH a < 0,05. B Tabnumax u pucyHKax MpHUBEICHEI
cpenHeapupMeTHUCCKUE 3HAYCHMs IoKasareseil, B
TEKCTE CTaTbM — cpeJHeapu(MeTHyecKne 3HAUCHHS
U CTaHAAPTHOE OTKJIOHEHHE EAMHUYHOTO PE3yNIbTaTa.

Pe3yabTaThl M HX 00Cy:KIEeHUE

Jpoxku, Kak U BCE KUBBIC OPTaHU3MbI, €CTECTBCH-
HBIM 00pa30oM pearnpyroT Ha H3MEHEHHE YCIOBUH OKpY-
JKaIoIIel cpesibl MyTeM aKTUBU3AIMN MEXaHU3MOB, T103-
BOJISIFOIIMX MM aJallTHPOBATh CBOI POCT M METa0OIN3M
K HeOJarompusiTHBIM yCIOBUSIM — cTpeccam [16, 17].
DTH MeXaHU3MBI aKTHBUPYIOTCS cpas3y IMOCIe ToTyde-
HUS KIETKOW MHpOpMAanuu 00 U3MEHEHNUHU YCIOBUHU Cy-
mIecTBOBaHUS. JIMOKCHI CEePBI SBISAETCS CTPECCOBBIM
(haxTopom A caxapoOMHUIIETOB, BIUSIONIMM Ha UX POCT,
CIIOpooOpa30BaHNE H CKOPOCTH BOCCTAHOBIICHUE KIIC-
TOK TIOCTIe CTpecca.

JmuTenpHOCTD Jar-gasbl UCCIEyeMbIX MTAMMOB
ApoXOKel B KOHTPombHBIX Konbax (0 mr/mm® SO.)
BapbHUpoBasiach OT 6 10 15 u. BHecenue B cpeny Kyib-
tusupoBanus 100 mMr/amM® quoKcHIa Cephl MOKaszaio,
YTO HCCIeAyeMble MITaMMBbl JAPOXIKEH pasanyaluch
10 TPOJODKUTENHHOCTH aalTallud K SO2 (puc. 2).
Buecenue B cpeay KyJbTUBHUPOBAHUS JUOKCHUJIA CEPBI
B ciyyae mrammoB [-25, I-106, [-271, [-525, [-527 u
[-637 mpuBOAMIIO K YBETWYEHHIO JIIMTEIBHOCTH Jar-
(as3er bonee wem Ha 8§ 4, mrammoB [-24, 1-250, 1-279,
1-440, 1-652 1 1-491 — Ha 2—6 4. DTO CBUIETEIBCTBYET
0 BBICOKOH UyBCTBUTEIBHOCTH 3THUX KYIBTYP APOXKIKEH
k SO,. HanGosee yCTONYMBBIMH K JICHCTBHIO IMOKCHA

T .—|

1-525 1-271 1-106 1-637 1-527 1-25 1-279 1-250 1-440 1-24 1-491 1-652 1-492 1-307 1-144 1-640 1-187

ITaMM JPOKIKen

H nar-daza

BpeMs I'CHEpaInu

Pucynoxk 2. I3MeHeHHE JIIHTEIBHOCTH JIar-(a3bl ¥ BDEMEHH TeHePaliu B MPUCYTCTBHU SO, OTHOCHTETLHO
KOHTPOJIHBIX BapHAHTOB

Figure 2. Effect of sulfur dioxide on lag phase time and generation time
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cepsl okazanuch mraMmbl [-144, 1-307, 1-492, 1-640 u
I-187 — mpucyrctBue SO, B cpejie KyJIbTHBUPOBAHMS
HE MOBJIMSIIO Ha JUTUTEIBHOCTH UX Jar-(assl.

YcTaHOBIIEHO, 4YTO 3ajJepXKKa pocTa HPH KYJIb-
TUBHPOBAaHUHM B cpesie ¢ SO, He BIUsIA HA POCTOBYIO
AKTMBHOCTb IITAMMOB. 3HAUYMMOM pa3HUIBI MEXKIY
koHTposieM (6e3 SO,) u ombrtom (100 mr/mm® SO,) mo
MIPOJOIDKUTEIHHOCTH SKCIIOHEHIIMAIILHON (ha3bl pocTa,
BpEMEHEM JIOCTI)KEHHS MaKCHMAaJbHOHW y/AeIbHOU
CKOPOCTH POCTa U HAKOIICHUIO KJIETOYHOH OroMacchl
IITAMMOM BBIABIEHO He Obuto. Hammume SO, B cpene
KyJIbTUBHUPOBAHUS IMPUBOIMIO K CHUKEHHIO CKOPOCTH
pocta knetok s mramMmMoB 1-144, 1-307, 1-640, 1-187,
1-24, 1-250, 1-279, 1-440, 1-652, 1-25, 1I-106, 1-271,
[-525 n I-637. Bpems yaBOCHHS YUCiIa KJIETOK (BpeMs
reHepanuu) yBenuauioch Ha 0,6—2,8 4 B 3aBUCUMOCTH
ot mramma. st kynetyp 1-527, 1-491 u 1-492 ormedeno
TIOBBIIICHHE CKOPOCTH POCTA NP Hanu4uu B cpene SO,
AHanorn4yHbIe pe3yIbTaThl ObH omydeHs! S. C. Morgan
U JIp. U1 KOMMEpUYECKoro mramMma BRLY7, koTopslii ae-
MOHCTPHUPOBAJI MTOBBILIEHHE CKOPOCTH POCTA B IIPUCYT-
CTBHH JAMOKCH/JIA CEPBbI, IOCTUTAs Topa3io Oosiee BBICOKON
o01ielt yrcaeHHoCTH Apoxokeit [14]. DTo cBsizaHo ¢ TeMm,
YTO KQKABIN IITAMM MOXET HCIIOJIb30BATh Pa3IMYHbIE
MEXaHU3MBbl YCTOHYNBOCTH K CYJb(QUTY, YTO ITO3BOJISET
JpOXKaM ObICTpee MHAKTUBUPOBATH CTPECCOBBIN (ak-
Top. Hexoropble aBTOpBI MpeaNoyaraloT BO3MOXK-
HOCTb HHAYKIUU YCTOMYUBOCTHU APOKKEN K THOKCULY
cepsl [6, 18].

OnauM n3 TpeOOoBaHU, MPEABSIBIIEMBIX K Opra-
HUYECKOMY BHHY, SIBIISIETCSI OTCYTCTBHE THOKCHIA
cepsl. CornacHo JNTEpaTypHBIM JaHHBIM HEKOTOpBIE
ITAMMBI APOXIKEH CIIOCOOHBI CHHTE3UpoBaTh 10 100
u 6onee mr/am’ SO, [19]. HecmoTps Ha TO 4TO CHHTE3
JUOKCUIA CEPBI APOKKAMU 3aBUCHUT OT psAfa (PakTopos,
a IMEHHO OT COJEPKaHMS B CPEJe KyJIbTUBUPOBAHUS
A30TCOZIEPIKAIINX COCMHEHNH (AaMMOHUS, aMUHOKHUCIIOT
1 0COOEHHO CEepOCOAEPIKAIINX aMUHOKHUCIIOT), TJIaBHBIM
(hakTOpOM ocTaercs mTamMm Apoxokeit [19].

70 A
60 -
50 A
40 A
30 A
20 A
10 |

Kounenrparnust, mr/mam?

KonmenTpamus amokcuma cepbl B KOHTPOJIBHBIX
BapHWaHTaX MO0 OKOHYAHWU IKCIIOHCHIMAIBHOU (ha3bl
pocta BapbupoBainack ot 4,7 1o 32,9 mr/am®. Haubois-
HIMe 3HAYCHMS MoKa3aTeliss ObUIM OTMEUEHBI JUISl IITaM-
Mma [-187, HaumeHnbmue — s mrammoB [-271 u 1-307
(puc. 3). He menee 20 mr/am® o011ero AHOKCHIa CEphI
CHHTE3MPOBAJH B Iporiecce pocta mrammsal [-640, 1-492,
1-144, 1-440 u I-279. B caydae ocTaldbHBIX KYJIbTYpP
JIpOXOKEH coJiepykaHue 00pa3yIolerocs: TMOKCHaa ce-
pst coctaBuiio 10-20 mr/am?. TIpeobnanaromieit hopmoit
JUOKCHAA Cephl (HE3aBHCUMO OT HITaMMa JIPOKKei)
SIBIISIIACH CBSI3aHHAS, JOJISI KOTOPOH cocTaBisia ot 61
10 94 %.

CorjacHO JNHTEPATYPHBIM JaHHBIM TPHUCYTCTBHE
cBOOOHOW (QOPMBI TMOKCHAA CEPbl B Cpeie KyJb-
THBHPOBAHUS MOXKET CBHUJIETEILCTBOBATH O 0OJIee BbI-
COKO KOHCTHTYTHBHOM 3Kcripeccuu reHoB FZF [ nnun
SSU1/SSUI-R, xoTopble KOAUPYIOT H PEryIUPYIOT
Hacoc oTToka cyibpura SSUIp [14]. Bonee BbicOKas
9KCIIPECCHS AITHX T'€HOB MOXKET ITPUBECTH K TOMY, 4TO
Gounbe cBoboiHoro SO, OyIET BBIBOAMTELCS 3a MPEJIEbI
JIPOMOKEBOW KIIETKU. DTO SIBISIETCSI OJ1aronpUsTHBIM
(hakTOpOM (IIpH YCIIOBUH HU3KOU CITOCOOHOCTHU KYJIBTYPhI
K mpoaynupoBanuto SO,-pearnpyrommx KapOOHHIb-
HBIX COCUHEHUN) JUIS TPOU3BOACTBA BHH C TIOHMKCH-
HBIM COJIEpPYKaHUEM JIHOKCHIA CEPBI, T. K. SKCIIOPTUpYeMast
cBoboanas popma SO, neficTBYeT Kak IPOTHBOMUKPOO-
HOE CpeZICTBO. B X0/1e MpoBe/IeHHBIX UCCIICI0BAaHNUI HaK-
0oJIbIlIee KOJHUYECTBO CBOOOIHON (POPMBI CEPHHUCTOM
KHCJIOTHI OOHAPYKEHO B Cpefie KyTbTHBUPOBAHUS IIITAM-
Ma [-187 — 7,1-12,8 mr/nm>. TTOCKONBKY CHUKEHUS pOCTa
KJIETOK JJAaHHOTO IITaMMa B CpeJie C IMOKCHUIOM Cephl He
Ha0JII01a10Ch, COXpaHEHHE KOHI[EHTPAIlMH CBOOOIHOM
(Gopmbl SO, cBA3aHO ¢ BHICOKOH aKTHMBHOCTBIO HAacoca
ortoka SO, 3 kneTku [14].

OCHOBHBIM KapOOHWIBHBIM COCTWHECHHEM, B3am-
MOJICHCTBYIOIIUM C OUCYITB(OUTOM, SBISICTCS alleTallb-
neruj, cesspiBaromuii 40—50 % o011ero KoauuecTsa SO,
B BuHE [4, 20]. KonnuecTBo 06pasyromierocs amneraib-

1-187 1-637 1-652 1-640 1-525 1-492 1-250 1-491 1-271 1-307 1-144 1-24 1-25 1-440 I-106 1-527 1-279

LITaMM JIPOXOKEH

W anpaeruasl

SO

2

PI/ICyHOK 3. KOHHGHTpaHI/IH JAUOKCHUJIa CEPLI U aJIbACTUI0OB B KOHTPOJILHOM BApHUAHTE IO OKOHYaHUU JKCIIOHEHITUAIbHOM
CTaauu poCTa pa3sHbIX NITAMMOB ,HpO)K)KBﬁ

Figure 3. Concentration of sulfur dioxide and aldehydes in the control after exponential stage, different yeast strains
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JIeTH/1a OTIPEeeNIeTCs TCHETHUECKUMU 0COOCHHOCTAMU
mramma [21]. Cpenn ucciaenyeMbIxX KyJIbTyp IpOXOKeH
HanOONBIIEH anpAeTHI00pa3yIoiell CIOCOOHOCTHIO
oTimyainnchk mrammsl 1-187, 1-637, 1-652, 1-640, 1-525,
[-492 u 1-250, roe conepkaHme aabIeTHIOB IO OKOH-
YaHUU SKCIIOHEHIHABHOH (pa3bl pOCTa COCTABISAIO OT
53,9 1o 67,9 mr/nm® (puc. 3). Hltammer 1-106, 1-527
u 1-279 B mpomecce pocTa BEACISUIH B cpey HEOOIb-
[IMe KOJUYECTBA anbAeruaoB — ot 18,2 10 23,9 mr/nm>.
B ciydae ocTambHBIX IITaMMOB KOHIICHTpPAIIHS arie-
TamblIeTHIa B Cpelie BaphbHUpOBajach B AMAMA30HE OT
36,3 no 47,7 mr/am’.

HexoTopbiMu aBTOpaMH OTMEYAIOCh YBEITHYCHHUE
CHHTE3a alleTallbJACTH/Ia IPONOKAMHU B PUCYTCTBHUH IHO-
kenna cepbl. COrTacHo pe3yiabTaTaM HX MCCIICOBaAHMMA
Ha KaXIbId Mr jo6aBiennoro SO, obpasyercs ot 217
1o 530 mkr aneranpaeruaa [22]. IlonyyeHHsle B Xo/1e
HACTOSIIETO WCCICHOBAaHUS PE3yJIbTaThl IMOKA3aIH
CIIPaBEJIMBOCT JAHHOTO YTBEPKICHUS TOJIBKO B OTHO-
menuu mrammoB 1-106, 1-24, 1-25, 1-279, 1-491, 1-492
n [-527, npu KynbTUBHPOBAaHUU KOTOPBIX yBEIHUE-
HUE KOHIICHTPAIIUU aJbJCTHIOB B CpeJie C JHOKCUIOM
ceprl coctaBisuio ot 12,3 no 23,3 mr/nm? (puc. 4). B
CJy4ae OCTAJIBHBIX MITAMMOB YBEIUYCHIC KOJIMYCCTBA
JTMOKCHUJIA CEPhI HE TIOBJIMSJIO HA KOHIICHTPAIIHIO 00pa3ye-
MOTO B X0JI¢ KCIIOHCHI[HATBHOU (ha3bl alleTaIbICTH/IA.
DTO MOXKET OBITh CBSI3aHO C POJIBIO AllCTANBICTU/IA B
KU3HEACSITSILHOCTHU JIPOXKKECBOU KICTKH, KOTOPBIH, TO-
MHUMO y4YacTHsI B HEHTpanu3aiyu HeraTUBHOTO BIIHSTHHUSI
JIUOKCHUA CepPbl, UTPAET BAXKHYIO POJIb B MOAAEPKAHUN
001Iero OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO OallaHca,
o0ecrnevYeHnr CIUPTOYCTOMYMBOCTH KIIETOK U T. 1. [4].

JI1st TOCTHIKECHUS TIOCTABJICHHOM B paboTe 3a1a4H,
a UMCHHO BBISIBIICHHSI HaJUYUS WJIA OTCYTCTBUS B3am-

MOCBSI3U MEXJAY CTENEHbIO YCTOWUMBOCTU JIPOAIKEH
K JUOKCHUAY CEpbl, C OJHOW CTOPOHBI, M UX CIIOCO0-
HOCTBIO CHHTE3UPOBATh ANOKCH/] CEPBI U alleTaIbJETH L
B MPOIECCE POCTA, C APYTOH CTOPOHBI, IKCIIEPUMEH-
TalbHBIE JaHHBIE OBITH 00pabOTaHBI C WCIOJB30-
BaHMEM JMCKPUMUHAHTHOTO aHain3a. B kadecTse
TUCKPUMUHAHTHOH NepeMEHHOH BBIOpaNn H3MEHEHHE
JUINTEIBHOCTH Jar-(a3pl B NPUCYTCTBUH JHOKCHIA
cepbl B CpaBHEHNH C KOHTpousieM. [1o aTromy mapamerpy
HCCIIelyeMble KyJIbTYpPhl OBIIIN pa3/ieleHbl Ha 3 yCIIOB-
Hele rpymnmnel. [lepBas rpynna o0beanHsIa Hanbosee
IyBCTBHTENBHBIE K IEHCTBHIIO SO, ITaMMBbl, JUTATETBHOCTh
nar-a3el KOTOPHIX yBeIWYMBalach Ha 8§ u OoJsiee 4a-
coB (puc. 2). Ko BTOpoi#i rpymnme OTHECIH ITAMMBI, Y
KOTOPBIX Jar-a3a yJUIMHNJIAch Ha 2—6 4 U KOTOpbIE
3aHUMAaJIU MPOMEXKYTOUHOE TOJIOXKEHUE MO CTENEeHU
yeroiunBocTd K SO,. TpeThst rpyIa BKIKYaia KyJIbTypbl,
JUIMTEIBHOCTH JIar-(a3pl KOTOPHIX HE M3MEHsSJIAch B
MPUCYTCTBUM AMOKCUJA CEPBI, YTO XapaKTEPU3yeT UX
KaK Han0oJee yCTOMYUBBIC K JICHCTBUIO SOZ. YuureiBas
aKTyaJbHOCTb CEJIEKLUU APOXKIKEN A OpraHUIECKOro
BUHOJIENNS, CTATUCTHYECKUI aHAIN3 OB aKIICHTHPOBaH
Ha [OoKa3aTelisIX pocTa U MeTabosn3Ma APOXIKEH MpH
KyJbTUBUPOBAHUM Ha cyciie 0e3 aAuokcuia cepbl. B
pe3ysbTare CTaTUCTHYECKOW 0O0pabOTKM BBISBIICHEI
MOKa3aTeln, COBOKYNHOCTb KOTOPBIX OTIHYAeT
BBIJICJICHHBIE TPYMIBI IITAMMOB, — JUIMTEJIBHOCTD JIar-
(a3pl, MUHMMAaJIbHOE BpEMs I'eHepaluu KyJIbTYpbl B
9KCIIOHEHIMAIBHOH (ha3e pocTa, KOHLEHTPALHS aleTalb-
jgeruna, cBoOoaHAas W cBsizaHHas (GoOpMBI JAMOKCHIA
Cephl B Cpelie KyJIbTUBHPOBaHHUsS B OTCYTCTBMHM SO,
(Wilks L = 0,228, a = 0,05). duana3onsl Bapbu-
POBaHHUS U CpEJHHME 3HAYCHHS OSTHUX IOKazaTesel
JUIS BBIJCNEHHBIX T'PYII IITaMMOB INPEICTABJICHBI B
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1-640

1-492

1-307

1-279

1-440

1-491
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-25 15
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PI/ICyHOK 4. I3meHneHnue KOHIOCHTpAaluu aneTajabAerunia U {MOKCrUuaa CEpbl B MIPUCYTCTBUU JUOKCHUAA CEPLI
OTHOCHUTECJIBHO KOHTPOJIbHBIX BAPHUAHTOB

Figure 4. Effect of sulfur dioxide on the concentration of acetaldehyde and sulfur dioxide in the presence of sulfur dioxide
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Tabnuna 1. [lnana3oHsl BappUPOBAaHMS U CPEIHUE 3HAUYCHUA MMOKa3aTeIei pocTa U MeTaboIM3Ma TaMMOB,

00BEIMHEHHBIX B IPYIIBI 10 SO -PE3UCTEHTHOCTH, TIPU KyJIbTUBUPOBAHUM B CyClle 0€3 IMOKCHU]IA CEPBI

Table 1. Variation ranges and average values of growth and metabolism: strains grouped by SO,-resistance during cultivation
in wine must without O,

Hoxasarenu I'pynna mrammoB
[lepBas Bropas Tpetbst
MaccoBast KOHIICHTPALHS AlIBJICTHIOB B CpeJie KyIbTHBUpOoBaHus, mr/am® | 18,7-67,9 (41,8) | 18,2-66,2 (43.,9) | 43,3-67,9 (54,7)
Maccopas xouuentpanus SO, - B cpelie KyIbTHBUPOBAHHUS, MI/ M’ 0,7-3,2 (2,4) 1,3-5,1 (3,0) 1,9-7,1 (3,9)
Maccosas konuenrpauus SO, B cpejie KyJIbTHBUPOBAHU, Mr/om3 4,7-18,1 (13,3) | 6,6-18,1 (10,9) | 2,8-25,8 (17,1)
MunnManpHOE BpeMst TeHepalliy B 9KCIIOHEHINANBHOH (ase pocTa, U 3,19-7,97 (5,3) 2,8-4,0 (3,4) 2,5-4,9 (3,4)
JlmuTenbHOCTH Jar-¢asbl, 9 8-13(10,2) 7-14 (10,8) 6-15 (10,6)

HpHMean—me: B CKOOKax TIPUBEACHBI CPEAHUEC 3HAYCHUSA mokasareJei pocta n MeTaboau3Ma IMTaMMOB.

Note: in parentheses are the average values of growth and metabolism.

Tabnure 1. B ycrnoBusx onbita HanOOIbIIEe KOTHIECTBO
aneranpaeruaa (54,7 = 11,1 mr/am?®) u auokcuaa cepol
(21,0 = 10,3 Mr/am®) CHHTE3UPOBAIOCH KYIBTYPaMH,
Hanboyiee yCTOMYMBBIMH K JHOKCHUAY CEPBI (TPEThA
rpymma). CpenHre 3Ha4CHUS TTOKa3aTelneil B IEPBOH
BTOPOM TpyMIIax 3HAYNMO HE PA3IUIAINCh U COCTABIIAIN
41,8-43,9 u 15,7-15,1 mr/nm® cooTBeTCTBeHHO. B ciyuae
LITaMMOB NEPBOM I'PYNIbl KOHLEHTPALHUs CBSI3aHHOU
(hopMBI THMOKCHAA Cepbl B Cpele KyJIbTHBHPOBAHMS
O6buta Ha 22 %, a BTOpOW Trpymmel Ha 36 % HUXKe
TAKOBOM B cpelie KyJIbTYp TpeTbel rpymnsl. Paznuuus B
KOJINYECTBE CBA3AHHON (OPMBI JMOKCHIA CEPHI B CPEIC
KyJIbTUBUPOBAHUS Pa3HBIX TPYII APOXIKEH CBSI3aHO
HE TOJIBKO C Pa3HBIM YPOBHEM CHHTE32a alleTalbIeTHIa
UCCIIEelyeMBIMH IITAMMaMH, HO U KETOKHCIOT [23].
HecMmoTpst Ha TO 9TO 3HAYMMBIX OTIIMYHMH TPYIIT IITAMMOB
0 JUTHUTENBHOCTH Jar-(Ga3bl B OTCYTCTBUM TUOKCHIA
cepsl He BBISBIECHO, MHHUMAaJIbHOE BpEMs TCHEpAIuU
B 9KCIIOHEHIIMAIBHOHU (ha3e pocTa MITAMMOB BTOPOH U
TpeThe rpymi ObUTO B cpeaHeM B 1,6 pasa HIDKe, 4eM
KYJIBTYp, 00BEITMHEHHBIX B IEPBYIO I'PYTITY, Y KOTOPBIX
9TOT mapameTp cocTtaBusn 5,3 = 2,1 4.

SO,-pe3ncTeNTHOCTL MTaMMOB Saccharomyces
cerevisiae B3aUMOCBSI3aHA C IapaMeTpaMH poOCTa U
MeTaboau3Ma IpOosKKei, SHAYUUMBIMHU JUUIST BUHOICITHS
C TOHWXKEHHOW wunu HyneBod SO,-Harpyskoi, a
MIpE/UIOKEHHAsl Tpajalusi yCTOWYMBOCTH KYJIBTYP K
JUOKCUAY CEpbl IO M3MEHEHHUIO JUIUTEIBHOCTH Jiar-
(hazbl MOXKET CTaTh KPUTEPUEM JISl IEPBUYHOTO 0TOOpa
ITAMMOB.

Y4uuThIBasl, YTO OCHOBHBIMH TpPEOOBAHMIMH K
KYJIbTYpE JIPOMOKEH IUIsl TPOU3BOJICTBA OPraHMYECKHUX
BUH (B KOTOPBIX HE JIOMYCKAETCsI MPUCYTCTBHE TMOKCHIA
CepBI) SBJISETCS UX JOMHUHUPOBAHKE TIPH WHOKYJISLIUH B
cycJio, a TakKe Hu3Kas anpaerui- u SO, -oOpasyromas
CIOCOOHOCTH, HAaNOOJIee MEPCIEKTUBHBIMH ITAMMaMH
sBisiroTest 1-24, 1-250, 1-279, 1-440, 1-652 u 1-491 (BTopas
rpymnmna).

CriocoOHOCTh HanboJiee YCTOHYMBBIX K THOKCUIY
cepbl KyJbTYp (TPEThs IPpyIIa) K JOMUHUPOBAHUIO TIPH
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MHOKYIISIIIMA B CYCJIO, B TOM 4HcIe copepxkamee SO,
1 BBIACIICHHUIO B CPeAy CBOOOAHONW (POPMBI THOKCHAA
CepBI J1eNIaeT UX MePCIEeKTUBHBIMU 1JIs IPOU3BOACTBA
BUH C IOHIKEHHBIM COAEp)KaHHEeM IHOKCHIA CEpHlI.
DT1o orHocuTcs K mramMmaMm I-144, 1-307, 1-187 u
[-640, xoTOpBIEe, HAPAMTY ¢ HEBBICOKON albAeTHI00pA-
3yIOIIeH CIOCOOHOCTBIO B NPUCYTCTBUU JHUOKCHIA
cepsl (puc. 4), BBIACISAIOT B cpeay oT 6 o 13 mr/am?
cBoboxno# popmer SO,.

BrpiBoABI

B xone niccnenoBaHus yCTaHOBJICHA BApHATHBHOCTH
MPOMBINUICHHO I[EHHBIX INTaMMOB Saccharomyces
cerevisiae n3 LKIl Konnekuuu MHKpOOpPraHM3MOB
BUHOJENUs «Marapau» no creneHd SO,-pe3suCTEHT-
HOCTH, OIICHIBAEMOH 10 YBEITUYCHHUIO MPOIOTKUTEIIb-
HOCTH nar-¢a3el pocTa B MPUCYTCTBHH JHOKCHIA
ceprl. [lo »ToMy mOKa3aTem0 KYIbTYpPHI IPOXKKEH
00bEeIMHECHBI B TPU YCIOBHBIC TPYIIIEL: TIepBast — 8 4
u Oosiee (IyBCTBUTENBHEIC), BTOpas — 2—6 9, TPEThs —
0e3 m3MeHeHUs (YCTOWUYNBBIC). Y CTAHOBIICHO, YTO BBI-
JICJICHHBIC TPYIIBl OTJIWYAIOTCS 110 MHUHHUMAaJIbHOMY
BPEMEHHM I'eHEpallK B YKCIIOHCHIINAIBHOH (a3ze pocTa
(mamOoupmiast — y KyJbTYp IEPBOW TPYIIIIHI), POIYLIH-
pPOBaHUIO B Cpeay KyJIbTHBHPOBAHWHU alleTalbAeTHa
U cBOOOJHOW (popMe muokcuma cepbl. JIIUTeTbHOCTh
ajanTauuy S. cerevisiae K JTMOKCHIY CEPBI IPeJUIOKEeHa
B KaueCTBE KPUTEPUS IIEPBUYHOTI0 0TOOPA ITAMMOB ISl
BUH C 9KocTarycoM. Ilo coBokymHOCTH u3nosornyec-
KHUX ¥ OMOXMMHYCCKUX OCOOCHHOCTEH ONpe/IeNIeHO, YTO
MEPCIEKTUBHBIMU ISl TIPOU3BOJICTBA OPraHUYECKUX
BUH SIBJIIOTCSA IITAMMBI IpOXKell BTopoil rpymnmsl: [-24,
1-250, 1-279, 1-440, 1-652 u 1-491, BUH C IOHM)KEHHBIM
colep)KaHMeM THOKCHJAa Cepbl — KYJIbTYpPHl TpeThel
rpynnsl: 1-144, 1-307, 1-187 u 1-640.

[IpexcraBieHHbIE PE3YJIBTATHI SBISIOTCS TEPBBIM
STAIoM HCCIIeI0BaHUIl, HAlIpaBJICHHBIX Ha Pa3paboTKy
PEKOMEHJalUi 110 MOJ00pYy MITAMMOB JPOXOKEH 1JIs
MPOU3BOJCTBA OPTAHMYECKUX BUH U BUH C TTOHHM)KEH-
HBIM COJIepXKAaHUEM IUOKcHaa cepbl. Pabora OymeT
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MPOJOJKEHA B HANPABICHHHM PACHIMPEHUS CHEKTpa
KYJIBTYp JpOIKEH, yTOUHEHUS JUala30HOB 3HAYCHUHN
KPUTEPHAIBHBIX [I0KA3aTEJIEH U B3aUMOCBSI3aHHBIX C
HUMH [IapaMeTPOB, OTPAXKAOIINUX (PU3HOJIOTUYECKHE
n OMOXMMHUYECKHE OCOOCHHOCTH HITaMMa, a TaKXKe
BKJIIOYCHHS OTOOPAHHBIX KYJIBTYpP B TEXHOJIOTHIECCKHH
LUK IPOU3BOJCTBA BHH.
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AHHOTAIUA.

TOJIOKHO STAMEHHOE SIBJISICTCS ICHHBIM HCTOYHUKOM PACTBOPHMBIX ITHIIEBBIX BOJIOKOH f-TJIIOKAHOB, YTO ONPEIEIIeT aKTyaIbHOCTb
€ro HCII0JIb30BAHUS IIPU CO3AaHUH 00OTAIIEHHBIX MyUYHbIX KOHAUTEPCKUX n3aeauid. [{ens paboTel — MoanpuKanus NUIEBOrO
npoduiIst caxapHOTO II€UeHbs ITyTeM BBEICHHS B €r0 COCTaB TOJIOKHA STAMEHHOTO M M3Y4CHNE TMHAMUKH H3MEHEHHS KaYeCTBEHHBIX
XapaKTePUCTHK 1Moy (HadpUKaTOB M TOTOBBIX U3/CIUN.

OO0BbeKTaMu UCCIIeJOBAHUS SIBISLIINCH MyKa IIICHUYHAs XJieOOoNeKapHasi BBICIIETO COPTa, TOJIOKHO STYMEHHOE, KOMIO3UTHEIE
CMECH, MOJEIbHBIE CYCIIEH3UM M PEIEeNTypHble MOAEIN caxapHoro nedeHbs. Opranoientuueckue n (QU3MKO-XMMUYECKHE
M0Ka3aTelu, XXUPHOKUCIOTHBIH COCTaB, a TAKIKE CTPYKTYPHO-MEXaHHUECKHE XapaKTePUCTUKH N3/ICIHH ONPEAEISsIN C TOMOIIBIO
CTaHJAPTHBIX METOAMK.

CopaepkaHue MUIIEBBIX BOJIOKOH B MyKe U TOJIOKHE cocTaBuio 3,7 u 19,8 % coorBercrBeHHO. KUPHOKUCIOTHBIN COCTaB
TOJIOKHA OTIHMYAICS OT COCTaBa MYKH IOBBIIIEHHBIM COJIEpkKaHUEM 0JIenHOBOH KucnoTsl (21,1 u 15,9 % cooTBeTcTBEHHO) 1
MCHBIIIUM KOJUYECTBOM JIMHOJIEBOU KUCIOTHI (46,8 1 54,0 % COOTBETCTBEHHO). YBEIUYCHHE JIOJIH TOJIOKHA B KOMITO3UTHBIX
CMecCsIX MPUBEJIO K MOBBIMICHUIO COJEepXKaHUs MUIIEBbIX BoaokoH (3,7-11,8 %), 6enka (11,5-12,8 %) u xupa (1,4-2,7 %).
[Ipu BBenenun 50 % ToNOKHA yBenuuuBaeTCs abCOpOIMOHHAs CTIOCOOHOCTH KOMITO3UTHBIX CMecel 1o Boje U Xupy Ha 125
u 65,7 % coorBercTBeHHO. C yBeIM4YeHHEM J0JU TOJOKHA BO3pacTana BA3KOCTh MOJENbHBIX cycnen3uit ¢ 3,1 no 17,3 [la-c
NIpY MUHUMAJIBHOW CKOPOCTH ciaBura. HamMmokaeMocTh NedYeHbsl yBeIHMYUBANACh, 10 CPABHEHUIO ¢ KOHTPOJILHBIM 00pa3moM
(190 %), nmpu BBenenuu ToaokHa B Konuuectse 30 u 40 % u cocraBnsna 221 u 227 % cooTBeTCTBEHHO. BBeneHue TonokHa
MIPUBEJIO K MOBBIIICHHUIO COJIEPKaHMsI IIUIIEBBIX BOJIOKOH B TOTOBOM u3neiuu (10 7,53 % B obpasie ¢ 50 % Tonokua). [Teuense ¢
TOJIOKHOM HUMEJIO TPaBHIIbHYI0 (OPMY U POBHYIO OBEPXHOCTh, PABHOMEPHO Pa3BUTYIO MOPUCTOCTh U 001aJa/10 TAPMOHUYHBIM
cOaJaHCHUPOBAHHBIM BKYCOM M 3aIlaXOM C HE3HAUHTEIHHBIM 3€PHOBBIM OTTEHKOM.

Beenenue 40 % TonokHA STYMMEHHOTO B3aMEH YaCTH MIIEHUYHOH MYKHU B PELENType CaXapHOTo MEYEHbs ObLIO ONTUMAIBHBIM. JTO
TTOBBICHJIO KOJIMYECTBO MHUIIEBBIX BOJOKOH B 100 T m3aenust 10 6,5 T' ¥ IO3BOJIMIIO OTHECTH MIEYEHbE K U3/ISNUSIM C UX BBICOKHM
coaepkanueM B coorBeTctBuu ¢ TP TC 022/2011. Pe3ynbTaThl HCCIIeI0OBaHUS JICTIIH B OCHOBY CO3/[aHUsI aCCOPTUMEHTA MEUCHbS
¢ MOIU(GHUIMPOBAHHBIM MUIIEBEIM MpOoQHIeM, 000TalleHHOT0 HATHBHBIMY MHIIEBBIMH BOJOKHAMU 32 CUET HCIIOJIb30BAHMUS
LENBbHO3EPHOBOTO ChIPbS.

KiioueBsbie ci1oBa. MyuHble KOHIUTEPCKUE M3JICINIHUS, LIEIbHO3EPHOBBIC NPOJYKTHI, SUMEHb, IUILEBbIC BOJIOKHA, [-TJIIOKAH,
Ka4yecTBO
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Abstract.

Benefit of dietary fiber has proven by clinical studies. Dietary fiber can be incorporated into food products with whole grain
cereals. Whole barley tolokno is a valuable source of soluble dietary fiber f-glucans. As a result, it is often used in fortified
bakery products. The research objective was to modify the dietary profile of biscuits by substituting refined wheat flour with
barley tolokno.

The study featured refined wheat flour, barley tolokno, composite flours, model suspensions, and formulations of biscuits.
Standard methods helped to measure the sensory profile, physicochemical parameters, fatty acid composition, structural
characteristics, and mechanical properties of the research objects.

The content of dietary fiber in the flour and the tolokno was 3.7 and 19.8%, respectively. The fatty acid composition of the
tolokno differed from that of the wheat flour. The content of oleic acid was 21.1 in the tolokno and 15.9% in the flour, while
the content of linoleic acid was 46.8 in the tolokno and 54.0% in the flour. A greater proportion of tolokno in the composite
flour led to an increase in the content of dietary fiber (3.7-11.8%), protein (11.5-12.8%), and fat (1.4-2.7%). The water and
fat absorption capacity of composite flours increased by 125 and 65.7%, respectively, when the share of tolokno reached 50%.
As the proportion of tolokno increased, the viscosity of the model suspensions rose from 3.1 to 17.3 Pa-s at a minimal shear
rate. The water absorption capacity of the control sample was 190%: in the experimental biscuits, it rose from to 221 and
227% at 30 and 40% of tolokno, respectively. Extra tolokno also increased the content of dietary fiber in the biscuit, which
reached 7.53% in the sample with 50% tolokno. The experimental biscuits were even in shape, surface, and porosity; they
had a balanced taste and a pleasant smell with a slight grainy tint.

The optimal proportion of barley tolokno was 40%. This amount brought up the content of dietary fiber to 6.5 g per 100 g.
The resulting biscuits could be classified as products rich in dietary fiber (Technical Regulations of the Customs Union
022/2011). The research made it possible to expand the range of functional biscuits fortified with native dietary fiber and
whole grain raw materials.

Keywords. Flour-based confectionery, biscuits, whole grains, whole grain products, barley tolokno, dietary fiber

For citation: Misteneva SYu, Shcherbakova NA, Kondrat’ev NB. Effect of Whole Barley Tolokno on the Quality of Biscuits.
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BBenenue YUCJIC KOHIUTECPCKUX U3JCIUN, CO3MaHHBIX C YICTOM
B MupoBOM c000IIECTBE MPOUCXOAUT OCO3HAHHE WHHOBAIIMOHHBIX HAYYHBIX Pa3pa0d0TOK U KOMILICKCHBIX
B3aUMOCBSI3U (PU3NICCKOTO OJIATOMOIYYHUs HACCICHUS noaxoaos [1, 2].
1 MPaBUIBLHOTO pazHooOpaszHoro nutanus. [Togaepxa- MyuHble KOHAWTCPCKHE H3ICIHSI, B YaCTHOCTH
HUE COAJIAHCHUPOBAHHOTO palMOHA Ha MPOTSIKCHHUH MeueHbe, SIBISIOTCS TPYIIION TPOLYKTOB KOHAUTEPCKON
BCEH JKM3HU, HAYMHAS C pAHHETO BO3PacTa, MO3BOJISIET OTpAaCIIH, MOJIb3yIONICHCs Han00JIee BEICOKHM CIIPOCOM
COKpPATUTh POCT psijia HeMH(EKIIMOHHBIX 3a00JIeBaHUI: y motpeburenei (puc. 1).
nuabera, CepIeYHO-COCYANCTRIX 3a00IeBaHAN, HHCYITh- [TeueHbE MOXKET CTATh MEPCICKTUBHBIM 00BEKTOM
Ta U T. 1. B CyIiecTByONMX peannsx COXpaHCHHUE U MO/~ JUISL CO3/IaHUsI NIMPOKOTO CIEKTpa CrelnalIn3upoBaH-
JIepKaHUuEe UMMYHUTETA CTAHOBATCS MPUOPUTCTHBIMU HBIX MPOAYKTOB WHUTAHUS I PA3JIMYHBIX TPYIII
3aj1ayaMu. B CBsI3U ¢ 3TUM HHTEpeChl MoTpeduTenei HacelneHus. Bo MHOTHX cTpaHax OIpEe/eJCHHbIC BHU-
CMCIIAIOTCS B CTOPOHY MPOJYKTOB MUTAHUS, B TOM IIbIl TICYCHBS KCIIOJB3YIOTCS B pallMoHaX JieueOHO-
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Figure 1. Sales of confectionery products by type in 2020
(thousand tons)

NpOQUIAKTHYECKOTO TUTAHUS NP AUA0ETe, OKUPEHHH,
CepJIeYHO-COCYANCTHIX 3a00JIEBAaHMX, @ TAKXKE Pa3Iny-
HBIX COCTOSIHUSIX, BBI3BaHHBIX HEJOCTaTKOM HEo0XOo-
JIMMBIX MHTATEIbHBIX BellecTB. [leueHbe BKIIOYAET
HIMPOKOE pa3HooOpasue TPy, pa3JeieHne Ha KOTO-
pbie 00YCIIOBJICHO Pa3IUYUSIMU B PEIENTYPHOM COC-
TaBe, CTPYKTYPHO-MEXaHUYECKUX XapaKTEPUCTUKAX U
0COOCHHOCTSIX TIPOBEJICHMUS TEXHOJIOTMYECKOT0 Mpoliecca
MMPOU3BOACTBA, YTO AACT IMUPOKUE BO3MOKHOCTU 1A
ero monudukanuu [4, 5].

OcHOBY OOJIBIIMHCTBA BUIOB TIEUYEHbBS COCTABISIET
MyKa MIICHUYHas BBICLIIETO COPTA, MOJyYSHHAsI METO-
JIOM TIOJTHOHM OYMCTKH 3€pHA IIIECHUIIB.

PadunupoBanHOe 3epHO nMeeT Oojiee HU3KOE CO-
JIepIKaHue MUIIEBbIX BOJOKOH, BATAMUHOB M MUHEpPa-
JIOB, HE3aMEHHUMBbIX JKUPHBIX KHCIOT U QUTOXUMUYEC-
KHX BEHIECTB. YTOTpeOJIeHHE MPOAYKTOB TITyOOKOM
TEXHOJIOTHYECKOW TepepaboTKH CIIOCOOCTBYET OBICT-
poMy ACHCTBHIO NHINEBAPUTENBbHBIX (EPMEHTOB H
MOXET MPUBECTHU K YBCIUYCHUIO MMOCTIIPAHANATIBHBIX
YPOBHEMU INIFOKO3bl B KPOBU, KOHLIEHTPALIMU UHCYJIMHA
U CTUMYJISILIMU YYBCTBa I0JIOJA.

[Tocienqnue pnecsTUIICTHS HAydyHOE COOOIIECTBO
3aHUMAETCs M3yYEeHHEM HOBBIX BHJIOB (QyHKIMOHAIb-
HBIX HHTPEJUEHTOB C IEJbI0 CO3JaHMsI HHHOBAIMOH-
HBIX MUIIEBBIX MPOAYKTOB Ui 3J0POBOr0 MUTAHUSI.
KinHUYeCKMMH HCCIIeIOBAHUSIME JOKa3aH IPUOPUTET
BBEJICHUsT (DMU3MOJOTHYECKU 3HAYMMBIX TMPUPOTHBIX
KOMIIOHEHTOB, BATAMHHOB, MUHEPaJIbHBIX BELIECTB U
MUIIEBBIX BOJOKOH 32 CUET HMCIOJb30BaHUS IEIbHO-
3€PHOBOTO PACTUTEIBHOTO CHIPhsl. YIOTPEOICHUE LENb-
HO3EPHOBBIX TMPOAYKTOB M3 3JIaKOB MOXXET CHH3UTh
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PUCK BO3HUKHOBEHHs psiga 3abosieBanuil. [lomnmo
BBICOKOH IHUILEBOM LIEHHOCTH, PACTUTEIIBHBIE MPOYKTHI
13 IETBHOCMOJIOTOTO 3€pHA COCPKAT MIMPOKUH CIIEKTP
(PUTOXMMUYECKUX BELIECTB, KOTOPbIE OKAa3bIBAIOT OMO-
aKTHBHOE JICHCTBHE, CIOCOOCTBYIOIIEE YKPEIUICHUIO
3/10pOBbSI U NMPO(IIAKTUKE BOSHUKHOBEHUS psiaa 3a-
O6oneBaHnii. PUTOXMMHUYECKUE BEIIECTBA 3JIaKOBBIX
BKJIFOYAIOT KapOTHHOUMBI, (DEHOJIbHBIE COCTMHECHHS
(theHOTBHBIC KUCTOTHI, (PIIABOHOUIBI, INTHUH, CTHIIb-
OCeHOMIBI, aTKNIPE30PIUHBI), TIIIOKO3UHOJIATHI, ajTKa-
Jnouasl U 6erananusl [6-9].

Suamens (Hordeum vulgare L.) sBasercs deTBep-
TOW MO 3HAYMMOCTH 3E€PHOBOU KYyJbTYpOH B MHUpE.
KpynHeHmumMu npou3BOAUTENSIMU STYMEHS SIBIISIOTCS
Poccuiickas ®enepanus, Opanuus, ['epmanus, Yk-
panna u Kanaga. ITpumepno 65 % ypoxkas saMeHs
HCTIONB3YeTCs B KaUeCTBE KOpMa JUIsl )KHBOTHBIX, OKOJIO
30 % — ams mMpOM3BOACTBA COJNOJA U B MHBOBApECHUH,
TONBKO 2—3 % — 71 TPOU3BOACTBA MUIIEBBIX MPOIYK-
TOB. biaromaps HeHHOMY HHUTaTelbHOMY IpOQHIII0
STYMEHs MHTEpeC K JaHHOW 3€pHOBOM KyJbType Kak
K YacTH palMoHa NMUTAaHUS BBIPOC IO BCEMY MHUDY.
[Tonp3a oT ynorpeOieHus sS;TIMEeHsI CBA3aHa C HATHIHEM
MUIIEBBIX BOJIOKOH, B YaCTHOCTH BOJIOPACTBOPHUMBIX
OeTa-TIIFOKaHOB, W (UTOXMMHYCCKHX BemecTB ((e-
HOJIBHBIX KHCIJIOT, (pTaBOHOM/IOB, TUTHAHOB, TOKOJIOB,
¢urocTepuHoB u (HosaToB), 00JATAIOMIMX CHIBHBI-
MU QHTHOKCUJAHTHBIMH M aHTUIPOJU(EpATHBHBI-
MU CBOMCTBaMH, CIIOCOOCTBYIOIIMX CHIJKEHHIO XO-
JIECTEpUHA U OKA3BbIBAIOIUX UMMYHOMOAYIUPYIOIIEE
netictue [10, 11].

[TuimeBsie BOJIOKHA UI'PAIOT BAXHYIO POJIb B HOP-
MaJU3alud  ACSITEIBHOCTH JKEIyT0YHO-KHUIIEYHOTO
TpaKTa, yBEIMYMBAIOT MAaCCy MBILIEYHOTO CJIOS ¥ BIMSAIOT
Ha €ro MOTOPHYIO aKTHBHOCTb U CKOPOCTb BCAaChIBa-
HUS MUIIEBBIX BellecTB. KIMHNYecKe neeaea0Banns
[TOKa3bIBAIOT, YTO MOTPEOJEHUE IMHUIIEBHIX BOJOKOH
00paTHO MPOMOPIIMOHATHFHO BOSHUKHOBEHUIO OXHUPE-
Hud, quabeTa BTOPOTO THUIIA, paKa U CEPAECUYHO-COCY-
JIUCTBIX 3a0oneBanuii. HanmonanpHas ciysxba 3apa-
BooxpaHeHuss Bemukooputanuu (NHS) ycranosuia
aJIcKBaTHOE MOTPEOICHNE MUIIEBBIX BOJOKOH Ha YPOB-
He 30 r B 1eHb. MHUHHCTEPCTBO CEIBCKOTO XO35HCT-
Ba CIIA (USDA) pexomenayer ynorpebiaenue 22 r
B JICHb IHIIEBBIX BOJIOKOH I KEHIINH U 38 T B IeHb
s My )xauH. B PO HOpMBI (hH3MONTOTHYECKUX TOT-
peOHOCTEl B MHUIIEBBIX BOJIOKHAX JUISI MY>KUYHH H JKCHIINH
coctaBisitoT 20-25 r (MP 2.3.1.0253-21).

ITo comeprkaHMIO MHUIEBHIX BOJOKOH SYMEHb 3aHU-
MAaeT OJIHO U3 BEAYIIUX MECTO CPEIU 3€PHOBBIX KyIbTYp
(puc. 2) [12-14].

HepacTBopuMmbIe NHIIEBBIE BOJIOKHA B SUMCEHE
HaXOJATCS B OTPYOSX MIIM OKOJIOIUIOIHUKE, B TO BPeMs
KaK pacTBOPHMBIE (B T. 4. /-TJIIOKaH) — B CTEHKaX KJIETOK
sHOCTIEpMa. B CBS3M ¢ 3TUM cojiepKaHue f-TII0KaHa B
STIMEHE HEe YMEHBIIACTCS MPH yJaJICHUU BHEIITHHUX CJIOCB
pu 00paboTke HenbHOro 3epHa. I[lockonbky apyrue
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Figure 2. Total dietary fiber in some crops
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Figure 4. a-Tocotrientol in some crops

KOMIIOHCHTHI YIAJIAOTCA, TO ﬁ-FJHOKaH CTAaHOBUTCA
OoJbIIeld YacTbl0 NPOAYKTOB IEPepadOTKH SUMEHS
(puc. 3) [15-17].

MexaHu3M JelcTBHsl f-TIIOKaHa CBsI3aH C €ro
CITIOCOOHOCTHIO 00pPa30BBIBATH BBICOKOBSI3KHI T'elib B
HKEJTYIOYHO-KUIICYHOM TPAKTe, KOTOPBIil NPENATCTBYET
HEKOTOPBIM MHUIIEBAaPUTEIBHBIM IIPOLIeccaM, BKIIOYast
(hepMeHTaTHBHBIN pacnaj, ONOPOKHEHHUE KeIyaKa U
BCachbIBaHUE TIIIOKO3BI B KUIIEUYHUKE. Vcronb30Banme
IPOAYKTOB, COACPIKAIIUX f-TIIIOKaH, UMEeT KIMHUYeC-
KM JIOKa3aHHYI0 3((GEKTUBHOCTh B CHHIKCHHH pPHCKA
CepACYHO-COCYMCTHIX 3a00JIeBaHmi 1 1uadeTa, a TakKe
TUIEPTOHUU U OupeHus [18].

Tokodeposbl U TOKOTPUEHONBI OTHOCSTCS K BH-
TaMUHaM TPYIIIIbI En OpeaACTaBJIC€HBI B YCTHIPEX OC-
HOBHBIX (opmax: a-, f-, y- U O-TOKOPEpoIbl U a-, -,
Y- ¥ 0-TOKOTpreHOTbI. OHU 0071a1al0T AHTHOKCHIAHTHEI-
MU CBOMCTBaMH M UTPAIOT BAXKHYIO (PU3HOIOTHIECKYIO
poub. TokOTpreHOIIBI 1 TOKO(EPOITBI MOIABIISIOT CHHTE3
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Pucynoxk 3. Conepxanue f-rinokaHa B HEKOTOPBIX
KYJIBTYpax

Figure 3. f-Glucan in some cultures

XOJIeCTepruHa M 00JaJar0T HEHPONPOTEKTOPHBIMU H
AHTHKAHIIEPOTCHHBIMH CBOMCTBAMHU. SIYMEHD SIBISETCS
YHUKAJIbHBIM CPEJHM 3EPHOBBIX 3JIaKOB, IOCKOJIbKY
CONEpPXXKHUT Bce BoceMb (opMm ButamuHa E. Sumens
COJICPYKUT OOJIBIIE O-TOKOTPHEHOJIA, YEM OBEC, MIICHUIA
wim poxsb (puc. 4) [11, 19, 20].

denonbHbBIC COCIUHCHUA — €€ OAWH TUII aHTHOK-
CUJIAHTOB, cojiepXkKaluxcs B 3epHax. /JueTsl, boraTsie
(heHOTBHBIMU COEAMHEHUSIMH, CBSI3aHbI CO CHIDKEHUEM
pHUCKa BOBHUKHOBEHHS CEPACUHO-COCYIUCTBIX H HEKO-
TOpPBIX Jpyrux 3abosieBanuii. B sumene ¢eHoabHBIC
COCTMHCHHUS HAXOAATCS B CBOOOJHOM M CBS3aHHOM BHJIE
C KIIETYATKOW M COCTOSIT U3 JCBIATH (HEHONBHBIX KHUCIIOT.
HanbGonee pacnpocTtpaHeHHOH sBisieTcsl (epyroBas
Kucjora, 06Ha}:[aIOIJ.IaH BBICOKMMH aHTHUOKCHUJAHTHBIMH,
MMPOTUBOBOCHAIUTCIIBHBIMU U IMPOTUBOOITYXOJIEBBIMU
cBoiictBamu [21, 22].

o cymme He3aMEeHUMbIX AMUHOKHCIIOT OCIIOK STMEHST
OHMOJIOrUYeCKH MOJHOIEHHEE, YeM OeJIOK 3epHa MIICHU-
upl. B Genke 3epHa MIICHUIIBI COJCPKAHNUE HE3AMEHH-
MBIX aMUHOKHCIIOT cocTaBiseT 28,2 r/100 r Oenka, a B
Oenke 3epHa ssumens — 30,56 1/100 r 6enka. Haubomnee
CHIIBHO OTJINYAETCs GEJIOK 3epHA SUMEHS OT MIICHHUIIBI
no nu3uny (2,3 u 3,4 r/100 r 6esika COOTBETCTBEHHO)
u Tpeonuny (2,9 u 3,8 r/100 r 6enka COOTBETCTBEHHO)
(puc. 5) [16, 23].

[enbro paboThI SIBISLIACH MOAM(HUKAIIHS THIIIEBOTO
npoduiIs caxapHOro MeYeHbsl MyTEM BBEICHHS B pe-
HENTYPHBIA COCTAB TOJIOKHA SIYMEHHOTO U HU3yUYCHHE
JUHAMHUKHN U3MCHCHHA KaYCCTBCHHBIX XapaKTCPUCTUK
oty padpuKaTOB U TOTOBBIX HU3ACIUM.

O0BbeKTHI 1 METO/IbI HCCJIET0BAHMS

OOBeKTaMU HCCIEIOBAHUS CTATH pPEICNTypHBIC
MOJIeJIN MEYCHbs C MCIIOJIb30BAHHEM TOJIOKHA SYMEH-
HOT'O B PA3JIMYHBIX COOTHOIICHUSAX, MyKa IIIICHHYHAS
xJie0oreKapHasi BBICIIETO COPTa, TOJIOKHO SIYMCHHOC,
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Figure 5. Amino acid composition of protein (mg/g protein) of barley and wheat vs. FAO/WHO reference model for adults (2007)

KOMIIO3UTHBIE CMECH M3 MYKH M TOJOKHA SYMEHHO-
0O ¥ MOJIEIbHBIE CYCIIEH3UM KOMITO3UTHBIX CMEceH
MYKH.

OpraHonenTuyeckue MokazaTeny ONpeaesuid 1o
I'OCT 27558-1987, 'OCT 24901-2014 n T'OCT 5897-
1990. MaccoBylo [10JII0 BJIarM YCTaHaBIMBAJIMU I10
I'OCT 5900-2014, maccoByro npomio Oenka — 1O
T'OCT 10846-1991 u I'OCT 34551-2019, maccoByto 10-
o sxupa — o 'OCT 31902-2012, sxMpHOKUCIOTHBIN
COCTaB MyKH IMIICHUYHON XJIeO00TEKapHOil 1 TOJIOKHA
ssameHHoro — mo MBU 103-19825192-2022, xonuyecTt-
BO M KauecTBO KielkoBuHBI — 110 ['OCT 27839-2013,
cojJiep kKaHKe MUIIEBBIX BOJOKOH — 1o MYK 4.1.3697-21,
MaccoByo 10110 3046l — 110 'OCT 27494-2016, koa¢-
¢unment HaOyxanus — mo MBU 92-19825192-2021,
abcopOuroHHYIO crmocoOHOCTh 1o Boae — mo MBU 101-
19825192-2022, 1o sxupy — no MBU 102-19825192-2022,
HAaCBIMHYIO MIOTHOCTH — o MBU 93-19825192-2021,
HaMOKaeMOCTh roToBbIX m3aeiuii — mo I'OCT 10114-80,
aKTHBHOCTH BOJABI TECTA M IOTOBBIX M3JIEIHUI ompere-
nsanu Ha aHanm3atope Aqualab 4TE (Decagon Devices,
CIIA).

TemnepaTypy TecTa U3MEpPUIM C HMOMOIIBIO TEp-
MoMeTpa ¢ norpemHocTsio + 0,2 °C. BeicoTy u ntuamerp
TECTOBOH 3arOTOBKHU U TOTOBBIX U3JEIHH U3MEPHIIH C
MOMOIIBIO ITAHTC€HIIUPKYJIS U BBIPA3UIN B MM C IIOT-
pemHOCThIO + 0,05 MM. Maccy TecTOBOM 3aTOTOBKH U
TOTOBOTO M3/IEJIHS ONPENEIMIN MyTeM B3BEIIUBAHUS
Ha 3JIEKTPOHHBIX JlabopaTopHbIX Becax AND GF 1000
nuckpetHocTeio 0,001 T ¢ TognocTsiO 10 0,1 T.

D¢ deKTUBHYIO BA3KOCTH, HANPSIKECHUE CIBHUIa W
CKOPOCTb C/ABUTA OMPEAEISIIN C TOMOIIBIO POTAIINOH-
HOTo BUCKo3uMeTpa Peorect-2. D dekTHBHYIO BI3KOCTh
(n, Ma-c) mHaxogunu mo hopmyre:

n, =<
o y

73

T7e T — HallpsDKeHHe CIBHTA, [1a; ¥ — CKOppeKTHpOBaH-
HBIH TPAJMEHT CKOPOCTH, C .

TonokHO sBIsieTCS OJHUM M3 NPOAYKTOB Iepe-
paboTku siuMeHs. TeXHOJIOrUs MOJIyYeHHUs TOJIOKHA
MpeaycMaTPUBACT JIIUTEIBHYIO THIPOTCPMHIYCCKYIO
00paboTKy IEIBHOTO 3ePHA C MOCIEAYIONAM BEICYIIIH-
BaHUEM W pPa3MaJIBIBAHHEM B TOHKOM3MEIbYEHHYIO
MyKy. B pesynbrare ciloXHBIX (U3NKO-XMMHUYECKHUX
IIPOLIECCOB TOJIOKHO MpHOOpeTaeT crenuduieckue
MATATENIbHBIC CBOWCTBA: MPOUCXOIAT W3MCHCHUS B
COOTHOIICHUH Pa3NIMYHBIX (Ppakiuii Oeyka; B pe3yib-
TaTe YaCTUYHOTO THUAPOJIM3a KpaxMmayia MOBBIIIAETCS
cojiep)KaHue JCKCTPUHOB; HPOUCXOJIUT H3MECHEHHE
cocTaBa IMIUI0B [24].

TomokHO sSYMEHHOE 00NagaeT TapMOHHIHBIM
CIAJKOBATBIM BKYCOM U TMPHUATHBIM 3alaXxOM C
HE3HAYUTCIIBHBIM 3CPHOBBIM OTTCHKOM. OCHOBHBIG
(u3uueckue CBOWCTBA TOJOKHA SYMEHHOTO CXOJI-
HBl ¢ MYKOH MIIEHWYHOU, 4TO 0OyCIaBIUBacT ya00-
CTBO €r0 WCIOJIb30BAHHUS B MPOM3BOJCTBE CaXapHO-
TO TEYeHbS 0e3 JOTOJHHUTEIBHBIX KOHOMHYECKHX
3aTpar.

DTanbl MPOBEICHHS DKCICPUMCHTAIBHBIX HCCIIC-
JIOBAaHWM TIPEJICTABICHBI HA PUCYHKE 6.

XUMHUECKHI COCTaB TOJIOKHA SUMEHHOI'O U MYKH
MIIEHUYHOH BBICUIETO COPTA, UCIOJb3YEMBIX B JAHHOU
pabote, npeacrasicH B Tabmuie 1.

Jlns cozmanus pelenTypHBIX MOJENeld caXxapHOTO
MEYCHBbSI HMCIOJIB30BATH KOMIIO3UTHBIE CMECH MYKH,
COCTOSIIINE W3 MYKH NIICHUYHOW BBICIIETO COpTa U
TOJIOKHA SYMECHHOI'O B COOTHOIICHUAX, IMTPEACTABIICHHBIX
B Tabuuue 2.

Jlns u3ydeHUs BIHMSHUS TOJOKHA SYMEHHOTO Ha
M3MCHCHHE KAaYCCTBEHHBIX XapPaKTEPUCTHUK TOTOBBIX
M3JCNUA W yCTAaHOBJICHHUS €r0 TEXHOJOTHYeCKH 000-
CHOBAaHHOTO KOJHM4YeCTBa pa3paboTanu pas3iuyHbIe
pelenTypHbIC MOJCIU TeucHbs. s mpoBeacHUS
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Pucynox 6. Dtansl npoBeAeHUs YKCIEPUMEHTAIbHBIX UCCIEJOBAHUI

Figure 6. Experiment stages

Tabmnuna 1. XuMudecknii cocTaB TOJIOKHA SYMEHHOTO
M MYKU MIIEHUYHOH BBICIIETO COpTa

Table 1. Chemical composition of barley tolokno
and top-grade wheat flour

HaumenoBanue Bun cbipbst
nokasarenei, % Myxka Tonokuo
MIICHWYHAS B. C. SIYMEHHOC

MaccoBas 107151 Biaru 10,0 8,5
MaccoBas 107151 Oeka 11,5 13,8
MaccoBas mgons xupa 1,4 3,6
MaccoBas 10Jst 3,7 19,8
MTUIIEBBIX BOJIOKOH
MaccoBast 107151 307161 0,52 1,13

Tab6nuna 2. [IporeHTHBIC COOTHONICHHS MYKH MIICHHYHOM
BBICIIETO COPTA U TOJIOKHA SYMEHHOTO B KOMITO3HTHBIX
CMECSIX MyKH

Table 2. Top-grade wheat flour and barley tolokno
in composite flour mixes

Oo6o3nauenne | COOTHOIIECHHE KOMIIOHEHTOB B cMecCsX, %o

cMeceit Myxka Tonoxno
IMIIEHUYHAsI B. C. SIIMEHHOC

MT, 100

MT 90 10

MT,, 80 20

MT,, 70 30

MT,, 60 40

MT,, 50 50

CpaBHHTe.]'H;HOﬁ OIICHKN Ka4YCCTBCHHBLIX XapaKTCPHC-
THK OBIT BBIpaOOTaH KOHTPOJBHBINA 00pa3er] meueHbs
¢ ucnonb3oBanueM 100 % MyKky NIIEHUYHON BBICHIETO
copta (KOHTpoJib) (Tab. 3).

TexHomornyeckas cxema J1abopaTopHON BEIPAOOTKH
MIEYEHBS U3 KOMITO3UTHBIX CMEcel MyKH IpeCTaBIeHa
Ha PUCYHKE 7.
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Tecto 1t medeHbss TOTOBUIM IO TPEXCTaJUNHHON
TEXHOJIOTHH, IIpelycMaTpHUBaIONIel MpeABapUTEIBHOE
MPUTOTOBIICHNE CYCIIEH3UH ¥ 3MYJIbCHH (pHC. 8).

s obecnieyeHust KayecTBEHHOTo mporecca (op-
MOBaHHS TecTa B JaOOPATOPHBIX YCIOBHAX €TO pac-
YETHYI0 BJIQXXHOCTb NpUHUManu paBHoit 16,0 + 0,5 %.
Temnepatypa Tecta coctasmina 24 = 1,5 °C.

Pe3yabTaThl 1 HX 00Ccy:KIeHHe

OcHOBY (OpPMHPOBAHHS CTPYKTYpPHO-MEXaHHUYEC-
KMX XapaKTepUCTHK II€YCHbS M PEOJOIHYECKUX
CBOMCTB mOJy(haOpUKaTOB COCTABJIAIOT (YHKIIHO-
HAJIbHO-TEXHOJIOTMYECKHE CBOWCTBA HCIIOJIB3YyEMOTO
ceIpbsi. X M3ydeHue Mmo3BOJIsIET MPOTHO3UPOBATh U
ONTHMM3UPOBATH NapaMETPhl IPOBEIEHUS TEXHOJIOTH-
4eCKOro mpouecca, a TakkKe OLEHUTh YCTOMUUBOCTh
MPOAYKTa K TpolieccaM MOPYH B TEUEGHHE €ro CpoKa
rogHoctH [25].

Ha mnepBom »sTanme paboThl JUIsi TPOTHO3UPO-
BaHMUS CKOPOCTH OKHCIHTEIBHOH IOpuH,
nieficds OCHOBHOM MPUYMHON M3MEHEHUs KauecT-
Ba KOHJIWUTEPCKUX H3ICIUN T'PYNNBl IEYeHbs, IMPO-
BEIIM HCCJIEOBAHUS KHUPHOKHCIOTHOTO
KUPOBBIX (Gpakuuid MyKH HIIEHHYHOM
ro copTa M TOJIOKHA SYMEHHOTO. XpOMaTOTPaMMBI
JKUPHBIX KHCIIOT JKHPOBOW (paKkIUU NIICHUYHOH
MYKH U TOJOKHa SYMEHHOTO IPEJICTAaBICHBI Ha pPHU-
cyHkax 9 u 10.

3Ha4YUTeNbHAs YacTh JXKUPHBIX KHCIOT UPOBBIX
(dpakuit MyKH MIIEHAYHOH BBICIIETO COPTA U TOJIOKHA
STUMEHHOTO MPEACTaBIEHA JETKOOKHUCISIIOMIECS JIMHO-
JeBoi kucioro — 54,8 u 46,8 % COOTBETCTBEHHO
(Tabm. 4).

TomoKHO SYMEHHOE XapaKTepHU30BaJIOCh ITOBBI-
IICHHBIM COJIEP)KAaHHEM OTHOCHTEIBHO CTaOMIbHOM
MOHOHEHACHIIEHHOW OJICMHOBOW KHCIOTH (®-9) u

ABJIATO-

cocCTaBa
BBICIIC-
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Tabnuna 3. CooTHOLIEHNE OCHOBHBIX CHIPhEBBIX KOMIIOHEHTOB TecTa, %

Table 3. Raw components in dough,%

HanmMeHoBaHME U XapaKTEPUCTHKU CHIPbS PenenitypHbie Moaenn
PM, PM,, PM,, PM,, PM,, PM,,
(KOHTpOJIB)
Myka nieHuYHast BRICHIHN COPT 63,0 56,7 50,4 44,1 37,8 31,5
Ton0KHO TUMEHHOE - 6,3 12,6 18,9 25,2 31,5
MaprapuH (MaccoBast 10t sxupa 82 %, conepikaHue TBEpIOro 20,0 20,0 20,0 20,0 20,0 20,0
skupa npu remneparype 20 °C 16-18 %; HXXK 35 %)
Caxap 17,0 17,0 17,0 17,0 17,0 17,0
- 3amec Tecta 7 ®opmoBaHue () Bbineuka D Oxaaxaenue O Ynakoska
Bpems 11-14 Mun packarka B IacT Bpems 10 Mun Bpems 6 u TepMOcCBapuBaeMas
TeMmreparypa 5 MM TeMreparypa TeMreparypa IJICHKA U3
20-24 °C BEIpyOKa 190 °C 24 °C MIOJIMMEPHBIX
BJIQXXHOCTh TECTOBBIX MaTepHuaIoB
16,0-16,5 % 3aroroBok d =5 cm

Pucynoxk 7. TexHonorndeckast cxema J1abopaTopHOil BHIpaOOTKH PEIeNTyPHEIX MOJIeNIell IIeUeHbs

Figure 7. Laboratory production of formulation models: technological scheme

Cycnen3us

Bpemsi = 7—-8 MUH
Ilynpa caxapHas
WHBepHBIi cupon
CoOJ1010BBIH 3KCTPAKT
Conb numesas

Bona

U IMyJibCcUs

BpeMs = 2—3 MUH
Maprapusn

Q TecTo

BpeMms = 2—3 MUH
PactBop paspsixsiuteneit
Myka niieHuyHas
Tosl0KkHO sTUMEHHOE

Pucynox 8. TexHosornueckas cxema MPUTOTOBICHUS TECTA JUISI TICUCHBS 110 TPEXCTaAUHHON TEXHOIOTHI

Figure 8. Technological scheme for biscuit dough: a three-stage technology

Tabnuua 4. )KUpHOKUCIOTHBIN COCTaB )KUPOBOH Gpakuuu
MYKH MMIIIEHUYHOMN BBICIIETO COpTa M TOJIOKHA AYMEHHOTI'O

Table 4. Fatty acid composition: top-grade wheat flour
vs. barley tolokno

Kupnas kuciora KupHOKUCIOTHBII
cocTaB KUPOBOH (pakuuu, %o
Myka TonoxHO
MIICHUYHAS STUMEHHOE
B. C.
Mupucrunosas C,, 0,2 0,3
MManemurunosas C, 18,6 254
Creapunosas C | 2,0 2,1
Omneunnosas C | 15,9 21,1
Jlunonesas C 54,0 46,8
Jlunonenosas C,g , 2,6 0,6
Apaxunosas C, 1,2 29
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MEHBIIUM COJIEpKaHHUEM JNHOIEBON KHCIOTHI (®-6)
110 CPAaBHEHUIO C MINEHUIHON MYKOH. DTO MO3BOJIHIO
MMPOrHO3UPOBATE JYYIIYIO COXPAaHHOCTh M HHU3KYIO
CKOPOCTb OKHUCJIUTECIIbHBIX MMPOLECCOB B IIEYCHLE, IIPpU-
TOTOBJIEHHOM C €T0 MCIIOJIb30BAHHUEM.

Ha mpouecc nonyyeHus: caxapHOro MedeHbs BIIH-
SIFOT (PU3UKO-XUMHUYCCKHE MTOKA3aTeId MYKH TIICHIY-
HOW [26]. UccnenoBain KayeCTBEHHBbIE XapaKTepHC-
TUKA KOMIIO3UTHBIX CMeCe MYKHM W yCTAHOBUJIHU OC-
HOBHBIC TCHACHIIMU UX BJIIUAHUS Ha TEXHOJIOTHYECKU I
npouecc. PU3NKO-XUMUYECKUE NTOKA3aTEIU CMeced B
CpaBHEHHH C MyKOH XJIeOOTIeKapHOH MIITEHIYHON BBICIIIETO
copTa IpeACTaBICHB B TaOIHIE 5.

BBeneHnne TONOKHA SYMEHHOTO B KOMITO3HTHBIC
CMECH MYKH NMPUBEJIO K U3MEHEHUIO UX XUMHYECKOTO
cocraga. [1o cpasnenuio ¢ MT, B o6pasue MT,  nabirona-
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Figure 9. Fatty acids in wheat flour fat
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Pucynox 10. XpomarorpamMmma >KUPHBIX KHCIIOT )KUPOBOU (PpakIMy SYMEHHOT'O TOJIOKHA

Figure 10. Fatty acids in barley tolokno fat

Tabmuna 5. ®PU3NKO-XMMHYECKHE MOKA3aTENH MYKH TIIEHUIHON BhIcTero copTta (MT ) M KOMIO3HTHBIX CMeCel MyKH

Table 5. Physical and chemical parameters: top-grade wheat flour (MT ) vs. composite flour

HasBanne mokazaremns KommnozuTHast ceMb MyKu

MT, MT,, MT,, MT,, MT,, MT,,

Maccosas gons Biaru, % 10,0 9,8 9,7 9,7 9,6 9,6

Maccoas gons 6enka, % 11,5 11,7 12,0 12,2 12,6 12,8

Maccosas nons xupa, % 1,4 1,6 1,9 2,2 2.4 2,7

HacpInHas WIOTHOCT, KI/M? 676 658 617 568 526 481

MaccoBasi 1015 UIIEBBIX BOJOKOH, %0 3,7 5,3 6,9 8,5 10,1 11,8

MaccoBas 1015 307151, % 0,52 0,58 0,64 0,70 0,76 0,83
JIOCh YBEJIMUCHHE cojiepkanus Oenka Ha 11 %, xupa — HBIX 00pa3ioB, O0YCJIOBJICHHAs pPa3MEpPOM YaCTHII
B 2 paza, oOlee KOJUYECTBO MHIIEBHIX BOJOKOH — U XapakTepoM HUX B3aUMOJIEWUCTBUS, BapbUpPOBa-
B 3,2 pa3sa. nack B npenenax 481-676 kr/m®. HachimHast IIOTHOCTH
OnHoit W3 0a30BBIX TEXHOJOTHYECKHX XapaKTe- HaXOJHUTCS B 00paTHOM 3aBUCHMOCTHU OT pa3Mepa Jyac-
PUCTHUK MYKH Kak CBIIy4ero MaTepualia sBISETCS TUL MyKM. HamMeHbmIMM pa3MepoM 4YacTUI] MYKHU
€€ MJIOTHOCTh. HachimHasi MIOTHOCTH MCCIEIOBaH- XapaKTepHU30BaJICsl KOHTPOJIBHBIN  00Opaselr MT,
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(625 xr/m*), nanbompmum — MT, (481 kr/m*), paszuu-
1a B HUX cocTtaBuia okoiso 30 %. Beicokas nucmnepc-
HOCTh MYKH MOET 00yCIIaBIMBATh HHTCHCU(PUKAIIIIO
XUMHUKO-TEXHOJIOTHYECKIX MPOIIECCOB IIPH 3aMece Tec-
Ta W3-3a HAIWYHUSA OONBIICH aKTHBHOW MOBEPXHOCTH
JUTsL MeXK(Pa3oBOro B3auMOJCHCTBUS.

Ha yBenuuenue MaccoBoil A0JM 30JIBI B CMECSX
MOXET OKa3bIBaTh BIHUSHUEC OOJBIIOE KOJIHMYCCTBO
MHHEPAJIbHBIX BEMIECTB B TOJOKHE SYMEHHOM. JlaH-
HBIA (DakTOp MOXKET OKa3blBaTh BIUsAHUE Ha (PyHK-
LMOHAJIbHO-TEXHOJIOTHYECKHE CBOMCTBA KIEUKOBUHBI
MYKH U NPUBOJUTH K CHUKEHHUIO KaueCTBa T'OTOBBIX
n3nenui [27].

KonnuectBo 6enka B MyKe B €T0 CIIOCOOHOCTH 00-
pa30BBIBATh KJIEGHKOBHHY OIpPEJCICHHOrO0 KauyecTBa
BIUSIOT Ha (OPMUPOBAHUE CTPYKTYpHI Tecta. Jlms
TEXHOJOTHIECCKON OIICHKH MYKH OONBINIOC 3HAYCHUE
MMEeT KadeCTBO KICHKOBUHBI, OIpPEaeIsieMOe COBO-
KYTTHOCTBIO PEOJIOTHYECKUX CBOMCTB (PaCTAKUMOCTH,
YOPYTOCTH, JIACTUYHOCTH). i monmydeHus caxap-
HOTO TICYCHBSI C BBICOKHUMH Ka4YeCTBEHHBIMH Xapak-
TePUCTHUKAMHU JKEJATEITHHO UCIIOTh30BATH MIICHUIHYIO
MYKY CO cpenHeil miam cinaboil, Jerko pacTsHKHMOIM
M HE OYEHb DJIACTUUYHOU KIECHKOBUHOHW. V3meHeHUe
KOJIMYECTBA W KauyeCcTBa KICHKOBUHBI, 00pa30BaHHON
OenKaM¥ MIICHUIIBI B TIMEHS, B KOMITO3UTHBIX CMECSX
MYKHU TIPH BBEJICHUH TOJIOKHA STYMEHHOTO MPEICTaBICHO
Ha pucyHnke 11.

JloGaBieHne B CMECH MYKH TOJIOKHA SYMEHHOTO
MPUBENIO K CHIDKCHHUIO OOIIEero KOJTHMYEeCTBa CHIPOW
KJICHTKOBUHBI, 00YCIIOBICHHOMY KOJIMYECTBOM M CBOMCT-
BaMHM MpoJiaMUHOB siuMeHs. [lo cpaBHeHUIO ¢ MyKOMH
nuennunoi MT, (28 %) konnuecTBO KIEHKOBHHBI
YMEHBIIAJIOCh B CICAYIOIIEH IMOCICIOBATEILHOCTH:
MT, (26,4 %) > MT, (24,7 %) > MT, (23,1 %) >
MT, (20,6 %). CHukeHue KOIMYECTBA KICHKOBH-
HBl MOET OKa3bIBaTh IMOJIOKUTEJIbHOE BIUSHUE Ha

KauecTBO TOTOBOTO M3JAENHUs, CO3/aBas ONTHMAIb-
HBbIC YCIIOBHUSI JUIsi ()OPMHUPOBaHHUs TecTa HEOOXOIHU-
MOl TUIaCTUYHOU CTPYKTYpHl. JloOaBieHHEe TOJIOKHA
STUYMEHHOTO TIPHUBEJIO K H3MEHEHHIO KadyeCTBEHHBIX
XapaKTEPHUCTHUK KIEHKOBUHBI B cMecsaX. Obpasusr MT,
(75 en. UJK), MT, (70 en. UAK)u MT,; (63 en. NJIK)
HMENU KJIEeHKOBUHY | Ipymnmbl, XapakTepu3yoOIycs
XOpoUIed 31acTUYHOCTBIO, YMEPEHHOH YHPYTrOCTBIO
n cpegHeil pacTsKMUMOCThI0. CHUXEHHE YHCIOBOTO
3HAYEHUs TII0Ka3aTelsl CBUIETENBCTBOBANO 00 YK-
penenun knekikosunbl. O6pasusl MT, (42 ex. MJIK)
u MT, (40 en. UJIK) xapakTepu30Bajluch KpENKOH
kneiikoBuHoH Il rpymnmsl ¢ yA0BAETBOPUTENIBHOM 3J1ac-
THYHOCTBIO W cJabol pacTsHKUMOCThIO. Mcmonib30-
BaHUE IIIEHUYHOM MYKHU C KPENKOH KJIECHKOBUHOU
MOXET OTPHUIATEIbHO BIUATH HAa KAUECTBEHHBIE Xa-
PaKTEPUCTHKN CaXapHOTO TEYEHbS M IMPUBOANUTH K
CHIDKEHHIO €T0 MOPUCTOCTH U paccrimuatocTty [28]. B
JIAHHOM HCCJICOBAaHUU KJICHKOBHHA 00pa3oBaHa Oell-
KaMU MIIEHUIBl U SUMEHS, UTO MOXKET U3MEHSTh ee
CBOMCTBA M HE OKa3bIBaTh HETaTHBHOI'O BIIMSHUS Ha
KayecTBO TOTOBOTO HM3nenus. B obpasme MT, onpe-
JIleJIeHHEe KOJIMYeCcTBAa KJICHKOBHHBI BBI3BANO OOBEK-
THUBHBIE TPYJAHOCTHU: OHA OTMBIBAJach B BUJIE OTAEINb-
HBIX MEJIKMX YacTHIl M IIOXO coOupanach B KOMOK,
MPUBO/IS K OOJTBIINM HOTPENTHOCTSAM B MapAJUICITBHBIX
n3MepeHusax. B pesynbTaTe 3TOr0o AaHHBIA 0Opaszen
IIPU CPABHUTEJIBHBIX HCCIEAOBAHUAX KOJNHMUYECTBA U
Ka4yecTBa KJIEHKOBUHBI HE pacCMaTPUBAJICS.

B nmpouecce TecTtooOpa3zoBaHUs BAKHYIO POJIb HMI-
paeT mpoIecc OCMOTHYECKOTO HAaO0yXaHHUS HU3KOMO-
JeKyJsipHO# (pakunu OeaKkoB MyKH (TJIMaaMHA), IPU
KOTOPOM MPOUCXOANT yBEJINUYCHNE 00BbEMa €€ MHUIIEILI,
CBS3BIBAHNE OCHOBHOT'O KOJIMYECTBA BOJBI U (POPMHPO-
BAaHME TECTA OTPEJCICHHON BSI3KOCTH, 3JaCTHUYHOCTH
n ynpyroctu [28]. C 1enbio NporHo3upoBaHUs OCHOB-
HBIX PEOJIOTHYECKHX XapaKTepUCTUK TECTa MPOBENH
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KadecTBo KJI€HKOBUHBI

@ Ko1ruecTBO KICHKOBHUHBI

PI/ICyHOK 11. U3MeHeHHE KOJINYECTBA U KaYeCTBa KICHKOBUHEI B KOMIIO3UTHBIX CMECSIX MYKH

Figure 11. Quantity and quality of gluten in composite flour
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Pucynok 12. U3meHenue kodppunuenta HadbyxaHus
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OT TeMIIepaTy bl

Figure 12. Effect of temperature on swelling coefficient
of composite flour

nuccieqoBanne KodppunueHTa HabyxXaHUs KOMIIO3UT-
HBIX CMECEi MyKHU B pa3HbIX JUala3oHax TeMIepaTyp:
t,=20,0+2,0°Cut,=32+2,0°C (puc. 12).

YcranosieHo, 4To kod((uUUHEeHT HaOyXaHus Ha-
XOJWJICSI B MPSIMOW 3aBHCHMOCTH OT KOJHYECTBA TO-
JOKHA SYMEHHOTO B CMECAX MYyKH. MaKcHMalbHEIE
3HauYeHUs KOI(PPUIMEHTOB HaOyXaHWS JIEMOHCTpPH-
posan obpazen MT_: npu t — 1,81, mpu t, — 2,01.
OTo CBA3aHO ¢ MpeodiIagaHNEeM B COCTABE TOJOKHA
TUAPOQIIBHBIX KOJUIOMAOB, a TaKXKE MOTJIO OBITh
00YCIJIOBJICHO CHHEPTETUYECKUM XapaKTEePOM B3aUMO-
JeificTBHs OCIKOB M MOJMCAXapUuI0B MYKH H TOJOKHA
Ipy NpOTEKaHWM Tpoliecca HaOyxaHus. Koaddu-
OMEHTH HAaOyXaHus KOHTPOJbHOTO obOpasua MT,
(mpm t, — 1,63, mpu t, — 1,81) ObutM HMKE B Cpen-
Hem Ha 10 %. Takum oOpa3om, Ha cTaguu 3ameca
00pas3Ibl ¢ TOJTOKHOM STYMEHHBIM MOTYT MOTpeboBaTh
peryJIMpoBaHUsl KOJWYECTBA BOJIBI JUJISI 00pa30BaHMS
TecTa TpeOyeMoi KOHCUCTEHIMH. Y CTAaHOBJIEHO, YTO
mokasatenun KkodpdunneHta HaOyxaHus o00pas3IoB
cMecell HaxOoJWINCh B INPSIMOI 3aBHCHMOCTH OT X
TEMICPATYPhI. MunuManbHbBIE pasandusg YUCIOBBIX
3HAYCHHH B MCCIEAYEMbIX IUala30HaX TEeMIIEpaTyp
Habmronanuch B obpasuax MT, (npu t — 1,72, npu
t,— 1,83) u MT, (npu t, - 1,79, npu t,— 1,89).

BaXHBIM (DYHKIHOHAIBHBIM CBOHCTBOM B TEXHOJIO-
T NUIICBBIX NPOAYKTOB SABJIACTCA FI/I[lpO(bI/IJ'l])HLIe
U JTUNOQWIbHBIE CBOMCTBAa KOJUIOMIOB 3EPHOBOM
MyKH, 00yCJIaBIINBAIOIINE UX CIIOCOOHOCTH BCTYIIATh
BO B3aUMOJEHCTBHE C BOJOW MU JKUPOM, UYTO BIIMSAET
Ha (OPMHPOBAHUE PEOJIOTHYECKHX XapaKTEPUCTHK
Tecrta [29].

Hccnenosana abcopbunonnas cnocodnoctsh (AC)
MIIEHUYHOH MYKH M KOMIIO3HTHBIX CMeCeH 1O BOJe
(AC,) n xupy (AC,) — mokasaTensiM, XapaKTepH-
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3YIOIIUM MaKCHMaJbHOE KOJUYECTBO BOJBI M IKH-
pa, KOTOpOE OHM MOTYT CBSI3aThb M YIEpXKaTb HpPH
B3aumojencTBuu (puc. 13).

IIpu yBennueHun MaccoBOM 10U TOJOKHA STYMEH-
HOT'O B KOMITO3UTHBIX CMECSIX HAOJII0Ja)Iach TeHACHIIHS
ysemudenuss AC: B o6pasue MT, coctaBuna 125 %
W TpEeBbICHJIA 3HAYCHMSI B OCTaJbHBIX 00pasmax Ha
6 % na MT,, 15 % pia MT,, 20 % pns MT,, 26 %
st MT10 u 35 % nns MTO. DT0 MOKHO OOBSICHUTD HAJIU-
YHeM B TOJOKHE SYMEHHOM OOJIBIIEro KOJHUYECTBA
TUAPOQIIBHBIX KOJUIOUAOB 110 CPABHEHMIO C MIICHUY-
HOH MyKkOH. AC, ABJISETCSA BAXHOU TEXHONOTMYECKON
XapaKTepUCTHUKOM, OKa3bIBAONICH BIUSHHUE Ha MPOBE-
JIEHHE TIpOoIecca TeCTO00pa3oBaHus H POPMHUPOBAHHE
PEOJIOTHYECKUX XapaKTEepUCTHK TecTa. [loaTomy npu
HUCIIOJIB30BAHUU TOJIOKHA AYMCHHOI'O B TCXHOJIOI'MU
CaxapHOTO TIEUEHbS MOXKET IOTPEOOBATHCS H3MEHE-
HUE TEXHOJIOTMYECKHUX [TapaMeTPOB U KOPPEKTHPOBKA
KOJIMYECTBA BOJIBI HA CTAUHU 3aMeca.

AC, ABIAETCS BaKHBIM TEXHOJOTHIECKUAM CBOHCTBOM
CBIIIYYETO CBIPbsS B IPOMU3BOJICTBE MHUIIEBBIX POIYKTOB.
Bricokne 3HauyeHMs JaHHOT'O MOKa3aTelsl CIocodcT-
BYIOT HOBBIIICHUIO CTA0MIIBHOCTH U3/IEJINH, CHIKEHHIO
CKOPOCTH OKHCIUTEIHHOH ITOPYH B IIPOLIECCE XPAHEHUS
U YBENUYECHUIO cpoka roaHoctu. Ilokasarenn AC,
00pa3moB cMecel MTeMOHCTPUPOBAIHM CXOXKHH Xapak-
Tep: MaKCUMAaJIbHYIO JINTO(PUIBHYIO TEHICHIHIO HMET
oOpazen; ¢ BBICOKMM COJIEP)KaHHEM TOJIOKHA SYMEH-
noro MT, — 65,7 %, 3arem crenyror M, (65,1 %) > MT,;
(64,8 %) >MT, (63,3 %) > MT,; (62,8 %) > MT, (61,6 %).
MO’KHO TPEANOIOKUTh, YTO 00pPa3bl C TOJIOKHOM
SUYMEHHBIM OynyT Ooiiee 3¢ (GEeKTHBHO BCTyNaTh BO
B3aWMOJICHCTBHE C XUPOBOW (pakmmeil Tecta U CIo-
co0CTBOBATH €€ yAepXKaHUIO B IPOLECCe XpaHEHHs
INCYCHbA.

BTopeiM sTamoM HacTosmed paboTHI CTajIo WC-
ClleloBaHNE JUHAMUKHA WM3MEHCHHUS KadeCTBEHHBIX
XapaKTepUCTUK U PEOJIOTHYECKUX IOoKa3zaTeled Mo-
JIeTbHBIX CYCIIEH3UH M3 KOMIIO3UTHBIX CMECEH MYyKH
MIIEHWYHOH B. C. M TOJIOKHA SUMEHHOTO.

IIpu mpoBeneHHM TEXHOJOTHUECKUX MPOILIECCOB
MPOU3BOJICTBA MHOTOKOMIIOHEHTHBIX KOHIHUTEPCKUX
cucTeM OO0JIBIIIOE 3HAUYECHUE UMEIOT X PEOJIOTHUECKHE
CBOHCTBa, ONpEeNIoNe PEaKLUI0 JUCIIEPCHBIX CHUC-
TEM Ha BHCIHIHHC MCXAaHUYCCKHC BOSHeﬁCTBHH. Onu
SIBISIIOTCSL HamOoJIee ITOKa3aTeNbHBIMM KaK IO JHa-
Ma30Hy BO3MOXHBIX HM3MEHEHHH, TaK W 0 YyBCT-
BUTCJIBHOCTU K pPAa3JUYHBIM BHUJaM BHEIOIHETO BO3-
nevictBusa. OTHUMH U3 BaXKHEWIIHX PEOTOTHUECKUX
CBOICTB JIMCIIEPCHBIX CHCTEM SIBISIOTCS BSI3KOCTh U
TEKYYCCTh. Cne):[yeT YUYUTBIBATH, YTO OTHU MMOKA3aTCIIN
MOTYT U3MEHATHCS MO ACHCTBUEM MEXaHUIECKUX (hak-
TOPOB B pe3yJbTaTe U3MEHEHHS HAINPSIKCHUs C/IBUTA,
CKOpOCTH JIe(hOPMALIMU U CKOPOCTH U3MEHEHHsI 00beMa
cTpyktypsl [30, 31].

UccnenoBanue 3aBucUMOCTH 3()PEKTUBHON BsI3-
KOCTH U Mpejesna TeKy4eCTH AUCHEPCHON CUCTEMBI C
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Pucynox 13. AGcopOunoHHas cnocOOHOCTh KOMIIO3UTHBIX CMECEH MYKH IO BOJE U KUPY

Figure 13. Water and fat absorption capacity of composite flour mixes
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Pucynoxk 14. Xapakrep 3aBUCUMOCTH () (HEKTHBHOI BA3KOCTH MOACIBHBIX CYCIICH3UI OT CKOPOCTHU CABHTa

Figure 14. Effect of shear rate on effective viscosity of model suspensions

TOJIOKHOM STYMEHHBIM OT CKOPOCTH CABHUTA TIPOBOIHIN
Ha MOJIENBHBIX CYCIEH3UAX, COCTOSIIHX W3 HCCIe-
JlyeMON KOMIIO3UTHOU CMECU MYKHU U BOJABI. JlaHHBINI
MOAXOJ MCKIIOYAeT BIHUSHUE APYTUX BHUIOB CHIPBA
(caxapa, MHBEPTHOTO CHpOIa, XHpa) HAa BEIUYUHY
JIaHHBIX IIOKa3aTeJlell U IMHAMUKY UX U3MEHEHUH, a
TAKXC IMO3BOJACT BBISIBUTH HaHpaBHeHHOCTL npouec-
ca M YCTAaHOBHUTH OOINHME TCHICHIIMH O0pa30BaHUS
KOJIJIOMOHBIX CprKTyp C TOJIOKHOM AYMECHHBIM. IIJ'ISI
HHTCHCU(DUKAIIMK KOJUIOUIHBIX IMPOIECCOB U MOY-
YeHHUs CJIa0OCTPYKTYPUPOBAHHOW CHCTEMBI MaccCo-
BYIO JIOJIIO BJIATH MOJIENIBHBIX CYCIEH3UN NPUHUMAIIN
paBHOI 68,5 %.

79

KoHTpoapHBIM 00pa3nom SBISIIACH MOJIEIBHAS CyC-
TEeH3Us C UCTIOJIH30BAHUEM MYKH MIIEHUYHOHN BBICIIETO
copta. Kpusbie 3aBUCHMOCTH 1), = f(y) npeacraBiieHb
Ha pucyHKe 14.

IIpy MUHUMAaNBHON CKOPOCTU CIIBUTA, [10 CPABHEHUIO
¢ MT,, naGmoatock yBenudeHne mokasaresei Ba3Koc-
TH CYCIIEH3UH C TOJIOKHOM SIYMEHHBIM B 5,5 pa3 aiis
MT,, B 4,8 pas nna MT,, B 2,8 pas s MT, , B 1,8 pa3
s MT20 u B 1,2 paza ans MTIO, 00yCIIOBICHHOE
HaJW4YUEM B €r0 COCTaBE MHUIIEBBIX BOJOKOH U BOJIO-
PacTBOPUMBIX TOJIMCAXAPUOB, YIPOUHSIOMIMX KOa-
TYJSIIIIOHHYIO CTPYKTYpy cycreH3uil. Bece o0pasisr
MOJIEJIBHBIX CYCHEH3UM AEMOHCTPUPOBAIU CXOJHBIN
XapakTep KPUBBIX TEUEHUs, MX BA3KOCThH Majana c
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Pucynox 15. XapakTep MOJHBIX PEOJOTHYECKUX KPUBBIX TeueHUd (a) U BA3KkocTHu (b) MoaenbHbIX cycneHsuil (t =25 + 1 °C)

Figure 15. Full rheological flow curves (a) and viscosity (b) of model suspensions (t =25 + 1°C)

yBelndeHneM ckopoctu cinpura. CyCHeH3WH CO BCe-
MH KOMIIO3MTHBIMH CMeCSIMH 00Jaalii HEeCTOWKON
CTPYKTYpPOMH, MOCKOJBKY TPH IOBBIIICHUHA CKOPOCTHU
cIBHUTa HAOIIOJAIOCh Pe3Koe MaJeHUE €TO0 BS3KOCTHU
MpU U3MEHEHHH MalbIX ckopocTeil. [Ipu m3meHeHHn
CKOpoCTH caBura oT 1 10 3 ¢! BA3KOCTH MOAETBHBIX
CyCIIeH3UH Ha BCEX KOMITO3UTHBIX CMECSIX CHIKAIACh
nmoutd Ha 40 %, a Mpy MOBBIIIECHNN CKOPOCTH CABHTA C
48 10 50 ¢! cHUKEHHE BA3KOCTH COCTABIIAIO OKOJIO 5 %.
IIpu mpom3BoACTBE caxapHOTO MEYEHBS BA3ZKOCTD TEC-
Ta OKa3bIBACT BIUSHHNE Ha KAYECTBEHHOE MIPOBEICHIE
npoiecca GOPMOBAHHS HA MAIIMHE POTOPHOTO THUIIA.
Cre1oBaTeabHO, IIPH UCIIOIB30BAHUHU TOJOKHA STUMCH-
HOT'O HEOOXOJUM MOHHUTOPHHT U KOPPEKTUPOBKA IaH-
HOT'O MMOKA3aTeJisl MPU HEOOXOIUMOCTH.

[TonHBIE PEONOTHYCCKUEC KPUBBIC TCUCHUS M BS3-
KOCTHU MOICJIBbHBIX CyCHeHSHﬁ, nonyquHme B pe3ynb-
TaTe HpOBe)IeHHI)IX HCCHG[{OBaHHﬁ, HpeZ[CTaBJ'IeH])I Ha
pucyHke 15.

TeueHne maTepwasioB 3aBHUCUT OT €ro (PU3IHKO-
XHUMUYECKUX OCOOCHHOCTEH: OT POPMBI ¥ PACIIOI0KCHUS
MOJICKYJI, KOHIEHTPALUH, TEMIEPATypbl U MacCOBOM
nonu Buaru [32,33]. C yBeauyeHHEM KOHIIEHTpALUH
PACTBOPEHHOTO BEIIECTBA MOBBIIIACTCS BA3KOCTh CPEIIbI
U U3MCHACTCA XapakKTEep €€ TCUCHUA. HOJ’Iy‘IeHHBIe B
paboTe KpUBbIC TEUCHHS MOJCIbHBIX CYCIICH3UH ObLTH
XapaKTepHbl I CTPYKTYpUpPOBaHHBIX cucteMm. Ilpu
MaJIbIX CKOPOCTSIX CABHUIA CYCIICH3UU UMEININ MOCTOSH-
HyI0 MakCUManbHy10 BaskocTh: MT, (17,3 [Ta-c) > MT,
(14,8 [Ta-c) > MT, (8,65 ITa-c) > MT, (5,6 Ila-c) > MT
(3,7 Ma-c) > MT (3,1 Ia-c). C noBpImIeHnEM CKOPOC-
TU CIBUTA U HANPSHKCHUSI POUCXOIUIIO MOCTEIICHHOE
paspylieHnue CTPYKTYPhI, U JOCTHTalach MOCTOSHHAS
KOHEYHAs BI3KOCTh. DTO PEOIIOTHYECKOE CBOHCTBO JIHC-
MEPCHBIX CHUCTEM OOBSICHSIOT TEM, YTO B HETIOJBIIK-
HOHM CpejJie pacloi0KEeHHE YaCTHI] XapaKTePU3yeTCs
Xa0TUYHOCTBIO, a MO JCHCTBUEM BO3PACTAIONINX C/IBH-
TalolUX CWI MPOUCXONUT OPHUCHTALUS YAaCTHI[ B
HanpaBiieHUH TeucHHs. C TMOBBINICHUEM CKOPOCTH
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Tabnuua 6. KauecTBeHHBIE XapaKTEPUCTUKH TOTOBBIX U3IETHI

Table 6. Qualitative characteristics of finished products

HaumenoBanue nokasarens PeuenTypnble Monenu
PM, PM, PM, PM, PM, PM,
(KOHTpOIIB)
MaccoBas nosns Biaaru, % 6,4 6,3 6,8 6,5 6,2 6,2
Hamokaemocts, % 190 190 200 221 227 190
AXTHBHOCTB BOJIBI 0,557 0,408 0,382 0,360 0,323 0,310
—~ 8 7
TAKXE€ YMCHBIIACTCA BBaHMOHeﬁCTBHe MCXKAYy YacCTu- ° § 7 1 Bsicokoe coxepxanue IIB TP TC 022/2011
namu [32, 33]. V uccineqoBaHHBIX 00pa3I[0B YCTaHOB- ;:; E mr—m—————— = — =
JIEHBI 1BA NIPE/EIIa TEKYUYECTH: YCIOBHBINA CTATUYECKUI § é 5 4 Yoroumax IIB TP TC 022/2011
W YCIIOBHBIN nuHamudeckuit. Hanbompmmii cratnyec- E2 4 -
KUH Tpenesl TeKy4yecTH, SBISIOIMICA KPUTHUYECKUM : 8 3l — mu SN B BN BN
IUISL pa3pyILICHUS. CTPYKTYPBI HATIPSDKCHUEM, UMEIT 00- g 2 5 |
pazen MT, (8,5 ITa). D10 cBHIETENBCTBOBANO O 6ONb-  § &g 1
med MPOYHOCTH €ro MPOCTPAHCTBEHHOH CTPYKTYPHI, = 0

chopMHUPOBAHHOW KOJUIOUAAMH TOJIOKHA U MYKH IIIE-
HUYHOH. B ocTanpHBIX 00pa3iax moxkasaTesb CTaTHIecC-
KOro mpejeia TEKydeCTH YMEHBIIAICA II0 Mepe
CHWKeHHs1 KonudecTBa Tonokma: MT, (7,5 Ila) >
MT,, (5,0 ITa) > MT,; (4,0 Tla) > MT ; (2,0 Ila) >
MT, (1,0 [Ta). YcTOWYHNBOCTH CYCTIEH3HIH C TOJTOKHOM
K pa3pylIeHHIO IOATBEPKJanach BEIMYUHOW JHHA-
MHUYECKOT0 Mpejena TeKy4ecTH, Mocie NMPEeBBIIeHUs
KOTOPOW MPOUCXOAUIIO PE3KOE pa3pylIeHUe CTPYKTYPHI
00pa3IoB 10 HAUMEHBINETO MOKa3aTeNs BI3KOCTH, CO-
OTBETCTBYIOIIETO MOTHOCTBIO Pa3pyIICHHON CTPYKType:
MT,, (30Ila) > MT, (24 Ila) > MT, (14 Ila) >
MT,, (10 [Ta) > MT (5 Ila) > MT, (2,0 ITa). C yBe-
JMYCHUEM KOJHMYECTBa TOJIOKHA SYMEHHOTO IMOBBIIIA-
JIach pasHHUIAa MEXAY MOKa3aTeIsIMH MaKCUMaTbHOU
U MHUHUMAaJbHON BS3KOCTH MOJEJIBHBIX CYCIECH3UH,
YTO CBHAETENHCTBOBAJIO O IOCTENIEHHOM Iepexoie
BBICOKOMOJIEKYJISIPHOM CUCTEMBI K CBOMCTBAM TBEPO-
00pa3HoOil cTpyKTyphl. MHIEKC TedeHUs y Bcex 00-
pasmoB 0BT MeEHBIIE |, YTO XapaKTepHU30BaJIO MO-
JIeTbHBIE CYCICH3WN C TOJIOKHOM SUYMEHHBIM KakK He-
HBIOTOHOBCKHUE MCEBOIIACTUYHBIC CUCTEMBI.

HccnenoBanne KadyeCcTBEHHBIX XapaKTEPUCTHUK H
OpraHoOJENTUYECKUX IOKa3aTeaed rOTOBBIX H3JEIUH,
BBIPA0OTaHHBIX C MCIIOJIB30BAHUEM KOMIIO3UTHBIX CMe-
Cel MYKH IIIEHUYHOH B. C. U TOJOKHA SIYMEHHOTI'O, CTa-
JI0O TPeThUM HTAIOM HccienoBaHus. KauecTBeHHBIE
XapaKTePUCTUKH TOTOBBIX M3JIEIHI MPE/ICTABICHBI B
Tabnunite 6.

3HaueHUsl MoKa3aTesed 1EeIT0YHOCTH U MacCOBOM
JIOJIN 30JIbI BO BCEX 00pasnax MedeHbs] HaXOINJINCh B
npezaenax, pernamentupyemsix 'OCT 24901.

OnHOM M3 COCTaBJAIOIIMX OIEHKH CBOMCTB ca-
XapHOTO TEUYCHbS ABISETCA €ro HaMOKaeMoCThb, T. €.
CIOCOOHOCTB K BIUTBIBAHUIO BJIATH CTPYKTYPO U3ae-
nust. [lpn BBeIeHNH B peLENnTypy TOJIOKHA SIMEHHOTO
Ha0JII0/1aeTCs TIOJIOKNTEIbHAS TMHAMUKA U3MECHECHHUS
JIAHHOTO TTOKa3aTelisl, CBUJICTEILCTBYIOMIAs 00 yiIydiie-
HHUH CTPYKTYPBI [IEUCHBS. ITO MOXKET OBITH 00YCIOBICHO
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Kourpons PM, PM PM PM PM

2 3 4 5

Pucynok 16. ConepxaHue o01Iero KOJIM4eCcTBa MUIIEBBIX
BOJIOKOH B PELENTYPHBIX MOJENSX IEUCHbS

Figure 16. Total dietary fiber content in model formulations

CHIKEHHEM OOIIEro KOJIMYeCTBa KICHKOBUHBI MYKH B
W3JCNINH, CTIOCOOCTBYOMEH POPMUPOBAHUIO YIIPYTO-
BSI3KMX CBOMCTB T€CTa M OTPULATEJIBHO BIAUAIOLIEH HA
KaueCTBEHHbIC XapaKTEPUCTHKU CaXapHOTO TIEUCHBS.

CymecTByeT B3aMMOCBS3b MEXIY COAEpKaHHEM
BOJBI B MPOAYKTAaX MUTAHUS U CKOPOCTHIO UX MOPUH.
CTaOuIBHOCTh MEYEeHbSI IPH XPAaHEHWH CBsI3aHa HE C
o0mieit MaccoBoOM J10Iei Bi1aru, a ¢ ee JOCTYIHOCTBIO
JUISL YJacTHUsl B XUMHUYECKUX PEaKIMIX, MTPUBOJISIINX
K YXYJIUICHUIO KadecTBa nzaenus. KoixudecTBo Biaru
B TPOJAYKTax, HEMNOCPEJCTBEHHO YYacTBYIOIIEH B
pPa3IMYHBIX XUMHUYECKHX pEaKUUAX, XapaKTepHU3yeT
nokasaTesib aKTUBHOCTH BOJbI (4 ). YcTaHOBJIeHa 00-
paTHas 3aBUCUMOCTH IMOKa3aTejid aKTUBHOCTU BOIbI
NEYCHbA OT KOJIMYECTBA TOJOKHA AYMCHHOTI'O: ITPU YBC-
JIMYCHUU COACPIKAHUA TOJIOKHA AUMCHHOI'O aKTUBHOCTH
BOJBI TIeueHbs1 ymeHbimaercs ¢ 0,557 go 0,310. OTto
00yCIIOBIICHO CBSI3BIBAHHEM CBOOOIHOW BIIATH MEYCHBS
C XUMHUYECKUMHU KOMIIOHEHTaMH TOJIOKHA STYMEHHOTO,
TaKMMHM KakK IUIIEBbIE BOJOKHA U OCIKN.

B paboTe mpoBeneHBI MCCIEIOBaHUS KOJIUYECTBA
MUIIEBBIX BOJOKOH B NTEYEHBE C TOJIOKHOM STYMEHHBIM
(puc. 16).

BBeseHne TONOKHA SIYMEHHOTO OOECIeumio yBe-
JUYCHHE KOJIMYECTBA MUINEBHIX BOJIOKOH B TOTOBBIX
n3nenusx. [1o cpaBHEHHUIO ¢ KOHTPOJIBHEIM 00pa3oM
(2,3 %) KONMYECTBO NUILEBBIX BOJOKOH B MEYCHHE
yBennuunock B 1,5 paza juis PM, 1,9 pasza s PM,,
2,4 pasa qa PM,, 2,8 pasa nus PM, u 3,3 pasa s
PM.. Texunueckum pernamentom Tamoxennoro Co-
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103a 021/2011 3axperuieHo moHATHE 000OTAIICHHON MTH-
IICBOU TPOAYKIIUU — 3TO MPOIYKIIHS, B KOTOPYIO 100aB-
JICHBI MUIIIEBBIC BEIIECTBA, HC MPUCYTCTBYIOIIHE B Hen
M3HAYaIbHO JHOO0 MPUCYTCTBYIONINE B HETOCTATOUYHOM
KOJIMYECTBE WIIN YTEPSIHHBIE B IIPOIIECcCe IPOU3BOACTBA.
I"apaHTHpPOBAaHHOE U3TOTOBUTEIIEM COJIEPIKAHHUE KaXKJOTO
MUIIEBOTO BEIIECTBA, HCIIOIB30BAHHOTO /JIs oborarie-
HUS, TOJDKHO OBITH JTOBECHO 10 YPOBHSA HCTOYHHKA. B
cootBeTcTBHU ¢ TpeboBanusimu TP TC 022/2011 B nipo-
AYKTE, ABJIAIOMIUMCA UCTOYHHUKOM IMUIICBBIX BOJIOKOH,
JOJDKHO COZep KaThesl He MeHee 3 T MUIMIEBBIX BOJIOKOH
Ha 100 r mpoayKTa; BEICOKOE COJEpPKAHUE MUIIEBBIX
BOJIOKOH — 6 T Ha 100 r mpoaykTa. B cBsA3u ¢ 3TMM BCe
00pa3IBl MEYCHBS C TOJOKHOM STAMEHHBIM OTHOCHIINCH
K KaTErOpHWH MPOAYKIUU, 00OTalICHHON MHINECBBIMH
BOJIOKHAMU: 00pa3Ilbl PM,—PM, sBJAAIHCH HCTOYHHKAMH
MUAIIEBBIX BOJIOKOH, 00pa3Isl PM4 Hu PM5 HUMEIHN HUX
BBICOKOE COJIEPIKAHUE.

HepI/IO[[I/I'{HOCTI) U METOJbI KOHTPOJIA COACPIKAHUA
MUIIEBBIX BOJIOKOH NPH TPOU3BOJACTBE OOOTAIICH-
HBIX UMM MYYHBIX KOHJHTCPCKUX H3ICITUN TOJKHBI
OBITH ONpPEACIICHBI M 3aKPEIUICHBI B HOPMATHUBHOM
JOKYMEHTAIlMHN TIPOU3BOAMTENS. PermameHTupyemoe
KOJIMYECTBO MHUIIEBBIX BOJIOKOH B O0OTAIEHHBIX MPO-
JQyKTaxX AOJDKHO TapaHTHPOBAaHO oOecrneymBaThCs Ha
KOHEIl MX CpPOKa TOTHOCTH.

BaxHBIM acrexToMm, BIUSIOMUM Ha (GopMupoBa-
HHE KauyecTBa U BOCIPUSITUE MMUILEBON TPOIYKIIUH, SIB-
JIIOTCSI OPTaHOJIENITUYECKUE XapaKTepUCTUKU. B nan-
HOH padoTe OIEeHKY F'OTOBBIX U3ICTUN OCYIIECTBIISIIH
C UCIOJb30BAHUEM KOJUYECTBEHHOTO U KaUYE€CTBEHHO-
ro meto0B. [Ipu KoJIrM4ecTBEHHOM METO/Ie TeCTUpYe-
MBIl 00paser] meYeHbs OLCHHUIN MO 5-0alapHOHN cHuc-
TeMe MO CICAYIOIIMM KPUTEPHUsM KadecTBa: (opma,
MOBCPXHOCTH, IBET, BUJ B H3JIOMEC, 3alax, BKYC U
TeKCTypa. Pe3ynbTaTsl ucciieloOBaHUM MpPeaCcTaBIEHbI
Ha pucyHke 17 u B Tabmune 7.

PesynbpraThl OpraHoienTHYECKUX MCCIEAOBaHUMN
MOKa3ajd, YTO HCClieTyeMble 00pasIbl MeYeHbs C TO-
JIOKHOM STYMEHHBIM HMEIIX BBEICOKYIO JIETyCTAIIHOHHYO
OIIEHKY IO BCEM pPacCMaTpPUBAEMBIM JECKPUITOPAM.
B uznenusx npucyTrcTBOBaid KPEMOBO-KOPHUUYHEBBIHN
OTTEHOK IIBeTa, W HAONIOZANOCh YCHJICHHE €ro WH-
TEHCHUBHOCTH I10 MEPE YBEIMUEHUS KOJIMYECTBA TOJOKHA.
O0pasert PM; umen NpusTHBIN CBETIO-KOPUYHEBBIH LBET.
B o6pasnax PM,~PM, nosnsics jgerkuii 3epHOBOM
OTTCHOK BO BKYCC U 3araxe, 0e3 JOMUHUPYIOMICH HOTHI,
HO OTJIMYAIOIIMKA 00pa3ubl OT KOHTPOJBHOrO. DTO
00yCIOBHIIO CHIIKEHHE TAaHHOTO Moka3artens Ha 0,25—
0,5 6anna. YCcTaHOBJICHO BIUSHUE TOJIOKHA SYMEHHOTO
Ha TekcTypy u3ienus. Haunmnas c¢ obpasua PM,, B
W3/IeNNAX MOSBIATIACH YIPYTOCTh PU Pa3’KEeBHIBAHUH,
00yCIIOBICHHAST TPHUCYTCTBUEM IHIIEBBIX BOJOKOH,
HE BJIMSIOIIAs OTPUIIATEIbHO Ha OPraHOJIENITHYECKYIO
onenky meuenbs. O6pazen PM, xapakTtepusosaincs
MEHBIIICH PacChITIaTOCThI0, HECKOIBKO PHIXJION MATKOM
CTPYKTYpOM, HE 0OKa3bIBAIOIIEH HETATUBHOTO BIUSHUS
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Ha BocupusTHe n3aenus. OOpasIsl ¢ TOMTOKHOM SUMEH-
HBIM OTJIMYQJINCh PAaBHOMEPHO Pa3BUTOW BBIPAKCH-
HOH CTpyKTypoi nop. Becemu erycraropamu OTMEUEHO
IIOJOXHUTECIBbHOC BOCHpI/IHTI/Ie I/I3}1€J’ll/ll71 C SIYMCECHHBIM
TOJIOKHOM, MX COaJlaHCUPOBAHHBIN TrapMOHUYHBINA BKYC
W MsTKasi pa3pbIXJIeHHasl TEKCTypa.

BopiBoABI

ToMOKHO STIMEHHOE SBIAETCS POLYKTOM IIepepadoTKU
LEJIBHOr0 3epHa SYMEHs, 4YTO OOYCJIaBIMBAET €ro
BBICOKYIO [TUTATEIbHYIO LIECHHOCTh, CPOPMUPOBAHHYIO
3a cyeT OOJIBIIOr0 KOJMUYECTBA MHINEBBIX BOJIOKOH,
B TOM YHCJIC BOJOPACTBOPUMBIX [-TIIOKAHOB, (-TO-
KOTPUEHTOJIAa, HE3aMEHUMbIX aMHUHOKUCIOT U psija
IPYTUX QUTOXUMHUYECKUX BEIICCTB.

BBezneHue TOOKHA TIMEHHOTO B KOMITO3UTHEIE CMECH
MYKH TIPUBENO K H3MEHEHHUIO UX MAaKPOHYTPHEHTHOTO
COCTaBa: YBEIWYEHUIO COJACPKAaHUS OenKa M Kupa u
BO3PACTaHUIO 00IEro KOJUYSCTBA MUIICBBIX BOJIOKOH.
JloOaBiieHHEe TOJOKHA SYMEHHOTO B PEICHTYPHBIN
COCTaB CaxapHOIo Me4YeHbs] MPUBOJUT K YBEIUUCHUIO
COZIepKaHUsl INHOJIEBOBON U YMEHBUIEHUIO JIMHOJIEBOM
KHCJIOT B )KHUPOBOW (PPaKIIUH, YTO MOXKET 00YCIIaBINBATh
TIOBBIIIICHUE €r0 COXPAHHOCTH 110 CPAaBHEHHIO TICUCHBEM,
M3TOTOBJIEHHBIM C MCIIOJF30BAHUEM IMIIICHHYHON MYKH.
YCTaHOBIIEHO CHUKEHUE HACBIIHON IJIOTHOCTH KOM-
MO3UTHBIX CMECEH MYKH C TOJOKHOM, YTO CBSI3aHO C
OOJIBIIMM Pa3MEPOM YACTHI[ TOJOKHA 10 CPABHCHHUIO
C MYKOH MIIEHWYHOH BbIcHiero copra. JloOGaBieHue
STYMEHHOTO TOJOKHA B KOMIIO3UTHBIE CMECU MYKH
00yCIIOBUIIO CHIDKEHHE OOMIETO KOJIMYECTBA CHIPOH
KIICHKOBUHBI W W3MEHCHHE €€ KadeCTBEHHBIX Xa-
pakTepucTuk. CHIDKEHHE KONMYECTBA KICHKOBHUHEI

OBEPXHOCTh

BKYyC
Konrpons PM, —&—PM,
- PM3 PM4 - PM5

Pucynox 17. OpranonenTtudeckas OlleHKa KOHTPOJIBHOTO
oOpasia 1 perenTypHbIX MOJelIeH IeUeHbs
C UCIOJIb30BAaHMEM KOJIMYECTBEHHOTO METO/1a

Figure 17. Sensory profile: experimental biscuits with tolokno
vs. control
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Tabnuma 7. Opranonentudeckas OIeHKa KOHTPOIBHOTO 00pa3ia U penenTypHBIX MOJEICH MeYeHbs ¢ NCIOIb30BaHHEM
KaueCTBEHHOTO METOa

Table 7. Sensory evaluation by qualitative method: experimental biscuits with tolokno vs. control

HaunmenoBanue PenientypHele Mojienu
noKasarens PM, PM, PM, PM, PM, PM;
(KOHTPOJIB)
dopma [IpaBunbHas, Kpyrias, paBHOMEpHas 10 BCell TONMMIKHE, 6€3 B3AYTHIA 1 MOBPEKACHUH Kpas
[ToBepxHOCTH I'manxasi, poBHas, cyxas, 0€3 TPEIUH 1 NPOYHX Ae(EeKTOB
LBer PaBuomepnbiii | PaBHOMepHbIN | PaBHOMEpHBIH PaBHOoMepHbBIH PaBHomepHbIi PaBHomepHbIi
10 BceMy 10 BCEMY TI0 BceMy 10 BceMy 00beMy, | TI0 BceMy 00bemy, 0 BceMy
o0BeMy 00BeMy, CBETIIO- o0BeMy, COJIOMEHHBIH COJIOMEHHBIIT 00BeMy, CBETIIO-
W3S, COJIOMEHHBIH COJIOMEHHBIIT C KpEeMOBO- C KOPUYIHEBBIM KOPUYIHEBBIH
HaCBIIIEHHBIN CO cIerka C KPEMOBBIM KOPUYHEBBIM OTTEHKOM
CBETJIO- KPEMOBBIM OTTEHKOM OTTEHKOM
COJIOMEHHBIH OTTEHKOM
Bxkyc n3anax | CpoiictBenHsle | CBoiicTBeHHble | CBoiicTBeHHbIe | CBOWCTBEHHBIE CBoiicTBeHHBIE CBoiicTBeHHBIE
BBINIEYEHHOMY | BBINIEYEHHOMY | BBIEUEHHOMY BBITIEYEHHOMY BBITIEYEHHOMY BBINIEYEHHOMY
U3JIEITHIO, U3JIeIHIO, U3JIEITHIO, U3/IeNHIO, U3/IeNHIO, U3/IeNHIO,
XapakTepHO XapaKTepPHO XapakTepHO XapaKkTepHO XapaKTepHO XapaKkTepHO
BBIPAKEHHBIE BBIPA)KEHHBIE, | BBIPAXKEHHBIE, BBIPAKEHHBIE. BBIPAKEHHBIE. BBIPAKEHHBIE.
MPUSTHBIE, MIPUSTHBIE, Jlerkuii 3epHOBO#1 | JIerkuit 3epHoBo# | JIerkuii 3epHOBO#
TapMOHHUYHBIE | TAPMOHHUYHBIE | OTTEHOK BO BKyCE€ | OTTEHOK BO BKYCE | OTTEHOK BO BKyCE
U 3amaxe U 3amaxe U 3amaxe
Texcrypa [Ipu packychlBaHMU HIIH pa3laMbIBAHUU [Ipu [Ipu [Ipu
paccelraTasi, He TpeOyIomas MPOJOJDKUTEIEHOTO0 |  PacKyChIBaHHN pacKyCbIBaHUU pacKyCbIBaHUU
JKEBAHUS, CyXas, IeCUaHUCTast inis inis inis
pa3ilaMbIBaHUU pa3iiaMbIBaHUU pasilaMbIBaHUU
paccelnyaras, paccelnyaras, cierka
pu pu paccelnyaras,
pa3KeBbIBaHUU pa3KeBbIBAHUU pu
HECKOJIbKO HECKOJIbKO pa3KeBbIBAaHUU
ynpyras ynpyras HECKOJIbKO
ympyrasi, ppIxijasi,
MsIrKast
Bun B uznome | Ilponeuennoe IIponeuennoe mo Bcemy 00beMy, 0€3 IyCTOT U CIEI0B HEMpoMeca, IIporneuennoe
110 BCEMY C PaBHOMEPHO Pa3BUTON MEJIKOIOPUCTOM CTPYKTYpOM 0 BCEMy 00BeMy,
00BeMy, 0e3 mycToT
0e3 mycToT U CIIeIOB
1 CIeI0B HerpoMeca, co
HeTIpoMeca, ¢ CpeHero pa3mMepa
paBHOMEpHOMH paBHOMEPHBIMU
MIOPUCTOCTBIO BBIPAYKEHHBIMHU
opamMu

MOET BBICTYNATh MOJIOKHUTCIBHBIM (HaKTOPOM IIpH
HCIIOIb30BAHUU XJICOOTICKAPHON MIICHUYHOU MYKH
B TPOU3BOJCTBE CaXapHOro MEYCHBbS, CIOCOOCTBYSI
(hOpMHUPOBAHHIO BS3KO-INIACTUYHON CTPYKTYPBI TECTA
Y MOJYYEHUIO MPOAYKTa ¢ TpeOyeMBIMH CBOWCTBAMU
U CTpYKTypoi. MccnenoBanHbIE B paboTe MOKa3aTesn
a0copOIMOHHOH CITOCOOHOCTH KOMITO3UTHBIX CMeceil
M0 BOJE W JKHPY IIOJOXKHTEIHHO KOPPEIHPOBAIU C
KOJIMYECTBOM TOJIOKHA STIMEHHOTO. TOJOKHO STUYMEHHOE
obecrieynBaIo0 yBEIWYCHUE BSI3KOCTH H TIpejaerna
TEKy4EeCTH MOJCIBHBIX CYCIICH3UW, OOYCIOBICHHOE
HaJUYUEM B €T0 COCTaBE MHUIICBBIX BOJOKOH M BO-
JIOPACTBOPUMBIX MOJIHCAXAPUIOB, YIPOUYHSIOIMIUX UX
KOaryJsIUOHHYIO CTPYKTYpy. BBencHUE TOJIOKHA sT4-
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MEHHOTO B PELENTypy CaXapHOIO IEeYeHbS, B 3aBU-
CHUMOCTH OT KOHLIEHTPALIUH, IPUBOJUT K MOBBIIIEHUIO
HaMOKaeMOCTHU U CHI)KEHHIO [T0Ka3aTelsl AKTUBHOCTH
BO/JIbI TOTOBBIX U3Jenuil. BBeneHHEe TONOKHA TYUMEHHO-
ro 00ecIeunsIo yBeIMueHUE COIEPKaHNS KOJTMYEeCTBa
MUIIEBBIX BOJIOKOH B FOTOBBIX U3JENUAX. DTO MO3BO-
JIWJIO OTHECTH TaKMe M3JIEHs K KaTeropuu o0oramieH-
HOHM muIeBoil mpoaykuuu. ONTUMaNIbHBIM KOJIHYECT-
BOM [IJIS caxapHOTO TedeHbs cTano BBeneHue 40 %
TOJOKHA SYMEHHOTO B3aMEH 4YacTH MYyKHM MIIEHUY-
HOI1, oOecrieunBaroniee COXpaHEHHUE €ro TPAAUIIHOH-
HOM CcyXO0# pacchlT4aToil TeKCTypbl. JJaHHOE KOJIMYECTBO
TOJIOKHA TI03BOJIMJIO TIOBBICUTH CO/IEPIKAHNE MHUIIEBHIX
BosiokoH B 100 r u3nenus 10 6,5 r U OTHECTH MEYCHBE
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K KaTerOpUU HU3JENUH C UX BBICOKHM COJIEpPKAHUEM.
JanbHeliliee yBeJIMYEHUE KOJMYECTBA SUYMEHHOTO
TOJIOKHA W3MEHSIJIO TEKCTYPY M3ACIHs: CHUKAIO pac-
CHIITYATOCTh, YBEITUIHBAIO MATKOCTh M CIOOHOCTH. DTO
HE CKa3blBaJIOCh OTPULATEIBHO Ha HPUEMIIEMOCTH
U OpraHOJICNITHYECKUX XapaKTepHUCTHKax oOpasia,
HO HE MO3BOJISJIO OTHECTH €ro K TPYIIe CaxapHOro
IICUYCHbA.

Hcnonp30BaHue TOJIOKHA STYMEHHOTO B3aMEH dac-
TH MYKH B PELENTypE CaxapHOro Me4Y€Hbs OTKPHI-
BaeT IOIUPOKUE TMEPCICKTHUBHI IS CO3MaHUSI MYJYHBIX
KOHJII/ITepCKI/IX I/I3}Z[CJ'II/II‘/‘I, SABJISAOIIUXCIA HMCTOYHHUKOM
MAIMIEBBIX BOJOKOH B COOTBETCTBUU CTPEOOBAHUSIMH
TP TC 022/2011.
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AHHOTALMA.

Cos 3aHUMAET OJHO M3 MEPBBIX MECT CPEeIU HCTOYHHKOB PACTHTEIHHOro Oenka. CTPYKTYpHO MOAUGHUIHPOBAHHBIE OeIKN
COM U NPOAYKTHl UX MepepadOTKU NPUMEHSIOTCA IPU CO3JaHUU CIELMAIU3UPOBAHHBIX NMPOAYKTOB nutaHud. Ilomyuenue
(hepMEeHTAaTHBHBIX THIPOIU3ATOB MHUIIEBEIX OENKOB, 001aTAIOIINX PA3HON CTENEHBIO THAPONN3a U (YHKIMOHATBHONW aKTHBHOCTBIO,
SIBJISIETCS aKTyalbHBIM. [{elbio nccie1oBaHus CTANO ONpe/esIeHne ONTHMAIBHBIX MTOKa3aTeIel AByXCTauiHOTO Ipolecca
(epMEeHTATHBHON KOHBEPCHH COEBOT0 OelKa Ha OCHOBE MaTEMaTHYECKUX METOI0B IUIAHUPOBAHUS HKCIEPUMEHTA, a TAKKE
OIICHKA aHTHOKCHJAHTHON aKTHBHOCTH TUAPOJIN3ATA.

[TpoBenu cepuio ByX()aKTOPHBIX IKCIEPUMEHTOB B OTHOIIEHUH MAKCHMAJIbHOI'O 3HAYEHHUS] CTEHEHH TMIPOJIH3a COEBOIO
0EIKOBOTO M30JIsiTa B MPUCYTCTBUU (PEPMEHTOB (IIENICHHA 1 TpulicuHa). Vi3yunnu n1Ba napamerpa GpepMEeHTaTUBHON KOHBEPCUH
COeBOro OeJKa — BpeMs THpOoIIi3a U (pepMeHT-CyOcTpaTHOE coOTHOIIEHHE. [IpoBesn ONTHMHU3ANHUIO PE3yIbTaTOB C IPUMEHECHHEM
METO/I0JIOTHH TIOBEPXHOCTH OTKJIHMKA B mpodeccronanpHoit mporpamme MathCad 15. CymmapHasi aHTHOKCHIAHTHAs aK-
THUBHOCTB THPOJIN3ATa B IIPOIEecce TUAPOIN3a OblIa onpeaeneHa Ha xpomarorpade Liser-Ay3a-01-AA amnepomerpuueckum
METOJIOM.

Y CcTaHOBHIIM ONTHMATbHBIE TEXHOIOTHIECKUE TAPaMETPhl OAHOCTAIUHHOTO THAPOIN3A: IpU 00pabOTKe METICHHOM — BpeMs 7 4
u cooTHoueHne Gpepment:cyocTpar 1:22, mpu 06paboTke TPUIICHHOM — BpeMs 7 4 M cOOTHoIeHHe GpepmenT-cyoerpar 1:30. B
pe3yabTaTe UCMONb30BaHUS MaTEMaTUYECKHX METO10B MIAHUPOBAHUS IKCIIEPHMEHTA ONPEAETHIN ONTHMAaIbHbIE TapaMeTPhI
JIBYXCTAIHMHHOTO Mporecca GepMEHTATHBHOTO THPOJIN3a COEBOTO OeNka: ImepBasi CTaaus — THAPOJIN3 MEICHHOM B TeUCHHE
5 4 npu cooTHomeHnu Gepment-cyocrpat 1:20, BTOpast cTaaus — THAPOIN3 TPUIICHHOM B TeUeHHUE 3 4 IPHU COOTHOIICHUU
tdepment-cyoeTpat 1:19. IMomyunnu ruaponusat co cTenensio rugponusa 88 %. Hanbonpimas cyMMapHas aHTHOKCHAHTHAS
aKTHBHOCTBH OTMEYEHA uepe3 5 U THJPOJu3a U cocTaBuia okoio 250 mr/100 mi.

[MomyueHHBIN (epMeHTATUBHBII THAPOIU3AT COEBOTO OEIKa MOXKET OBITh UCTIOIH30BaH KaK KOMIIOHEHT NMPOYyKTOB MUTAHHS
WM KOpMOBast 100aBKa aHTHOKCHIAHTHOTO AeicTBus. [losydeHHbIe MeNTHAB MOTYT CTaTh MaTPHUIICH UIsI IMMOOHIN3auN
3CCEHIMANIBHBIX MUKPO3JIEMEHTOB (Zn, | u Se) 1 pa3paboTKu MOJUBAICHTHOTO KoMILIeKca. JlanpHeilne uceaeaoBanus OyayT
HaTpaBJICHBI HA N3y4YE€HHE OCTaTOYHON aHTUT€HHOCTH THAPOJIN3aTa U APYTHX TOKa3aTeneil ero GyHKINOHATbHON aKTUBHOCTH.

KuaroueBbie ciioBa. Cost, IPOTEHH, NENICHH, TPUIICHH, THPOJIH3AT, CTeNeHb THAPOIN3a, ENTH/Ibl, AHTHOKCHIAHTHAsI aKTUBHOCTD
@uuancupoBanue. PaGoTa BHINONHEHA 32 CYET CPEACTB rpanTa Poccuiickoro Hayunoro ¢ponma (PH®)ROR Ne 23-26-00058.

Jas nutupoBanus: OepMeHTATUBHBIN ruponn3 coeBoro 6enka / JI. B. CoxonoB [u ap.] // TexHuKa M TEXHOIOTHS MUIIEBBIX
npousBoacTs. 2023. T. 53. Ne 1. C. 86-96. https://doi.org/10.21603/2074-9414-2023-1-2418
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Abstract.

Soy continues to be one of the top sources of vegetable protein. Structurally modified soy proteins and processed products are
used as part of functional foods. Enzymatic hydrolysates of food proteins have different degrees of hydrolysis and functional
profiles, hence the constant search for the optimal hydrolysis parameters. The present research objective was to design a
two-stage enzymatic conversion process of soy protein using mathematical methods, as well as to evaluate the antioxidant
properties of the hydrolysate in laboratory conditions.

Soy protein isolate was tested to define the maximal value of the hydrolysis degree. It underwent a series of two-factor
experiments in the presence of pepsin and trypsin. The study focused on the hydrolysis time and the enzyme-substrate ratio.
The results were optimized using the response surface methodology in MathCad 15. The total antioxidant activity of the
hydrolysate during hydrolysis was determined on a Tsvet-Yauza-01-AA chromatograph using the amperometric method.
For the pepsin test, the processing time was 7 h and the enzyme-to-substrate ratio was 1:22. For the trypsin test, the time was
7 h and the ratio was 1:30. The mathematical modeling revealed the following optimal parameters. The first stage involved
hydrolysis with pepsin for 5 h at an enzyme-to-substrate ratio of 1:20; the second stage involved hydrolysis with trypsin for
3 h at an enzyme-to-substrate ratio of 1:19. The resulting hydrolysate demonstrated 88% hydrolysis. The highest summary
antioxidant activity was registered after 5 h of hydrolysis and amounted to about 250 mg/100 mL.

The resulting enzymatic hydrolysate of soy protein can be used as a food component or an antioxidant feed additive. The
obtained peptides can immobilize essential microelements, e.g., Zn, I, and Se, as well as produce polyvalent complexes. Further
studies will be aimed at the residual antigenicity of the hydrolysate and other functional indicators.

Keywords. Soy, protein, pepsin, trypsin, hydrolysate, degree of hydrolysis, peptides, antioxidant activity
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BBenenue

AxTyanpHOM mpobnemMoi nang 370pOBBS  COBpe-
MEHHOT'O0 YeJOBEKa SBISETCA pa3BUTHE HaAPYUIICHHUN
oOMeHa BEIIeCTB, T. H. MeTabOoIMIecKuii cuaIpoM. Me-

CITOCOOCTBYET IMOBBIIICHHOMY PHCKY pa3BHTHS JHa-
6eTa 1 cepeUHO-COCYAUCTHIX 3a0oneBanuii [1]. Hapsamy
C HCIOJIb30BaHUEM ()apMaKOJIOTHYECKUX CPEICTB B

TaGoIMYeCKuil CHHAPOM GOPMUPYET KIacTep MeTabo- PO HIAKTHKE U TEPATUH METa00JIMYECKOTO CHHIpOMa
JMUYECKUX HapYIICHWH, BKIIOYas PE3UCTEHTHOCTH K 0cobast poJib MPUHAICKNT U3MCHEHHIO 00pa3a KHU3HH,
HHCYJIMHY, aT€POrCHHYIO JUCIUIIAIEMUIO, LICHTPaIbHOE 0COOEHHO TUETHYECKUX TPHUBBIUEK [2]. DPPeKTHBHOCTD
OKHMPEHHE M apTepHANbHYIO TMIIEPTEH3MIO, a TaKKe METOJIOB JeueHUss M Npo(pHIAKTHKH MeTabosndec-
CBS3aH C HAPYIIECHUSMHU YTJIEBOIHOI'O, JINIIUIHOTO U KOT'0 CHHIPOMa MOXET OBITh NMOBBIIICHA BKIIOYCHHEM
IyPpUHOBOrO 0OMEHOB. MeTabonu4yecKuil CHHAPOM B IEPCOHAIM3UPOBAHHYIO JUETOTEPAIUIO IMUIIEBBIX
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MPOAYKTOB, LEJIEHANPABICHHO KOPPUTHPYIOMINX Te
WU WHBIC HAPYIICHHS 32 CUYET HUCIIOIB30BaHUSA (YHK-
LIUOHAJIBHBIX MHUIIEBBIX HHIPEANEHTOB U ONOJIOTHYECKH
aKTHUBHBIX J100aBOK pa3NWYHON MPUPOJBI, OTBEUAIO-
IIUX COBPEMEHHBIM TPEOOBAHMUIM O€30TMacHOCTH U d(]-
(dextuBHOCTH. Takue MUIIEBBIC TPOIYKTHI OTHOCSTCS K
KaTeropuy CHEeNNAIN3HPOBAHHON MUIIEBON MPOLYKIUH
JUETHYECKOr0 MPO(UIAKTUYECKOTO U AUETHYECKOIo
neuebHorO nuTanus [3, 4].

Cpenu pacTUTEIBHBIX OCITKOB IS IeNel AueTHIec-
KOW KOpPPEKIMU ¥ MPO(HUIAKTUKH IIHPOKO HCIOJIb-
3ytorcs Oenku cou. CoeBble U30JIATHI coaepxKar oosee
80 % Oeika, OTIMYAIOTCS BBICOKOH YCBOSIEMOCTBHIO
U OKa3bIBAIOT THIOXOJECTEPUHEMUYECKOE M aHTHa-
TeporeHHoe aciicTBue. M3-3a BEICOKOTO cONMEpIKaHUs
Oellka U YHUBEPCAJIBHOCTH COCBBIC OCJIKH SIBIISIOTCS
OCHOBHBIM HCTOYHHUKOM OEJIKOB PAaCTUTEIBHOIO IIPO-
HCXOXKJICHHUS U UIUPOKO MOTPEOIAIOTCS Pa3IuIHBIMH
rpymnIamMu HaceleHHus Bo BceM Mupe. CoeBbIi Oeok co-
JEPKUT XOPOIIO COaNaHCUPOBAHHBIN AMHHOKHCIIOT-
HBII cOCTaB (32 UCKITIOYEHUEM CEPOCOCPKAIINX, TAKUX
KakK MCTI/IOHI/IH), YTO ACJIaCT €ro IMMOXO0XUM Ha JKUBOTHBINA
oemnoxk [5-7].

AKTyanpHOHW sBIIETCS pa3paboTka MPOIYKTOB
MUTAHUS CIELNAIN3UPOBAHHOIO HAa3HAUYCHMSI, BKIIIO-
Hawmux UCTOYHHUK ITOJIHOLICHHOT O 6eHKa, KOTOPBIC HE
BBI3BIBAIOT MHINEBYI0 HETEPEHOCHMOCTD, SBISIOTCS
JIETKOYCBOSIEMBIMA U 00JaJaf0T XOPOIIUMH OpPTaHO-
JENTHYECKUMHU TT0Ka3aTelsiMu. MccinenoBanus rmocien-
HUX JIET HalpaBJeHbl HA MOJyuyeHHe (PePMEHTATUBHBIX
THJIPOJIU3aTOB MHUIIEBBIX OEITKOB, KOTOPBIE 00JIaAaI0T
pa3HOM CTEMeHblo TuapoNn3a U GYHKIIMOHAIHHON aK-
TUBHOCTEIO [8]. [Io cpaBHEHUIO ¢ KMCIOTHBIM M 1IEJI0Y-
HBIM THAPOJIN30M (DEPMEHTATHBHBIH 'HJIPOJIN3 MTPE/II0-
YTUTCIICH, T. K. IPOTCKACT B «IAAAIIUX) TJIA 0€IKOB
YCIIOBHUSAX U C BBICOKOH cKopocThio [9]. B pesynbprarte
(hepMEHTAaTUBHOTO THIPOJIH3a COXPAHSICTCS MaKCHMaTh-
HO BO3MOXKHAasl MUTATEJbHASI [EHHOCTh U MOJIy4acTCs
MPOAYKT ¢ TpeOyemoi crerneHpto rumposinza. CTOUT
YYUTBIBaTh, 9TO (EPMEHTH 00JaJaf0T BBICOKOM W3-
OMpaTeNnbHON CIIOCOOHOCTHIO, TOITOMY HEOOXOIHM
UX TpEeABAPHUTEIbHBIH 1M0A0Op A OCYLIECTBICHHS
HAIPaBJICHHOTO THJPOJUTHYECKOTO0  BO3JEUCTBHS
Ha ONpCACIICHHBIC XUMHUYCCKUEC CBA3W B MOJICKYJIax
Oenka [10]. ®epMeHTATHBHBIA THAPOIN3 OCITKOB Ta-
KUMH IPOTea3aMu, KaK ICTICHH, TPUIICHH M XHMO-
TPUIICUH TIOBTOPSIET €CTECTBEHHBIH MpOLECcC UX
pacuierieHuss B opraHu3Me mpu numieBapeHun [11].
AMWHOKHUCIIOTHBIH COCTaB B THAPOIN3ATE, TIOTYICHHOM
MeTo0M (DepMEHTaTHBHOTO THAPONH3A, HICHTHICH
aMUHOKHCIIOTHOMY COCTaBy HucXonHoro Oenka. Ilo
CPaBHCHUIO C HATUBHBIMU OeaKaMu TUAPOJIN3aThL
0051a1af0T TaKUMH TPEUMYIIECTBAMH, KaK OBICTpoe
yCBaWMBaHHUE OPTAaHU3MOM, MOCTYIHOCTH ISl ITUTAHUS
MOoZel ¢ pa3iNMYHBIMM HapylmeHHsSIMH H 3aboseBa-
HUSIMH OPTaHOB ITUILEBAPEHUS U OTCYTCTBHE HATUBHBIX
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0eKOB, KOTOPBIE CIIOCOOHBI BBI3BATH aJICPTCHHBIC
peakuuu. Kpome Toro, ruiposin3 6eiKoB ciocoOCTBYET
Moandukanuu uX (QYHKIHOHAIBHBIX CBOWCTB: pact-
BOPHMOCTH, BSI3KOCTH, NEHOOOpa30BaHUs M IMYJIb-
THPOBAHHUSA, @ TAKXKE IMOBBIIAET MX OHOJOTHYECKYIO
eHHOCTh [12].

Bounbioe koinu4yecTBO HayYHBIX PaOOT U MATEHTHBIX
pa3paboTOK MOCBSIIEHO MOJYyYeHHIO (PePMEHTATHBHBIX
THJIPOJIN3aTOB Ha OCHOBE OEJIKOB KOPOBHEI'O0 MOJIOKA
(xa3enHa, CBIBOPOTOYHBIX OEITKOB M IEIBHOTO OeKa),
MOCKOJIBKY OHHU 00JIaJJal0T XOPOIIEH pacTBOPUMOCTHIO
B BOJIe, COQJIaHCUPOBAHHBIM COCTAaBOM aMHUHOKHUCIIOT,
XOpOoIrMH OPraHOJCNTUYCCKUMHU MOKA3aTCIIMU U
SBIISIOTCS. HE3aMEHUMBIMU KOMITOHEHTaMH IPOIYyKTOB
MHUTaHUS CHEHUATH3UPOBAHHOTO Ha3HAUCHNUs. bopmioi
MHTEpPEC JUIsl HCCIICA0BAHUH BBI3BIBAIOT KOMMEPUECKH
JIOCTYIHBIC SIMYHBbIC OCIKU U Oeku cou. J[s suaHbIX
OenKoB XapakTepeH cOajJaHCHUPOBAHHBIM aMHUHOKHC-
JIOTHBIA COCTaB, a JJisi OSJIKOB COM — THIIOAJUIePTeH-
HbIE, AaHTHOKCUIAHTHBIE U THIIOXOJIECTEPUHEMHUYECKUE
cBoiictBa. Ha ocHOBaHMHM psiiia McCielOBaHUN coe-
BBIC THUAPOJHN3aTbl PEKOMEHAOBAHBI JId KOPPCKIUU
U TpopUIAKTHKA HAPYyOIEHWH IHUMHIHOTO OOMEHa
U CepACYHO-COCYIUCTHIX 3a00JCBaHHUN, OXHPCHHS
urt. a8, 13-17].

AKTyalabHOCTh NpHOOpETaT pa3padoTKH TEeXHO-
JOTHH TONXy4eHHs (GEepMEHTATHUBHBIX THAPOJIU3ATOB
(bepmeHTOTM3aTOB) OEIKOB C MPUMEHEHHUEM pPa3iIii-
HBIX HCTOYHHUKOB MUIIEBOIO CHIPbS. DTH TEXHOJIOTHH
JIOJDKHBI OBITH NPOCTBIMH B ILIAHE alNaparypHOro
obecrieyeHust ¥ UCHOJIb30BaTh KOMMEPUYECKH TOCTYII-
HBIE U PacTpoCTpaHeHHBIE OEITKOBBIE CyOCTpaThl U (ep-
MeHTBI. Takke OHM JOJDKHBI 00ecredynBaTh BO3MOX-
HOCTb M3MEHEHUsI OEJIKOBBIX CyOCTPaTOB JUIsl IOy YEHHS
THIPOJIM3aTOB, KOTOPBIC OYayT 001aaTh HCOOXOAUMBIMHU
CIIEIHANBHBIMU (QYHKIMAME (M3TOTOBIIEHUE TIPOPUITAK-
THYECKUX MPOIYKTOB aHTHOKCUIAHTHOM, FHII0AIIEPreH-
HOW WJIM MMMYHOMOJYJHPYIOIIEH HalpaBIeHHOCTH),
a TaKX€ MpEAHA3HAYCHBI AJId MUTAHUA JIUIL C Hp06ne-
MaMH (QYHKIHOHHUPOBAHUS JKEIYIOYHO-KHUIIECYHOTO
TPaKTa, KOTOPBIC HE CBA3AHBI C AJJICPIHYSCKUMH HITH
JIpyrumu 3aboneBanusmu [ 18].

[MenTuapl ¢ KOPOTKOM IIEMOYKOIl abcopOUpyrOTCS
B IHILIEBAPUTEIHHOM TPAKTE OBICTPEE U MOJIHEE, YeM
cMecH CBOOOIHBIX aMUHOKHCIOT [19]. TlentmmHbie
cMecH, NoJy4aeMble B Mpoliecce MPOTEONn3a, UMe-
I0T NMPEUMYIIECTBA, 110 CPABHEHHUIO CO CMECSMU CBO-
OOJHBIX aMHUHOKHCJIOT: MEHBIIYI0 OCMOJIIPHOCTb,
CIIOCOOHOCTH MPOSIBIATH PA3IUYHYIO MOJE3HYI0 OHO-
JIOTHYECKYI0 aKTUBHOCTBH NPH IpUEMe ¢ MUIIeH Win
HaUTKaMH{, CTUMYJIUPOBATh aKTUBHOCTH (DEPMEHTOB
MUIIEBApCHNUSA U YBCIUWYUBATH YCBOCHUC HEKOTOPBIX
ACCEHIIMANTBHBIX MUHEpalbHBIX BemiecTB [20]. Mcce-
JOBAaHUSMHU YCTaHOBIICHO, YTO YePe3 DHTEPOLIMTAPHBIN
Oapbep KUIIEYHOH CTEHKH BMECTE C OT/JCIbHBIMHU aMHU-
HOKHCJIOTAMU MOTYT NPOXOAHUTH U HEKOTOPbIE KOPOT-
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KOIETIOYEYHbIE MTeNTHABL. [Ipu monaganuu B KpOBb MOC-
JIETHUE MOTYT MPOSIBISITH PA3IMYHYI0 OHOIOTHIECKYIO
aKTUBHOCTH [21]. B psine uccnegoBanuii mokasaHo, 4To
3G PEKTUBHOCTD YCBOCHHSI aMMHOKHCIIOT M3 THIPOJIH3a-
TOB IENTHIOB Oblj1a 00JI€e BLICOKOM, YeM BCACBIBAHUE
WX aHAJIOTOB U3 CMecel cBOOOHBIX aMUHOKHCIIOT [22].
OTHU JaHHbIE MOBBILIAIOT UHTEPEC HUCCleoBaTeNed u
MIPOU3BOAUTEIICH K TEXHOJIOTHIM TMOTy4YeHUsI OETKOBBIX
THIPOJIN3aTOB U X UCIOIB30BAHUS.

Ilo pesynbTaraM MpPOBEAEHHBIX HCCIEI0BAHUMI
OJHOW W3 MPUYUH TSHKEIBIX XPOHHUYECKUX 3a0oJieBa-
HUI 4YelloBeKa HA3bIBAIOT OKHUCIHUTEIbHBIA CTpecc, B
OCHOBE KOTOPOTO JIC)KAT HAKOIICHUE aKTUBHBIX (hopm
KHCJIOpoAa W AucOajaHCc MEXAy HX oOpa3oBaHHEM
u HelTpammsanmeil. 3aboeBaHUS W PaCCTPOICTBA,
BBI3BAHHBIC OKHCIHTEIBHBIM CTPECCOM, BKIIOYAIOT
CepJIeUHO-COCYIUCThIE U HeWpoJiereHepaTUBHBIE 3a-
OosieBaHUsA, XPOHHYECKYIO OOCTPYKTHBHYIO OOJIE3HB
JIETKHUX, XPOHUYECKYIO O0JIE3Hb MOUYEK, pak u ap. [23].
OKUCIUTENbHBIN CTpecC ABJISETCSI OCHOBHON NPUYMHOM
WHIYKIIUU KIETOYHOTO aronTo3a, MOBPEKICHUS TKaHEeH
Y MaTOJIOTUYECKUX U3MEHEHUH B opranusme [24].

Bpennoe Bo3peiicTBHE CBOOOTHBIX paguKalioB,
00pa3yromuxcs B pe3yibTaTe OKHCIUTEIBHOI'0 CTpeC-
ca, MOXHO CHHU3HUTbH IyTEM CHCTEMAaTHYECKOI'0 YIOT-
pebieHus MUIIEBBIX NMPOAYKTOB, HAMUTKOB M BAJL,
00mamarommx BBICOKOH AHTHOKCHUIAHTHONH aKTHB-
HOCTBIO. AHTHOKCHJAHTHAsI CIIOCOOHOCTH MENTHIIOB,
MOJIYYCHHBIX M3 MUIICBHIX OCIKOB, B TOM YHCIIC pac-
TUTENIbHBIX, MYyTeM (pepMEHTATUBHOU MOAM(PHUKAIUH,
OpTa ommcaHa B OONBIIOM KOJHWYECTBE MCCIEIOBA-
Hul. IMEHHO pacTUTEeNbHBIE OCIKN pacCMaTPUBAIOTCS
KaK HOBBIA MCTOYHWK AHTHOKCHIAHTHBIX MENTHIIOB,
KOTOpBIC YJy4IIAT JICUCHHE 3a00JCBaHU, CBsI3aH-
HBIX C OKMCIUTEIbHBIMU Iponieccamu [9, 25, 26].

KirerouHsle nccnenoBanus in vitro W in vivo TIOKa3all,
YTO aHTHOKCUIAHTHBIC OMOAKTHBHBIC MENTU/IBI 00JIaIAI0T
KJICTOYHOW aHTHOKCUJIAHTHOM aKTHBHOCTHIO, CHUIKAIOT
OuoMapKephl OKHCIUTEIBHOTO cTpecca (Hampumep,
MEePEKICHOE OKHMCICHHUE JINMHI0B, BHYTPUKICTOYHBIE
YPOBHU aKTUBHBIX (POPM KHCIOPOJA, allONTO3), IIOBHI-
[IAIOT aKTUBHOCTh PAa3IMYHBIX AHTHOKCHIAHTHBIX
(hepMEHTOB M MOAYIUPYIOT YPOBHU aHTHOKCHIAHTHBIX
MOJIEKYJT [27]. AHTHOKCHIAHTHBIE METITU/IBI IEHCTBYIOT
MyTeM WHAKTHBAllMM aKTHUBHBIX (OpM KHCIOpOna,
MOTJIOMICHUST CBOOOTHBIX PAIUKAIIOB, XCIATHPOBAHUS
MPOOKCUJAHTHBIX TEPEXOIHBIX METAJUIOB U CTHMY-
JIMPOBAHUSI AKTUBHOCTH BHYTPHUKICTOYHBIX AHTHOK-
CHUJAHTHBIX (DEPMEHTOB. DTH MENTHABl MOIYIHPYIOT
¢bu3nonornyeckue GyHKIUHA OPraHU3Ma B 3aBUCHMOC-
TH OT UX NEPBUYHOU CTPYKTYPHI, COCTAaBa U MOCIEO0-
BaTEJIbLHOCTH aMUHOKUCIOT [28]. BonbmnHcTBO OMOaK-
THBHBIX MENTHI0B, MOJTYYSCHHBIX U3 MMUIIEBHIX OCIIKOB,
uMEIOT OT 2 10 20 aMHHOKHCJIOTHBIX OCTAaTKOB, XOTS
OTHMCAHBI HEKOTOpBIC Ooliee JIMHHBIC TMenTUABl [29].
AHTHUOKCUJJAHTHBIE TIENTHABI YaCTO COAEPKAT TUIPO-
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¢dobHBIE OcTaTKH, Takue Kak Leu mimm Val, HeKoTopsIe
ocraTku apoMaTtrdeckux amuHokucaot (Phe, Try n Tyr)
Y UMH1a30J1bHBIE Kouiblia His. DTH CTPYKTYpBI CUMTarOTCS
OCHOBOW CHJIBHOH AaHTHOKCHUIAHTHOW CIIOCOOHOCTH
nentungos [30].

WHTepec uccnenoBaTeneil HampaBiIeH Ha HU3yde-
HH€ AaHTHOKCHUJAHTHONH AKTUBHOCTH U OTACIBHBIX
AMUHOKHCIJOT. YCTaHOBJICHO, YTO CEpPOCOACpIKAIINe
AMHHOKHCJIOTHI, HAIIPUMEp, IUCTEUH, METHOHUH M Tay-
puH, 00JIaTal0T AaHTUOKCHUIIAHTHBIM JeicTBueM [31].
B nccnenoBanum J. Liu u gp. ObI7I0 U3yU4eHO aHTHOK-
cupanTHoe naeiicteue 20 aMmuHOKHUCIOT. Bhicokue mo-
kasarenu otmedensl s Tyr, Trp, Cys, Lys, His, Arg,
Val, Phe u Met. Mexay aMHHOKHCIOTaMH OBLT OT-
MEYeH aHTHOKCHJAHTHBIH CHHEPreTH4ecKuil »QQexr,
KOTOPBI MOXHO HCIOJB30BaTh IS TOJABICHHUS
OKHCIIUTENBHOTO cTpecca [32].

HecMmoTpst Ha JOCTUTHYTHIN yCHeX B BBIJCICHUH 1
UAeHTHQUKAUY OMOaKTUBHBIX NENTHIOB, JOCTYITHAS
nHpOpManus CBA3aHA C JTA0OPATOPHBIMHU JaHHBIMH
U HaW4UeM OTPAaHWYCHHOTO KOJHMYECTBA KIMHHYECC-
KUX MCTIBITAHUH A7 000CHOBaHUSA MX NMPOU3BOJCTBA
1 HWCIOJB30BaHUSA B KadyeCTBE HYTPHUIIEBTUKOB WIIH
(YHKIMOHANBHBIX THUIICBBIX KOMIIOHCHTOB. byay-
LIME UCCIIe0BAHUS JOJDKHBI OBITh COCPEJOTOUYCHBI Ha
KpyIHOMAacmTaOHOM KOMMEPYEeCKOM IMPOU3BO/ICTBE aH-
THOKCUJIAHTHBIX MENTHIOB, MOJXYYEHHBIX U3 Pa3iIud-
HBIX OEJKOB, M3YYEHUHU B3aUMOCBSI3H MX CTPYKTYPHI
1 aKTUBHOCTH, I'Ty0OKOM MOHMMAaHUU aHTHOKCHIAHT-
HOTO MEXaHHU3Ma M IpOBepKe UX d(HPEKTUBHOCTH IIIS
370pOBbsI UEJIOBEKA B €CTECTBEHHBIX YCIOBUAX [25].

Takum o6pa3oM, ONydeHHE DK30TEHHBIX CPEJCTB
AHTHOKCHUJAHTHOW HAIPABICHHOCTH (B TOM YHCIIC TH/I-
POJIN3aTOB Pa3IMYHBIX OCIKOBBIX CyOCTPaTOB) SIBIISET-
cq aKTyalbHbIM. AHTHOKCHIAHTHI B OpraHHU3MeE CIIO-
COOCTBYIOT CHHKCHHUIO YPOBHS MOBPEKICHHS TKaHEH,
YCKOPEHHIO TTPOIIECCa BHI3IOPOBICHHUS M TPOTHBOCTOS-
HUIO Pa3JInYHBIM 3200JIEBAaHUSM, & TAK)KE YBEIMYHNBAIOT
MPOIOIKUTEIBHOCTD KU3HH.

B pabore C. /. )KamcapaHOBOH ¥ 1p. IPEJICTABICHO
noJiyueHne (epMEHTATHBHOIO THIPOJIH3aTa COEBOTO
Oenka U MPOBEJAEHO ero XpoMaTorpadupoBaHUE METO-
JIOM TelTb-(pUIBTPAINH, a TAKXKE OMpPEAeIIeHa CyMMap-
Has aHTUOKCUJAHTHAsI aKTUBHOCTbH IOJYUYEHHBIX TPEX
OCHOBHBIX (pakiuii (BbICOKO-, CpeJHE- U HHU3KOMO-
nekysapHoit) [33].

[lenbro HACTOSILIErO0 MCCIEAOBAHUS CTalO OMpe-
JleJIeHME ONTHUMAaJIbHbBIX [MOKa3aTesel 1ByXCTaIuiiHOTO
nporecca hepMEeHTATHBHOW KOHBEPCHUHU COEBOTO OeiKa
Ha OCHOBE MaTEeMaTHYeCKMX METOAO0B IUIAHMPOBA-
HUSI OKCIIEPUMEHTa U AaHTHOKCHUJAHTHOW aKTUBHOCTH
TUAPONIA3aTa B MPOIECCe THAPOIH3A.

OO0BbeKTHI U METO/IBI HCCJIETOBAHUS

OOBEKTOM 71 TONYYEHHS TENTHUIOB CTal MpoO-
TenH coeBblil (u3omsaT, Kwuraif). [Ins mpoBeneHms
(epMEHTAaTHUBHON KOHBEPCHH COCBOr0 Ocyika ObLIH
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HCIIOTB30BaHBl (PEPMEHTHBIC MpenapaThl: MEINCHH To-
BSDKAH W3 CIM3UCTBIX OOOJIOUEK JKENyJKa CBUHEH
(TY 9219-564-00419779-2000) 1 TpUIICUH U3 TIOKE-
JTyT0YHOM JKene3bl KPYIHOTo porartoro ckota (Spofa,
Yexwus).

I'unponus coeBoro Gesika METICHHOM MTPOBOJIUIIN B
0,1 M HCI (pH = 1,6). [Ipu npoBeaeHuHn 2-0if cTaauu
ruaponm3a (THAPOIU3 TPUTICHHOM ) n3MeHsn pH peak-
HUOHHO# cMmecu j0 7,8 nodasinenunem 10 % NaOH.

CozepxaHne aMMHHOT'O a30Ta B HETHUPOJIU30BaH-
HOM CHIpbE B OCITKOBOM THIPOJIU3ATE OMPEACIISINA Me-
TogoM (opmoabHOTO THTpOoBaHus (Metox CepeHca)
(O®C.1.2.3.0022.15). CyuiHoCcTh METOJa COCTOUT B
3amuTe POpPMaNTbACTHAOM CBOOOTHBIX AMHHOTPYTII
(oOpazoBanue ocuopanuii lllndda) n ankanumerpn-
YEeCKOM THUTPOBAHMHM JKBUBAJCHTHOTO KOJMYECTBA
KapOOKCHUIBHBIX TPYIIII.

Konnenrpanuio o011ero a3ora onpeaessin ¢ peax-
tuBoM Heccnepa nmo ODC. 1.7.2.0027.15. Metox oc-
HOBaH Ha CIOCOOHOCTH peakTmBa Heccriepa maBath
[IBETHYIO PCAKIMI0 C HOHAMH aMMOHHUS, KOTOpEIE
00pasyloTcsi mociie MHHEpaJIH3aluu OeIKOBBIX IIPO-
IyKTOB.

IIpoTeonmuTudeckylo aKTHBHOCTh (PEPMEHTHBIX
npenapatoB onpenensin no 'OCT 34430-2018. Ko-
JUYECTBO OeiKa, MPEeBPAIIEHHOT0 B HU3KOMOJEKY-
KYJSpHBIC TMENTHABl U aMHHOKHUCIOTHI, OMpPEICIIsIIH
[0 peakuuu CBOOOJHBIX aMHHOKHCIOT C PEaKTHBOM
donvHa W U3MEPEHHUI0 ONTHYECKOW IJIOTHOCTH Ha
(hOTORIEKTPOKOTIOPUMETPE TIPH [UTHHE CBETOBOI BOJHEI
A =670 HM.

Crenens rugponusa (CI') Oenka ompemessuid 1mo
thopmye:

(NOA _NAAO)

rue NOA — coaepkaHue obmero asora, %:; NAAO -
coJiep)KaHKMe a30Ta B HETUAPOJIN30BAHHOM ChIpbe, %0;
N, , — comepKaHue aMUHHOIO a30Ta B TUPOJIU3ATE TIOCTIE
THIPOJIH3a B TCUCHHE HEKOTOPOTO TIEpHO/Ia BpEMEHH, Y.

O06paboTKy pe3ylbTaTOB IKCICPUMEHTOB IO OINTHU-
MH3AIUN MTapaMeTpoB (PepMEHTATUBHOI'O THAPOIIN3a
OCYIIECTBISIHN C HCTIOIB30BAHIEM CTAHIaPTHBIX MPOT-
pamm MS Excel u Mathcad 15. Matemaruueckoe 1uia-
HUPOBAaHHE DKCIEPUMEHTa MPOBOAMIN B COOTBETCT-
BHHM C KOMITO3HIIMOHHBIM IIAHOM IBYX(PAKTOPHOTO
SKCIEpPUMEHTa Ha TpexX YpoBHsAX [34]. [ nonydeHus
K03((PUIIHEHTOB ypaBHEHUS PErPECCHU MPUMCHIIH
poQecCHOHaTbHYI0 TIPOrpaMMy 00paOOTKH JaHHBIX
Statistica 10. Ha ocHOBaHHH MOJTYYCHHBIX PErPECCHOH-
HBIX YPAaBHEHUH CTPOMIIUCH IpaduecKue 3aBUCUMOCTH
mapaMeTpoB OTKJIMKAa OT HCCICAyeMBIX (haKTOPOB.
3HaueHUs (QYHKIHH >KEIATEIBHOCTH PACCUYUTHIBATU
10 3HaYEHUSIM (QYHKIUU OTKJIMKA C UCIIOJIb30BAHHEM
thopmyner Xappunrrtona [35].

CyMMapHYI0 aHTHOKCUIAHTHYI aKTHBHOCTBH THII-
ponmzara oneHuBadu Ha xpomarorpade LlBer-Sy3a-

cr

(D

90

01-AA (HIIO «XwmmaBTOomMaTuka», MocCKBa) aMIepo-
METpUYECKHUM MeTo/oM [36]. MaccoByro KOHIICHTpa
IIUI0 aHTHOKCHUIAHTOB OIPE/EIISIIIN C UCTIOIb30BAHUEM
IpagyrupoOBOYHOTO IpaduKa 3aBUCUMOCTH BBIXOTHOTO
CUTHaJla OT KOHIEHTpanuu KpepuetrnHa. CyIIHOCTb
JTAHHOTO METOa 3aKIIF0YaeTCs B U3MEPEHUN CHIIbI TOKA,
KOTOPBIH BO3HUKAET MPH OKUCICHUH aHTHOKCHIAHTHBIX
MOJIEKYJ Ha TOBEPXHOCTH PabOuero »JIEKTPoaa HpH
OTIpEJICJICHHOM TIOTEHIaje, Ipeodpasylomierocss B
u(ppOBON CUTHAI MTOCIIE YCHIICHHUS.

OKCIepuMEHTalbHBIE JaHHbIe oOpabaThIBaId C
MpUMEHEHHEM pacdeTa cpeqHux 3HaueHuil (M), ctan-
apTHOHM OmMMOKYU cpeaHero (m) U mapaMeTPUIECKOro
KpuTepHs oleHKH (t-kpurepust CtbrosienTa). Pe3ybrars
CUMTAJIM JIOCTOBEPHBIMH IPH JOCTH)KEHHUU YPOBHS
3HAYUMOCTH paznuunii (p < 0,05).

Pe3yabTaThl U HX 00CYkK/AeHUE

s nccnenoBanus BeIOpanu pepMeHTHBIE Mpera-
paThl MENCHH M TPUIICUH, NOCKOJBKY OHH SIBISIOTCS
JIOCTYITHBIMU Ha POCCUHCKOM PBIHKE M OTHOCHTEJIEHO HE
noporumu. Emie oM (hakTopoM B MOJIb3Y HX BBIOOpA
MOCITY>KIJIO TO, YTO OHU MOBTOPSIIOT €CTECTBEHHBIH MPO-
[IeCC pacIleNICHHUs] B OpraHu3Me TIpU MHUIIEBAPECHUN.
ITo cBoeii cyOcTpaTHOHU crieH(UIHOCTH OHU SIBIISTFOTCS
npoTeazaMy (PHIOMENTHIA3aMH1 ), KaTATH3UPYIOIIIMHU
TUJIPOJIN3 BHYTPEHHUX MENTUHBIX CBsI3el (TMerncuH —
B XKEJYAKE, TPUIICUH — B KUILICUYHHUKE).

UYToOBI ONTHUMHU3HNPOBATH MPOIIECC (pepMEHTATHBHOTO
TUOAPOIIN3a COEBOro Oenka, He0OXOIUMO OBLIO TMOY-
YHUTh HKCIIEPIMCHTAIIBHBIC JJAHHBIE W OTIPECIUTH IIPOTE0-
JIMTUYECKYI0 aKTUBHOCTh BBIOpaHHBIX (PEpPMEHTHBIX
npenaparos (en/r): nencud — 198,3, tpuncun — 1150.

st otteHKH 3P GEeKTUBHOCTH (PEPMEHTOB CTEICHD
THPOJIN3a IPOTENHA OTPEACISUIN 110 TUHAMUKE HAKOII-
JICHUS aMUHHOTO a30Ta. [ MApOIN3 IMETICHHOM TPOBO-
qunu B cneayroomux ycaosuax: pH = 1,6 u t = 39 °C
C pa3HbIM (QepMEHT-CYOCTpPaTHBIM COOTHOIICHHEM:
1:30, 1:20 u 1:10. ITpogomKUTENBHOCT THAPOIIN3A COC-
TaBmwia ot 1 10 5 4. ['mapoan3 TPUIICHHOM MTPOBOIAIIHN B
caenyromux ycaosusax: pH =7,8 mt =39 °C ¢ pa3HpIM
(bepmeHT-cyOCcTpaTHRIM cooTHOmeHHueM: 1:30, 1:20 u
1:10. ITpogOIKUTENBHOCTD THAPOJIM3A COCTaBUIA OT
1 no 5 4.

[Tony4yeHHble 3KCEPUMEHTAIbHBIC JAHHBIC, OTpPa-
JKAIOIMe CTEIeHb THAPOIn3a OenKka con hepMeHTaMHu
METNCUH ¥ TPUIICHH, IPEICTaBICHBI B Tabnuue 1.

Kak crnenyer U3 nmpeacTaBIeHHBIX JaHHBIX, BO BCEX
TpeX BapHaHTax THAPOJIM3a COEBOro OelKa IelCH-
HOM Ha0JI10/1aJ10Ch IOCTOBEPHOE YBEIHMUYCHHUE CTEIICHU
ero rujponusa. Hanbomnsiee 3HaueHNE MOTYyUEHO IS
BTOporo BapmaHTa ((hepMeHT-cyOCTpaTHOE COOTHO-
menue 1:20) mpu mpogOHKUTEIFHOCTH Tpoiiecca 5 9.

Bo Bcex Tpex BapmaHTax THAPOJIH3a COEBOTO
Oenka TPUIICHHOM HaOII0JANI0Ch JAOCTOBEPHOE yBE-
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Tabnuua 1. JluHaMuKa CTETIEHU THIPOIN3a COEBOTO O€IKa MENCUHOM U TpurcuHoM (M + m)

Table 1. Soy protein hydrolysis with pepsin and trypsin (M + m)

Bpewms ruaponusa, 4 CreneHs ruzponusa, %
TICTICHHOM TPUIICHHOM
1 BapuaHT 2 BapuaHT 3 BapuaHT 1 BapuaHT 2 BapuaHt 3 BapuaHT
(1:30) (1:20) (1:10) (1:30) (1:20) (1:10)
1 24,22 +0,10 27,85+0,15 31,48 +0,18 24,22 +0,31 31,48 +£0,39 15,74 £ 0,36
3 36,33 +£0,46™ | 43,59 +0,28"" | 43,59+0,45" | 31,48+0,47" | 36,33 +0,50"" | 39,96+ 0,44"
5 55,70 + 0,533 | 60,50 + 0,90 | 54,49 +0,71"'% | 55,70 + 0,58""* | 48,44 +0,71"* | 48,44 + 0,753

*1,%1,3

— pa3IHuus JOCTOBEPHBI OTHOCHTENIBLHO 1-r0o MiIH 3-X 4acoBOro Ipoliecca TUAPONIN3a COOTBeTCTBeHHO (p < 0,05).

*1.*13 _ differences are significant relative to the one- or three-hour hydrolysis process, respectively (p < 0.05).

Ta6nuua 2. JluHaMHUKa CTENEHH IHIPOJIN3a TPHIICHHOM
Ipu JByXCTaauiHOM mporecce (M + m)

Table 2. Two-stage soy protein hydrolysis by trypsin (M + m)

Bpewms, Crenens Tuponmsa, %
q 1 BapuaHT 2 BapuUaHT 3 BapuaHT
(1:30) (1:20) (1:10)
1 68,06 + 0,55 70,56 £ 0,78 65,23 0,75
79,18 £ 0,68 | 84,96+0,81"" | 74,58 +0,82"!
3 82,64 £0,76"1% | 88,22 +0,85"% | 80,74 +0,85"!

*1

<"1 — pa3aMYMst ZOCTOBEPHBI OTHOCHTENBHO |-T0 HIIH 2-X 9aCOBOTO
npouecca ruposin3a cooTseTcTBeHHO (p < 0,05).
*1.712 _ differences are significant relative to the one- or two-hour

hydrolysis process, respectively (p < 0.05).

Tabnuua 3. YpoBHM n3ydaeMbIX (HaKkTOpPOB

Table 3. Factor levels

daxrop YpoBeHb
1 2 3
X, IIpONOmKUTENEHOCTD THAPONIHM3A, 4 1 3 5
X,, ®epmeHT-cybeTpaTHOE 1:10 | 1:20 | 1:30
COOTHOILICHHE

Tabnuna 4. YpoBHU U3ydaeMbIX (GakTOPOB MPH
JIBYXCTaAMHHOM THAPOJIHN3E CHAaYana MenCHHOM 5 94
(mpu pepmenT-cydcTpaTHOM cooTHomeHUH 1:20),
a 3aTeM TPUIICUHOM 3 4

Table 4. Factor levels during two-stage hydrolysis: with pepsin for
5 h at an enzyme-substrate ratio of 1:20 and with trypsin for 3 h

daxrop YpoBeHb
1 2 3
X, TIpono/sKuTeNnbHOCTD 1 2 3
TUAPOJIH3a TPUIICHHOM, Y
X,, DepmeHT-cyoCcTpaTHOE 1:10 1:20 | 1:30
COOTHOIICHUE

JMYeHUe CTENEeHHU ero rujpoiusa. Haubonburee 3Ha-
YeHHe OTMEYEHO JIsi IepBOT0 BaphUaHTa THUIPOJIU3a
(bepmenTt-cybcTpaTHOE cooTHomeHue 1:30) mpu mpo-
JOJKUTEIBHOCTH Ipolecca 5 u.
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C uenpio yBENHWYEHHUS CTENECHH THUAPOIN3a H
pa3paboTKH ABYXCTAAMMHOIO TNpolecca ObIIO Mpo-
BEJIEHO II0CJIEIOBATEIbHOE BHECEHHWE BBIOPAHHBIX
(depMeHTOB: CcHayajga BHOCHWJIM MEINCHH, MOTOM —
TPUIICHH TP cooTHoleHuu pepmeHnt-cyocrpar 1:30,
1:20 u 1:10. OqHOBpEMCHHBII BapuaHT BHECCHUS (ep-
MEHTOB HE PacCMaTpPUBAJICS, T. K. YCIOBUS ONTHMAaIIb-
HOM aKTHUBHOCTH JaHHBIX MpoTea3 (3HaueHus pH)
pasusie [37].

IIpu nByxXcTaguiiHOM IIPOLECCE THAPOIU3 COEBOrO
MPOTEHHA CHayalla MPOBOJWIM IEIICUHOM B TEYCHHE
54 npu ¢epmeHT-cyOcTpaTHOM coOTHOIIEeHUU 1:20
(Tabm. 1), 3aTem — TpuncuHOM B TeueHue 3-x 4. [Tomy-
YEHHbIC TaHHBIE ABYXCTAJIUMHOTO Mpolecca THapoan3a
MpeICTaBICHbI B Ta0muIe 2.

Kak crenyeTr W3 JaHHBIX, IPECTaBICHHBIX B Ta0-
naune 3, UCIOJb30BaHME JIBYXCTaJIMHHOTO Ipolecca
THJPOJIN3a COCOOCTBOBAJIO JOCTOBEPHOMY YBEIHUCHUIO
€ro CTeINeHH 10 MaKcuMaIbHOTOo 3HaueHus (88,22 %) BO
BTOPOM BapHaHTE: MPH MOCIEA0BATEIbHOM BHECCHUH
nerncuHa (pepmeHT-cyocTpaTHOE cooTHOmEeHHE 1:20)
B T€UCHHE 5 U, a 3aTeM TpHUIcHHa ((pepmeHT-cyOcTpaTHOE
cootHomenue 1:20) B Teuenue 3 4.

Ha ocHOBaHMM MOJYyYEHHBIX JaHHBIX IS ONTUMU-
3anuu (PepMEHTAaTUBHOTO THIPOIH3a COEBOTO Oeika
HCIIOJIb30BAIN (PAKTOPHBIE HKCIIEPUMEHTHI C TPUMEHE-
HHEM MaTEMaTHYECKUX METOMO0B.

OCHOBHBIMHM TIapaMeTpaMH ONTHMH3ALUN SBH-
JUCh BpEeMs THUAPOJIH3a W COOTHONICHHE (PEPMEHT:
cyOcTpar.

Pe3yabTaTthl AByX(pakTopHOro 3kcnepumenta. Ha
OCHOBaHHUH 3aINIAHMPOBAHHBIX YPOBHEH HM3ydaeMbIX
¢dakropos (taba. 3 u 4) ObuIa pazpaboraHa MaTpuIa
UL IBYX(aKTOPHOTO 3KCIEPUMEHTa, C MCIIOIb30Ba-
HHUEM KOTOpoii 06110 ipoBeeHo 9 onbiToB. I1pu cocras-
JICHUH JaHHOM CTPYKTYPBI MaTPHUIIBI OBIIO YYTEHO, YTO
IIPU BBINOJIHEHWH 3KCHEPUMEHTOB KaKJbli ypOBEHB
000r0 (haKTOpa BCTpEUaeTCs C KaXKAbIM YPOBHEM BCEX
OCTaJIbHBIX (PAKTOPOB TOJBKO OJMH pa3.

Pe3yabTaThl perpecCHOHHOI0 aHAJIN3a (PYHKIHUHT
otkjauka. C 1eiplo nonyueHus: QyHKIUN OTKJINKa Oblia
MpOBE/IeHa MHOXKECTBEHHAs HEJIMHEHHAsI perpeccus ¢
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MIOMOIIBIO MTOJINHOMAa BTOPOTO NOPsAKA B IpOrpaMmme
Statistica 10 u monmy4eHsl ypaBHeHHS 2—4.

OyHKIOUSA OTKINKA, XapaKTepH3ylollas CTeleHb
THIPOJIH3a EeTICHHOM:!

Y (X,,X,)=0,301X] -301,167.X; +

+5,457X,+700,617 X, —382,96 (2)

(DyHKLII/ISI OTKJIMKA, XapaKTCpu3yromasa CTCICHb
TUAPOIN3a TPHUIICHUHOM:

Y (X, X,)=0,353X] —282,667X +.

+4,62X, +690,5X, —400,857 3)

q)yHKIII/IH OTKJIMKA, XapaKTCpu3yromiasa CTCICHb
TUAPOJIM3a ICICUHOM U TPUIICUHOM:

Y(X,,X,)=-3,655X-617,5X] +
+22,618X, +1497,55X, —854,747 (4)

OneHka KayecTBa ypaBHEHUH PErpeccuy MpeacTaB-
JeHa B Tabnuue 6.

U3 moka3arteneil, IpUBEICHHBIX B Tadmume 6, cie-
JIyeT, 4TO MOJIy9IEeHHbIE YPABHEHUS PETPECCHU 001a1at0T
BBICOKOW TOYHOCTBIO U CTATUCTHYECKH HAJICHKHBI.

Ha pucynke 1 mpenctaBieHO cpaBHEHHE HAOIIO-
JAeMBIX W MpeJCKa3aHHBIX 3HAYCHUH, M3 KOTOPOTO
CJelyeT X BBICOKAsl KOPPEJISIHS.

Pe3ynbTaThl pemieHus 3KCTpeMaJbHOM 3a1a4H.
JIis HaX 0K JIEHUS] MAKCUMAaJIbHOTO 3HaYeHHsI (PYHKIIUU
OTKJIMKA M COOTBETCTBYIONIMX €My 3HaUCHHH (pakTOpoB
Obl1a BEITTOJIHEHA CTaHAapTHaA nmpoucaypa HaxoXXKACHUA
MakcUMyMa (PYHKIHMM JBYX NEPEMEHHBIX IPHU yCIJO-
BHSX OTPAaHWYCHHOW 00acTH onpeneneHus. B mpormecce
peIIeHHs] PKCTPEeMalIbHOW 3a7auM OBUIM TIOJTY4YEHBI
JaHHBIE, TIPECTABICHHBIE B Tabynme 7.

Bnusinue TEXHOJIOTHYECKHX IapaMeTpoB Ha CTe-
MEeHb TUAPOJIN3a PepMEHTHBIMH ITpenapaTaMyu MOXXHO
OIICHUTH IIPU HCIOJIb30BAHUHM KOHTYPOB «KEJIaTelb-
HOCTH» B 3aBHCHUMOCTH OT 3HAYCHHI 3TUX (aKTOPOB.
3HavyeHus (byHKHI/II/I KEJIATCIBbHOCTH PAaCCUUTHIBAIN
10 3HaYCHUSM (QYHKIUU OTKIMKA C UCIOJIb30BAHHEM
dhopmynel Xappurrtona [35]. B ocHoBe mocTpoeHHs
9TOH 0000mMEeHHONW (PYHKITUHU JISKHUT Uaes mpeodpaso-
BAaHMS HATYpaJbHBIX 3HAYCHUH YaCTHBIX OTKIMKOB
B Oe3pa3MepHyIO0 MIKay KeJATeJIbHOCTH HIIU TPEAToY-
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Pucynox 1. CpaBHeHHE HA0JII01aeMbIX U NPEACKA3aHHBIX
3HA4YeHUM (CTeneHb ruaponusa, %)

Figure 1. Experimental vs. predicted values (hydrolysis degree, %)

TUTeIbHOCTH. Ha3HaueHMe IIKasbl XKeJaTeIbHOCTH —
3TO YCTAHOBIEHUE COOTBETCTBUS MEKIY YHCIOBBIMHU
napamMeTpaMu M HX oueHkod. ITox wucinoBeiMH ma-
pamMeTpaMH IMOHUMAIOTCSl BO3MOXKHBIC OTKIIMKH, Xa-
pakTepusylomue (GyHKINOHUPOBAHUE HCCIEAYEMOTO
00BEKTa, a O]l UX OLIEHKOH — CyObEKTUBHBIC OLIEHKU
9KCIIEPUMEHTATOPA JKEJIATEIBHOCTH (MPEATIOYTHTEIb-
HOCTH) TOT'O MHOTO 3HaYCHMS OTKJIHUKA (Tabi. §). 3Haue-
Hue d = 0,37 mcmonp3yeTcs B KadecTBE TPaHHUIIBI
JIOITYCTUMBIX 3HaYEHUH.

[TosrydeHHbIE KOHTYPBI KEJATEIbHOCTH MPOLIECCOB
TUAPOJIM3A TIETICHHOM W TPUIICHHOM, a TaKXe JABYX-
CTAIWIHBIA THUAPOIN3, B 3aBUCHUMOCTH OT IPOJOJ-
KUTEIBHOCTH THUApONn3a U (pepMeHT-CyOCTpaTHOTO
COOTHOIIICHUS, IPEICTaBlIeHbl HAa pucyHKax 2—4. Kak
CJeNyeT U3 JaHHbIX PUCYHKOB, MAKCUMAaJIbHBI YPOBEHb
MoKasaTesiedl HaXOoAUTCs B JOMYCTUMOM M JIOCTaTOY-
HOM ypOBHE KeaTeabHoCcTH. UeM Ooble 3HaueHue y
(YHKIIMH KENaTeNbHOCTH, TEM BBIIIE CTENEHb I'HIPOIN3a
coeBoro Oenka (3HaYeHHe QYHKIMU OTKIMKA Y B TOUKe
MakcumymMma, Tabi. 7).

Ha ocHOBaHMY MOJTy4€HHBIX 3KCIIEPUMEHTAIBHBIX U
PaCYC€THBIX JaHHBIX CJICAYCT, UTO C UCIIOJIB30BAHUEM Ma-
TEMaTHYECKHUX METO/IOB INIAHUPOBAHUS SKCIIEPHUMEHTA

Ta6numa 6. OneHka KauecTBa YpOBHEH perpeccuu

Table 6. Quality of regression levels

ITokazarenu xayecTBa T'uaponus nencuHom T'unponus TpuncuHoM JIByxcTaauitHbli ruaponus
YPaBHEHHUS PETPEeCCUH
WHaekc MHOXKECTBEHHOM R=0,987 R=0,967 R=0,9922
KOpPEISIInH
Kosddunment nerepmunarmm R>*=0,974 R>=0,935 R>=0,984
Kpurepunit ®umepa F=38,67 F=30,12 F=63,88
p<0,002 »<0,002 p<0,001

92
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Tab6uuna 7. Pe3yabTaThl peUICHHs SKCTPEMAJIbHBIX 3aa4

Table 7. Extremum problems

3HaueHne (QYHKIUU OTKIIMKA

3HaueHue (HaKTopoB
B TOYKE MaKCUMyMa, %

DepMeHTHI
B TOYKE MAKCUMyMa
Ilencun X, =74q,X,=1:22 Y=177,631
Tpuncun X, =74, X,=1:30 Y=179,92
X, =349,X,=1:19 Y=288,275

[enicun (5 4, pepment-cydcTparHoe cooTHOmEeHHE 1:20)

+ TPUIICUH

Ta6nuna 8. Yncnaossle HHTEPBAIbI LIKAJIbl XappUHITOHA

Table 8. Numerical intervals of the Harrington scale

[IpakTuueckast XapakKTepUCTHKA YPOBHS

JIunreucruueckas oueHka WurepBaibl 3HaUCHUH QYHKINH
sxenarenbrocTd d(X)
Ouens xopomro 1,00-0,80 JlomycTUMBIH 1 IPEBOCXO/IHBIN YPOBEHb
Xoporiro 0,80-0,63 JlonmycTUMBIN ¥ XOpOLIHH YPOBEHb
VY I0BIETBOPUTEIILHO 0,63-0,37 JlomycTUMBII U JOCTaTOYHBIH ypPOBEHb
[Loxo 0,37-0,20 HenormycTumerit yposeHb
OueHb mI0X0 0,20-0,00 Henonyctumpiii ypoBeHb

7.0 5,5 4,0

HpononmnTenbﬁoch, q

Pucynoxk 2. KoHTyp kenaTenbHOCTH CTEIIEHU THIPOIIN3a
MIENICHHOM B 3aBHCHUMOCTH OT HPOJOIDKUTEIFHOCTH
npouecca u pepMeHT-cydcTpaTHOTO cooTHOIEeHus (PCC)

Figure 2. Effect of processing time and enzyme-to-substrate ratio
on hydrolysis with pepsin: desirability loop

Pucynok 4. KoHTyp xKenaTeabHOCTH CTCICHU
JIBYXCTaJANHHOTO THAPOIHN3a CHadaNa NeIICHHOM H
3aTe€M TPUIICHHOM B 3aBHCHMOCTH OT MPOJOKUTENBHOCTH
nporecca u pepment-cyocTpaTroro cootHorurenus (GCC)

Figure 4. Effect of processing time and enzyme-to-substrate ratio
on two-stage hydrolysis with pepsin and trypsin

JKenareabHoCTH

1,40

Pucynoxk 3. KoHTyp kenaTeabHOCTH CTENEHU THIPOIIN3a
TPHUIICHHOM B 3aBUCHMOCTH OT IIPOIOJKHTEIHHOCTH
npouecca u GpepMeHT-cydbcTpaTHOTO cooTHOImEHUs (PCC)

Figure 3. Effect of processing time and enzyme-to-substrate ratio
on hydrolysis with trypsin: desirability loop

OBLTH OTpeieTIeHBl ONITUMAaJIbHBIC TOKA3aTeH IBYXCTa-
cTaguiiHOTO rnpoiecca pepMEeHTaTHBHOW KOHBEPCUU
COeBOro Oerka ¢ BBICOKOH CTENEHbI0 THAPOIN3a CyocTpaTa.
CHavarna OCyIIECTBIISIA THAPOITU3 MEIICHHOM MPOJI0J-
JKATEIBHOCTBIO 5 9 IPH COOTHOIICHUH (hepMeHT-CyO-
crpat 1:20, a 3aTeM TPUIICUHOM MPOJOIKUTEIEHOCTHIO
3 u npu dpepMeHT-CyOCcTpaTHOM COOTHOmECHHH 1:19.
Kak ObIm0 oTMEYeHO paHee, TUAPOIU3ATHI MHUIIC-
BBIX 0€ITKOB 00JIaAI0T IETBIM CIIEKTPOM OMOJIOTHYEC-
KUX aKTHBHOCTCH, B TOM YHCIIC€ aHTHOKCHUIAHTHBIMH
cBoiictBamu [18]. Bruta ompenenena nuHaMuKa H3-
MCHCHHUS CYMMapHOW aHTHOKCHIAHTHON aKTHBHOCTH
THIPOJIN3aTa B TIpOIlecce ABYXCTaANHHOTO IUIPOIIU3a.
[ToxydeHHBIC TaHHBIC TPEACTABICHBI HA PUCYHKE 5.
Kak cienyer u3 pucyHka 5, noxazaTeiay CyMMapHOU
AHTUOKCUJAHTHON aKTUBHOCTHU HOCHJIM HEJIUHENHBIN
xapakrep. Hanbosbiras aHTHOKCHAaHTHAS aKTHBHOCTb
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Pucynox 5. JlunamMuka cyMMapHO# aHTHOKCUAAHTHOMN
aKTHBHOCTH COEBOTO T'HJIPOIN3aTa B MPOIECCE
JIBYXCTaJAUHHOTO THAPOIIU3a

Figure 5. Total antioxidant activity of soy hydrolyzate
in the process of two-stage hydrolysis

ObuTa OTMEueHa uepe3 S 4 npouecca GepMEeHTAaTHBHOTO
TUIPONIA3a U cocTaBmiia okoyo 250 mr/100 mi.
TaknMm 006pa3oM, UCTIOIB30BaHNE ONTHUMHU3HPOBAH-
HOTO JBYXCTaAMHHOTO (EepMEHTONN3a [03BOJIHUIIO
MOIY4YUTh TUAPOJIN3AT C BBICOKOW CTENEHBIO THIPO-
nu3a 6enka (88 %), T. H. «ryOokmit ruapommzaTy [13].
Kak cienyer u3 nurepaTypHBIX JaHHBIX, IS OJTY-
yeHUs] PEPMEHTATHBHBIX THAPOIHU3ATOB IIPUMEHSCTCS
LeJbd psifi epMEHTOB U KOMMEPUECKUX MPenapaToB
Pas3IMIHOrO MPOUCXOXKICHHS ((KHBOTHOTO, MUKPOOHOTO
nnu TpudkoBoro) [12—14]. OHM O3BOMSAIOT MOTYUUTH
TUAPOIU3ATH Pa3HON CTENEeHU TUAPOIu3a (B CpelHEM
o1 40 o 80 %). BeiOpanHbIe B ncciie10BaHUU IPOTEa-
3Bl IETICHH U TPHUIICHH U ABYXCTaAUUHEIN mporecc dep-
MEHTOJIN3A, IOBTOPSIOLUIUN «ECTECTBEHHBIN» IIPOLECC
nepeBapuBaHus Oelka B OpraHU3Me 4eJIOBeKa, I03-
BOJIMJI MOJIYYUTh THAPOJU3AT C BBICOKOH CTENECHBIO
TUAPOIIN3a, KOTOPBIH 001a/1aeT aHTHOKCHIaHTHOM aK-
THBHOCTHIO.
[Tonmy4yeHHBIH THAPOTU3AT MOXKET OBITH HCIOIB30BAH
B pa3iIMYHBIX HampasieHusx. Eciu nenbio OyaeT siB-
JSTHCS TOJTyYeHHE HHIPEANEHTa (KOMIOHEHT IPOIyKTa
WM KopMoBas J00aBKa) aHTHOKCHUAAHTHOW HaIpas-
JICHHOCTH, TO THPOJIN3 MOXKET OBITh OTPaHUYEH TOJIBKO
5 9 (MpakTHYEeCKN — TOJIBKO THAPOIIN3 METICUHOM). J{7st
MOJIY4YEHHUS THAPOIU3aTa C BBICOKON CTEMEHbIO T'HJ-
ponmm3a Oenka Hamboiee TpUEMIIEM ampoOUpPOBaH-
HBII aBTOpaMM JBYXCTaaAuMHbIN pouecc. [lonyueHHble
MENTUIBl TaK)K€ MOTYT CTaTh MaTpUIEH T UMMO-
OMIIM3AINHN CCEHITNATBHBIX MIUKPO3JIEMEHTOB (Zn, [ n
Se) u pa3pabOTKH MOJUBAJICHTHOTO KOMILJICKCA.
JlanpHelmue ucciieqoBaHus OyIyT HaIpaBJICHBI
Ha W3y4YCHHE NPYTHUX MoKa3aTelel (yHKIIMOHAIHHON
AKTHUBHOCTH MOJIYYEHHOTO THPOIN3aTa, a HUMEHHO €ro
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OCTAaTOYHOW aHTHT@HHOCTH. Tako# rumponusat Oyner
NEepPCHEeKTUBEH B KauyeCTBE IMHIEBOr0 HHIPEIHUEHTa
(YHKIIMOHANBHBIX IPOAYKTOB MMUTAHUS TUIIOAIIIEPTEH-
HOW M aHTHUOKCHUJIAHTHOM HANPaBJI€HHOCTH.

BriBoabI

B Xxome mnpoBeAeHHBIX SKCIEPUMEHTOB M 00-
paboOTKM JaHHBIX BBIBHIN (AKTOpPHI, crocobcT-
ByIOIINE WHTEHCHPUKAUU (pepMEHTATHBHON KOH-
BEpCUHU COEBOro Oeika, M BBIOpaJM ONTHMAaJbHBIC
mapaMmeTpsl mpomuecca. Ilpu omHOCcTagmitHOM MpO-
[ecce B YCIOBHUSAX THAPOIHM3A METICHHOM ONTHMAallb-
Has MPOJOJDKUTEIBHOCTh Ipollecca cocTaBuia 7 4,
bepmenT-cyocTpaTrHoe cooTHomeHue — 1:22. Ilpu
TUAPOIIN3E TPUIICHUHOM ONTUMAIbHAS MPOAOIKUTEIb-
HOCTh cocTaBuia 7 4, pepMeHT-CyOCTpaTHOE COOTHO-
menue — 1:30.

Jns nByxcraamifiHOTO Tpolecca (EepMEHTOIH3A
ONTHMAIILHBIMH TTApaMeTpaMK CTaJIM: cHavaja CUApO-
JIN3 TIETICHHOM TIPOJIOJDKATEIBHOCTHIO 5 U TIPH COOTHO-
menun pepment-cyocrpar 1:20, a 3aTeM TPUIICUHOM
MPOJOKUTEILHOCTHIO 3 U pH (hepMEHT-CyOCTpaTHOM
cooTHoueHnuu 1:19.

Hcnonp3oBaHue ONTUMH3UPOBAHHOTO JABYXCTaANMN-
HOTO (PepMEHTOJIN3a MTO3BOIIIIO TMOTYIUTh THAPOIA3AT
C BBICOKOH CTEIEeHBI0 ruapoau3a oenka (88 %).

MN3meHeHue nokasareseil CyMMapHOW aHTHUOKCHU-
JAHTHOM aKTHBHOCTH B TIPOIIECCE THAPOIN3A HOCHIIO He-
TUHEHBIN XapakTep. Hanbonpmas aHTHOKCHIaHTHAS
AKTHBHOCTH OTMEYCHA Yepe3 5 U mpoliecca THAPOIN3a
u coctaBmia okoio 250 mr/100 mur.

Kpurepuu aBTropcTea

ABTOpBI B paBHOM CTENEHHU yYaCTBOBAJIU B HAIIMCAHUN
PYKOIIMCH M HECYT PaBHYIO OTBETCTBEHHOCTb 32 TIaruar.
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Abstract.

Lactulose is a prebiotic that has found a wide application in medicine and food industry. Commercial lactulose is usually
synthesized by isomerization in alkaline media at high temperatures. Enzymatic methods offer a more sustainable alternative
and require more moderate processing conditions.

This review covers 44 years of scientific publications (1978-2022) on the enzymatic synthesis and purification of lactulose.
The materials were retrieved from Scopus, Web of Science, PubMed, and Elibrary databases.

The enzymatic approach to lactose-to-lactulose conversion has two methods: isomerization (direct) and transgalactosylation (via
hydrolysis). Isomerization exploits cellulose-2-epimerases, but their safety status is still rather vague. As a result, cellulose-
2-epimerases are not commercial. Epilactose is a by-product of isomerization. Transgalactosylation involves S-galactosidases
with an official international safety status (GRAS). It is available on the market, and its action mechanism is well understood.
This article systematizes various data on the conditions for obtaining the maximal yields of lactulose by different enzymes.

The Kluyveromyces lactis yeast and the Aspergillus oryzae mold are the main sources of /-galactosidases in lactulose production.
The yield can reach 30% if the processing conditions are optimal. Fructose remains the main problem in the production process.
No scientific publications revealed a direct relationship between the maximal yields of lactulose and the molar fructose-to-
lactose ratios. Cellobiose epimerases make it possible to achieve high yields of lactulose (70-80%). However, these enzymes
are associated with genetic engineering and mutagenesis, which challenges their safety status. The most promising trends in
lactulose biotechnology include secondary dairy raw materials, immobilized enzymes, membrane reactors, complex production
processes, lactose-to-lactulose conversion, and purification of final product.

Keywords. Lactulose, lactose, bioconversion, enzymes, yield, f-galactosidase, Kluyveromyces, Aspergillus, cellobiose-2-
epimerase, trends
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AHHOTAIHS.

JlakTyno3a siBisieTcs IpeOUOTHKOM, KOTOPBIH IIMPOKO MPUMEHSETCS B MEMI[MHE U MHUIIEBOI NPOMBIIUICHHOCTH. [Ipor3BOICTBO
JIAKTYJI03bI OCHOBAHO Ha M30MEPU3ALIMH JIAKTO3BI B LIEJIOYHBIX Cpeax IMPH BEICOKUX TeMIepaTypax. AJbTepHATHBOH SBISIOTCS
(hepMeHTaTHBHBIE CIIOCOOBI, KOTOPBIE CYUTAIOTCS O0JIee IKOJIOTMUECKN YUCTHIMU 1 TO3BOJISIIOT IPOBOIUTH ITPOLIECCH B OoJiee
MSTKUX YCIIOBUSX.

OOBEKTOM HCCICIOBAHUS CTAIM HaydHble MyOJMKAIMU [0 BONPOCAM CHHTE3a M OYUCTKH JIAKTYJIO3Bl C HCIIOIb30BAHHEM
dhepmenToB. /s moncka nHGopManuu OBUTH UCIIOJIB30BaHBI 0a3bl JaHHBIX Scopus, Web of Science, PubMed u Elibrary 3a
nepuox ¢ 1978 mo 2022 rr.

PaccmoTrpenn 1Ba OCHOBHBIX HYTH ()EPMEHTATHBHOIO NPEBPALICHMS JIAKTO3bl B JIAKTYJIO3Y: HM3oMepusanus (IpsMoil) u
TpaHCTAIAKTO3WINPOBAHHUE (C TIPOMEKYTOUHBIM TUAPOIN30M). JJIst TepBOro MPUMEHSIIOT [eJIITI0JI030-2-9UMepa3bl, KOTOPbIe
[I0Ka HE UMEIOT cTaTyca 0€30MacHOCTH M UX HE MPOU3BOASAT B IIPOMBIIUIEHHEIX MacIITadax, a T0O0YHBIM IIPOAYKTOM UX PEAKIIUH
SIBJICTCS SMMIIAKTO3a. JJIs TpaHCTaNaKTO3HIMPOBAHHS IPUMEHSIOT f-ralaKTO3U/1a3bl, KOTOPbIC HMEIOT MEX/IyHAPOIHbIH CTaTyC
oezonacHocTH (GRAS) 1 mocTymHBI Ha pBIHKE, C XOPOIIO U3YYEHHBIM MEXaHU3MOM JIeHcTBHs. CHCTEMATH3UPOBATH TaHHbBIE
00 yCIIOBHSX TOJIyYSHHS MAKCUMAJIbHBIX BBIXO0B JIAKTYJIO3bI IIPU MCIIOJIb30BAHUH Pa3HbIX ()EPMEHTOB.

OCHOBHBIMH IPOAYLICHTAMH f-TalaKTO3K/a3 sl MOy YEHUS JIAKTYJI03BI SBJISIIOTCS ApoXku Kluyveromyces lactis u mieceHn
Aspergillus oryzae. Beixoj naktyno3sl nocturaet 30 % B ONTUMANTBHBIX YCIOBHAX. OCHOBHOII MPo0IIeMOil SBIISCTCS HEOOXOIMMOCTh
BHeceHUs ppyKTO3bI. [IpsIMOIt 3aBUCHMOCTH MEX/y MaKCHMAaJIbHBIMH BBIXOaMH JIAKTYJIO3Bl M MOJIIPHBIMU COOTHOIICHUSIMH
(pyKTO3a:7aKTO3a HE BBISABICHO. [IpUMEHEHHUE [eIUI00N030-3MHUMepa3 MO3BOJISET JOCTUTAaTh BHICOKMX BBIXOJOB JIAKTYJIO3bI
(70-80 %), HO st IONTydeHUs 3TUX (PEPMEHTOB HCIONB3YIOT METOABI TeHHOW MH)KEHEPUU M MyTareHes3a, YTO CTaBUT INOJ
cOMHeHHe uX Oe3onacHoCcTh. K Hanboliee nepcreKTHBHBIM TeHACHIMAM Pa3BUTH OMOTEXHOJIOTHH JIAKTYJIO3bI MOXKHO OTHECTH
HCIOJIb30BaHUE BTOPUYHOTO MOJIOYHOTO CHIPhSI 1 UMMOOMIM30BaHHBIX (DEPMEHTOB, IPUMEHEHHE Pa3HBIX MOJEICH PeakTopoB,
B T. 4. MEeMOpaHHBIX, U Pa3pabOTKy KOMIIIEKCHBIX B3aUMOCBSI3aHHBIX ITPOIECCOB MOJIyueHHs HEPMEHTOB, KOHBEPCHH JIAKTO3BI
B JIAKTYJIO3Y U OYHCTKHU TOTOBBIX IPOJYKTOB.

KuroueBsie cioBa. JlakTynosa, 1akTo3a, OMOKOHBEpCHs, (EPMEHTHI, BBIXOJ, f-Tajnakro3unasa, Kluyveromyces, Aspergillus,
Le1001030-2-31Mepasa, TeHACHIINH

®unancupoBanme. Pabora BbINOIIHEHA IPH (MHAHCOBOH MoJIepskke MUHICTEpPCTBA HAYKH M BBICIIEro oopasoBanus Poccuiickoit
Denepanun (MuHoOpHAYKH Pocan)Rb:R B paMKax pealn3ally KOMIUIEKCHOIO IPOEKTa [0 CO3JaHUI0 BBICOKOTEXHOJIOTUYHOIO
mpon3BoAcTBa Mo teMe «Co3manue mepBoro B Poccuy BBICOKOTEXHOJIOTHYHOTO MPOM3BOJCTBA MPEOMOTHKA JIAKTYJIO3Hl H
(DYHKIMOHANBHBIX MOJIOYHBIX HHTPEUEHTOB [Tl IMIOPTO3aMEIEHNs B MEIUIINHE, BETEPUHAPUH, JETCKOM ITUTAHUH, IPOU3BOICTBE
ne4eOHO-TPO(UIAKTHYECKUX NPOAYKTOB JUIsl JTI0ACH U *KUBOTHBIX» (CoryialieHne o NpeoCTaBICHNH U3 (eaepallbHOro OroKeTa
cyOcuauy Ha pa3BUTHE KOOIIEPALUU TOCYJapCTBEHHOI'0 HAYYHOT'0 YUPEKICHUS U OpraHU3aluU PEaJIbHOTO CEKTOPA YKOHOMUKHU
B LIEJISIX pealid3aliy KOMIUJIEKCHOI'O MPOEKTa MO CO3JaHHUI0 BBICOKOTEXHOJOrHYHOro rnpousBoactea Ne 075-11-2022-021
ot 07.04.2022 r.) u B pamkax [locranoBienus [IpasurensctBa PO ot 9 anpens 2010 r. Ne 218 na 6a3e CeBepo-KaBkasckoro
(henepaapHOTO YHUBEPCUTETA (CKCDY)RiO:R.

Jlnst uuTHpoBaHusi: BHOTEXHOJIOT s JIAKTYJI03bI: COBPEMEHHbIE OCTIKEHH S, poOiieMsl 1 repernektusel / C. A. Psiduesa [u ap.] //

TexHUKa U TEXHOJOTHs MHUIIEBBIX mpousBoacts. 2023. T. 53. Ne 1. C. 97-122. (Ha anru.). https://doi.org/10.21603/2074-
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Introduction

Lactulose (f-D-galactopyranosyl-(1,4)-4-D-fructo-
furanose) is the best known indigestible prebiotic
disaccharide. It can selectively stimulate the growth
and/or metabolism of beneficial intestinal microflora,
especially bifidobacteria and lactobacilli. Its positive
effect on human health has been confirmed by numerous
studies. Lactulose-based pharmaceutical preparations
have been used for more than 50 years to treat chronic
constipation and hepatic encephalopathy. Nowadays,
lactulose is also used to treat osteoporosis, food poisoning,
and various infections [1, 2]. This unique carbohydrate
has a potential to strengthen immune system, reduce
inflammation, and prevent carcinogenesis [3-5].

Medicine employs lactulose in fairly high concen-
trations, e.g., > 10-15 g/day. However, even 2 g of
lactulose per day has a positive effect. This dose boosts
useful metabolites, improves absorption of minerals in
the intestine, and has no side effects [6]. Small doses
of lactulose turn various foods into functional products
and render them a number of additional economic and
technological advantages, such as a shorter fermenta-
tion time, more viable starter cultures, a longer shelf
life, a better sensory profile, etc. In addition, lactulose
results in a lower caloric value of the finished product
because it allows for partial sugar replacement. Naturally,
lactulose is popular in the dairy, confectionery, and
bakery food industries. Lactulose can be incorporated
in the shells of micro- and nanocapsules that deliver
probiotics, vitamins, and other beneficial substances
to the lower intestine [1, 7].

Lactulose is one of the most valuable derivatives
of lactose, which is the main carbohydrate of milk.
Lactose makes up a significant proportion of solids in
by-products of cheese, curd, casein, and butter production.
Therefore, lactulose is a processed food raw material
with a high added value and has a good potential for
sustainable economy: it can provide a sustainable and
green processing cycle [8].

The modern industrial production of lactulose relies
mainly on isomerization in alkaline media (pH = 11) at
high temperatures (70-80°C). This reaction produces
by-products of caramelization and saccharic acids, as well
as melanoidins that appear in the presence of proteins
and peptides. The maximal degree of isomerization is
30% if sodium or calcium hydroxides serve as catalysts.
Hydroxides are removed by electrodialysis, and the
remaining lactose is usually crystallized. However,
this process is slow because the resulting mix has a
complex composition. The yield of lactulose can be
brought up to 70-80% using complexing catalysts, e.g.,
aluminates or borates. Unfortunately, they are toxic,
and their complete removal requires a selective ion
exchange treatment. The resulting lactulose syrups
contain residues of lactose, glucose, galactose, fructose,
epilactose, and other carbohydrates, which have to be
purified by chromatography [9, 10].
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Some isomerization methods use electroactivated
solutions (catholytes), where an alkaline medium appear
without new reagents [9, 10]. A recent study reported
37% isomerization of lactose to lactulose as a result
of optimization and electroactivation of ultrafiltrated
whey permeate [11]. However, the same study also
reported that electroactivation foamed secondary dairy
raw materials, and the unreacted lactose, other sugars,
and by-products had to be removed.

Enzymatic processing is an alternative to chemical
production and purification. Enzymes are proteins
that catalyze metabolic reactions in a living cell. In-
dustrial enzymes of microbial origin are common
in pharmaceutical and food biotechnology. Enzymatic
processing is environmentally friendly, because en-
zymes are reusable, biodegradable, and produced
from renewable resources. Enzymes are able to cata-
lyze reactions under close-to-physiological condi-
tions, which is beneficial in terms of energy consum-
ption [10, 12].

Another advantage of lactulose biosynthesis is
that lactose can be obtained from secondary dairy
raw materials, e.g., cheese whey and/or curd whey,
ultrafiltration permeates of skim milk and whey, etc. In
additions, enzymes are selective in action; they require
no extreme temperatures or pH, and, as a result, produce
fewer by-products. Thus, lactulose purification is cheap
and meets modern requirements for environmentally
friendly technologies and natural products [13, 14].

Experts believe that lactulose production will increase,
driven by bad dietary habits, as well as by the needs of
athletes and senior population. High R&D investments
in the food industry will sustain the growth of the global
lactulose market through 2022—2028 [15]. In Russia,
the growing demand for lactulose depends on foreign
suppliers, and the development of domestic lactulose
industry remains an urgent task [1].

The research objective was to systematize and analyze
the data on enzymatic lactulose production in order to
determine the promising research areas.

Study objects and methods

The research featured English and Russian scientific
publications on the enzymatic production of lactulose.
All the articles under analysis were registered in Scopus,
Web of Science, PubMed, and Elibrary in the period
between 1978, when the earliest publication appea-
red, and August 1, 2022. The pool included available
review and research articles on the enzymatic lactulose
synthesis, as well as individual articles that substantiated
the relevance of the topic, described the properties and
mechanisms of enzymes, identified prospective research
areas, etc. The focus action was on articles published
in scientific peer-reviewed journals with a high citation
index over the past five years. The review did not include
conference proceedings and book chapters.
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Results and discussion

1. Processes, enzymes, and mechanisms of lactulose
formation. The biotechnology of lactulose, like that of
other functional carbohydrates, includes three interrelated
processes: enzyme production, enzymatic synthesis, and
subsequent processing [16]. Most publications featured
ready-made commercially purified enzyme prepara-
tions, free or immobilized, while some of them described
the preparation of the necessary enzymes with varying
purification degrees.

Theoretically, the bioconversion of lactose to lactulose
has two main routes: the direct one and the one with
intermediate hydrolysis. The direct route requires iso-
merase, which transforms the glucose residue of lactose
into fructose. A similar ability was discovered about ten
years ago in cellulose-2-epimerases (hereinafter referred
to as epimerases) of various origins. However, these
enzymes have no safety status and are not produced on
an industrial scale. This reaction also yields epilactose
as a by-product.

The second and a more complex route looks as
follows. Enzymes break down lactose into galactose
and glucose, and then add galactose residue to fructose,
i.e., transgalactosylation. Some glycosidases possess
all the required properties, as well as an international
safety status and market availability [10, 12, 14]. The
enzymatic synthesis of lactulose via hydrolysis has
attracted scientific attention for more than 20 years
and still remains relevant, as evidenced by the growing
number of publications on this topic. As for the prospects
of epimerase-related bioconversion, they remain rather
vague (Fig. 1).

According to the international classification of
enzymes, glycosidases are marked as EC 3.2.1, i.e.,
they belong to the class of Hydrolases, the subclass
of Glycosylases, and the subgroup of proteins that
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—@— glycosidases =@ epimerases trend line

Figure 1. Publications on the biosynthesis of lactulose,
by years
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catalyze the hydrolysis of O- and S-glycosyl compounds.
The biosynthesis of lactulose usually involves beta-
galactosidases (f-galactosidases, lactases, EC 3.2.1.23),
which can hydrolyze the terminal non-reducing residues
of beta-D-galactose in beta-D-galactosides. These
enzymes are common in nature. In fact, 593 species
are capable of producing them, including various types
of bacteria, fungi, plants, and animals [17].

f-Galactosidases are used in the dairy industry to
hydrolyze lactose in order to obtain low-lactose and
lactose-free foods for people with lactase deficiency.
They can also prevent lactose crystallization in the
production of condensed foods, sweet glucose-galactose
syrups, and prebiotic galactooligosaccharides. The
most popular commercial pf-galactosidases come
from such safe sources as Kluyveromyces yeasts
(Kluyveromyces lactis, Kluyveromyces fragilis) and
Aspergillus molds (Aspergillus oryzae, Aspergillus
niger). Galactooligosaccharide production also uses
such commercial preparations as f-galactosidases from
Bacillus circulans and Escherichia coli. The synthesis
can employ Rhodotorula minuta yeasts, lactic cocci
and lactobacillus, bifidobacteria, and other microorga-
nisms [18-21].

The technology of beta-galactosidase production
includes the following processes. A pure culture is
cultivated in elective media under optimal conditions,
followed by isolation and purification of the enzyme.
The cultivation process consists of three stages. First,
the inoculum is obtained and activated, i.e., inoculation.
The second stage involves the cultivating and growth
of the inoculum biomass. The third stage is the
main fermentation, which covers both the growth of
microorganisms and the biosynthesis of the enzyme. The
enzyme isolation process consists of pre-treatment, solid-
liquid separation, filtration, concentration, stabilization,
and final purification. If the enzyme accumulates inside
cells, the cells of the producer are lysed. If the enzyme
is released into the fermentation medium, it is separated
from the cells of the producer during the separation of the
solid and liquid phases. The cellular material is usually
separated from the enzymes by a membrane filtration, e.g.,
ultrafiltration. To obtain a liquid enzyme preparation, it
is stabilized, e.g., with glycerol. When the dry enzyme
preparation is obtained, the ultrafiltration concentrate
is spray-dried and granulated, e.g., with maltodextrin
or flour. The finished product falls under the general
specifications for commercial enzyme preparations [20].

The action mechanism of f-galactosidase includes
three stages. During the first stage, it forms a complex
with lactose. The second stage yields a galactosyl complex
with the enzyme, and glucose is released. During the
third stage, the galactose is transferred to a nucleophilic
acceptor that contains a hydroxyl group. Galactose
is formed if water serves as an acceptor. If it is the
carbohydrate, the reaction results in transoligosaccharides.
p-Galactosidase is able to accept nucleophiles other than



Pabyesa C. A. [u op.] Texnuxa u mexnonoeus nuujesvix npouzsoocms. 2023. T. 53. Ne 1. C. 97—122

water in the active site. Lactulose may be formed in the
presence of fructose, or the process may yield more
complex transoligosaccharides. This ability depends on
several factors: (1) the tertiary structure of the enzyme
and the amino acids that form the active center, (2) the
concentration of lactose, which is the donor for the
formation of the galactosyl-enzyme complex, and (3)
the concentration of fructose, which is the acceptor of
galactosyl [22].

Processes where hydrolase enzymes serve as
pseudotransferases are a kinetically controlled synthesis.
Such reactions give short-term maximal yields that depend
on the ratio of the synthesis rate of the target product
and the hydrolysis rate of the activated donor. The result
totally depends on the properties of the biocatalyst;
that is why the choice of the enzyme and the form
is critical. Immobilization can simplify the recovery
of its application and makes it possible to reuse the
enzyme, as well as increase its stability, activity, and
specificity [23].

f-Glucosidase (EC 3.2.1.21) is another glycosidase
enzyme that can facilitate the biosynthesis of lactu-
lose [24, 25]. It is rather common in nature and tar-
gets beta-D-glucosides. In fact, 467 species can produce
p-glucosidase. It is a key enzyme for lignocellulose
degradation that participates in commercial synthesis
of glycoconjugates and oligosaccharides [17].

Epimerases are fundamentally different enzymes. They
belong to the class of isomerases. Cellobiose-2-epimerase
(EC 5.1.3.11) belongs to a subgroup of enzymes that
catalyze the interconversion between D-glucose and
D-mannose. It residues at the reducing end of f§-1,4-
linked disaccharides by epimerization of the hydroxyl
group in the C-2 position of the glucose residue [17].
Cellobiose-2-epimerase was first discovered in the culture
fluid of the Ruminococcus albus anaerobic cicatricial
bacteria. It owes its name to its ability to catalyze
the epimerization of cellobiose with the formation
of 4-O-p-D-glucopyranosyl-D-mannose. Cellobiose-2-
epimerase can catalyze the mutual transformations of
monosaccharides, disaccharides, and trisaccharides. In
addition, it is the only epimerase known that affects
unsubstituted disaccharides [26].

Cellobiose epimerases have recently entered
the focus of scientific attention. So far, they have
been found only in anaerobic and aerobic bacteria.
Most cellobiose epimerases exhibit nothing but epi-
merization activity. However, those that come from
thermophilic microorganisms, e.g., Caldicellulosiruptor
saccharolyticus, Caldicellulosiruptor obsidiansis,
Dictyoglomus turgidum, or Spirochaeta thermophila,
possess isomerization activity. They can convert glucose
or mannose disaccharides into fructose, and, therefore,
can be used to synthesize lactulose from lactose [27].
Some recent studies report that mesophilic epimerases
also exhibit isomerization activity and can be used for
lactulose bioconversion [28]. The exact mechanism of this
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reaction remains unknown. However, the isomerization
of most cellobiose epimerases is much lower than their
epimerization (< 10%), and lactose is first converted
to epilactose and only then to lactulose. Cellobiose
epimerases seem to be the only exceptions: their site-
directed mutagenesis reduces the yield of epilactose or
completely blocks its formation [29-31].

Cellobiose epimerase producers are bacteria with a
dubious safety status. Their production usually involves
genetic engineering and includes the following steps.
First, the genomic DNA of the enzyme is isolated
from producer cells. Then, the gene enters host cells,
e.g., E. coli or Bacillus subtilis. The resulting culture
grows in elective media under optimal conditions.
After that, the enzyme is isolated and purified to obtain
the enzyme preparation. The cultivation of recombi-
nant E. coli and B. subtilis cells occurs in an elective
medium. Kanamycin or ampicillin are added until
the required optical density (OD,, = 0.6-0.8), after
which isopropyl-f-D-thiogalactopyranoside (IPTG)
enters the reaction to inactivate the lac repressor and
induce the cellobiose epimerase synthesis. Cellobiose
epimerase is an intracellular enzyme. At the end of
fermentation, the cells are destroyed by ultrasound
or lysozyme. After that, the solid and liquid phases
are separated. Affinity chromatography purifies the
enzymes, but sometimes ultrafiltration may be used
instead. Purification of the enzyme increases the costs
and complicates the technology. Therefore, unpurified
enzymes or whole bacterial cells have more commercial
prospects. The finished enzyme preparation is tested
for purity by polyacrylamide gel electrophoresis in the
presence of sodium dodecyl sulfate to determine its
activity [28, 29, 31-37].

Publications on epimerazes in lactulose produc-
tion occupied less than a quarter of all application
identified publications on the topic, and all of them
featured epimerazes of a bacterial origin (Fig. 2). More
than 60% of publications focused on f-galactosidase

Bacterial
epimerazes 23% Yeast beta-

1 0,
Bacterial galactosidases 35%

galactosidases 16%

Mold beta-galactosidases
26%

Figure 2. Publications on the biosynthesis of lactulose
by enzymes and their producers

Pucynok 2. Pacnpezesnenue koiaudecTBa myOauKannit
0 OMOCHHTe3e JIAKTYJI035I 10 PEepMEHTaM U HX NPOAYLeHTaM
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of fungal origin as glycosidase producers. Enzymes
from unicellular budding micromitzet (yeast) turned
out to be a more popular research subject than from
mycelial fungi (molds). Of all the works on bacterial
glycosidase, eight articles described fS-galactosidase,
and only two featured beta-glucosidase.

Lactulose biosynthesis is a complex process that
can be accompanied by other enzymatic reactions that
produce various carbohydrates. Under certain condi-
tions, some glycosidases can also catalyze reactions
that transfer galactose residue into lactose and produce
galactooligosaccharides and/or transfer galactose residue
into lactulose and produce fructogalactooligosaccha-
rides. The resulting lactulose can be hydrolyzed to
galactose and fructose. The amount of fructose necessary
for biosynthesis can be introduced into the reaction mix
as a separate substance or obtained by using glucoiso-
merases to isomerize glucose formed during the lactose
hydrolysis [10, 12, 14].

Figure 3 illustrates the main pathways for the en-
zymatic production of lactulose with possible side
reactions.

The final process of lactulose biotechnology is its
isolation from the reaction solution which contains the
enzyme (protein) and a lactose residue. Depending on the
raw materials and the reaction conditions, the solution
may also contain minerals, nitrogenous substances,
monosaccharides (glucose, galactose, fructose), oligo-
saccharides (epilactose, galactooligosaccharides, fructo-
galactooligosaccharides), and other by-products. In
the biosynthesis of functional oligosaccharides, the

epilactose

downstream processing accounts for 50-70% of the
total production costs. High-purity products are even
more expensive [16].

The lactulose yield affects the cost of purification
and depends on a lot of factors, e.g., the properties of
the substrates and enzymes, the reaction conditions, etc.
Different publications use different units of measurement
to describe the conditions of lactulose biosynthesis, as
well as various indicators to evaluate the reaction results,
which makes their comparison a complicated task. Some
publications that attempt to generalize the available
data on lactulose biotechnology report incomplete,
fragmentary, and/or contradictory information [7, 10,
12, 13, 38, 39]. This situation required additional ef-
forts to clarify the conditions for the maximal yield
of lactulose and to identify the most important factors
associated with different enzymes.

2. f-Galactosidases of micromycetes (yeasts
and molds). The earliest publication that introduced
biosynthesis of lactulose using yeast f-galactosidase
appeared in 1978 [40]. In 2004, Lee ef al. reported the
potential of commercial f-galactosidases of various
origins for lactulose synthesis [41]. They tested yeasts
(K. lactis, K. fragilis), mold (4. oryzae), and bacteria
(E. coli). The enzyme obtained from K. lactis gave the
highest yield of lactulose. Since that time, more than
30 articles have been published on the proces-
ses of lactulose biosynthesis using micromycetic
f-galactosidases. Most of these studies featured K/uy-
veromyces and Aspergillus.

7 glucose

< isomerase

Ga >< Ga
v

fructogalactooligosaccharides

Fr

Ga — galactose, Gl — glucose, Fr — fructose, Ma — mannose; target reactions are shown by solid lines, additional and side reactions

are dotted.

Figure 3. Bioconversion pathways from lactose to lactulose
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Table 1. Conditions for the maximal yields of lactulose using micromycetic f-galactosidases

Producer Enzyme (preparation, | Substrate composition, % weight/volume | Processing conditions Y, %* | Source
form)
Kluyveromyces yeasts
K. fragilis Free Lactose solution 12% pH=172,37°C 7.5 [40]
and fructose 20% Periodic**
K. lactis Novo Nordisk Lactose solution 15% pH=6.5,37°C,2h 6.1 [41]
Free and fructose 5% Periodic
K. fragilis Sigma Lactose solution 15% pH=7.3,30°C,5h 3.5 [41]
Free and fructose 5% Periodic
K. lactis Free, from untreated cells; Lactose solution 40% pH=17.0,60°C,3 h 4 [41]
ATCC 8585 | from cells permeabilized and fructose 20% Periodic
with 50% (v/v) ethanol 5
K. lactis Maxilact 2000 Lactose solution 20% pH=6.5,40°C, 1h 16.5 [42]
Free and fructose 15% Periodic
K. fragilis Lactozym 2000L Lactose solution 20% pH = 6.5, 40°C, 45 min 18.5 [42]
Free and fructose 15% Periodic
K. lactis Lactozym 3000L Lactose solution 10% pH=16.7,40°C,2 h 12.4 [43]
Free and fructose 30% Periodic
K. lactis Produced by Novozyme Lactose solution 80% pH=7,30°C,2h 13 [44]
Free and fructose 50% in a two-phase Periodic
medium cyclohexane:water 95:5
K. lactis Lactozym 3000L HP G Lactose solution 33% pH=6.5, 40°C 15.3 [45]
Free and fructose 17% Periodic
K. lactis Maxilact 5000 Lactose solution 20% pH=6.8, 38°C 7.7 [46]
Free and fructose 20% Periodic
K. lactis Sigma, immobilized Lactose whey 20% pH=17.5,47°C 7.1 [47]
on carbon nanotubes and fructose 20% Continuous**
K. lactis Sigma, immobilized Lactose solution 40% pH=17.5,47°C 3.9 [48]
on silica gel and fructose 20% Periodic
K. lactis Sigma, immobilized Lactose whey 20% pH=7.5,47°C 5.4 [49]
on silica gel and fructose 20% Periodic Continuous 9.6
K. lactis Maxilact 5000 Lactose solution 25% pH=17.5,40°C 12 [50]
Free and fructose 10% Periodic
K. lactis Lactozym 3000L HP G Lactose solution 12% pH=6.7,40°C 8.7 [51]
Free and fructose 36% Periodic
K. lactis Lactozym 2600L Lactose solution 24.5% pH=6.8,40°C 6.9 |[52,53]
Free and fructose 25.5% Periodic Continuous 5.2
K. lactis Lactozym 2600L Lactose solution 12% pH = 6.8, 40°C 6.2 [54]
Free and fructose 36% Continuous
K. lactis Biolactase-NL Lactose solution 1.68% pH=7.0,40°C [55]
Enzeco Lactase NL and fructose 38.2% Periodic 19
Maxilact L200 23
Lactozym Pure 2600L 24
All free 20
K. lactis Maxilact 5000 Lactose solution 15% pH=7.5, 40°C [56]
Free and fructose 3% Periodic 6.9
Free + Mg*" immobilized Cheese whey and fructose 30% 15.1
on chitosan with 11.5
glutaraldehyde
K. lactis Biolactase Ultrafiltrated permeate, lactose 5.2% pH=16.0,6°C, 72 h [57]
Free and fructose 9% Periodic 21
Lactozym
Free 22
K. lactis Lactozym Ultrafiltrated permeate, lactose 5.5% pH=16.6,6°C, 48 h [58]
Free and fructose 11.7% Periodic 17.5
Biolactase Lactose solution 4.4% + and fructose 9% pH=16.6,6°C, 72 h
Free 21
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Continuation of Table 1.

Producer Enzyme (preparation, form) Substrate composition, % weight/ Processing conditions Y %* | Source
volume
Kluyveromyces yeasts
K. lactis Crude, immobilized on Cheese whey lactose 6.5% pH=7,50°C 26.7 [59]
chitosan with glutaraldehyde and fructose 30% Periodic.
K. lactis Lactozym, immobilized on Lactose solution 10% pH=7,50°C 13.8 [23]
chitosan with agarose and and fructose 10% Periodic
polyethyleneimine Cheese whey lactose 10% 28
and fructose 10%
Aspergillus molds
A. oryzae Sigma Lactose solution 15% pH=4.5,30°C,6h 1.7 [41]
Free and fructose 5% Periodic
A. oryzae Sigma-Aldrich Lactose solution 3.4% pH=5,37°C 30.3 [24]
Free and fructose 27% Periodic
A. oryzae Ha-Lactase Ultrafiltrated permeate, lactose 20% | pH =6.5,40°C, 50 min | 32.8 [42]
Free and fructose 15% Periodic
A. oryzae Enzeco® fungal lactase Lactose solution 3.1% and fructose pH=4.5,40°C 28.2 [45]
Free 46.9% Periodic
A. oryzae Enzeco® fungal lactase, Lactose solution 1.68% pH=4.5,40°C 25 [55]
Fungal lactase for alternative and fructose 38.2% Periodic
strains, Tolerase
All free 25
A. niger Klerzyme 150 (DSM) Lactose solution 1.68% pH = 3.5, 40°C 20 [55]
Free and fructose 38.2% Periodic
Rapidase (DSM)
Free 23
A.aculeatus | Pectinex Ultra (Novozymes) Lactose solution 1.68% pH = 3.5, 40°C 20 [55]
Free and fructose 38.2% Periodic
A. oryzae Enzeco® fungal lactase Lactose solution 2.1% pH=4.5,50°C 31 [60]
Free and fructose 47.9% Periodic )54
immobilized with ’
glutaraldehyde
A. oryzae Sigma-Aldrich Lactose solution 16% pH=4.6,40°C [61]
Free and fructose 34% Periodic 5.5
A. oryzae Enzeco® fungal lactase Lactose solution 4% pH=4.5,50°C 34 [62]
Free and fructose 46% (1:20) Periodic
. - 30
immobilized on: glyoxyl- 28
agarose, amino-glyoxyl-
32
agarose, chelate-glyoxyl-
agarose
A. oryzae Enzeco® fungal lactase Lactose solution 5.3% pH=4.5,50°C 32 [63]
Free and fructose 44.7% (1:16) Periodic 34
immobilized on glyoxyl-
agarose
A. oryzae Enzeco® fungal lactase Lactose solution 7% pH=4.5,50°C 60 [64]
immobilized on glyoxyl- and fructose 43% (1:12) Periodic
agarose
A. oryzae Enzeco® fungal lactase Ultrafiltrated permeate, pH=06,6°C,48 h 27 [57]
Free lactose 5.2% Periodic
and fructose 9%
A. niger Maxilact A4 Ultrafiltrated permeate, pH=4.5,6°C,48 h 13 [57]
Free lactose 5.2% and fructose 9% Periodic
A. oryzae Enzeco® fungal lactase Ultrafiltrated permeate, lactose 5.8% | pH=4.6,6°C, 48 h [58]
Free and fructose 23% Periodic 17.8
A. oryzae Enzeco® fungal Lactose solution 9.6% pH=4.5,50°C 54 [65]
lactaseimmobilized and fructose 40.4% (1:8) Periodic

on glyoxyl-agarose
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Continuation of Table 1.

Producer Enzyme (preparation, form) Substrate composition, % weight/ Processing conditions Y %* | Source
volume
Aspergillus molds
A. oryzae Enzeco® fungal lactase Lactose solution 9.6% pH=4.5,50°C 24 [66]
immobilized by aggregation and fructose 40.4% (1:8) Periodic
and cross-linking using
ethanol and propanol
A. oryzae Enzeco® fungal lactase Lactose solution 7% pH =6, 50°C 24 [67]
immobilized on quaternary and fructose 43% (1:12) Periodic
ammonium agarose
A. oryzae Enzeco® fungal lactase Lactose solution 9.6% and fructose pH=4.5,50°C [68]
Free 40.4% (1:8) Periodic 21

* lactulose yield, % of initial lactulose, calculated value is based on published data;

** Periodic — periodic method, Continuous — continuous fermentation.

* BBIXOJ JIAKTYJIO3bI, % OT UCXOHOMU JIAKTO3bI, pAaCYETHOE 3HAYCHHUE T10 TaHHBIM ny6nnkaunu;

** Periodic — nepuoanueckuii cnocod, Continuous — HenpepbIBHBIN crI0c00 GepmMeHTanuu.

The result of enzyme-catalyzed reactions depends
both on their properties, e.g., origin and form, and the
reaction conditions, e.g., composition and concentration
of the initial substrate, temperature and pH, fermentation
time, etc. Table 1 summarizes the data on the processing
conditions that yield the maximal concentrations of
lactulose. Hereinafter, the presentation in the tables is
structured according to the year of publication.

Table 1 shows that the main producers of S-galac-
tosidases are the K. /lactis yeast and the A. oryzae mold.
Although the yields of lactulose vary considerably for
enzymes from different producers, mold-produced
f-galactosidases usually give higher lactulose yields.
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Figure 4. Maximal lactulose yield and the ratio
of molar concentrations (m/m,) when using micromycetic
[-galactosidases
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Their difference may be associated with the differences
in the structure of the enzymes. Lactulose synthesis
mainly relies on commercial preparations of f-galactosi-
dase, since most of them have a safety status issued by
GRAS or its equivalent and are produced on an indust-
rial scale in the USA, the EU, Brazil, or China.

The maximal yield of lactulose with yeast lactases
of 28% is a relatively new achievement [23]. Only
K. lactis p-galactosidase provided the best enzymatic
synthesis (50.3%), which even exceeded the results of
chemical synthesis. The maximal lactulose yield catalyzed
by sulfite and sodium hydroxide was 10.3%, by boric
acid and triethylamine — 4.7% [69]. Unfortunately, the
publication provided no exact conditions that provided
such high rates of biosynthesis, so it was not included
in Table 1. All other publications agree that enzymatic
methods remain less effective than those based on lactose
isomerization in alkaline media with complexing rea-
gents, e.g., aluminates and borates.

As for mold-based enzymes, A. oryzae achieved the
maximal yield of 60% [64]. However, the result was
short-term, and the yield did not exceed the standard 30%
for mold enzymes during the remaining reaction time.

The carbohydrate composition of the initial substrate
is an important factor that affects the yield of lactulose,
especially the ratio of lactose and fructose in the solution.
Theoretically, as the concentration of fructose increases,
so does the chance that fructose, and not water or
lactose, will act as the galactosyl acceptor. The yield
of lactulose was reported to increase three times as the
molar ratio of fructose to lactose (m/m,) rose from 1
to 8 [45]. The highest yields of lactulose (> 30%) were
obtained when the ratio of m/m, reached 8, 12, 16, and
20 [27, 62, 64, 65, 67]. However, no direct relationship
was detected between the maximal yields of lactulose
in [23, 24, 40—68] and the molar ratios of fructose and
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lactose (Fig. 4). These data can be represented as a
single diagram, despite the fact that the experiments
had different reaction conditions, e.g., pH, tempera-
ture, total carbohydrate concentration, etc. In fact, the
nature of the kinetically controlled reaction means that
the main factor is the origin of the enzyme, not the
conditions [23, 45, 55].

Figure 4 shows that when the values of m/m,
reach > 20, the lactulose yield does not increase. More-
over, low m/m, ratios (< 5) are more financially pro-
mising. A larger amount of fructose increases the cost
of raw materials, while most of the fructose does not
become involved in the synthesis of lactulose and remains
in the solution, which complicates the purification. The
publications on yeast enzymes mostly involved lower
m /m, values than those that used mold enzymes, which
characterizes the former as more practical.

One of the earliest works on yeast f-galactosida-
ses revealed that when m/m, rose from 0.5 to 1, the
maximal yield of lactulose increased by 1.6 times. But
when m/m, reached 2, no further increase in yield
followed [41]. An increase in the total concentration of
carbohydrates from 37.5 to 60% led to a 1.5-fold increase
in the yield of lactulose and protected the enzyme from
denaturation at 60°C. However, it reduced the reaction
rate because the viscosity of the solution also increased.
The same publication was the first to report the idea
that the ratio of lactulose and galactooligosaccharides
could be regulated [41]. This possibility is important,
since lactulose and galactooligosaccharides can have
a synergistic effect on the prebiotic index [1].

Table 1 shows that the maximal yields of lactulose
were obtained at different pH values that did not always
coincide with the optimal values for this type of enzyme.
It ranged 6.0-7.5 in the case of K. lactis f-galactosidases,
the optimal pH being 7.0 [55]. For A. oryzae enzymes, it
was 3.5-6.6, the optimal pH being 4.5 [55]. The reaction
temperatures also varied. For K. lactis p-galactosidases,
it ranged from 37 to 60°C, the optimal temperature
being 50°C [55]. For A. oryzae enzymes, it was between
30 and 50°C with 65°C as the optimal temperature [55].
Some experiments were carried out at 6°C in order
to increase the microbiological purity of the products
and gave an unexpectedly high yield of lactulose
(£27%) [57, 58].

The enzyme concentration also affects the selectivity
of the lactose bioconversion reaction. When the
concentration of the enzyme was high (> 15 U/mL), both
primary (lactose hydrolysis) and secondary hydrolysis
(lactulose degradation) were faster [61]. As a kinetically
controlled reaction, secondary hydrolysis does not stop
after it reaches the maximal lactulose concentration. This
phenomenon has often been described in publications
that featured free (native) or immobilized enzymes [41,
44, 49, 52].

Continuous process might solve the problem of
lactulose hydrolysis, e.g., in an enzymatic membrane
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reactor, a microchannel, or a packed-bed reactor [25,
47, 52-54, 61]. For instance, an enzymatic membrane
system made it possible to remove the new lactulose,
thus limiting its breakdown. The specific productivity
remained constant at 0.7 mg of lactulose per enzyme
unit per hour [52]. However, the enzymatic membrane
reactor eventually reduced the enzyme activity as a
result of electrostatic interaction between the enzyme
and the membrane surface, as well as due to mechanical
and thermal inactivation. On day 7, the concentration
of lactulose decreased by 31% in an experiment with
K. lactis p-galactosidase [54].

An automated control of the enzyme feed may be a
way out. Researchers added new portions of 4. oryzae
f-galactosidase, i.e., 10% of the initial amount every
48 h, and the output lactulose concentration maintained
constant at 8.8 g/L (5.5% yield) for 28 days [61]. The
lactulose concentration increased 3.3 times when the
packed-bed reactor operated in the continuous mode
compared to the multiple batch operation mode, although
in the latter case the catalyst could be reused as many
as 10 times [48].

Some publications compare different enzymes.
Guerrero et al. compared eleven different commercial
[-galactosidases of various origins [55]. They tested four
yeasts and six molds for catalytic potential for hydrolysis
and transgalactosylation, as well as their affinity for
galactose donors and acceptors. All the f-galactosidases
were able to use lactose and lactulose as galactose
acceptors and donors. However, the yeast lactases
showed a higher hydrolytic than transgalactosylating
activity, which was greater for lactose than for lactulose.
When the concentrations of carbohydrates in the solution
exceeded 10%, transgalactosylation prevailed over
hydrolysis. When the concentration exceeded 40%, the
hydrolysis of lactose and lactulose was more prominent.
The maximal yields of lactulose obtained from A4. oryzae
[-galactosidases were by 5% higher than those obtained
from A. niger and Aspergillus aculeatus f-galactosidases
and by 1-6% higher than those obtained with K. lactis
f-galactosidases. The concentration and composition of
the obtained galactooligosaccharides depended on the type
of enzyme. 4. oryzae enzymes yielded mainly tri- and
tetrasaccharides, while 4. niger and K. lactis yielded
di- and trisaccharides. These data confirmed that the
origin of the enzyme determines its transgalactosylation
potential and the ability to use various molecules as
acceptors of the galactose residue. In addition, the origin
of the enzyme determines the molecular structure of
transgalactosylated oligosaccharides, e.g., composition,
hexose units, types of bonds, etc.

Schmidt et al. tested seven different f-galactosidases
for their ability to produce lactulose at 6°C [57]. Three
enzyme preparations of micromycetic origin (Biolactase,
Lactozym, Enzeco) produced high yields of lactulose
(= 20%) within 24 h. Enzeco proved highly active at
pH 4.5-6.5, while Lactozym and Biolactase were effec-
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tive at pH 6.0-6.5. Low-temperature synthesis guarantees
the microbiological purity of the resulting products
and a long interval of high lactulose concentration, which
provides an industrial-scale inactivation.

Other studies described various forms and types of
[-galactosidase immobilization for lactulose biosynthesis:
silica gel, nanotubes, chitosan with glutaraldehyde,
agarose and polyethyleneamine, glutaraldehyde, and
various agarose derivatives [23, 48, 49, 56, 59, 60,
62-65, 67, 71].

Neto et al. immobilized different commercial K. lactis
f-galactosidases using different methods [23]. The
immobilization affected the properties of f-galactosidases
in kinetically controlled synthesis. The enzyme sample
that was immobilized on glyoxylagarose appeared
inactive in the production of lactulose at 25, 37, and
50°C. The sample immobilized on agarose coated with
polyethyleneimine produced lactulose only at 50°C.
The sample immobilized on chitosan activated with
glutaraldehyde was effective at all three temperature
modes. When they applied whey instead of pure lactose
and fructose, the yield increased in the agarose sample
and decreased in the chitosan sample.

Serey et al. immobilized the enzyme obtained from
A. oryzae in quaternary ammonium agarose (QAA) [67].
The sample with repeated batch operation provided
better results for total lactulose yield and cumulative
specific productivity than the sample with the free
enzyme. They were able to reduce the economic costs
by reusing the quaternary ammonium agarose, which
neither change its maximal enzymatic capacity nor
reduced the productivity and selectivity of lactulose
synthesis. Ramirez et al. increased the efficiency of
biocatalysts by repeated periodic feeding [68].

Guerrero et al. used cross-linked aggregates of
A. oryzae f-galactosidase for lactulose synthesis [60].
Although they recorded a 17% reduction in the yield
relative to free enzyme, they managed to reuse the
catalyst 100 times, so that the accumulated mass of
product per mass unit of the used catalyst increased
by a factor of twelve.

Lactulose technology is more economical if
microorganism cells serve as sources of biocatalysts,
not purified enzymes. Lee et al. synthesized lactulose
in solutions of lactose and fructose using a cellular
suspension of K. /actis permeabilized with ethanol [41].
They cultivated K. lactis on a thick nutrient medium
and activated it in an elective liquid nutrient medium
at 28°C for 24 h. After that, they transferred 1% of the
inoculum to a fermentation medium and cultivated it
there under the same conditions. The resulting inoculum
was centrifuged at 8000 rp for 5 min. The separated
cells were resuspended in a potassium phosphate buf-
fer (pH 7.0). To permeabilize the cells, they were
resuspended in 50% (v/v) ethanol, stirred for 15 min at
4°C, rinsed twice with distilled water, and resuspended
in the potassium phosphate buffer with lactose and
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fructose to produce lactulose. The reaction was stopped by
boiling. The maximal lactulose concentration of 14.8 g/L
occurred when the concentration of permeabilized cells
was 8 g/L. However, the productivity (1.64 g/L-h) was
lower than when the cell concentration was 10.4 g/L
(2.0 g/L-h), which was eventually assessed as optimal.
The samples with untreated cells demonstrated the
maximal concentration of synthesized lactulose of
17 g/L, which was comparable to the results of the per-
meabilized samples (19 g/L). However, the control
sample needed 5 h to reach this concentration, whereas
the experimental sample needed only 3 h. Therefore,
the productivity of the sample with permeabilized cells
was higher [41].

Some scientists tried using secondary dairy raw
materials in an attempt to reduce the production
costs. As a rule, they turned to whey and ultrafiltrated
permeates [23, 42, 47, 49, 56-59]. The optimal process
conditions turned out to be 48 h at 6°C. For acid whey,
the process involved Enzeco enzyme from 4. oryzae
with an activity of 2.0 pkat/kg at pH 4.4, 1.28 mol/kg
fructose, and 0.17 mol/kg lactose. For sweet whey,
it was Lactozym from K. lactis with an activity
of 2.8 pkat/kg at pH 6.6, 0.74 mol/kg fructose, and
0.19 mol/kg lactose [58].

De Freitas et al. used K. lactis p-galactosidase
using cheese whey and immobilization on 2.0% (w/v)
glutaraldehyde-activated chitosan [59]. They obtai-
ned a highly active and stable biocatalyst capable of
simultaneously hydrolyzing lactose (42.8% conversion
rate) and produced lactulose at a level of 17.3 g/L. They
used clarified whey to increase the f-galactosidase acti-
vity of yeast and for the main cultivation. The processes
occurred at 30°C and presupposed 24 h of stirring at
180 rp. The cell mass was separated by centrifugation,
washed, and suspended in a potassium phosphate
buffer with MnClL,. Mg*" and Mn*" (< 5x107° mM)
activated the resulting f-galactosidase, while Ca*
(> 1 mg/L) and Zn>* (> 0.011 mg/L) inhibited it. As
an intracellular enzyme, yeast f-galactosidase can be
extracted by various methods. When the cells were
destroyed by shaking with glass beads for 30 min at
2000 rpm, the process was 87% more effective than
when the yeast cells were destroyed with ultrasonic
waves for 40 min at 25°C.

Another important aspect is the possibility
of forming different conformations of lactulose.
Enzymatic transgalactosylation may trigger such
bonds as fl — 4 or f1 — 1, f1 — 3, f1 — 5, and
p1 — 6 [39]. Two main isomers appear as a result of
enzymatic synthesis of lactulose. Lactulose f1—4 is
formed during the chemical isomerization of lactose
to lactulose. Lactulose f1—1, also called 1-lactulose
or allolactulose, appears exclusively during enzymatic
transgalactosylation. 1-lactulose is the main product of
this reaction. All yeast f-galactosidases form > 0.75
of this isomer while mold f-galactosidases form only
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about 0.6. Shen et al. performed structural studies for
a certain K. lactis f-galactosidase by high performance
liquid chromatography [46]. They used the method of
nuclear magnetic resonance to detect an additional peak
generated by similar reactions that corresponded to
1-lactulose [52].

In general, the maximal yields of lactulose for
biosynthesis with micromycetic f-galactosidases
(20-30%) were comparable with the results of alkaline
isomerization (30%), but much lower than in chemi-
cal synthesis with complexing borates (70%). Most
studies used expensive highly-purified commercial
preparations of f-galactosidases to obtain lactulose,
which significantly increases the production cost. Crude
enzyme preparations could solve this problem. Any
culture of non-pathogenic lactose-fermenting yeast can
serve as a source of f-galactosidases, not only K. lactis,
but also Kluyveromyces marxianus. K. marxianus is a
promising source of enzymes for the food industry and
biotechnology because some of its strains can produce
both endo- and exo-enzymes [72]. Lactase-produ-
cing yeasts have long been the favorites with Russian
scientists [73]. Such strains of K. marxianus as VKM
Y-453, VKM Y-459, VKM Y-460, VKM Y-1338, VKM
Y-1341, and VKM Y-1342 have great prospects since
their high f-galactosidase activity was confirmed by
independent experiments [74]. Lactic acid microorga-
nisms can also serve as producers of f-galactosidases,
e.g., those that have long been used as starter cultures. A
joint cultivation of yeast and lactic acid microorganisms
is a promising method of obtaining complex enzyme
preparations of f-galactosidases [75].

Another important and rather new trend is to
use affordable and inexpensive secondary dairy raw
materials. Cheese and curd whey have a good record for
f-galactosidase production, while ultrafiltrates of skim
milk and whey can be used in lactulose synthesis. The
yields depend on the optimal pH level for the enzymes:
sweet whey works best with K. /actis f-galactosidases,
while acid whey requires A. oryzae f-galactosidases.

Fructose is necessary to obtain lactulose with
f-galactosidases. This stage can be called the bottleneck
of this method because:

— fructose is introduced in high concentrations (> lactose),
which increases the costs;

—a significant part (< 90%) of fructose does not participate
in the synthesis and remains in the solution; its high
solubility makes it difficult to remove it from the
reaction mix.

As a result, the reaction conditions should be
such that require a minimum dose of fructose and
provide a maximal yield of lactulose. Section 4 of
this article introduces another prospective method:
the biotransformation of glucose formed during the
hydrolysis of lactose into fructose.

3. Applying bacterial glycosidases. Micromycetes
are not the only ones with the ability to produce
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p-galactosidases. Many bacteria can do that, e.g., Ba-
cillus (Bacillus acidocaldarius, B. circulans, Bacillus
coagulans, B. subtilis, Bacillus megaterum, Bacillus
stearothermophilus), Lactobacillus (Lactobacillus aci-
dophilus, Lactobacillus bulgaricus, Lactobacillus
helviticus, Lactobacillus kefiranofaciens, Lactobacillus
lactis, Lactobacillus sporogenes, Lactobacillus the-
mophilus, Lactobacillus delbrueckii), Bifidobacterium
(Bifidobacterium bifidum, Bifidobacterium infantis),
as well as Arthrobacter, Bacteriodes, Clostridium, Cory-
nebacterium, Enterobacter, Escherichia, Klebsiella, Leu-
conostoc, Pediococcus, Propioionibacterium, Pseudo-
monas, Pseudoalteromonas, Streptococcus, Sulfolobus,
Thermoanaerobacter, Thermus, Trichoderma, Vibrio,
and Xanthomonas [17, 76].

Bacterial f-galactosidases are proteins of intracellular
localization that differ in molecular weight, number of
subunits, affinity for various substrates, optimal pH,
and thermal stability. E. coli f-galactosidase is very
well represented in scientific literature. It can be toxic
and, therefore, cannot be used in the food industry:
it usually serves as a model for understanding the
catalytic mechanism of the enzyme action. Like yeast,
bacterial f-galactosidases exhibit maximal activity at pH
6.5-7.5 [55].

Some bacterial f-galactosidases need high tempe-
rature and thermal stability. Only a few publications
provide data on fS-galactosidases of meso- and psychro-
philic bacteria that are active at low temperatures. For
example, mesophilic bacteria Xanthomonas sp. and
B. subtilis demonstrated the catalytic activity at 10°C.
Guerrero et al. registered the highest catalytic activity
of the enzyme at 39.7% of the maximum detected at
40°C [45]. They explained it as a consequence of the fact
Bacillus sp. produces at least two molecular forms of
the that enzyme protein. f-Galactosidase obtained using
Pseudoalteromonas haloplanktis TAE 79b had the opti-
mal activity at 26°C and exhibited at least 33% activity
at 4°C, while the Pseudoalteromonas sp. demonstrated
only 20% of the maximum recorded at 40°C.

Although a lot of bacteria can produce f-galacto-
sidases, B. circulans is the most popular strain in indust-
rial production, while Streptococcus thermophilus
and B. stearothermophilus are considered as potential
sources [21, 76].

The method for obtaining bacterial glycosidase is
similar to those described for isolating f-galactosidase
from micromycetes. It includes cultivating in elective
media under optimal conditions, isolating and purifying
the enzyme, and obtaining the enzyme preparation.
The main task in the production of enzymes associated
with the cell wall is to extract them without losing their
activity. The destruction of bacterial cells makes it
possible to obtain a sufficiently high yield and activity
of f-galactosidase. The most effective methods include
ultrasonic treatment, high-speed bead mills, and high-
pressure homogenizers. The most effective purification
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methods applied to f-galactosidase are ultrafiltration,
gel permeation, ion-exchange, and affinity chroma-
tography [77, 78].

The earliest publication on lactulose biosynthesis
with E. coli f-galactosidase appeared in 1987 [79].
The first research to feature f-glycosidase obtained
from thermophilic archaea Pyrococcus furiosus was
published in 2004 [24]. Other publications mentioned
commercial f-galactosidases from B. circulans and
some other bacterial species. Table 2 demonstrates the
optimal processing conditions for lactulose production.

The glycosidases in Table 2 can be divided into two
groups: (1) thermostable with an optimal temperature
of 50-85°C and (2) mesophilic with maximal activity
at 37-40°C. The first enzymes are very often used
for lactulose biosynthesis because thermostable gly-
cosidases have a lot of industrial advantages. They
ensure good substrate solubility, high yield and reaction
rate, low inhibition, and low contamination risk. These
enzymes are often obtained with the help of genetic
engineering [24, 25, 83]. For instance, thermostable

Caldivirga maquilingensis glycoside hydrolase has
100% p-galactosidase activity (50% glycosidase and
25% xylosidase). According to Letsididi et al., it provided
excellent lactose conversion at 85°C, and the yield
of lactulose increased together with temperature [83].
However, further heating above 90°C led to a significant
decrease in the activity of glycoside hydrolase, probably
as a result of its inactivation. The resulting glycoside
hydrolase remained highly active even at pH = 4-5. It
was synthesized in a slightly acidic medium to reduce
the chances of the Maillard reaction.

The genomic DNA of Sulfolobus solfataricus that
encoded the synthesis of f-galactosidase was clo-
ned and inserted into E. coli ER2566. The resulting
f-galactosidase had an optimal pH that ranged from
5.0 to 7.0, while retaining > 90% of its initial activity.
The enzyme exhibited first order thermal inactivation
kinetics; half-lives (t1/2) at 75, 80, 85, 90, and 95°C
were 91, 48, 35, 2.6, and 0.72 h, respectively. The
[-galactosidase was the most active at 80°C. At < 80°C,
the transgalactosylation reaction proceeded faster, and

Table 2. Biosynthesis of lactulose with bacterial glycosidases

Tabunuua 2. BuocuHTE3 JIAKTYJI03bI C UCIIOJIB30BAHUEM OaKTePUATbHBIX IIMKO3H/1A3

Producer Enzyme (preparation, form) Substrate, % weight/volume Processing Y, %* | Source
conditions
f-galactosidases
Escherichia coli Immobilized on Eupergit Lactose solution 10% pH=16.8,37°C 6.3 [79]
and fructose 50% Periodic**
Sulfolobus Recombinant in Escherichia coli cells Lactose solution 40% pH = 6.0, 80°C 12.5 [80]
solfataricus Free and fructose 20% Periodic
Bacillus Lactoles L3 Lactose solution 32.8% pH=5.5,45°C 1.5 [45]
circulans Free and fructose 17.4% Periodic
Lactobacillus Free Lactose solution 40% pH = 7.0, 40°C 6.25 [81]
acidophilus and fructose 20% Periodic
Bacillus circulans Biocon NTL 3000 Lactose solution 13.3% pH = 6.0, 60°C 9 [55]
Free and fructose 26.6% Periodic
Bacillus Spores immobilized on the surface Lactose solution 20% pH=16.0, 75°C 4.4 [82]
stearothermophilus of Bacillus subtilis spores and fructose 10% Periodic
f-glucosidases
Pyrococcus Recombinant in Escherichia coli cells Lactose solution 3.42% pH=15.0,75°C 44 [24]
furiosus Free and fructose 27% Periodic 45
Immobilized on Eupergit C
Pyrococcus Recombinant in Escherichia coli Lactose solution 3.4% pH=5.0, 75°C 41 [25]
furiosus Free and fructose 27% Continuous**
Immobilized on Eupergit C Continuous 43
Immobilized on Amberlite IRA-93 Periodic 43
Continuous 43
Glycoside hydrolase
Caldivirga Recombinant in Escherichia coli cells Lactose solution 14% pH=4.5,85°C 71 [83]
maquilingensis Free and fructose 56% Periodic

* lactulose yield, % of initial lactulose, calculated value is based on published data;

** Periodic — periodic method, Continuous — continuous fermentation.

* BBIXO/ JIAKTYJIO3bI, % OT UCXOHOMU JIAKTO3bI, pAaCYETHOE 3HAYCHUEC T10 JIaHHBIM l'[y6J'IPIKaLU/H/I;

** Periodic — nepuoanueckuii cnocod, Continuous — HeNpepbIBHBIN crI0cod GepmMeHTannu.
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the yield of lactulose increased. At > 80°C, the amount
of lactulose decreased because f-galactosidase grew
less stable. Extra Fe*" cations increased the amount of
lactulose by 10%, while extra Mg**, Mn?**, Ca*, and
Co?" had no effect on the yield. The composition of
the substrate and the amount of the enzyme had a
significant impact on the biosynthesis of lactulose. The
yield of lactulose increased together with the substrate
concentration. This effect required a greater activity of the
introduced enzyme [80]. However, this f-galactosidase
yielded little lactulose.

Such lactic acid microorganisms as L. acidophilus,
Lactobacillus reuteri, Lactobacillus helveticus, Lacto-
bacillus delbrueckii ssp. bulgaricus, Lactobacillus
brevis, Lactobacillus plantarum, and S. thermophilus
are known to produce f-galactosidase [17]. However,
few publications describe their use in the lactose-to-lac-
tulose bioconversion. The transgalactolizing activity of
L. acidophilus NRRL 4495 f[-galactosidase was tested
for the synthesis of lactulose and oligosaccharides under
various conditions. The prebiotic yield depended on the
reaction time, the concentration of the enzyme, and the
composition of the substrate. The maximal amount of
lactulose was obtained after 7 h (6.89 g/L); it decreased
between 17-24 h. The content of other oligosaccharides
after 7 and 10 h was 17.2 and 19.68 g/L, respectively,
which exceeded the amount of lactulose obtained. The
concentration of the introduced enzyme was another
factor that affected the lactulose yield. When its content
was raised from 2 to 8 U/mL, the amount of lactu-
lose reached 25 g/L (3.6 times more than the control)
and 15.4 g/L (2 times more than the control) after 7
and 10 h, respectively. A further increase in the enzyme
concentration to 10 U/mL inhibited the production of
lactulose. When the bioconversion occurred at pH 7.0
and the enzyme content was 2, 4, 6 U/mL, it increa-
sed the production of tetraoligosaccharides. At 8 and
10 U/mL, it was pentaoligosaccharides; at pH 5.5 and
8 U/mL, it was trisaccharides. The composition of
the substrate was insignificant. The lowest yield of
lactulose (5.05 g/L) was obtained from the reaction
mix that contained 20% galactose, 20% lactose, and
20% fructose. However, these conditions provided a
high yield of other oligosaccharides (17.25 g/L) [81].

Immobilization is another promising direction in
the enzymatic synthesis of lactulose with bacterial
p-galactosidases. Lactose releases monosaccharide
D-galactose, which is a powerful inhibitor of many
mesophilic f-galactosidases. Immobilization reduces
this effect and facilitates further isolation of the
enzyme from the reaction mix. Mayer et al. compared
hyperthermostable P. furiosus p-glycosidase immobilized
on Eupergit C(CelB) with industrial f-galactosidase A.
oryzae (Sigma-Aldrich) [24]. p-Glycosidase yielded
by 14% more lactulose than S-galactosidase. For both
enzymes, a higher initial concentration of lactose in
the reaction mix increased the absolute yield of the pro-

duct, but the average yield went down. A higher initial
concentration of lactose resulted in more oligosaccha-
rides differ from lactulose. Extra fructose brought the
average yield of lactulose up to 48%. However, the
reaction was inhibited when the fructose content reached
36%. The immobilized f-glycosidase was more stable
and active during biosynthesis.

Mayer et al. also tested a continuous enzymatic
process to produce lactulose with trans-galactosylation
using free and immobilized P. furiosus [-glycosi-
dase [25]. They obtained free f-glycosidase (CelB)
heterologously in E. coli BL21. Next, they immobilized
the enzyme on an anion exchange resin (Amberlite
IRA-93) or on Eupergit C. The efficiency of the immo-
bilization appeared to depend on the pH level (7.5)
and temperature (30°C). The activity of S-glycosidase
immobilized on Eupergit C (1500 pkat/g) was higher
than in the case of Amberlite IRA-93 (920 nkat/g).
The final yield of lactulose was approximately the same
in all three cases (41-43%), but the immobilization
increased the stability and lifespan of the enzyme.

Most bacterial f-galactosidases are intracellu-
lar enzymes. Nevertheless, some microorganisms are
known to release them into the medium as a result of
cell autolysis after the end of the cultivation process.
Montanari et al. tested 32 lactose-fermenting strains
of L. brevis and 15 strains of L. plantarum obtained
mainly from fermented horse’s milk (koumiss) and
other products, e.g., fermented silage or sausages [84].
L. brevis were able to release intracellular S-galactosidase
into the medium at the end of the cultivation process.
The release of the enzyme began immediately after
the end of reproduction and was associated with the
autolysis of cells and the destruction of their walls.
L. plantarum did not release f-galactosidase, since
their autolysis occurred in a different way. Therefore,
the screening of microorganisms capable of releasing
enzymes into the medium still remains an urgent task
and can significantly simplify lactulose production.

Bacterial enzymes allow for a wide temperature
range, from 20°C (Arthrobacter) to 75°C (Pyrococcus)
and even 80°C (Sulfolobus) [24, 25, 80, 85]. However,
most bacterial f-galactosidases give a low yield of lactu-
lose. Genetically engineered P. furiosus glycosidases
(45% lactulose) and C. maquilingensis glycoside hyd-
rolases (77%) were an exception, but the synthesis
was too complicated and expensive. L. acidophilus
p-galactosidase gave an option of using safe lactic
acid starter cultures, but this issue requires additional
research. Some scientists [1, 85] used f Arthrobacter sp.
Others [45, 55] proved that B. circulans [f-galactosidase
provided a low yield of lactulose, but a high yield
of galactooligosaccharides and can be used for their
biosynthesis.

Thus, the prospective directions in the biosynthesis
of lactulose with bacterial glycosidases include: (1)
enzymes that retain their stability at high (> 75°C)
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and low (< 20°C) temperatures, as well as low-
acidic environmental conditions (pH = 4-5); (2)
p-galactosidases of safe lactic acid microorganisms
and bacteria that release the enzyme in the cultivation
medium; (3) available and cheap methods of enzyme
immobilization that require no extra expenditures
on their isolation and stability increase but allow for
secondary use.

4. Combined use of f-galactosidases and glu-
coisomerases. The main disadvantage of glycosidase-
based synthesis of lactulose is that it is impossible
without fructose in the substrate. Only a part of fructose
enters the bioconversion reaction as an acceptor of
galactosyl. Its residues have to be removed from the
mix after the end of the reaction, which complicates
the process and increases its cost. However, the
new glucose can be isomerized into fructose, e.g., with
commercial glucose isomerase (EC 5.3.1.18), which is
used to obtain fructose. Table 3 summarized the avai-
lable data on the processing conditions that render
the maximal concentrations of lactulose.

Hua et al. synthesized lactulose by a double enzy-
matic method in water-organic two-phase media from
lactose and fructose [44]. They immobilized fS-galac-
tosidase by crosslinking it with magnetic microspheres
(5-10 pm) that consisted of Fe,O, and chitosan. Phosphate
buffer served as the aqueous phase. The organo-aqueous
media increased the transglycosylating activity of lactase
and the lactulose yield. As the amount of water in the
system increased, both the yield of lactulose and the
rate of lactose conversion went down. No lactulose
developed without water. At the onset of the reaction,
the fructose concentration was low because the low
glucose content was low, and extra fructose had to be
added to the reaction mix. The lactulose yield reached its
maximal value at 30°C. When the temperature reached
35°C, the yield dropped by half. The lactulose yield

peaked for 2—4 h at pH 6.0-9.0: all this time, the degree
of lactose conversion remained 65%. This methos has
two main disadvantages. First, the concentrations of
organic solvents to be removed are too high. Second,
the immobilization process is too difficult to design.

Song et al. used whey to obtain lactose [87]. They
produced fructose by glucose isomerization and did not
add extra fructose to the substrate. They immobilized
enzyme by adding activated silica gels to a pre-treated
solution of f-galactosidase or glucose isomerase at 20°C
for 12 h of constant stirring.

Song et al. assessed the effect of lactose concentration
on lactulose synthesis using different concentrations
of lactose in the reaction mix (w/v) [87]. The yield of
lactulose increased as the concentration of lactose rose
from 14 to 20%. At a higher concentration, the viscosity
of the reaction mix increased sharply, which eventually
inhibited the enzymes. The fructose concentration went
up as the proportion of immobilized glucose isomerase
increased. It reached its maximal concentration of
33.9 g/L after 2 h when the ratio of immobilized
f-galactosidase and glucose isomerase was 1:6. The
yield of lactulose increased in proportion to the fruc-
tose concentration until the enzyme ratio became 1:5.
Probably, it happened because the mass transfer was
limited when the viscosity of the reaction mix started
to grow as the amount of the immobilized enzyme inc-
reased [87]. This method has the following disadvan-
tages. First, purified enzyme preparations are expensive.
Second, the immobilization process is too complex.
Third, the yield of lactulose is too low.

Lorenzen et al. used the bi-enzyme system to treat
condensed ultrafiltrated permeate of skimmed milk [86].
They introduced 0.5% MgSO,-7H,0O and incubated the
mix with f-galactosidase and glucose isomerase at
pH 7.8 and 45°C. The formation rate of transoligosac-
charides was higher during the first hour of fermen-

Table 3. Biosynthesis of lactulose based on f-galactosidases and glucoisomerases

Tabauua 3. BHOCHHTE3 JTaKTyI03bI C HCIONB30BAaHUEM f-TalaKTO3H1a3 U TITIOKOU30Mepas

Producer Enzyme (preparation, form) Substrate composition, % Processing Y, %%* | Source

weight/volume conditions
Kluyveromyces lactis [-galactosidase Immobilized | Cyclohexane buffer system | pH=8,30°C,2h 18.9 [44]
Streptomyces murinus Glucoisomerase Immobilized 95:5 (vol./vol.), lactose Periodic**

(Novozyme) 80% an fructose 10%
Kluyveromyces lactis [-galactosidase Lactozym Condensed ultrafiltrated pH=7.8,45°C 1.1 [86]
Streptomyces rubiginosus Free permeate of skimmed milk, Periodic
Glucoisomerase Gensweet lactose 40%
Free

Kluyveromyces lactis [-galactosidase Immobilized Lactose solution 20% pH=17.5,53,5°C 3.8 [87]
Streptomyces rubiginosus | Glucoisomerase Immobilized Periodic

* lactulose yield, % of initial lactulose, calculated value is based on published data;

** Periodic — periodic method, Continuous — continuous fermentation.

* BBIXO/ JIAKTYJIO3bI, % ot HCXOIHOM JIAKTO3bI, PACYCTHOC 3HAYCHHUEC 10 TaHHBIM ny6nm<au1/m;

** Periodic — nepuoanueckuii crocod, Continuous — HeNpepbIBHBIN crI0c00 GepMeHTannu.
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tation, when 16.4% galactooligosaccharides and 0.7%
lactulose were obtained, and then decreased. After 4 h,
the yield was 21.4 and 1.1%, respectively.

Thus, the combined use of f-galactosidases and
glucoisomerases makes it possible to completely or
partially solve the problem of introducing fructose
into the substrate for lactulose synthesis. However, the
process is complex and does not increase the yield of
lactulose. Such methods require additional enzymes
(glucoisomerases). The same problems arise with puri-
fied enzyme preparations, i.e., cost, economic sanc-
tions, etc. Still, glucoisomerases can be produced by
some types of yeast, in particular baker’s yeast, e.g.,
Saccharomyces cerevisiae, and they might be introdu-
ced to obtain crude f-galactosidases. Another option
is to use the natural symbiosis of kefir grains, which
contains several types of lactic acid bacteria and yeast.

5. Applying bacterial cellobiose epimerases for
lactulose production. Lactose turns into lactulose
under the action of cellobiose epimerase. This reac-
tion is based on isomerization, where the glucose frag-
ment of lactose isomerizes into fructose [26]. The exact
mechanism of lactose-to-lactulose transformation by
using epimerases still remains unclear.

All known cellobiose epimerases have a near-neut-
ral optimal pH. The optimal temperature depends on
the source organism of the enzyme and ranges from
8 to 85°C [26]. However, Chen et al. reported that low
temperatures in lactulose biosynthesis yielded epilac-
tose as the main reaction product [33]. Epilactose has a
beneficial biological effect on human health, promotes
the development of bifidobacteria and lactobacilli, and
improves the absorption of calcium and magnesium [26].
Several publications focused on epilactose as the main
product of lactose conversion [33, 37, 88]. However,
if the aim of the work was to increase the yield of
lactulose, epilactose was considered undesirable as the
final product of biosynthesis. Table 4 summarized the
available data on the process conditions that render the
maximal concentrations of lactulose.

Table 4 shows that the cellobiose-2-epimerase of
C. saccharolyticus is the most popular raw material
in lactulose synthesis. The yield of lactulose ranges
from 43 to 88%. The highest value was obtained by
adding boric acid to the reaction mix, probably, due
to the formation of lactulose-borate complexes [36].
The binding affinity of borate for lactulose is 59 times
higher than for lactose. By binding the new lactulose,
borate contributes to its removal from the reaction
mix, and the synthesis process continues. The greater
the molar ratio of borate and lactose, the higher the
degree of lactose isomerization. However, the ratio of
1:1 M results in a plateau, and the degree of lactose
isomerization reaches its maximum. In addition, 10%
of epilactose appeared as a by-product of the reaction
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after 1 h. After 3 h, it decreased and remained below
2%. This method provides a high yield of lactulose and
is simpler and more environmentally friendly than
alkaline synthesis. Unfortunately, borate has to be re-
moved using ion-exchange resins, which significantly
increases the production costs.

Quite often, works on cellobiose epimerase as a
catalyst for lactose bioconversion used a controlled or
random mutagenesis. Most often, its goal was to increase
the thermal stability of the enzyme [28, 31, 32, 35, 36,
89, 92]. Thermostable enzymes have a number of in-
dustrial advantages. For instance, solubility of the
substrate and the rate of the enzymatic reaction increase
at high temperatures. The recombinant cellobiose-2-
epimerase of the thermophilic C. obsidiansis demonst-
rated high thermal stability up to 86.7°C. Its half-life
was 8.1, 2.8, and 0.6 h at 75, 80, and 85°C, respectively.
With lactose as substrate, epilactose appeared very rapidly.
The highest yield of epilactose (55 g) was achieved
already after 10 min of reaction, with only 10 g of
lactulose formed, i.e., the initial epimerization rate was
significantly higher than the isomerization rate. After
10 min, the output of epilactose slowly went down, and
lactulose production remained steady for 4 h [32].

Shen et al. developed eight mutants with the C. sac-
charolyticus cellobiose-2-epimerase gene, and five
of them had a prolonged inactivation half-life at
80°C [71]. Genetic engineering increased the maximal
activity temperature of the enzyme from 80 to 87.5°C.
Some E161D/S180P/S351G and E161D/N365P mu-
tants retained > 50 and > 70% of their activity, res-
pectively, even at 95°C. In addition, the mutant enzy-
mes were more resistant to chemical denaturation
and exhibited a wider pH range. The authors believed
that these mutants had good prospects for lactulose
biosynthesis but gave no data on its yield.

Xiao et al. also confirmed that thermophilic bacterial
cellobiose epimerases as catalysts produce the highest
yield of lactulose [92]. They obtained cellobiose-2-
epimerase from Dictyoglomus thermophilum, a ther-
mophilic microorganism. The resulting enzyme had
a significantly higher initial epimerization rate and a
larger amount of epilactose produced in the first 10
min of the reaction. After that, the epilactose yield
started to decrease, but the synthesis of lactulose went
on, providing a sufficiently high yield even after 4 h.
A greater amount of lactose in the substrate did not
increase the degree of its conversion.

Kim & Oh worked with the C. saccharolyticus
recombinant enzyme [89]. The experiment showed
first order kinetics for thermal inactivation and half-
lives (inactivation rate constants) of 74, 34, 16, and 5 h
at 65, 70, 75, and 80°C, respectively. The yield of lactu-
lose and epilactose grew together with the concentra-
tion of the enzyme until a plateau at 150 U/mL of
cellobiose-2-epimerase. A higher concentration of lac-
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Table 4. Biosynthesis of lactulose using cellobiose-2-epimerases

Ta6m/1ua 4. buocunres JIAKTYJIO3BI C UCIIOJIb30BAHUEM uenno6n03o-2-3nHMepa3

Producer Enzyme (preparation, form) Substrate composition, Processing Y, %* | Source

% weight/volume conditions
Caldicellulosiruptor |  Recombinant in Escherichia coli Lactose solution 70% | Pa=7.5,80°C,2h 58 [89]
saccharolyticus Free Periodic**
Dictyoglomus Recombinant in Escherichia coli Lactose solution 34.2% | pH=7.0, 70°C, 3 h 543 [35]
turgidum Free Periodic
Caldicellulosiruptor Recombinant in Escherichia coli Lactose solution 70% +| pH=7,5, 80°C, 3 h 88 [36]
saccharolyticus Free borate 12% Periodic 58

Lactose solution 70%
Caldicellulosiruptor |  Recombinant in Escherichia coli Lactose solution 70% | pH=7.0, 80°C, 4 h 56.4 [34]
saccharolyticus Spores immobilized of Bacillus Periodic
subtilis
Caldicellulosiruptor Recombinant in Escherichia coli UHT milk: fat 1.5%, |pH=7.5,50°C, 24 h 57.7 [37]
saccharolyticus Free lactose 4.85% Periodic
pH=7.5,8°C,72h 56.7
Periodic
Caldicellulosiruptor Mutant in Escherichia coli Lactose solution 50% | pH=7.5, 80°C,4h 76 [30]
saccharolyticus Free Periodic
Flavobacterium Recombinant in Escherichia coli Lactose solution 51% pH=28.4,25°C <3 [28]
johnsoniae Free Periodic
Dyadobacter Recombinant in Escherichia coli Lactose solution 51% pH=17.7,40°C 6-9 [28]
fermentans Free Periodic
Ruminococcus Recombinant in Escherichia coli Lactose solution 51% pH=17.5,20°C 69 [28]
albus Free Periodic
Rhodothermus Recombinant in Escherichia coli Lactose solution 51% pH=6.3,70°C 19 [28]
marinus Free Periodic
Bacteroides Recombinant in Escherichia coli Lactose solution 51% pH=7.5,35°C <3 [28]
fragilis Free Periodic
Butyrivibrio sp. Recombinant in Escherichia coli Lactose solution 51% pH= 7.0, 50°C 69 [28]
AE2015 Free Periodic
Firmicutes Recombinant in Escherichia coli Lactose solution 51% pH=17.5,35°C <3 [28]
bacterium Free Periodic
Caldicellulosiruptor Recombinant in Bacillus subtilis Cheese whey pH=17.0, 80°C 58.5 [90]
saccharolyticus WBS800 (lactose 20%) Continuous**
Free
Caldicellulosiruptor Recombinant in Escherichia coli Lactose solution 20% | pH=7.5,70°C,4 h 55 [32]
obsidiansis Free
Caldicellulosiruptor Mutant in Escherichia coli Lactose solution 20% | pH=7.5,65°C,2h 43 [29]
saccharolyticus Free Periodic
Caldicellulosiruptor |  Recombinant in Escherichia coli Lactose solution 25% pH=7.5,80°C 58.8-61.7| [91]
saccharolyticus Immobilized in the form of cross- Continuous
linked aggregates (CLEAs)

Dictyoglomus Recombinant in Escherichia coli Lactose solution 20% pH= 7.0, 80°C 50.7 [92]
thermophilum Free Lactose solution 40% Periodic 46.7
Caldicellulosiruptor Mutant in Escherichia coli Lactose solution 27.4% pH=7.5,70°C 75 [31]
saccharolyticus Free Periodic
Bacillus Mutant in Escherichia coli Lactose solution 27.4% pH=7.5,70°C 69 [31]
thermoamylovorans Free Periodic
Rhodothermus Mutant in Escherichia coli Lactose solution 27.4% pH=7.5,70°C 82 [31]
marinus Free Periodic
Ruminococcus Mutant in Escherichia coli Lactose solution 27.4% pH=7.5,70°C 69 [31]
albus Free Periodic
Spirochaeta Mutant in Escherichia coli Lactose solution 27.4% pH=17.5,70°C 56 [31]
thermophila Free Periodic

* lactulose yield, % of initial lactulose, calculated value is based on published data; ** Periodic — periodic method, Continuous — continuous
fermentation.

* BBIXOJ] JIAKTYJIO3bI, % OT HCXO/HOM JIAKTO3bI, PACYETHOE 3HAYCHHUE 10 AaHHBIM MyOnukauuu; ** Periodic — nepuoauyeckuii crocod, Continuous —
HENpPEPBIBHBII CII0CO6 (pepMEeHTAIIUH.
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tose in the substrate led to a proportional increase in lac-
tulose and epilactose. This phenomenon distinguishes
cellobiose epimerase from f-galactosidase, because
the transgalactosylating activity of f-galactosidase
increases together with the substrate concentration.
Cellobiose-2-epimerase can produce lactulose even at
low lactose concentrations in the reaction mix, which
makes it possible to use dairy products with a low lactose
content as a substrate.

For example, Rentschler et al. used UHT milk
as a substrate for lactulose biosynthesis [37]. To
maintain microbiological purity, they chose 8 and 50°C
because these temperatures produce almost no undesi-
rable organoleptic taste changes. The study involved
two bioconversions with different initial activity of
C. saccharolyticus cellobiose-2-+epimerase: 4.16 +
0.21 pkat epilactose, 50°C and 39.5 £ 1.4 pkat epilactose, 50°C"
In both cases, epilactose was the first rapidly formed
lactose conversion product. Its maximal concentra-
tion was reached after 40 and 5 min, respectively.
After that, its concentration decreased steadily for
6 h until the equilibrium. At a 9.5 times higher ini-
tial activity of the enzyme, the yield of epilactose
(% wt./wt.) fell in relation to the initial milk lactose
from 33.6 to 15.5%. Lactulose appeared with a
delay. Another bioconversion was performed at 8°C
with the initial activity of cellobiose-2-epimerase
CsCE 27.8 £ 1.3 pkat . .. Epilactose and lac-
tulose developed according to the same pattern as
at 50°C, but slower than expected. The maximal
amount of lactulose was reached after 72 h, and the
concentration of epilactose was 13.6%. The synthesis
conducted at 8°C resulted in a higher residual cello-
biose-2-epimerase activity of 72%, which was almost
10 times greater than when the temperature was 50°C.
These data can be used to produce dairy products and
fortify them with prebiotic lactulose in situ. However,
this method involved genetically modified microorga-
nisms, which causes concern and controversy among
both food producers and consumers.

Wang et al. used whey with > 65% lactose
and > 11% protein as a substrate for lactulose biosyn-
thesis in the EMR system [90]. The method required
B. subtilis as host cells to express the genomic DNA
of C. saccharolyticus cellobiose-2-epimerase. Unlike
E. coli, B. subtilis produces no toxins during growth
and development and is recognized as safe for the
food industry and pharmacy. In addition, genetically
modified B. subtilis produced extracellular cellobiose
epimerase, which reduced the costs and simplifies the
process. The continuous synthesis of lactulose in the
EMR system reduced the loss of enzyme, which could
be reused. The yield of lactulose increased as a result
of its continuous removal from the reaction mix. The
lactose conversion rate was high during the first 30
min. However, it started to decrease when the sugar
conversion exceeded 50% and reached its maximum
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after 2 h. The short reaction time made it possible to
reduce energy consumption and costs, which is of great
importance for industrial production.

Another goal of cellobiose epimerase mutagenesis
is to reduce its epimerization activity and, as a result,
reduce the amount of epilactose, while simultaneously
increasing the isomerization activity and the yield of
lactulose. Shen et al. developed a G4-C5 mutant of cel-
lobiose-2-epimerase obtained from C. saccharolyticus
DSM 890 [30]. They used random mutagenesis, which
had a 3.0-fold higher activity than the natural enzyme
(WT) and did not compromise thermal stability. The
G4-C5 mutant also retained higher activity at low
temperatures and a wide range of pH activity compared
to the natural WT enzyme. After 4 h, the yield of lac-
tulose and epilactose, catalyzed by the natural WT
enzyme, was approximately 57 and 16%, respectively.
The lactulose concentration catalyzed by the G4-C5
mutant increased from 0 to 90 min and then gradually
increased to a constant level of 76%. The G4-C5 mutant
produced no epilactose.

Park et al. performed a rational genetic modification
of C. saccharolyticus cellobiose-2-epimerase [29]. They
used the superposition of three known structural models
of this enzyme and identified two residues: Tyrl14 and
Asn184. Probably, these residues had an important role
in epilactose binding. They modified these residues
to prevent the epimerization of lactose to epilactose
and compared the ability of the natural and mutant
cellobiose-2-epimerases to synthesize lactulose. Enzyme
Y 114E made it possible to obtain 42% more lactulose
and 80% less epilactose than the natural enzyme.

Wang et al. tried to increase the isomerization activity
and thermal stability of C. saccharolyticus (CsCE) cel-
lobiose-2-epimerase [31]. They designed four mutants
by replacing flexible loops. They used CsCE enzyme
as a protein scaffold and replaced the lower part of its
flexible loops with the corresponding parts of four other
enzymes, namely Bacillus thermoamylovorans (BtCE),
Rhodothermus marinus (RmCE), R. albus (RaCE), and
S. thermophila (StCE). All the cellobiose epimerase
mutants except RmC showed low isomerization and
epimerization activity. The isomerization activity of
RmC (8.50 U/mg) increased by 2.2 times compared
to CsCE (3.85 U/mg), while the epimerization acti-
vity of RmC (43.73 U/mg) approximated that of CsCE
(44.22 U/mg). CsCE was the only variant with the
maximal activity temperature to reach 75°C: in other
mutants, this value dropped to 70°C. All enzymes exhi-
bited first order kinetics for thermal inactivation. The
half-life value (t1/2) of StC was 38.29 h, which excee-
ded that of CsCE (29.07 h). Conversely, the t1/2 values
of RmC (19.22 h), RaC (17.08 h), and BtC (23.11 h)
were lower than that of CsCE. Therefore, a better cata-
lytic activity of an enzyme could lower its thermal
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stability. All four mutants demonstrated lactose bio-
conversion similar to CsCE and yielded 56—82% lactulose
and 7-10% epilactose.

Gu et al. described another promising direction in
lactulose biosynthesis [34]. By immobilizing cellobiose
epimerase, they increased the economic efficiency,
simplified the process of isolation process, and incre-
ased its stability. In addition, they managed to make
the enzyme highly reusable. They induced the C. sac-
charolyticus cellobiose-2-epimerase in E. coli BL21
and immobilized it on B. subtilis WB600 spores. The
strength that bound the enzyme to the carrier was an im-
portant indicator. The amount of cellobiose epimerase
adsorbed on spores was very sensitive to pH because
the pH of the adsorption medium changed the ioniza-
tion state of the enzyme and the spore surface. The
highest ability of cellobiose-2-epimerase to bind to the
spore surface was observed after 2 h of immobilization
at pH 4.0-4.5 and 4°C. As a result, the enzyme remained
active in a wider pH range. Its thermal stability increa-
sed, thus raising the stability of lactulose biosynthesis
in general. As a result, the enzyme retained 70% of
its activity when it was reused eight times. The init-
ial biosynthesis stage had a higher rate of conversion
under the action of the free enzyme than when the
enzyme was immobilized, probably because the
immobilized enzyme had a granular form and was less
homogeneously distributed in the mix. After 4 h, the
immobilized cellobiose epimerase yielded by 52% more
lactulose than the sample with the free enzyme [34].

Wang et al. immobilized the cellobiose-2-epimerase
of C. saccharolyticus using cross-linked enzyme aggre-
gates (CLEA) [91]. They selected fructose-monosac-
charide supported CLEA (Fru-CLEA) and sucrose-
disaccharide supported CLEA (Suc-CLEA) as the most
effective biocatalysts. CLEA showed no increase in the
optimal operating temperature but had an extended tem-
perature range (70-80°C) and retained higher activity
at 50-90°C. A lower-temperature lactose conversion is
more energy-efficient and preserves the final product.
In this case, however, the process of lactulose biosyn-
thesis with free cellobiose-2-epimerase and CLEA de-
monstrated no fundamental differences from other
methods, and the epilactose content was 9.3—-10.2%.

Cellobiose epimerases of mesophilic microorga-
nisms are seldom used in lactulose bioconversion because
the yield of the prebiotic is quite low. Kuschel et al.
used mesophilic cellobiose-2-epimerase obtained from
Flavobacterium johnsoniae (FjCE), R. albus (RaCE),
Dyadobacter fermentans (DfCE), Bacteroides fragilis
(BfCE), R. marinus (RmCE), Firmicutes bacterium
CAG:534, and Butyrivibrio sp. AE2015 [28]. However,
they failed to raise the lactulose yield. Moreover, the
amount of epilactose was 30%, which exceeded that of
lactulose. The isomerization activity of these cellobiose
epimerases varied from 8.7 £ 0.1 to 1300 + 37 pkat/mg.
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In general, when lactulose synthesis was catalyzed
by cellobiose epimerases, the yield was rather high
(38-88%) and comparable with alkaline and borate
isomerization. Such high results mean that the method
can be used for industrial production.

The type of cellobiose-epimerase producer affects
the final yield of lactulose, as does the amount and form
of the enzyme. A number of publications reported a
stable and high lactulose yield of 54—58% provided by
native, not genetically modified, cellobiose-2-epimerase
of thermophilic bacteria C. saccharolyticus, D. turgi-
dum, and C. obsidiansis [30, 35-37, 89, 90]. However,
directed or random mutation can increase the activity of
cellobiose epimerases, improve their thermal stability,
and raise the lactulose yield. Mutant cellobiose epimerase
were reported to yield 56-82% lactulose [31, 71].

Cellobiose epimerases have a great advantage over
other methods of lactulose synthesis: they need a single
substrate, i.e., lactose, in the reaction medium. As a
rule, a greater concentration of lactose in the substrate
leads to a proportional increase in lactulose. Cellobiose
epimerases can synthesize lactulose from a lactose-poor
substrate, if whey enters the reaction.

Unfortunately, cellobiose epimerases are not com-
mercial. The problem is that cellobiose epimerases
are produced from Arthrobacter, Dictyoglomus, and
Calidicellulosriptor, whose safety status remains vague.
As a result, this method always involves genetic en-
gineering of genes responsible for the production of
cellobiose epimerases in the cells of other microor-
ganisms, e.g., B. subtilis or E. coli. Genetically modified
microorganisms not only complicate the production
process but also raise public concerns.

Thus, the lactulose biosynthesis with cellobiose
epimerases includes the following directions. First,
genetic engineering and mutagenesis methods can be
used to produce an enzyme with desired properties, e.g.,
a better thermal stability, a higher isomerization activity,
etc. Second, immobilization can increase the stability and
activity of the enzyme. This method allows for multiple
use of the enzyme and simplifies the isolation process.

6. Purification of lactulose. Various chemical, phy-
sical, mechanical, and biological methods can be
used to remove ballast substances from lactose-lac-
tulose solutions. Some publications give a detailed
description of physicochemical methods that isolate
lactulose as a separate stage of purification [9, 10].
Electrodialysis and ion exchange are popular methods
of demineralization. By-products of dark-colored mela-
noidin and caramelization are usually removed by
refining, and lactose is removed by crystallization [9].
The choice of cleaning processes depends on the
product requirements, production volume, and finan-
cial capabilities of the enterprise. Nutritional supple-
ments with prebiotic oligosaccharides require rather
cheap but promising methods, e.g., high-throughput
cascade nanofiltration and/or activated carbon adsorp-
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tion. These methods separate mono-, di-, and oligosac-
charides because they have different hydrophobicity
and spatial orientation of CH groups. Pharmaceutical
preparations require expensive methods of highly selec-
tive chromatography. Complex and interrelated processes
of conversion and purification make it possible to
organize continuous work and reduce costs [16].

Botelho et al. used this approach to build a mem-
brane bioreactor that provided simultaneous synthe-
sis and fractionation of oligosaccharides [93]. They
mixed f-galactosidase with a 15% lactose solution to
decrease the permeability of ultrafiltration cellulose
acetate membranes with respect to monosaccharides,
disaccharides, and trisaccharides by 60, 20, and 75%,
respectively. The ratio of synthesis and hydrolysis of
galactooligosaccharides depended on the cross-flow rate
and the operating pressure. The optimization increased
the galactooligosaccharide yield by 60% compared to
reactions without membrane processes.

Biological treatment methods have recently gained
a lot of scientific attention. These methods rely on
the fact that microorganisms ferment only certain
carbohydrates, and at different rates. Once the cultures
are selected, they can be used to remove particular mo-
no- and/or disaccharides from oligosaccharide solutions.
S. cerevisiae, K. marxianus, and K. lactis are the most
popular yeast strains to be used. As a rule, biological
treatment requires neither pretreatment of solutions nor
special equipment. However, it may be expensive since
it presupposes additional fermentation processes, as
well as removal of utilized microorganisms and their
metabolic products [16].

Biotreatment processes are popular in the field of
galactooligosaccharide studies. Glucose removal me-
thods can be used together with galactose removal or
alone. They involve non-lactose-fermenting yeast species,
as well as the removal of mono- and disaccharides.
Kluyveromyces yeast strains with a high rate of glucose,
galactose, and lactose metabolism make it possible to
obtain 90% high-purity galactooligosaccharides [94].

Similar strategies can be applied in lactulose
technology. Julio-Gonzalez used biological and physi-
cochemical methods to purify commercial lactulose
syrups. They used four commercial preparations
of p-galactosidase for selective enzymatic hydroly-
sis of lactose and epilactose. The experiment revea-
led that f-galactosidases obtained from B. bifidum
(Saphera® 2600 L) and B. circulans (Biolactas NTL*2)
had the lowest activity towards lactulose and the highest
activity towards lactose and epilactose. The samples
with hydrolyzed lactose and epilactose were treated
with activated carbon and an aqueous solution of
ethanol to remove all monosaccharides. The research
resulted in a high-purity product that contained > 94%
lactulose [95].

Guerrero et al. used the S. cerevisiae and K. marxianus
yeasts to purify a mix of transoligosaccharides obtai-
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ned by enzymatic synthesis with the 4. oryzae f-galac-
tosidase [96]. The resulting product was monosaccha-
ride-free and contained 28% lactulose and 20% oligo-
saccharides.

Co-fermentation is a promising trend in lactulose
biotechnology. It can rely on a combined use of lactose-
fermenting and non-fermenting enzymes from diffe-
rent types of yeast, as well as on the co-fermentation
of yeast and lactic acid microorganisms. For example,
Huang et al. used co-fermentation to improve the
physicochemical and organoleptic properties of goat
milk, while Ryabtseva et al. used it to obtain comp-
lex enzyme preparations of f-galactosidases [75, 97].
Co-immobilization of enzymes in lactulose produc-
tion can also involve two or more enzymes, both
at the stage of lactose conversion and purifica-
tion. Wilson et al. produced lactofructose syrup from
lactose based on simultaneous fermentation with
coimmobilized S-galactosidases and glucose-(xylose)-
isomerases [98].

Conclusion

Modern food science knows two ways of enzymatic
lactose-to-lactulose conversion: isomerization (direct)
and transgalactosylation (with intermediate hydrolysis).
Isomerization requires cellulose-2-epimerases, which
have no safety status and, as a result, cannot be produced
on an industrial scale. The reaction produces epilactose as
a by-product, and its exact mechanism remains unknown.
Transgalactosylation involves glycosidases that break
down lactose to galactose and glucose, as well as add
a galactose residue to fructose. This method usually
requires f-galactosidases, which are officially safe
and market-available. Their mechanism of action is a
highly researched matter. The publications dynamics
indicates the high relevance of f-galactosidase-based
lactulose biosynthesis.

p-Galactosidases are able to accept nucleophiles
other than water in the active center. As a result, they
can form not only lactulose, but also more complex
oligosaccharides, including galactooligosaccharides of
various structures. They owe this ability to the tertiary
structure of the enzyme, as well as the concentration of
lactose and fructose in the substrate. This reaction makes
it possible to control the ratio of carbohydrates, which
is important since lactulose and galactooligosaccharides
are prebiotics and can have a synergistic effect. However,
to obtain pure lactulose, other oligosaccharides have
to be removed, which increases the production cost.

The Kluyveromyces lactis yeast and the Aspergillus
oryzae mold are the main producers of f-galactosidases.
Micromycetic enzymes produce a wide range of lactulose
concentrations, but optimal conditions can result in a
30% lactulose yield, which makes it as effective as
alkaline isomerization.

No publication has reported a direct relationship
between the maximal yield of lactulose and the molar
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ratio of fructose:lactose (m/m,). The area of m/m, <5
proved to be the most cost-efficient one. Large amounts
of fructose increased the cost of raw materials, while
most of the fructose did not participate in the synthesis
of lactulose and remains in solution, which makes
purification processes difficult. Therefore, the optimal
reaction conditions presuppose the minimal possible
dose of fructose and the maximal yield of lactulose.
The glucose formed during the lactose-to-fructose hyd-
rolysis can be biologically transformed.

Cellobiose epimerases make it possible to raise
the lactulose yields to 70-80%, which is the level
of chemical catalysis with aluminates and borates.
However, this method involves genetic engineering
and mutagenesis, which improve the safety of enzymes
but raise public concerns and complicate the techno-
logy. The chemical synthesis of lactose has the same
probems. Cheap secondary dairy raw materials, e.g.,
whey, seem to be a more practical lactose production
method.

The most promising methods of lactulose biotech-
nology are cheap and continuous. They include the
following trends:

— secondary dairy raw materials can cultivate enzyme
producers and synthesize lactulose;

— immobilization makes enzymes more stable, ac-
tive, reusable, and easy to isolate from the reaction
mix;

— different models of reactors, e.g., membrane instal-
lations, can provide simultaneous synthesis and frac-
tionation of lactulose and galactooligosaccharides;

—complex and interrelated processes combine the
production of enzymes, the conversion of lactose to
lactulose, and the purification of finished products,
including co-fermentation and co-immobilization.
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AHHOTAN M.

Hyt (Cicer arietinum L.) XapakTepu3yeTcsi BBICOKAM COJIep>KaHuEeM OeKka 1 cOamaHCHPOBAHHBIM aMUHOKHUCIOTHBIM COCTAaBOM.
OnHako HaJH4YMe HeXeJaTelbHOTO 0000BOT0 NPHBKYyca OTPaHMYMBAET €ro IPHMEHEHHe B KadecTBe (PyHKIHOHAIBHOTO
MULIEBOTO UHTPEANEeHTa. DTy MpoOaeMy MOMOTaeT pemnuTh 00padoTKa HyTa MUKPOBOJTHOBBIM H3TydeHHneM. Llenb paboTsl —
no00p mapaMeTpoB MHUKPOBOIHOBOTO M3IIyUEHUS I IOTydeHHsT 00pa3IoB, JINIIEHHBIX 0000BOTO MPHUBKYCa, M H3ydeHHE
UX XMMHYECKOTO COCTaBa.

B kauecTBe 00bEKTa MCCIIEOBAHNUS BRICTYIIMIN CeMeHa HyTa copra BomkannH. OnbeITHEIE 00pa3ibl ceMsiH oOpabaThiBain
B MHKPOBOJIHOBOH meuu (4actora mMaraeTpoHa 2450 MI'm) npu pa3HO MOIIHOCTH U MPOAOKUTEIBHOCTH U3TydeHus. [lis
OTIpeieNIeHHs ¥ aHaJIH3a MacCOBOI oy Oellka, aMHHOKHCIOTHOTO COCTaBa M OPTaHOJICNTHYECKOH OIeHKN 00pa3IoB CeMsH
HyTa MCHOJIb30BAJIN CTAHAAPTHBIC METO/IbI.

YcTaHOBIIEHO, YTO B IpOIlecCe MUKPOBOJHOBOH 00pabOTKYM KOHCHCTEHIUSI HyTa PHIXJIEET, a 000O0BBII MPUBKYC Mpomagaer
yepe3 5—6 MUH Bo3aeicTBUSA npu MOIIHOCTH nu3nydeHus 200 Bt unu npu pesxxume o6padotku 3 mun u 400 Bt. YBenuuenue
MIPOJOJDKUTENBHOCTH 00pabOTKH BIMSET HA MOSIBJIICHHE CHAavYalla apaxiUCcOBOTO IIPUBKYCa, a M03Ke roppkoro. [Ipu npumeHnenun
MHKPOBOJIHOBOT'O M3JIy4€HMsI CHIKACTCSl MaccoBast J10J1st OeJIKa ¥ KOJIMYECTBO HE3aMEHUMbIX AMUHOKHCIIOT B HyTE. 3aMEUINTh
9TOT HPOIECC MOKHO C TOMOIIBIO TOBBIIICHHS MOIIHOCTH MUKPOBOJIHOBOT'O U3ITyUCHHS M COKPAIICHUsS BPEMEHH 00paboTKH.
OziHaKo Takas MHTCHCU(UKALUSA HEraTUBHO BIMSACT HA COJEPKAHUE apTUHUHA, METHOHHHA ¥ TUPO3HHA B OeJIKe HyTa.
ITosxy4eHHbIE Pe3yJIbTaThl MOTYT CTaTh OCHOBOH JUIs pa3paboTKH crocoba MOArOTOBKH HyTa JUIsl €ro IPUMEHEHHUS B Ka4eCTBE
(byH](LlI/IOHaJ'l])HOFO MUIIEBOr0 UHTPEANEHTA B IPOAYKTAX MUTAHUS.

KimroueBbie caoBa. Cicer arietinum L., pacTUTEIbHbIH OEI0K, aMHHOKHUCIOTHBIM COCTaB, MHKPOBOJHOBas 00OpaboTKa,
(yHKIIHOHATBHBIE TPOIYKTHI

Jas uutupoBanus: Xpamosa B. H., Cypkos /1. U., Jlyounnackuii K. A. Biusaue MUKpOBOTHOBOTO H3JIy4YCHUS HA XUMHYCCKUI
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Abstract.

Chickpea (Cicer arietinum L.) is rich in protein and has a balanced amino acid profile. However, its characteristic bean flavor
limits its use as a functional food ingredient. Microwave treatment may help to solve this problem. The research objective
was to select the optimal parameters of microwave treatment to obtain chickpea samples with no bean flavor and to study
their chemical composition.

The study featured chickpeas of the Volzhanin variety. The experimental samples were processed in a microwave oven with
a magnetron frequency of 2450 MHz at different power and time values. The protein tests, the analysis of amino acid profile,
and the sensory assessment involved standard research methods.

The microwave processing loosened the consistency of chickpeas and eliminated the bean flavor after 5—6 min at 200 W or
3 min at 400 W. A longer treatment time resulted in a peanut flavor followed by bitterness. The microwave treatment reduced
the mass fraction of protein and the amount of essential amino acids. This process could be slowed down by increasing the
power of microwave radiation and reducing the processing time. However, the intensification had a negative effect on the
content of arginine, methionine, and tyrosine in chickpea protein.

The results obtained can make it possible to use chickpeas as a functional food ingredient

Keywords. Cicer arietinum L., vegetable protein, amino acid composition, microwave processing, functional products
For citation: Khramova VN, Surkov DI, Lubchinsky KA. Effect of Microwave Radiation on the Chemical Composition of

Chickpeas. Food Processing: Techniques and Technology. 2023;53(1):123—-130. (In Russ.). https://doi.org/10.21603/2074-
9414-2023-1-2417

BBenenne TaK)Ke CO3/laHHe (YHKIHUOHAIBHBIX INPOAYKTOB ITH-

B coBpeMeHHOM MHpE CYIIECTBYET TI00anbHAS TaHMsI C 33JaHHBIMU cBoiicTBaMu. B mocnennem cirydae
mpobnema nedurura numesoro 6enka. Ero HemocraTok JUISL UX H3TOTOBJIEHUST MOJUQGUIHUPYIOT MPOAYKTHI
B palliOHE MOJKET IIPUBECTH K 3a00JI€BAaHUSIM QIMMEH-  [HTAaHUS MaccOBOI'0 NOTpeOJIeHUs, MMeroIune O00Jb-
TapHOW 3THOJIOTHH U yXYAIIUTh KAa4eCTBO XU3HU. Ha LIyI0 MOMYJISIPHOCTE. B mponecce co3ganust pyHKINO-
OJIHOTO YeJIoBeKa HeoOxoauMo B cpegHeM 70 r 6enka B HaJIbHBIX MPOJYKTOB IMUTAHUS B UX COCTAB BKIIOYAIOT
CYTKH, HO yrnoTpeoJsieTcs B vty Toiibko 60 r. Kpome To-  QyHKIHMOHANIBHBIC MUIEBBIE HHTPEAUEHTHI, COJepIKa-
r'0, OKOJIO TIOJIOBHHBI HACEJICHHUS TUIAHETHI CTPAJacT OT e OoJsbIIoe KoandecTBo Oenka [3, 4].
nedunuTa 0enka, 00K HeTOCTaTOK KOTOPOTO B MUpE [Tomck anpTepHATHBHBIX ICTOYHUKOB O€JIKa BEIETCS
coctaBnsger 10-25 muH T, 118 Poccnn 310 3HaueHune JTaBHO. [ TaBHBIMU KPUTEPHUSIMHU SBJISIOTCS HU3KAs CTOU-
cocrasiyiger 6osee 1 man T [1]. Dta curyanus moxer MOCTb CBIPbS, JOCTYIHOCTb U BBICOKOE COJEp KaHUe
CTaTh XyXe, T. K. HaceJeHHe IUIAHETHl MHTCHCHBHO MUIIEBOTO OenKa.
pacTeT, a BMECTE C 3TUM YBEIHYHUBAETCS TOTPEOHOCTH OJHUM U3 TaKUX NEPCIEKTHUBHBIX HCTOUYHUKOB SIB-
B Oeunke [2]. nsiercst vyt (Cicer arietinum L). ConepkaHue pacTH-

Juis peumreHust 3Toi npoOiIeMbl MPEUIOKEHBI pa3-  TEJIbHOTO Oeika B HeM BapbupyeTcs oT 18 mo 32 %
nu4HbIe crocoObl. Hampumep, yBenmdeHwe cojep- B 3aBUCHMOCTH OT COpTa. AMHHOKHCIOTHBIM COCTaB
*KaHUs OelKa B TKaHAX PAacTEHUN M KUBOTHBIX IHPH HyTa cOajaHCHpOBaH U OJIM30K K aMUHOKHUCIOTHOMY
MOMOIIM T'eHETUYEeCKOW WHXKCHEPUU M CEJCKLUHU, a cocTaBy OeIKOB Msca. B ChIpBIX ceMeHax HyTa camoe

124


mailto:surkov.dmitr@gmail.com
https://orcid.org/0000-0002-2946-5915
https://orcid.org/0000-0001-7630-7672
https://orcid.org/0000-0002-4836-6058
https://doi.org/10.21603/2074-9414-2023-1-2417
https://elibrary.ru/DYTGLX
https://fptt.ru/en
https://orcid.org/0000-0001-7630-7672
https://orcid.org/0000-0002-2946-5915
https://orcid.org/0000-0002-4836-6058
https://ror.org/041szz343
https://doi.org/10.21603/2074-9414-2023-1-2417
https://doi.org/10.21603/2074-9414-2023-1-2417
http://crossmark.crossref.org/dialog/?doi=10.21603/2074-9414-2022-1-654-663&domain=pdf
https://creativecommons.org/licenses/by/4.0/deed.en

Xpamosa B. H. [u Op.] Texnuxa u mexnonoausa nuwesvix npousgoocms. 2023. T. 53. Ne 1. C. 123-130

BBICOKOE conepikanue ButamMuuoB (B, B, B)) u Mu-
HepaneHBIX BemecTB (Fe, Zn, Se) cpeanm 6000BEIX.
Kpowme Toro, HyT coaepxut ot 50 10 67 % yriaeBonos,
30516l — OT 2,8 10 4,0 % u nunumgos — ot 4,9 no 8 %,
MPECTABIICHHBIX HCHACHIIICHHBIMA W HACHIIIICHHBI-
MU XUPHBIMH KucioTtamu [5—8]. OnHako cemeHa HyTa
001afaf0oT HEXeNaTeNbHbIM OO0OOBBIM IIPHUBKYCOM,
KOTOPBIA OTPAaHUYUBACT WX HMCIOJB30BAHHUE B MPOU3-
BO/JICTBE ITPO/IyKTOB ITUTAHUS, YTO JeJIAeT PEIICHUE ATOH
npoOJIeMbI aKTyaJIbHOM.

OnHUM U3 BO3MOXKHBIX BApUAHTOB PEIICHUS MPOO0-
JIeMbl HATM4IHs1 0000BOTO MPHUBKYcCa SIBISIETCS] 00paboTKa
3epeH HyTa MHUKDPOBOJIHOBBIM H3JyuYC€HHEM, KOTOPYIO
IIPOKO TMPUMEHSIOT B TIMIIIEBON TPOMBIIIIICHHOCTH IS
CYLIKH, KOHCEPBUPOBAHMsI, OTTANBAHUS, TOBEJICHUS J10
KYJIMHapHOW TOTOBHOCTH, MTACTEPU3ALMU U CTEPHIIN3a-
uu ceIpbs [9, 10]. UHTEHCHBHOCTH MPOIIECCOB 3aBUCHT
OT HAJUYHS MOJIIPHBIX MOJICKYJ (HampuMmep, BOABI B
MHIIEBBIX TPOJYKTAX): 4eM UX OoJblie, TeM S eKTuBHEE.
B pe3ynpTaTe MpONCXOANT MOTIONIEHNE MUKPOBOIHO-
BOW PHEPTHH ¥ BBIICICHUE TEIJIA 32 CYCT JUIOIBHOTO
Bpamenus u Tpenus [11]. brarogaps crepunusyronmm
CBOWCTBaM TPOMCXOJHUT TOBBINICHHE OE30MaCHOCTH
MMHAIIEBOTO CHIPBS, YTO CBSA3aHO C MHAKTHUBAIMEH Oak-
TEpHAIBbHBIX (EPMEHTOB W pa3pylICHUEM CTPYKTYp-
HBIX DJIEMEHTOB MHUKPOOHOHW KJIETKH TOJ JIEeHCTBHEM
BBICOKUX TeMmepatyp [12]. Ilo maHHBIM HCCeOBaHMUS,
nposeeHHOro B 2019 r., 00paboTka MUKPOBOIHOBLIM
u3nyueHueM ObicTpee 1 d3hpexTHBHEE TPATUIIMOHHBIX
METOOB, a TAK)KE MO3BOJISET PABHOMEPHO IIPOTPEBATH
MPOAYKT IO BCceMy ero oowsemy [13, 14].

MukpoBoJiHOBasi 00paboTKa, KaK U TEIIoBasi, Bbl-
3BIBACT JACHATYpPAIMIO OEITKOB, B pPE3yIbTaTE Yero
MIPOUCXOJIUT YBEINYCHHE UX YCBOSEMOCTH U U3MEHE-
HUE BTOPUYHBIX CTPYKTYp OENKOB, UTO AenaeT O00BI
6onee perxabiMU. Kpome ToTO, B Iporiecce MEKPOBOJI-
HOBOIl 00pabOTKH MPOTEKACT IErpaJaris BUTAMIHOB,
KOTOpasi pacTeT BMECTE C yBEJIMUYEHUEM BPEMEHH BO3-
nevictus [15-17].

Lenp uccneqoBaHUs — U3YYCHUE BIHUSHUS MUKDPO-
BOJIHOBOTO M3JIyYCHHUsI Ha OCJIKH M aMHHOKHUCIIOTHI HYTa,
a TaKkXKe 0A00P MOITHOCTH MUKPOBOJTHOBOTO M3TYIECHHUS
¥ €T0 TPOJOJDKATEIBHOCTH IS TIOTYYeHUS 00pa3IoB ¢
3aJJaHHBIMH OPTaHOJICTITHYECKUMHU XapaKTePUCTHKAMHU.

O0beKTHI U METOABI HCCJIeT0OBAHUS

OOBeKTOM HCcCiIeIoBaHusI ObUT BHIOpAaH HYT copTa
Bomxanus, Beipanienssiii B 2021 r. B Boarorpaackoit
obmactu. O6paboTKy CeMsSH HyTa MUKPOBOJTHOBBIM H3-
Jy4YeHUEM INPOBOJMIHN B YCIOBHIX J1abopaTtopuu Ka-
(dbeapsl TEXHOJIOTUU MHUIIEBBIX Mpou3BoacTB PI'BOY
BO «Bonarorpaackuif rocynapCTBEHHBIH TeXHHYEC-
KU YHUBEPCHUTET» C IOMOLIbI0 MUKPOBOIHOBON MEYN
(gactora maraetpona 2450 MI'1) npu pa3HbIX 3Haue-
HUSAX TPOJTOIDKUTENBHOCTH B MOIIHOCTH (Tabm. 1). J{ms
MPOBEICHUS 00PaOOTKY OMBITHBIC 00PA3I[BI TOMEIIATH
B TIOJIUNIPONUJICHOBBIN MIACTUKOBBIA KOHTElHHep 0e3
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Tabnuua 1. [TapameTpsl 06pabOTKH ceMsH HyTa
MHKPOBOJIHOBBIM H3J1y4e€HHEM

Table 1. Microwave treatment parameters for chickpea seeds

Homep obpasna | Bpems o06paboTkw, MomuHocTh
MUH MHKPOBOJIHOBOTO
usny4yenus, Br

KonTponbHbIii - -

1 1 200

2 2 200

3 3 200

4 4 200

5 5 200

6 6 200

7 7 200

8 8 200

9 9 200

10 1 400

11 2 400

12 3 400

kpbimku (150x130%x60 mm) oobeMoMm 1 1, Ha 1HE KO-
TOpOToO Jiexkast nepramMeHT. KoHTposIbHBIN 00pa3el HyTa
JIOTIOJTHUTENbHOM 00paboTke He mojaBepranu. Macca
Kakgoro obpasma cocraBuia 50 T.

[Hocne 00pabOTKH MHKPOBOIHOBBIM H3ITyYECHHEM
EMKOCTBH ¢ 00pa3loM BBEIHUMAIH W3 MHUKPOBOJIHOBOM
M€Yy U JlaBaju OCTHITh MPU KOMHATHOW TeMmIlepaType
B TeyeHue 5 MuH. Bo3qyxoo0MeH oTCyTCTBOBAII.

OrmnpenescHue MaccoBOW JoJiM O€jlKa W aMHHO-
KHCJIIOTHOT'O COCTaBa IIPOBEIM B aKKPEJAMTOBAHHOM
KOMILICKCHOH aHanmutuueckoil madopartopun ®I'BHY
«IToBOMXKCKUI Hay4YHO-MCCIEAOBATEIbCKUA HHCTH-
TyT NPOU3BOACTBA M MNEPEepabOTKH MICOMOJIOYHOMN
TPOTYKITUUY.

AMUHOKHUCIOTHBIA COCTaB MPOAYKTa OMpeaeIun
110 METOIMKE U3MEPEHHSI MaCCOBOM JI0JIM AMUHOKHCIIOT
C HCIIOJIB30BAHUEM CHCTEMbI KaIlMJUISIPHOTO 3JIEKT-
podopesa Kanens-105M, cyTh KOTOpO# 3aKiItogaeTcs
B TIEPEBOJIE AaMUHOKHUCIIOT B (DEHUITHOKAPOAMUIIbHBIE
IIPOU3BOJHBIC MPHU MMOMOIIH (I)CHI/IJ'II/ISOTI/IOHI/IaHaTa u
pa3zeseHnu UX HOHHBIX (JOPM B KBapLEBOM KalHUIIpeE
M0/ IEWCTBHEM DJIEKTPUUECKOTO MoJis. Perucrpamnuio
(heHnATHOKapOAMMIIBHBIX MPOU3BOIHBIX HMPOU3BOJST
MIpHU JUTHHE BONHBI 254 HM B Oy(QEepHBIX pacTBOpax.

Jns ompeneneHus coxepxanue 6enka B oOpasmax
HyTa ucnoip3oBau Metoauky u3 ['OCT 10846-91,
KOTOpast OCHOBaHA Ha MUHEPAIN3allMl OPTaHUYECKOT0
BeLIeCTBa CEPHOW KMCIOTOM B IPUCYTCTBUM KaTajlu3a-
Topa ¢ 0Opa3oBaHHEM Cysb(haTa aMMOHHS, pa3pyLICHUH
cynb(haTa aMMOHMS LIEJIOYBIO C BBIZICTIEHUEM aMMHUaKa
1 OTTOHKE aMMHaKa BOJSHBIM ITaPOM B PACTBOP CEPHOU
niau OOPHOI KUCIIOTHI € MOCIEIYIOIUM TUTPOBAHUEM.

Omnpenenenue amuHOKHcIoTHOTO ckopa (AC) u
AMUHOKHCIOTHOro uHAekca (AM) KOHTPOIBHOTO H
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OTIBITHBIX 00PA310B HYTa MPOBEIH PACYCTHBIM MTyTEM
o ¢popmynam 1—4:
> HAK
> UY3AK +2.3AK

AU = (1)
roe Y HAK — cymMMa He3aMEHHUMBIX aMHHOKHCIIOT,
r/100 r; Y U3AK + Y} 3AK — cymma 4acTH4HO 3aMEHU-
MBIX M 3aMEHMMBIX aMuHOKKCa0T, 1/100 T.
Pacuer comepxanuss aMuHOKUCIOTHI (A), /100 r:
m.
A=2| —xAK; 2)
: 100
rae AKj — conepxaHue j-TO aMUHOKHCIIOTHI B i-TOM
KOMIIOHEHTE, T; /11, — Macca i-TOT0 KOMIIOHEHTA, T.
Jist pacyera aMHHOKHCIOTHOTO CKOpa HE00X0ANMO
3HAaTh Maccy aMUHOKHUCIOTHI (ak) B 100 r Oenka:
AK
ak =——x100 3)
B
rae AK — macca amuHOKHCIOTH B 100 T 00pasma, r;
B — xonuyectBo G6enka B 100 T obOpasna, T.

AC=%><100
M

(4)
rae M — copepkanre aMuHOKUCI0TH B T Ha 100 r cTan-
JApTHOTO OeJIKa MO CIPaBOYHON ITKAJIe AMUHOKHUCIIOT
naeanpHoro 6eaxa ®AO/BO3, r.

I[To mamueiM ®AO/BO3 3HaueHMe aMHUHOKHCIIOT-
HOT'O UHJEKCa JOJKHO cTpeMUThes K 0,56, 4TO COOTBET-
CTBYET UJ€ATbHOMY COOTHOIIICHUIO HE3aMEHUMBIX aMHU-
HOKHCJIOT K 3aMEHUMBIM. AMHHOKHCIIOTBI, JIJIS1 KOTOPBIX
3HaUYE€HNE AMUHOKHCIOTHOTO ckopa MeHbme 100 %,
SIBJISIIOTCS] AUMUTUPYIOLMMH. DTO O3HAYaET, YTO aMHU-
HOKHUCIIOTa C HAaWMEHBIIMM CKOPOM HE TOJbKO HE
YAOBICTBOPSET (HHU3HOJIOTHUECKYIO TOTPEOHOCTD B HEl
NP yHOTPEOICHUH MPOIYKTa B THIY, HO M BEICTYIIAeT
TJIABHBIM OTPaHUYUBAIOIUAM (PAKTOPOM, CHIKAFOIIIHM
OMOJIOTHYECKYIO IIEHHOCTb.

Pe3yabTaThl M HX 00CyK/AeHHE

B xo11e nccneoBaHus MPOBEIN OPTaHOIEHTHIECKYIO
OLICHKY 00pa3LoB HyTa (TIpeIBapUTEIbHO U3MEIbYCHBI B
MyKy B cTynke). [Ipu yBennueHnH npoaoKUTEeIbHOCTH
MHUKPOBOJIHOBOW 00pabOTKM HCTHpAHUE HYTa B MOPO-
IIOK MIPONUCXONT JIeTde. ITO CBSI3aHO C PA3PHIXJICHUEM H
JeHarypanuei 6emkoB. KpoMe Toro, mnpogomKUTeIbHOCTD
1 UHTEHCUBHOCTb MHUKPOBOJIHOBOTI'O U3TY4EHHUS BIUSIOT
Ha OpPTraHOJIENTUYECKUE CBOICTBA. B ChIpbIX ceMeHax
HyTa Ipeob1agaoT HOTKH 6000BOT0O MPUBKYCa, KOTO-
pBIe MpomajgaioT nocie 5—6 MuH 00pabOTKH MPHU MOTI-
Hoctu u3yueHust 200 Bt (onbiTHBIE 00pasier Ne 5 u 6)
nnu nocie 3 muH npu MourHocTH 400 BT (ombIT-
HbII 00pazern Ne 12). TIpu mpoaomkeHUN BO3ASHCTBUS
MHUKPOBOJIHOBBIM H3JIy4€HHUEM TTOCTETICHHO BO3HUKAECT
NMPUBKYC M 3alax jkapeHoro apaxuca. OmgHako ooOpa-
00TKa CBBIIIEC 9 MUH NPH MOIIHOCTH MUKpoBOJIH 200 BT
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BBI3BIBAET MOYEPHEHUE KOXKYpPbl HyTa W IOSBICHUE
¢1a00T0 TOPHKOTO BKYCa M MTOATOPEBIIETO 3armaxa.

Hyt, numenHplii 6000BOro mpuBKyca M 3amaxa,
MOJKHO HCIIOJIb30BaTh B PA3JINYHBIX POIYKTaX MUTAHHS
¢ 1eNblo 00OoTaleHUs pacTUTENbHEIM Oenkom. Kpome
TOTO, HYT C apaXUCOBBIM ITPUBKYCOM MOXET OBITh HC-
M0JIB30BAaH IPH NPOU3BOJCTBE CHIPOB, KOHIUTEPCKUX
W3/eTUi U MOPOXEHOTO.

B pesyibTate mpoBeIeHHOI'O HMCCIEAOBAHMS OIl-
peaeNnIn MacCOBYIO OO OelKa U pacCUUTAIN aMHU-
HOKHCJIOTHBIH MHJEKC 1 AMHHOKHCIIOTHBIN COCTaB KOHT-
POJILHOTO M OIBITHBIX 00pa3mos (Tadum. 2).

W3 pe3ynbTaToB BUAHO, YTO COIEpIKAaHUE Oellka cpasy
BO3pacTaeT Iociie Havyala MUKPOBOIHOBON 00paboT-
KH. DTO CBSI3aHO C MPOTEKAIOLIUM IPOLECCOM CYIIKH
MIpoaAyKTa, 4TO O3HA4Ya€T YMCHLUICHUC KOJHUYCCTBA
cBOOOTHOM BJIary U YBEIHMUCHHE MACCOBOH TOITH IPYTHUX
BEIIECTB. 3aTeM 3TOT IpOILecC 3aMeJUIseTCs W Haj
HUM HauWMHAIOT peo0danaTh MPOLECcChl, CBSI3aHHBIC
¢ pacmazoM OenKka, a UMEHHO JAeHaTyparus OEIKOB ¢ UX
pa3pylICHHEM 10 TENTHA0B U 00pa3oBaHue Oe3a30THC-
THIX HU3KOMOJIEKYJISIPHBIX OPTaHUYEeCKUX COSAMHEHUH.
M3meHneHne MaccoBo# 10U Oenka B Hadaie o0paboTKu
MHUKPOBOJIHOBBIM M3JTyYCHHEM BIIMSET HA pACCINTaHHBIC
3HAYEHMs COJIEPIKAHMS HE3aMEHUMBIX aMUHOKHUCIIOT,
AMHUHOKHCIIOTHOTO CKOpa M aMHHOKHUCIIOTHOTO MHJIekca. B
HayaJie MUKPOBOJIHOBOH 00pabOTKH 3HAYECHUSI BPEMEHHO
MOBBIIIAIOTCS,, HO YMEHBIIAIOTCS IPH yBEIUYCHHUH
JUIUTEIBbHOCTH BO3JEHCTBUS.

YBennueHne MaccoBOi qou Oesika 3aMedeHO TP
MHUKPOBOJIHOBOH 00paboTke MmomHocThio 200 BT m
HeOOoJIbIION npoaovKuTeabHoCTH. [0 cpaBHEHHIO C
KOHTPOJIBHBIM 00pa3iioM coaepkanne Oemka JOCTUTaeT
MakcuMyMa uepe3 2—3 MUH U Bo3pacTtaer Ha 4,2 %.
OnbITHBIE 00pa3ibl, 00padaThIBaeMble MPU OOJIBLICH
MOIIHOCTH WJIM JJIUTEIBHOCTH, UCIBITHIBAIOT Ooiee
JKECTKHE yCIIOBHS, UTO YCKOPSIET JeHATypaIiio OCIKOB
U YMEHBIIAET UX 001ee KOJIHYECTBO.

Ecnu cpaBHUBATH ONM3KHE 110 OPraHOJIETITHIECKHM
CBOMCTBaM OIIBITHBIE 00pa3lbl, TO MOXXHO 3aMETHUTh,
4TO ONBITHBINA 00paszer Ne 12 (400 Bt, 3 Mun) umeer
MaccoByIo Joito 0ernka 18,28 %, koTopas MeHbIIIe, 4eM
y ombITHOTO 00pasma Ne 5 (200 Br, 5 mun) — 18,84 %.
DTO CBUAETENLCTBYET O TOM, YTO MUKPOBOJIHBI OOJIBIIEH
MOIIHOCTH CHUJIBHEC OKA3bIBAXOT HCIraTUBHOC BJIIMSAHHUC
Ha Oenku HyTa.

3HaYeHMs] aMHHOKHUCIIOTHOTO HH/IEKCA CPEJIN OIIBIT-
HBIX 00Pa3I0B BBIPOCIIH 110 CPABHEHHUIO C KOHTPOJIbHBIM
00pa3noM. JTo 03Ha4YaeT, YTO NMPHU MHUKPOBOIHOBOMH
00paboTKe 3aMEHNMbIE aMUHOKHCIIOTHI JIETrPagupyIoT
00JIblIE, YeM HE3aMCHUMEIE.

TenaeHIMs] yMEHbIIECHUSI KOJIMYECTBA aMHHOKHC-
JOT OXHlaeMa M3-3a N3MEHEHHI KonuecTBa Oeika B
HYTC 1O BOSﬂeﬁCTBHeM MHKPOBOJIHOBOT'O U3JTyUCHUA.
AMUHOKHUCIIOTHBIM COCTaB MpeTEpreBACT U3MEHEHUS,
CBSI3aHHBIC C JIeKapOOKCHINPOBAHNEM aMHHOKHCIIOT U
UX Pa3IMYHOIN YCTOWYMBOCTBIO K HATPEBAHMIO.
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Tabnuna 2. MaccoBas 1075 6esika 1 aMIHOKHCIOTHBIH COCTaB HCCIEAyEeMbIX 00pa3oB HyTa

Table 2. Protein mass fraction and amino acid profile of chickpeas

[Toka3zarens Howmep o6pasna
Konrpons 1 2 3 4 5 6 7 8 9 10 11 12
Maccosas 18,75+ |18,84+119,55+(19,44 4+ 18,51+ 18,84+ 18,71 + 18,81+ 18,00+ |18,67 +|18,42+|18,81 +|18,28 +
nosst 6enka, % 0,52 0,48 0,59 0,55 0,54 0,51 0,47 0,51 0,48 0,53 0,50 0,46 0,49
Awmuno- 1,080 1,104 | 1,076 | 1,059 | 1,062 | 1,119 | 1,252 | 1,121 | 1,097 | 1,088 | 1,160 | 1,161 | 1,179
KUCJIOTHBIU
HHIEKC
Cozieprkanue He3aMEHUMBIX aMUHOKHUCIIOT, Mr/100 T
Bamun 493 612 532 479 424 403 604 411 433 381 691 611 512
Jleiiuun u 1614 1888 1826 | 1600 1367 | 1324 1647 | 1399 | 1380 1467 | 1953 1764 | 1472
HN30JICULIUH
Jluzun 936 1278 1092 986 860 801 961 832 783 830 1127 1004 838
MeTHOHUH 110 149 133 123 118 91 108 96 138 127 146 139 78
Tpeonun 423 546 514 439 394 341 395 387 408 393 599 486 406
Tpunrodan 159 171 197 173 197 147 157 199 193 158 130 186 182
deHunIANIAHIH 948 1143 983 854 743 760 875 756 754 791 1032 962 793
Wroro 4683 5787 | 5277 | 4654 | 4103 | 3867 | 4747 | 4080 | 4089 | 4147 | 5678 | 5152 | 4281
CopnepxaHne YaCTUYHO 3aMEHUMBIX aMHHOKHUCIOT, Mr/100 r
Aprunun 971 1188 1146 1021 948 832 832 896 866 782 899 807 667
Tuctuaun 280 427 353 401 343 289 313 227 238 248 456 366 319
Uroro 1251 1615 1499 | 1422 1291 1121 1145 1123 1104 | 1030 1355 1173 986
ConeprkaHue 3aMEHUMBIX aMUHOKHUCIIOT, Mr/100 r
AnanuH 671 767 748 637 545 490 579 516 583 584 816 741 609
Dinua 595 772 650 558 479 456 545 482 473 551 745 626 505
[Mpomux 691 796 719 617 547 530 567 566 554 644 804 751 596
Cepun 714 761 822 735 635 501 577 564 666 615 846 772 635
Tupo3un 416 530 467 425 366 357 378 388 348 388 325 374 299
HWroro 3087 3626 | 3406 | 2972 | 2572 | 2334 | 2646 | 2516 | 2624 | 2782 | 3536 | 3264 | 2644
1250

CopnepxaHue TakMX aMHHOKMCIOT, KaK aprUHUH, 5 1050
METHOHUH W THUPO3UH, CUIIBHO YMEHBIIAeTCsA IpU 2 2 950
MOBBIIIEHUHA MOIIIHOCTH MHUKPOBOJIHOBOTO U3JIy4YEHHUS. 5 850 °
ConepxaHue OCTaJbHBIX AMUHOKHCIOT CHUXKAETCS é E 750
MJIaBHO U CUHXpOHHO. Ha pucyHnke 1 B kauecTBe mpumMepa % = 650 A
MIPUBEICHBI TPa(GUKH H3MEHEHHS COJICPKaHMUsT apTHHUHA © E 550 | A745° {50 667
U TJIMIIMHA B HCCIIEIyeMbIX 00pa3iax HyTa. 450 1595 626 ™ 238 479 45 482 !

CpaBHHBas PEXUMBI 0OPaOOTKH IIPU OJHUHAKOBON 0 - ‘ 5058 ™ 4% ‘ ’ 7‘3 ‘
MPOJOJIKUTEIBHOCTH, HO Pa3HOW MOIIHOCTU, MOKHO 0 1 2 3 4 5 6 7 8 9

00HAPYXKUTh, YTO ONMBITHBIN oOpazerm Ne 1 mmeeT Ha
32 % Oonplne apruHUHA, YeM ONBITHBIN 00paser
Ne 10. YBenuueHne BpeMeHH BO3JCHCTBHUSA COXPaHSIET
9Ty TEHIACHUHWIO IS apTHHHHA: Mocie 2 MUH 00pa-
60TkH — 42 %, nocie 3 muH — 53 %. [lng THpo3uHA 3TH
3Ha4YeHUs coCcTaBasgioT 63, 42 u 25 % COOTBETCTBEHHO.
OcTanbpHbIE AMUHOKHCIIOTEI HE MPETEPIEBAIOT TaKUe
pe3Kue U3MEHEHUs TPH YBEINYCHUH MOIIHOCTH.
CHmXeHHe KOJIMYeCTBAa TIUIMHA B HYTE IOCIE
MHUKPOBOJIHOBOW 00pabOTKH CBUIECTEILCTBYET O paszpy-
HICHUH WHTHOUTOPOB MPOTEHHA3, KOTOPHIE SIBISIOTCS
AHTUIHUTATEIBHBIME  BEIIECTBAMHU, YMEHBIIAIOIINM
OmogocTynmHOCTh Oenka /il OpraHu3Ma 4YeloBeKa.
CHMKeHNe aHTHHYTPUECHTOB B MUIIEBBIX MPOJIYKTaX —
O/IHa W3 BAKHEHIIMX TEXHOJOTHYECKUX 3a1ad ITH-
II€BOI1 MPOMBIIIIEHHOCTH, T. K. 3TO SIBJISIETCS TJIABHBIM
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IIponomKNTENbHOCTE MUKPOBOTHOBOTO
H3ITydeHUs, MUH
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Pucynox 1. ConepxaHue apruHUHA U TJIULIHAHA

Figure 1. Arginine and glycine content in chickpeas

TOPMO3SAMUM (AKTOPOM TMpPUMEHCHUS O0OOBBIX B
MUIIEBBIX MpoaykTax. Kpome MHKpOBOJIHOBOH 0Opa-
OOTKM /Il CHMIKEHUS aHTUIUTATENIbHBIX BEIIECTB
MPUMEHSIOT pa3yinyHble (U3HUYECKHEe U XMUMHYECKHE
CHOCOOBI: BHIMAUMBaHUE C PA3IINYHBIMH XUMUYECKHUMHU
COC/IMHEHHUSIMHU, MEXaHNYECKOe U3MeNIbUeHUE, HArPEeB
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Tabnuna 3. ComepkaHue HE3aMEHHUMBIX aMUHOKHUCIOT, T/100 T

Table 3. Essential amino acids, g/100 g

ITokazarens Howmep o6pasma
KonTposns 1 2 3 4 5 6 7 8 9 10 11 12

Banun 2,63 325 | 2,72 | 2,46 | 229 | 2,14 | 3,23 | 2,19 | 2,41 | 2,04 | 3,75 | 3,25 | 2,80
Jleitnyn n 8,61 10,02 | 9,34 | 823 | 7,39 | 7,03 | 880 | 7,44 | 7,67 | 7,86 | 10,60 | 9,38 | 8,05
U30JICHITTH

JInzun 4,99 6,78 | 5,59 | 5,07 | 4,65 | 425 | 514 | 442 | 435 | 445 | 6,12 | 534 | 4,58
MeTtnoHnuH 0,59 0,79 | 0,68 | 0,63 | 0,64 | 048 | 0,58 | 0,51 | 0,77 | 0,68 | 0,79 | 0,74 | 0,43
Tpeonun 2,26 2,90 | 2,63 | 2,26 | 2,13 1,81 2,11 | 2,06 | 2,27 | 2,10 | 3,25 | 2,58 | 2,22
Tpunrodan 0,85 091 | 1,01 | 0,89 | 1,06 | 0,78 | 0,84 | 1,06 | 1,07 | 0,85 | 0,71 | 0,99 | 1,00
DenunnananuH 5,06 6,07 | 5,03 | 439 | 4,01 | 4,03 | 468 | 4,02 | 419 | 424 | 560 | 511 | 4,34

Tabnuna 4. AMUHOKHUCIIOTHBEIH cKOp, %
Table 4. Amino acid score, %
ITokazarens Howmep obpasna
Konrpons 1 2 3 4 5 6 7 8 9 10 11 12

Bayun 52,6 65,0 | 544 | 493 | 458 | 42,8 | 64,6 | 43,77 | 48,1 | 40,8 | 75,0 | 65,0 | 56,0
Jlewinyn n 78,3 91,1 | 849 | 748 | 67,1 | 63,9 | 80,0 | 67,6 | 69,7 | 71,4 | 96,4 | 853 | 73,2
HM30JICHIINH

JInzun 90,8 123,3 | 101,6 | 92,2 | 84,5 | 77,3 | 93,4 | 80,4 | 79,1 80,8 | 111,2 | 97,0 | 83,3
Metnonun 16,8 22,6 | 194 18,1 18,2 | 13,8 16,5 | 14,6 | 21,9 | 194 | 22,6 | 21,1 | 12,2
Tpeonun 56,4 72,5 | 65,7 | 56,5 | 53,2 | 452 | 52,8 | 51,4 | 56,7 | 52,6 | 81,3 | 64,6 | 55,5
Tpunrodan 84,8 90,8 | 100,8 | 89,0 | 106,4 | 78,0 | 83,9 | 1058 | 107,2 | 84,6 | 70,6 | 98,9 | 99,6
Dennnananua 84,3 101,1 | 83,8 | 73,2 | 66,9 | 672 | 77,9 | 67,0 | 69,8 | 70,6 | 93,4 | 852 | 72,3

nHpPAaKPaACHBIM U3ITYUYCHHUEM, KUIIsTYeHHEe 1 00padoTKa
mapom [8, 18, 19]. Vnanenmne HexenaTeIbHBIX BEIIECTB
CBSI3aHO C UX pa3pylueHHeM U nHakTuBauuei [20, 21].

Tak kak 1O pe3yJbTaTaM OPTaHOJCNTHYCCKOU
OIEHKH OTBITHBIE 00pa3ibl Ne 5 1 12 mO3BOJSAIOT J0C-
THYb [EJIH UCCIECTOBAHUS, TO HEOOXOIUMO CPaBHUTH
UX C KOHTPOJBHBIM 00pa3loM M MexJy coboil. DTo
HEOOXOMMMO ISl OMPEACICHHUS OTIUYUTEIbHBIX 0CO-
OEHHOCTEH, BIAMSAIOIIMX HAa aMHHOKHCIOTHBIA COC-
TaB W WCYC3HOBCHHEC B CEMEHaX HyTa 0000BOro
MpUBKYycCa.

[Ipu cpaBHEHMM KOHTPOJSI M OMBITHOTO oOpasma
Ne 5 (5 mun, 200 BT) MOXHO 00HApYKUTH, YTO COJIEP-
JKaHWE TAaKMX aMHUHOKHCIJIOT, Kak TpuntodaH mnagaer
Ha 7,5 %, tupos3un — Ha 14,2 %, aprunun — Ha 14,3 %,
nu3uH — Ha 14,4 %, metnonud — Ha 17,3 %, neluH ¢
nzoneinuHom — Ha 18 %, Banun — Ha 18,3 %, TpeoHuH —
Ha 19,4 %, dbenunananun — va 19,8 %, nmponuH — Ha
23,3 %, romrH — Ha 23,4 %, anaanH — Ha 27 % ¥ CepuH —
Ha 29,8 %. B onbrTHOM 00pasue Ne 12 (400 BT, 3 mun)
HauOoJIbIINE TOTEpH MperepreBatoT aprunu (31,3 %),
meTtuoHuH (29,1 %) u Tupos3uH (28,1 %). Taxxke namaer
coJiepaHUe APYTHX aMAUHOKHCIIOT: ()eHUJIATaHIHA Ha
16,4 %, rnutuna Ha 15,1 %, nponuna Ha 13,7 %, cepuna
Ha 11,1 %, nu3una Ha 10,5 %, ananuHa Ha 9,2 %, nciHA
¢ uzosneriunHoM Ha 8,8 % u Tpeonuna Ha 4 %.

3a cyeT yBEIUYCHUS MOITHOCTH MUKPOBOJIHOBO# 00-
PabOTKH U COKpPAIIEHUS €€ MPOI0DKUTETHHOCTH MOKHO

CHU3UTH NOTEpH OOJIBIIMHCTBA aMUHOKHUCIIOT. O THAKO
COoACPKaHUEC apruHHa, TUpO3UHA U METUOHUHA B CCMEHAX
HyTa MMaJaeT B IBa pa3a CHIIbHEE, YTO HETATHBHO BIUSCT
Ha c0amaHCHPOBAHHOCTh AMHHOKHCIOTHOTO COCTaBa
CeMsIH U UX OMOJIOTMYECKYIO IEHHOCTD.

Hcnonb3ys oOIIENpUHSTBIE 3HAYCHHS COJIEpKa-
HHUSI aMHHOKHCJIOT B 3TanoHHOM Oenke (DAO/BO3),
IS Kaknoro obpasna mo hopmynam 2—4 pacduranu
coJiepyKaHNe He3aMEHUMbIX aMHHOKHUCIIOT U aMUHOKHC-
JOTHBIN ckop (Tabdin. 3 u 4). PacueT aMHHOKHUCIOTHOTO
CKOpa IS BaJlHA B KOHTPOJIBHOM 00pasie:

0,493

x100=2,631

b

AC 263

x100 = 52,6 % (5)

W3 pe3ynbTaToB pacyeTa BUIHO, YTO KOHTPOJIBHBIH
oOpa3zer UMEET MHOTO JINMHTHPYIONIUX aMUHOKHUCIIOT,
TrIaBHOM M3 KOTOPBIX SBIsE€TCS METHOHUH — 16,8 %.
JlnurensHoe ynorpebiieHne TaKoTro HyTa B ITHILY MO-
KET MPHUBECTH K IMpoljemMaM C IUIACTUYECKUMHU H
pereHepaTUBHBIMH IIPOLIECCAMHU, OTBETCTBEHHBIMH 32
oOpazoBaHNEe HOBBIX KIETOK M TKaHel. [loaToMy mpu
MIPOU3BOJICTBE TIPOJYKTOB MUTAHUS C UCIIOJIb30BAHUEM
HyTa 3TO HEOOXOMMO YUUTHIBATb, & TAKKE HCIOJIb30BATh
WHTPEIUCHTH O0oraThic METHOHUHOM [21].
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MukpoBonHOBass 00paboTka maryOHO BIUSAET Ha
AMHMHOKHCIIOTHI TIPOAYKTa. YeM BBIIIE MOITHOCTh U OOJIb-
e Bpemsi 00paboTKH, TeM CHJIbHEE MMaJacT 3HaUYCHUE
AMHHOKHCIOTHOIO CKOpA.

Ecnu cpaBHuBatTh ombITHBIE 00pasubl Ne 5 u 12,
TO MOXHO 3aMETHUTh, YTO B MOCIEIHEM aMHUHOKUCIIOT-
HBII CKOp BHIMIE (32 UCKIIOYEHHEM METHOHHHA). JTO
CBHUJIETENBCTBYET O BO3MOYKHOCTH JOCTHIKEHHUS TEX
JK€ OPTaHOJIEITUYECKUX CBOWCTB IPH YMEHBIICHUHU
BPEMEHHBIX 3aTpart.

BuiBoABI

HyTt — nepcneKkTUBHBIA HCTOYHUK PACTUTEIBHOTO
Oenka, KOTOPBI MOXXHO HCIIOJIB30BaTh NMPU MPOU3-
BOJCTBE MPOAYKTOB muTanusi. OgHako Hammawme 00-
00BOTO MPUBKYyCa OTPAHUYMBAET €T0 UCIIOIB30BAHNUE.
O6paboTKa MHUKPOBOJHOBBIM H3ITyICHUEM MTO3BOJISCT
HE TOJBKO JOCTUTHYTH JKEIAEMBIX OPraHOJENTHIECKHX
XapaKTepUCTHUK, HO U OBBICUThH YCBOSIEMOCTh OEJIKOB.
YtoObl yOpaTh 00OOBBII MPUBKYC IOCTATOYHO OOpa-
60TaTh HYT MHKPOBOJHAMHU B TedyeHHE 5-6 MHH
npu MomHocTH n3nydeHus 200 Br. B xagectBe mapy-
TOoT0 peknMa 00pabOoTKH MOKHO BHIOpATh 3 MHUH IpHU
mowmHocTu 400 BT. Eciin HyXeH HNpUBKYyC M 3amax,
HallOMUHAIONINI apaxHCcoBbIl, TO HEOOXOIMMO HC-
MOJIb30BaTh pexuM MOIIHOCTHIO 200 BT B TeueHue
8—9 MuH.

Hcnonb3oBanue 00pabOTaHHOTO MHKPOBOJHAMHM
HyTa MOKET HAlTH MPUMEHEHHE BO MHOTHX MPOIYKTaxX
MMATAaHUS, B KOTOPEIX 00O0BBIN MPUBKYC HEXKETaTEICH.
HyT ¢ apax#mcoBBIM IPUBKYCOM MOYET OBITH BOCTpeOO-
BaH B MPOM3BOJICTBE CHIPOB, KOHIUTEPCKUX H3ICITHI
U1 MOPOKEHOTO.

Onnako npu pa3pabOTKe NPOAYKTOB MHUTAHUS
CTOMT YYHUTHIBATh, YTO MHUKPOBOJHOBOE M3JIyUCHHE
MPUBOJUT K CHIKCHUIO MacCCOBOM J0NM OeiKa B HyTE
1 yXYAIICHWI0O aMHHOKHCIOTHOTO CKOpa, a TAK)Ke K IMa-
JICHUIO COJEpKaHUSI aMUHOKHUCIOT. B Teuenue 5 MuH
npu wmowHoctd 200 BT oHO yMmeHblaeTcs s
tpuntodana Ha 7,5 %, tuposuna — na 14,2 %, apru-

HuHa — Ha 14,3 %, nu3uHa — Ha 14,4 %, MeTHOHUHA —
Ha 17,3 %, neiinyHa ¢ u30JelrHOM — Ha 18 %, BaauHa —
Ha 18,3 %, Tpeonuna — Ha 19,4 %, peHunananuHa —
Ha 19,8 %, nponuna — na 23,3 %, rnunuHa — Ha 23,4 %,
ananuHa — Ha 27 % u cepuna — Ha 29,8 %. B onbiTHOM
obpaszue Ne 12 (400 Br, 3 MuH) HauboIbIINE TTOTEPH
nperepreBatoT aprunut (31,3 %), metuonnn (29,1 %)
n tuposun (28,1 %). Kpome Toro, mamaer coaepxka-
HUE APYTUX aMUHOKHCIOT: (eHunanannHa Ha 16,4 %,
rauuuHa Ha 15,1 %, nponuna Ha 13,7 %, cepuHa Ha
11,1 %, nu3una Ha 10,5 %, ananuna Ha 9,2 %, neiiuuna
¢ uzoznerinrHom Ha 8,8 %, Tpeonuna Ha 4 %.

BaMeHHHTb YMEHBUICHUE COACpKaHUA aMHUHOKHC-
JJIOT MOXHO C INIOMOIIBK IIOBBIIICHHS MOIIHOCTHU
MHKPOBOJHOBOTO HU3JIYYCHHUS U COKPAIICHUS BPEMCHH
obpaboTku. K coxaneHuto, Takas WHTCHCH(PUKAIIHSI
HETaTHBHO BIIMSCT HA CONICpyKaHUE apTHHIHA, MCTHOHIHA
Y THPO3WHA B OCJIKax HyTa.
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AHHOTAIIUSA.

DepMeHTHPOBAHHbIC IPOAYKTHI OTIIMYAIOTCS YBEJINYCHHBIM CPOKOM XPaHEHUSI U MOBBILICHHON MUTATEIbHON LIEHHOCTHI0. [1y1s
MOJYYCHUS KBAICHOW MPOTYKIIMH BEICOKOT'O Ka4eCTBA, B TOM YHCJIE KaIlyCThI, OMPE/CIAIONIYI0 POJIb HIPACT HCXOMHOE CHIPHE.
OpnHako He Ka bl COPT KamycThl MPUTOJACH s nepepaboTku. Llens manHoi paboThl — 0XapakTepru3oBaTh MPUTOTHOCTH
COBPEMEHHBIX THOPHIOB KaITyCTHl OETOKOYaHHOH K €CTECTBEHHOH ()epMEHTAIlNH 0 MUKPOONOIOTHIECKUM TTOKa3aTelsIM 1
HaTHBHOMY COJIEP>KaHHUIO CaXapoB MoCie 4-X MECSYHOTO XPaHEHUs] KOYaHOB.

OO0BbeKTaMu UCCIICIOBAHUS SBISUINCH KOYAHBI 12 THOPHUIOB KAIyCThl OCJIOKOYAHHONH OTEYECTBEHHOH CEIEeKINH M 00pa3Ilbl
KBAIICHOH NMPOAYKIHMH 13 HUX. ONBITHBIC MaPTUN KOYaHOB XpaHUiIu 4 Mecsua npu temneparype —1-0 °C B cTanmoHapHOM
xpanmwmiie. GepMeHTaUI0 KayCTH MPOBOAMIN IpH Temreparype okono 21 °C. YcmenrHoe GpoxkeHHE OMpPENeIsin o
koHeuHoMmy pH nmxe 3,6. ComeprkaHue caxapoB U TUTPYEMYIO KHCIOTHOCTh ONPEAEISIN CTaHAAPTHBIMM MeTojaaMu. Jlis
YCTAHOBIJICHHS] KOJIMYECTBA MHUKPOOPTAHU3MOB IPHUMEHSUIM METO]] IPEJNBHBIX pa3BefeHni. MUKpOONOIOrHIeCcKHi 1oceB
OCYIIECTBIISUIN MO CTAaHAAPTHOH METOAUKE.

Haubonb1iee cosiepxanne CyMMbI caxapoB 10 (PepMEHTAIMH OTMEUEHO Y OYEHb Mo3HecHenbix rudpuos [pectux F, (5,92 %),
I'epuorunsa F, (5,82 %) n Wnnnmus F| (5,28 %), a Takke y mozanecnenoro Atnant F, (5,49 %). Bonbuie Bcero caxapos
0CTaNoch B KBaleHol kanycre y rubpunos Ipectux F, (4,78 %), Kouturent F, (4,30 %) u I'epuoruns F (4,07 %). Maccosas
JIOJISL THTPYEMBIX KHCIOT B pacdyeTe Ha MOJOYHYIO KHCIOTY B CPEeJHEM IO BCEM HCCIeTyeMbIM obpasnam coctaBuna 1,04 %.
BrIsiBIIIN pa3iauyusi B XMMUYECKOM COCTaBe KBAIICHOW KalyCThl B 3aBUCHMOCTH OT TMOpH/IAa U KOJIMYECTBA MUKPOOPTaHU3MOB,
MIPUCYTCTBYIOIIHNX IIpH OpokeHnu. B mpomecce KBameHus: JOCTUTHYT BEICOKHI yPOBEHB COACPKaHUS MOTOYHOKHCIIBIX OaKTepHid —
1o 8,17x107 KOE/em® (st rubpuia Cepepsinka F ). Mukpo6uosiorudeckuii ananus o6pasios BeISBIII CTaOUIBLHOCTH B OTHONIEHUH
HEXeJIaTeIbHOH MUKPOQIOPHI KBAIICHOW MPOIXYKIHH — APOXKIKEH U MIeceHeH.

VccnenoBaHus Mokas3aiu, 4TO BCE UCTIBITAHHBIE OTEYSCTBEHHbBIE THOPHIBI KalyCThl OEITOKOYaHHOW PUTOIHBI JIJTsl KBAIICHUS
naxe mocne 4-x MecAneB XxpaHeHHs. [ uX (epMeHTalWHM W MOTYyYCHHS MPOTYKTa C BBIPAKCHHBIMH TPaJAWIHOHHBIMU
OpraHoJICNITHYECKUMHU CBOMCTBAMHU AOCTATOYHO COOCTBEHHON MOJIOYHOKUCION MUKPOQIOPHI.

KuroueBbie ciioBa. Kamycra GenokouaHHas, KauecTBO, ()ePMEHTALHS, caxapa, MOJOUYHOKHCIIBIC OAKTEPHH, MHKPOOHOIOTHUECKHE
MOKa3aTelu, MUIeBas EHHOCTh

®unancuposanue: Padora BemonHeHa Ha 0a3e Beepoccuiickoro Hay4HO-HCCIEA0BATEIBCKOIO HHCTHTYTa OBOIEBOICTBA —
¢umana GI'BHY «denepanbhblil HayuHslii eHTp oBoieBozacTBa» (BHUUO — dunman ®TBHY OHIIO) B pamkax rocyapCTBEHHOTO
3aganust mo HUP FNRN-2019-0069 «M3y4uts 3¢ eKTHBHOCTE AeHCTBUSI MHHEPAIbHOW U OPTaHUIECKOI CHCTeM yH00peHHs
Ha ypoKaHOCTb, KAUECTBO U COXPAHAEMOCTh PA3IUYHBIX COPTOB U TMOPUIOB HOBOTO TMOKOJIEHUS KaMyCThl O€TOKOYaHHOM
U LIBETHOH, MOPKOBU U CBEKJIbI CTOJIOBON Ha aJUIIOBUAIBHOM J1yroBoil nouse HeuepHo3eMHOIl 30HBI».

I[.]'Ifl HUTUPOBAHUSA: XUMHYECKUN COCTaB H MI/IKp06I/IOHOFI/I‘{eCKI/Ie IMOKa3aTeIu KBalICHOMU KanycCThl, HpI/IFOTOBJ’IGHHOfI

u3 pasubix rudbpunos / E. B. flnuenko [u ap.] // Texauka 1 TeXHOIOTHS MHIIEBHIX Mpou3BoacTB. 2023. T. 53. Ne 1. C. 131-139.
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Abstract.

Fermented foods have a longer shelf life and higher nutritional value. Sauerkraut products depend on the quality of the raw
material. Not every cabbage variety is suitable for processing. The present research objective was to test several cabbage
hybrids for natural fermentation, microbiological parameters, and native sugar content after four months of storage.

The study featured twelve new-generation white cabbage hybrids of Russian selection and sauerkraut foods. The experimental
batches were stored for four months at —1-0°C. Fermentation occurred at 21°C and final pH < 3.6. The sugar content and
titratable acidity were measured by standard methods. The method of limiting dilutions was applied to determine the microbial
count. The microbiological seeding process followed standard procedures.

The highest content of total sugars before fermentation belonged to the late-ripening hybrids Prestizh F, (5.92%), Gertsoginya
F, (5.82%), and Idillia F (5.28%), as well as to the late-ripening Atlant F (5.49%). The greatest sugar content was registered
in Prestizh F, (4.78%), Kontinent F, (4.30%), and Gertsoginya F, (4.07%). The mass fraction of titratable acids in terms
of lactic acid averaged 1.04% for all the samples. The difference in the chemical composition depended on the hybrid and
microbial count during fermentation. The lactic acid bacteria content was as high as 8.17x107 CFU/cm” in Severyanka F,. All
the samples were resistant to undesirable microflora, i.e., yeasts and molds.

All the cabbage hybrids were suitable for fermentation even after four months of storage. Their own lactic microflora was
sufficient for fermentation and traditional sensory properties.

Keywords. White cabbage, quality, fermentation, sugars, lactic acid bacteria, microbiological parameters, nutritional value

Funding. The research was performed on the premises of the All-Russian Scientific Research Institute of Vegetable Growing,
branch of the Federal Scientific Vegetable Center, as part of research no. FNRN-2019-0069 “Effect of mineral and organic
fertilizers on the yield, quality, and storage of new-generation varieties and hybrids of white cabbage, cauliflower, carrot, and
beet grown in alluvial meadow non-chernozem soil”.

For citation: Yanchenko EV, Volkova GS, Kuksova EV, Virchenko II, Yanchenko AV, Serba EM, et al. Chemical
Composition and Sensory Profile of Sauerkraut from Different Cabbage Hybrids. Food Processing: Techniques and Technology.
2023;53(1):131-139. (In Russ.). https://doi.org/10.21603/2074-9414-2023-1-2420

BBenenne TJIaBHBIM KOMITOHEHTOM OOpIIIEBOH TPYIIIIBI OBOIICH B
Kamycra Oenokouannast (Brassica oleracea var. MUIIEBOM pallMOHE POCCHAH. BBICOKONIPOIYKTHUBHBIC
capitata f. alba) wcnonb3yercss Kak ChIpbe JUIS Me-  THOPUIBI KaIlyCThl OEJIOKOYaHHOW MOTYT pealln30BaTh
pepabarbIBaloIel MPOMBIIIIICHHOCTH, a TAK)KE B Tpa-  CBOM I'€HETHYECKHH MOTEHIMAJ 10 IPOJAYKTHBHOCTH,
JUIMOHHOW MEIHMIIMHE U MpocTo B nuity. OHa sBIsieTCs KauyecTBY U MPHUTOJHOCTH K repepaboTKe TOJNBKO MpHU
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ONTUMAJIBFHOM YPOBHE MHHEPAIBHOTO NHUTAHUA U
NpaBUJIbHONW TEXHOJIOTUM Bo3nenbiBaHus [1-3]. Hus
KBAIICHUSI HUCIOJb3YIOT KOYaHBI CPEJIHECHENbIX COp-
TOB W THOPHUIIOB, KOTOPBIE HMEIOT 0OOJiee COYHYIO
KOHCHCTCHIIUIO U OOJBIIE BBIICISIOT COK, YTO MO3BO-
JISIET MOJYYUTh (PePMEHTHPOBAHHYIO NIPOJTYKIHIO BBICO-
KOTro KadecTBa. B oBomeBogueckux xo3sucrtBax P
60—-80 % mmomameil KamycThl OCIOKOYAHHOU 3aHATO
MO3HECTICNIBIMKI JIEKKUMU THOpPUAaMH, BbIpaluBa-
HHME KOTOPBIX 9KOHOMHUYECKH BBHITOJHO. B ocenuuii mne-
puon mocie coopa yposkasi 3aKBaIIMBAIOTCS OOJBIITHE
o0BeMBbl KamycThl OerokoyaHHoW. O HAKO HE Bcerna
1eJIecoo0pa3Ho peain30BbIBATh WK TepepadaThiBaTh
OBOIIHYIO MPOAYKIIMIO B OCCHHWI IMEpHOA Ha ITHKE
HpPEUI0KEHUH], T. K. U3-3a IOCTOSIHHO MEHSIOIIEHCs KO-
HOMMYECKOIl CHTyalluH Ha PhIHKE MOKET H3MEHUTHCS U
LIeJIEBOE NpeIHa3HaYeHUE OBOLUIHOM npoaykuuu. B pe-
3yJbTaTe BO3POCIIEr0 CIIpoca Ha ()epMEHTHPOBAHHbBIE
NPOJYKTHl B siHBape — (heBpaje MOXKET BO3HUKHYTh
HEOOXOJUMOCTH B JIOMTOJTHUTEIBHBIX IS PBIHKA 00be-
Max KBalleHHOH npoaykuuu. C rora Hallel cTpaHbl B
STOT MEPUO/] KalrycTa OeIoKOYaHHast elle He MOCTyTaeT,
CKOpOCHeIBIe COpTa 3a4acTyl0 HE MPUTOIHBI IS
KBameHus. J[ns Toro 4ToOBI TIOOM B TOJHOW Mepe
U KPYIJIOTOJUYHO MOIJIM yHOTPEeOJsATh B MUILY KBa-
[ICHHYIO KaIlyCTy, 00€CIIeYNBAIONIYIO 3J0POBHE HAITHH
U yIYYIIaloMIyI0 paboTy BCEro OpraHu3Ma YelOBeKa,
HE00X01MMO 00eCIIeUnTh MUMIEBYIO IIPOMBIIUIEHHOCTh
Ka4eCTBEHHBIM OBOIIHBIM CBIPEEM, HMPHUTOIHBIM IS
aTuxX Henei. [1oaToMy akTyalbHOHN SIBISAETCS XUMUKO-
TEXHOJIOTMYECKasl 1 MUKPOOHOJIOTHUECKas! OLIEHKA HOBBIX
rUOPHIOB KAIyCThl 0CTOKOYaHHOM HA MPUTOJHOCTh K
KBAIICHUIO IMOCTe 4-X MECSIeB XpaHCHHUS.

[Ipou3BoacTBO M XapaKTEPUCTUKHU KBAIIEHOW Ka-
MyCTHI 3aBUCST OT PE3UJEHTHOTO MUKPOOHOTO CO00-
[IECTBA W yCIOBHH pepMeHTAnu. XOTS MUKPOOHBIN
COCTaB KBAIICHOHN KamyCThl MOJET BapbHPOBATHCS
Ha HayYaJbHBIX 3Tanax (epMEeHTALHUH, COOTBETCTBYIO-
e yCcJIoBUs (PePMEHTAIINH, TAKHE KaK TeMIepaTypa u
OTHOCHTEIIbHAS KOHIIEHTPAIlUS UHTPEIUCHTOB, rapaH-
TUPYIOT, YTO MOJIOYHOKMCIIBIE OaKTepUM SIBISIOTCS
JTOMUHHUPYIOIIUMH MHKPOOPTaHU3MAMH B KOHEYHOM
(bepmeHTHpOBaHHOM NpoaykTe. OHU MPOU3BOISAT OpTa-
HUYECKUE KHUCJIOTHI, OaKTepHOIMHBI, BUTAMHUHBI H
BKYCOBBIC COCTUHEHNUS, OTBETCTBCHHBIC 32 XapaKTEPHBIC
OpTraHOJENTHYCCKUE KadecTBa (EePMEHTHPOBAHHBIX
MUIIEBBIX NPOAYKTOB, BKJIIOYAsl yBEIUYEHHBIH CPOK
XpaHEeHHUs, BKYC U MUTATeIbHYIO IeHHOCTH [4, 5]. Kpome
TOT0, HEKOTOPBIE MOJIOYHOKHCIIBIE OaKTePHH JCHCTBYIOT
KaK IPOOMOTHKHU, KOTOPBIE CIOCOOCTBYIOT 3/10POBBIO
YeJI0BeKa M CTaOUIBHOCTH MUKpoOuoma [6—8].

pH sBIseTCs KITOYEBBIM (GaKTOPOM, BIHSIONINM HA
M3MEHEHHE CTPYKTYpPbl MHUKPOOHOTrO COOOIECTBa BO
BpeMsi (hepMEHTAIMH KBAIICHOW KamyCThl, KOTOPBIi
WCTIONIB3YETCS IS OIIEHKH 3PETIOCTH (PepPMEHTHPOBAHHOM
oBomrHOM ponykmun [9, 10]. EcrecTBeHHOE OpOKCHHE
HAaYMHAETCS C HAayaJbHOTO Pa3MHOXEHHS OaKTepHH
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Leuconostoc mesenteroides, koTopasi OBICTPO TIPOU3BO-
JIAT YTIICKUCIIBINA Ta3 ¥ KACIOTY. DTo cHikaeT pH cpensl,
MO/IaBJISIsI POCT HEXKENATEIbHBIX MHKPOOPTaHU3MOB,
KOTOPBIE MOTYT BBI3BATh MOPUY MPOIYKTA, H COXPAHSI
uBeT KanmycTsl. JleiicTBue L. mesenteroides n3MeHsCT
cpeay (depMeHTalMu TakuM 00pa3oM, 4YTO 3TO CIIO-
COOCTBYET MPEEMCTBEHHOCTH JIPYTUX MOJIOYHOKUCITBIX
Oakrepuii, Takux Kak Lactobacillus brevis u Lactobacillus
plantarum. B TpaguIIMOHHOM TPOU3BOJICTBE KBallle-
HOHM KaIryCThI 3TOT MPOIECC MPOTEKAeT IPHU TEeMIIepa-
type 18 °C B Tedenme omHoro mecsna. KomOuHamms
MeTa0OJIUTOB, KOTOPBIC MPOU3BOJISIT 3TH OPTaHU3MBI,
MPUBOIUT K OJIArOMPHUSITHBIM CEHCOPHBIM KayeCTBaM
KOHEYHOT'O0 TPOAYKTa: YHUKAIBHBIM BKyCaM, apoMa-
TaM U TEKCTypaM, CBSI3aHHBIM C ()ePMCHTHPOBAHHBIMU
MUIIEBBIMU MPOAYKTaM. Temmeparypa GpepMeHTALHH
WTpaeT BaXHYIO POJIb B OTHONICHWH I[BETA, BKycCa H
coxpansiemoctu [11]. M. A. Zabat u ap. B cBoeM uc-
CJICIOBAHKUH OTIPEACIHIIN, YTO poa Weissella BaxeH ajis
paHHHUX (hepMEHTATHUBHEIX Iporieccos [12].

Moo9HOKHCTBIE OaKTEepUU KaK OCHOBHOC Oakx-
TepUalbHOE COO0OIECTBO 00JiaaloT (QepMeHTaMH,
CIIOCOOHBIMHU THPOJU30BATH MHOTHE KOMIIOHEHTHI
MUY, BKIFOYAs YTIEBOIbI, OCIKA U JUMHUIBI, B IPE.I-
IICCTBEHHUKHU apoMaTa M MPEBpaIlaTh UX B pa3IUYHbBIC
apomatnueckue coenuHenus [13]. KBamenas kamycra
HMEeT TaKue MPEUMYIIeCTBA TS 3J0POBbS YEIOBEKa,
KaK yJydlICHUE MUIICBAPCHUS U QYHKIIUU KHIICYHUKA
U CHWJKEHHUE YPOBHs XoliecTepuna [14].

[{enp HACTOSIIETO WCCIEHOBAHUS — OXapaKTEpH-
30BaTh XUMHYCCKHI COCTaB KBAIICHOW KAIyCTHI, O-
TydeHHON n3 12 rubpuaoB 4eTHIPEX CPOKOB CIEIOCTH
KamycThl OETOKOYaHHOW JBYXHEICTBEHBIM OPOKEHHUEM.
Kpamenue mpoouiu mocie 4-X MECSYHOTO XPaHCHHS
KOYaHOB.

OO0BbeKTHI U METObI HCCIEJ0BAHMUS

[TosieBble ¥ YacTh J1aOOPATOPHBIX UCCIIEIOBAHUN
npoBoauiaun Bo BHUNO — ¢punnane ®TEHY OHIIO
(N 55°36” E 38°1”) B 2021-2022 rr. Mukpobuonoru-
yeckue ucciaenosanus nposogunu B BHUUIIBT —
¢unnane PI'BYH «OUIL nutanus u GHOTEXHOJIOTUN.
OOBEKTOM HCCIEAOBAHUS SBISUIACH KBAIICHAs! MPO-
aykuus 12 ruOpuioB KamycThl OEJIOKOYaHHOW oOTe-
4eCTBEHHON cenekuuu: Armant F, (BHHUHO), ba-
pems F, Jlo6poxett F, Knnacton F,, Opuon F, n
[pectnx F, (OO0 «Cenexunonnas cTaHIMs UMEHH
H. H. Tumodeesa»), I'epuoruns F1, Konurunent F ,
Opdeii F, u Sxpomcknii F, (OO0 Arpodupma «Ilo-
uck»), Wmnnmus F, (OO0 Arpodupma «Ilonck»,
BHWMO) n Cesepanka F, (®PI'BHY ®HIIO). Bee
THOPHUABI BBIpAIIMBATIN 10 OOIMICHPHHATON TEXHO-
noruu B ycnoBusax HedeprosemHo#t 30Hb1 PD. OnbiT-
HbIE TAPTUU KOYAHOB XpaHWIN 4 Mecsila pu TeMiepa-
Type —1-0 °C B cranmonapHoM xpanwnniie. Kpamenne
KaITyCThI OCYIIECTBIISUIN 110 PELENTYPEe U TEXHOIOTHH
B COOTBETCTBHHM C TEXHOJIOTMYECKOH HWHCTPYKIHEH.
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Pacxon xoMmoHeHTOB (KT): KamycTta 6emokodanHas — 3,0,
MopkoBb — 0,15, conb — 0,05. depmeHTaLNIO TPOBOAMIN
npu Temieparype okoso 21 °C. Ycnemnoe OpoxeHue
ompeaessia Mo koneunomy pH Hike 3,6.

CopmepxaHue caxapoB B KBAIICHOH HPOIYKIIMH
onpeaessuin o ['OCT 8756.13-87. Uzyuenue mopdo-
JOTMYECKUX, (PU3HOJIIOTUYECKHX, OMOXMMHYECKUX MU
TEXHOJIOTHYECKUX CBOMCTB MCCIEAYEMbIX MITAMMOB
MPOBOIWIIM CTAHJAPTHBIMH MeToJaMu. TUTpyeMyto
kucnoTHOCTh onpexaensau o 'OCT ISO 750-2013, op-
ranonentuueckue coricrea — no 'OCT 8756.1-2017,
KOJMYECTBO MHKPOOPraHM3MOB B IIOCEBHOM Mare-
puaie ¥ KyJbTypaJdbHOW >KUIKOCTH — METOJOM Ipe-
JENBbHBIX Pa3BE/IeHNH, MHKPOCKONMPOBAHHWE MpEra-
patoB mukpockonom Nikon ECLIPSE Ci-S/Ci-L ¢
oowekTuBoM 40x — o 'OCT ISO 7218-2015. 3aces —
mo 1 cm® paccona B kaxayro gamky IleTpu — 3amuBaiiu
pacrutaBiIeHHON cpeoi. Yarku geprkaiu B TepMocTaTe
pu 24-25 °C 4 cytok. [ToncdeT BbIpoCIINX KOJTOHUM
MPOBOJIUIM Ha aBTOMATHYECKOM CUYETUYMKE KOJIOHHH
Scan 500 Sofware B COOTBETCTBMM C HHCTPYKIHEH
(bUPMBI-TTPOU3BOTUTEISL.

CrarucTudeckyio 00paboTKy MPOBOAIIIA METOIOM
JUCTIEPCHOHHOTO aHalln3a C MOMOIIbIO MAKeTa MPHUK-
JaaHbIX mporpamm Microsoft Excel.

Pe3yabTaThl U HX 00CyXKACHUE

depMeHTHPOBAHHBIE TPOAYKTHI OTJIMYAIOTCS YBe-
JUYCHHBIM CPOKOM XpAaHCHUA U YJIYUYIICHHBIMHU Op-
TaHOJENTHYECKUMH cBoiicTBaMu. B pesynpTaTte dep-
MEHTallMd MHKPOOPTraHW3MaMH MPOIYKTHI NpHoOpe-
TAIOT 0COOYI0 MUKPOOHOTY, BKYCOBBIC U IIUTATEIbHbBIE
cBoiicTBa. CaMbIii pacIipOCTpaHEHHBIA TPOAYKT U3 ep-
MEHTHPOBAHHOW KaIlyCThl — 3TO KBallleHas KaIycrTa.
Ha wnavanpHOW craguu (epMeHTAUU MPOJIOJIKU-
TEIBHOCTBI0O 2—3 CYTOK NPOTEKAIOT WHTCHCHUBHBIC
IpolecChl AbIXaHUsl TKaHeil PacTeHWH, IMPUBOJSIINIE
K 3aKUCJICHHUIO CPE/Ibl, OBICTPOMY BBIJCIICHUIO YIIICKHC-
JIOTO Ta3a, BBI3BIBAIOLIETO MMOTEPH, OCOOEHHO JIETYUUX
MPOJYKTOB pacnaja CHHUIPHHA W TJIIOKOHAMHWHA.
[Torepu 3THX COEUHEHUN 3aBUCAT OT (PU3HKO-XUMH-
YEeCKUX IapaMeTpoB H npolecca ¢pepmentanuu. [Ipu
MPaBUIBLHOM IPOTEKAHUH €CTECTBEHHOTI'O OpPOKEHUS
yepes 4-5 cyrok pH nocrenenno cumxaercs 1o 3,4-3,7.
Bo BpeMmsi camomnpou3BoJIbHONW (EepMEHTAIlUH POCT
COOTBETCTBYIOIIEH OaKTepHaIbHOU (IOPHI IIPOUCXOTUT
B KOHII€ HaYaJIbHOW CTAJNH, KOTJa COK, BBIIEISIEMBbIH
TKaHAMH paCTeHHﬁ, 6OFaT KOMIIOHCHTAaMHU, B TOM
YHUCJIe caXxapaMy, HEOOXOJUMBIMH JJIsl PA3BUTHUS MO-
JIOYHOKHUCIBIX Oaktepuii. CamMompou3BOiIbHOE Opo-
JKeHHe 3akaHumBaeTcs depe3 7—10 cytok [15]. Crup-
THI, THOIMAHATBI, HUTPUTHl U CYIb(QUABI SBISIFOTCS
XapaKTepHBIMH JIETYYUMH KOMIIOHEHTAMU KBaIllCHOH
kamycTbl. Cpelin aHaJIM3UPYEeMbIX OMOTC€HHBIX aMUHOB
npeobiasany THPAMHH U MyTPEeCcUHH. BeisBieHna mo-
JIOKUTENbHAsT KOPPEJSIUs MaKCUMaJIbHOTO YPOBHS
JIPOXOKEH NpH OPOKEHHHM C KOJIMYECTBOM YKCYCHOM
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KHCJIOTE M OWOTeHHBIX aMuHOB [16]. B pesympraTe
(depMeHTanNK B Iporiecce OpOXKEHUS coJeprKaInecs
B OBOIIAX caxapa MPeBpaIlaloTCs B MOJIOYHYIO U YK-
CYCHYIO KHCIIOTHI, 3Tanol, CO,, MAaHHUT | JIPyTHE COE-
nuHeHus [17].

Y CTaHOBIICHO, YTO HE KXK/IBIH COPT KaIyCThI IPUTO-
JIeH Ui mepepadoTKH, Jae eciadu OH oliamaeT
[EHHBIMH arpoOMOJIOTHIECKUMHU NpPHU3HAKAMU W XO-
pouuMu BKycoBbiMU cBocTBamH [1]. Koyansl kamyc-
Thl OEJIOKOYaHHOW JOJDKHBI OTBEYATh CIEAYIONUM
XO3SIUCTBEHHBIM IIpU3HAKaM: 10 (opMe U pasmepy
KOYaHa — OJTHOPOJIHbIE; 10 (hOpME — TIIOCKOOKPYTIIbIC
W OKPYTJble, Maccoi o 4 Kr, ¢ 4—6 KpOIIUMHU
JUCTBSIMHU, C HETIyOOKHM 3aJIeTaHUEM KOYEPBITH; I10
KoHcHcTeHIuH — oTtHbIe (0,65 r/cm®), mucThst 6e3 rpy-
00ro KHUIKOBAHUS; 110 [[BETY — BHYTPEHHHE JIUCThs Oe-
JI0T0 1BeTa 03 (PUOJIETOBOM MUTMEHTAIINN M TOUCTHOTO
Hekpo3a. [l mepepaboTKH MCHOJIB3YIOT TO3/IHEcIe-
JIbIE COPTa KAIyCTHI.

Jns mosiydyeHMs KBalI€HOW KamyCThl BBICOKOTO
KauecTBa BaXXHYIO POJIb UTPAET KAYECTBO HCXOTHOTO
ceIpbsi. CpaBHEHHNE PE3yJIbTATOB OMOXMMHUYECKHUX aHa-
JIN30B CBEXXUX U MTOJBEPIIINXCS (pepMEHTALNN KOYaHOB
(5 cyTok) mokasaio, 9To mpu (GpepMeHTAIIUN TPOUCKO-
JIIT MHTEHCHBHBIE OMOXMMUYECKUE PEaKIMK pacraja
caxapos (Tabm. 1).

B cBexux Ko4yaHax MOBBIIICHHOE COACPIKAHNE CYyM-
MBI CaxapoB OTMEUYEHO Yy OYEeHb IO3/IHECIIEIbIX THOPH-
nos Ipectk F| (5,92 %), I'epuornns F, (5,82 %) u Unun-
mms F, (5,2 %), a Taxxke y nosanecnenoro Atinant F|
(5,49 %). V cpennecnenoro rudpuna SIxpomckuii F u
cpennenosanero Cepepsnka F k xonmy 4-x Mecsues
XpaHEHHUS 3HAUYCHNE CYMMBI CaxapoB cocTaBuio 4,38 u
4,30 % cooTBeTcTBEHHO. BbicOKast KOHLIEHTpALUS MO-
HOCaxapoB yCTaHOBjeHa y rubpunos ['epuoruns F
(4,42 %), Upunnnsa F, (4,32 %) u Atnant F, (4,22 %).
Hucaxapos Gonbmie Bcero Hakarmmsaiu [pectnk F|
(1,95 %), T'epuoruns F (1,40 %) u Atnant F, (1,27 %).

Bosbie Bcero cyMMbl caxapoB OCTAIOCh B KBallle-
Hol kamycte y ruOpunos Ipectnxk F, (4,78 %), Kon-
TuneHT F, (4,30 %) u I'epuoruns F, (4,07 %). Beicokas
KOHIIEHTPallUsd MOHOCAaXapoB OTME€UYeHa y THOpUIOB
I'epuoruns F| (3,12 %) u lpectnx F| (3,63%). luca-
XapoB OoJjbiie Bcero Hakarubaniu Kontunent F,
(1,37 %), Hpectux F, (1,15 %) u Jlodponei F, (1,12 %).
3HAYUTEIBHOE CHIKEHHE CYyMMBI CaxapoB OTMEUYECHO B
KBaIeHo# xkanycre ru6punos Uaummus F | (na 54,2 %)
1 Opoeit F, (na 40,4 %). ConepixaHue cyMMBbI CaxapoB
B KBAIICHOH KaIyCTe, 10 CPAaBHEHHUIO CO CBEXKEH, CHU-
3unock Ha 30,1 %, nucaxapos — Ha 18,0 %, MmoHOCaxa-
poB — Ha 33,6 %.

W3 xaxxmoro obpasna KBameHoW KarycThl 0TOOpann
paccout Juis IpoBeACHNs aHau30B (puc. 1).

IIpuopUTETHBIE KOMIIOHEHT CbIPbS, BIIUSIOLIUM
Ha GOPMHPOBAHHUE CBOWCTB, — MHUKPOQIOpa, KOTOpas
IpeBpamaeT caxap B MOJOYHYIO KHCIOTY. MosouHas
KHCJIOTa 10 Mepe HAKOIJIEHHUs MPUOCTaHABIMBAET
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Tabauma 1. Cogepxannue caxapoB B 00pasnax cBekeil 1 KBallleHOW KamyCcThl 0€T0KO9aHHOH, %o

Table 1. Sugars in fresh cabbage and sauerkraut, %

Tubpun Caexas Karycra Kaamienas xamycra
Monocaxapa ‘ Jucaxapa ‘ Cymma caxapoB | MoHocaxapa ‘ JHucaxapa ‘ CymMa caxapoB

CpenHecrenslid

sxpovewuii i | 335+017 | 1,03£005 | 438+£022 | 211011 | 0614003 | 2724014
CpeaHeno3aHuii

Cenepsnka F, 336017 | 094+005 [ 430022 | 239£012 | 038+0,02 2,77+ 0,14
Ilo3nnecnenslit

Arnant F| 4,22 +0,21 1,27 £ 0,06 5,49 +£0,27 2,65+0,13 0,89 + 0,04 3,54+0,18

Bapeins F 4,08 0,20 0,53 +0,03 4,61+0,23 2,46+ 0,12 0,87 + 0,04 3,33+£0,17

Hoobponeii F| 3,93+0,19 0,74 + 0,04 4,67+0,23 2,43+0,12 1,12 +0,06 3,55+0,18

Kunacron F, 391+0,19 0,80 + 0,04 4,71 +0,23 2,91+0,15 1,05 +0,05 3,96+0,19

KonTunenrt F, 4,06 +0,20 0,83 +0,04 4,89 +0,24 2,93+0,15 1,37 +0,07 4,30+0,22

Opuon F, 4,02 +0,20 0,87 + 0,04 4,89 +0,24 2,63+0,13 0,74 + 0,04 3,37+0,17

OueHb No3HeCTEeNbIi

TCepuoruns F| 4,42 +0,22 1,40 £ 0,07 5,82+ 0,29 3,12+ 0,16 0,95+ 0,05 4,07 +0,20

Wnnnmns F| 4,32+0,22 0,96 + 0,05 5,28 +0,26 2,17+0,11 0,25+0,01 2,42 +0,12

Opdeit F| 4,19+0,21 0,70 + 0,04 4,85+0,24 2,41+0,12 0,48 + 0,02 2,89 +0,15

[Mpectux F| 3,97+0,19 1,95+0,10 5,92+0,29 3,63+0,18 1,15+ 0,06 4,78 £ 0,24

Cpennee 3,99+0,19 1,00 + 0,05 4,98 + 0,25 2,65+0,13 0,82 + 0,04 3,48 £0,17

JlaHHBIE CTaTHCTHYECKH AOCTOBEepHHI mpH p < 0,05 (n = 3).

The data are statistically significant at p < 0.05 (n = 3).

‘ bl bid albg ‘ |
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Pucynoxk 1. OT6op paccora JuIst IpPOBEICHUS aHATN30B

Figure 1. Brine selection

pa3sBUTHE JIPYrMX MUKPOOPraHU3MOB U OKa3bIBaeT
Ha MPOIYKIHIO KOHCEPBUPYIOLTUE NEHCTBHUE.

B nanHOM mccieoBaHMM MaccoBas J10Ji1 TUTpYye-
MBIX KHCJIOT B pacdyeTe Ha MOJIOYHYIO KHUCJIOTY BO
BCEX BapHmaHTax ombITa Opu1a Ha ypoBHe 0,81-1,32 %,
B cpeaneM — 1,04 % (tabdm. 2).

Jlonsi MOJIOYHOKHUCIBIX OaKTepHil B KBalllEHHOM
KaIlycTe, IMOJydeHHOW Oe3 HMCIOJb30BaHUS CIELHU-
aIbHBIX 3aKBAaCOK, HE KOHTPOJIUPYETCS U 3aBUCHUT
OT BUJA KamyCThl U 00Imed 00CEeMEHEHHOCTH BCEX
KOMITOHEHTOB. [IpoBenn MHUKpOOMONIOTHYECKHH I10-
CEeB HEpa3BEJEHHOr0 paccoja KamycThl Ha IMJIOT-
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HYI0 THUTaTenbHyI0 cpeny Jlakrtobakarap (mpowms-
Bojcteo ®BYH THI[ TIMB, r. OGonenck). Ycio-
BHS KyJbTHBHPOBAHHS — aHa’pOOHO, onTUMyM pH B
TepmocTtare — 5,5-5,8, Temmneparypa KyJIbTHBUPOBA-
Hus — 36 °C. Pe3ynbTaTsl oceBa MpeaCTaBICHbl HA
pucynkax 2-4 u B Tabmuue 2. Jus onpenerneHus
KOJIMYEeCTBA MHUKPOOPTAaHU3MOB IPOBEIH IOCEB U3
pa3Benenuit (puc. 3).

Ha wamkax IleTpu Bo BcexX HcciIeayeMbIX 00pasmax
1 110 MUKPOCKOIIMH OTIPEIEIISIOTCS KOJIOHHU TPEX BUI0B
MOJIOUHOKHCIBIX Oaktepuit — Lactobacillus plantarum,
Lactococcus sp. u Lactobacillus brevis. B npensiny-
X HCCJIEOBAaHUSAX B KBAIIGHOH KamycTe, NMPHUTO-
TOBJICHHON M3 OTEYECTBEHHBIX COPTOB M TMOPHIIOB B
ycaoBusx MoCKOBCKOM 00acT, oOHapyKeHbl Leuco-
nostoc mesenteroides, L. plantarum, Lactobacillus
cucumeris u L. brevis [18]. Lactobacillus MmoryT mpo-
IyIUPOBaTh MOJOYHYIO KHCJIOTY W pa3iIHYHBIC aH-
THUMUKPOOHBIE BEIIECTBA, TaKWE KaK OaKTEPHOLMHBI,
KOTOpbIE MOTYT HMHTHOHMpOBaTH B Tpomecce ¢dep-
MEHTallMd pOCT MATOTEHOB M MHKPOOPTaHU3MOB,
BBI3BIBatOmKX mopuy [19, 20]. BricBoOoXneHHE MO-
JIOYHOHM KHMCIIOTBHI MOJOYHOKHUCIIBIMU OaKTEpUSIMU HE
TOJBKO CHIKaeT pH 1 mHTHONpYET MUKPOOPTaHU3MBL,
BBI3BIBAIOLINE [TOPYY, HO OKa3bIBACT MOJIOKHUTEIbHOE
BIMSHHE Ha OPTaHOJCNTHYCCKHE XapaKTECPUCTUKH
KBaIlICHOW KaIyCThI 32 CUET 3TePUPHUKAIUH CIIUPTAMH,
YTO YMEHBIIACT pa3IpakarolInii BKyC U 00ecTieunBacT
ycuiieHue apomata [21].
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Tabmuua 2. ComepkaHue TUTPYEMBIX KHUCIOT
B IIepecueTe Ha MOJIOYHYIO KHCIOTY B KBAIICHHOH KarycrTe,
IIPUTOTOBJICHHOH M3 Pa3IMYHbIX THOPHUIOB

Table 2. Titratable acids in terms of lactic acid in sauerkraut
from various cabbage hybrids

T'ubpun MaccoBast 107151 THTPYEMbIX KHCIOT

B pacuere Ha MOJIOYHYIO KUCIOTY, %o
CpenHecrnienslit

Sxpomcknii F, ‘ 0,81 +0,04
CpenHeno3aHui

Cesepsinka F| ‘ 0,94 +0,05

Tlo3naecnensbrit

Arnanrt F, 1,20 + 0,06

bapeus F, 1,10 = 0,06

Hobponeii F| 0,85 +0,04

Kunacron F| 1,30 +£ 0,07

KonTunenr F, 1,02 £0,05

Opuon F, 1,28 + 0,06

O4eHb MO3/IHeCTeNbIH

Tepuoruns F, 0,85+ 0,04

Wnnnms F| 0,86 + 0,04

Opdeit F| 1,32+ 0,07

Ipectnx F| 0,90 + 0,05

Cpennee 1,04 + 0,05 PucyHok 2. MUKpOOHOJIOTUYECKHH TOCEB paccoa

M3 IPEJICTABICHHBIX 00pa3ioB (MOCeB paccoiia
0e3 passenenus): | — Ipectmxk F; 2 — Kunacton F ;
3 — Arnant F; 4 — Unnms F; 5 — SIxpomcknii F
6 — Jlo6poneii F; 7 — Konrunent F; 8 — Cesepsanka F ;
9 — bapeins F; 10 — I'epuoruns F; 11 — Opuon F;
12 — Opdpeit F,

JlaHHBIE CTATUCTUYECKH JTOCTOBEpHBI Ipu p < 0,05 (n = 3).

The data are statistically significant at p < 0.05 (n = 3).

Figure 2. Microbiological inoculation of undiluted brine:
1 — Prestizh F ; 2 — Kilastop F ; 3 — Atlant F ; 4 — Idillia F ;
5 — Yakhromskiy F ; 6 — Dobrodey F; 7 — Kontinent F ;
8 —Severyanka F; 9 — Barynya F; 10 — Gertsoginya F ;
11— Orion F; 12 - Orphey F,

KonnyecTBo K0JIOHMH OACYUTHIBAIM KaK BPYUHYIO,
TaK U ¢ IOMOIIBIO ABTOMAaTHYECKOT0 CUETYHNKA KOJIOHHH.
O011ee KOJIMYECTBO MUKPOOPTraHU3MOB B paccoJlie KBa-
LICHO# KamycThl BapbupoBanock oT 8,17 + 0,04x107
(Cesepsnka F)) 1o 1,07 £ 0,03x10° (Atnant F ) KOE/cwm’.

MukpoOHoe pa3zHooOpa3ue 3aBHCHT HE TOJIBKO OT
mporecca pepMeHTaIiK, HO 1 OT cpeabl [22]. [Iposenn
IOCEB paccoJlia KBAalIeHOW KalyCcThl Ha HAJIW4YUe B 00-
pasuax JIpoxoked u mieceHei. PesynbraTsl MEKpOOHO-
JIOTHYECKOTO TI0CEBa paccojia KBAIICHHOW KaIyCThl
mo 'OCT 10444.12-2013 npuBeneHs! B Tadmuie 4.

PesynpraThl mocesa nokasanu, 4to B rudbpuzne Ku-
ngacton F, mpHcyTCTBYeT HEOOJBIIOE KOJHUYECTBO
JIpoxokel. Bee ncnpitanHbie 00pa3ibl COOTBETCTBYIOT

Pucynok 3. MukpoOHosIoruueckuii moces paccoina
KBalIeHHOU kamycTol (1:5)

Figure 3. Microbiological seeding of sauerkraut brine (1:5)

Pucynox 4. MUKpOCKOIIUS paccoiia KBalleHHON KaIyCThbl MHKPOOHOIOTHYECKUM TPEOOBAHUAM, IPEABIBIICMBIM
B pasBesieHnu 1:5 (o6pasubr Ne 2 u 8) k nuiieBbiM npoaykram (TP TC 021/2011).
Figure 4. Microscopy of sauerkraut brine diluted as 1 to 5: OtcyrcTBre B MccienyeMbIX 00pasnax ApOXIKei

samples 2 and 8 U TUIeceHel 3aKOHOMEpPHO, T. K. IO Mepe HaKOIICHUs
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Tabmuua 3. O61ee KOITUIECTBO MUKPOOPTaHU3MOB B
paccoJie KanycThl KBall€HO!, IPUTOTOBIEHHON
M3 pa3jInYHbIX COPTOB

Table 3. Total microbial count in sauerkraut brine samples

Tubpusn OO0111ee KOIMIECTBO MHKPOOPTaHH3MOB,
KOE/cwm?
[pectux F| 1,46 +£0,03x10°

Kunacron Fl

1,10 +0,03x10°

Arnant F

1,07 £ 0,03x10°

Wnnnnus F1

1,10 £ 0,03x10°

SIxpomckuit F,

1,08 +0,03x10°

HoGponeii F, 9,34 +0,04x10°
Konrunent F, 5,67 £0,03x107
Cesepsnka F, 8,17 £0,04x107
bapprms F, 7,36 +0,04x107
Iepuoruns F, 1,49 £0,03x107
Opuon F, 2,28 £0,03x107
Opdeii F, 2,92 +0,03x107

JlanHbIe cTaTHCTHYECKHU JOCTOBEpHBI pu p < 0,05 (n = 3)

The data are statistically significant at p < 0.05 (n = 3).

Tabmuma 4. Pe3ynbTaTel MEKpOOHOIOTHYIECKOTO TOCEBA HA

HaJlMuue B PAccoJie KBalleHHOMN KamyCThl IpOAOKEN
U IjleceHen

Table 4. Microbiological culture results for yeast and mold in

sauerkraut brine

I'ubpun PasBenecuue Hpoxoxu, IInecenu,
KOE/cMm? KOE/cwm?
Mpectx F| 10? 0 0
10° 0 0
Kunacron F| 10? 1,3x10° 0
103 0 0
Atnant F, 10? 0 0
10° 0 0
Wpunus F| 10? 0 0
10° 0 0
Sxpomckuii F| 10? 0 0
10° 0 0
HoGponeii F| 10? 0 0
10° 0 0
Kournnent F 102 0 0
10° 0 0
Cesepsnka F, 10% 0 0
10° 0 0
Bapbms F 10? 0 0
103 0 0
Iepuoruns F| 10? 0 0
103 0 0
Opuon F| 10? 0 0
10° 0 0
Opdeii F, 102 0 0
10° 0 0

JlaHHBIE CTAaTHCTUYECKU AOCTOBEpHBI pu p < 0,05 (n = 3)

The data are statistically significant at p < 0.05 (n = 3).
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MOJIOYHOH KHCJIOTHI MOCTENEHHO MOAABIIAETCS KU3HE-
JICSITENIBHOCTD HEKENaTeIbHOW MUKPO(IIOPHI, a TAaK¥Ke
npeodIagaroT MOJOYHOKHCIIbIE OaKTEPUHU OCHOBHO-
ro 6poxenus. Hammune B Kunacton F, ne6onburoro
KOJIMYECTBA APOXKKEH JOMyCTHMO, OHO BO3MOXKHO Ha
KOHEYHOM 3Tamne KBallCHHSI.

[To okoHYaHWM (EPMEHTALNU U C HACTYIUICHHEM
MeproJa XpaHEeHNUs B KBANICHON KallyCcTe IIPOJOIIKa-
I0TCSl MUKPOOHOJIOTHYECKHE TTPOLIECChl, CBOHCTBCHHBIE
nepuony (epMeHTAalMU, HO B MHBIX TEMIIaX U HHOM
cooTHOomeHHH. OCHOBHOM NpOLECC — MOJIOYHOKUCIIOE
OpokeHne — 3aTyxaeT U IOCJIe U3PACXOJ0BAHUS OC-
TAaTKOB caxapa Ipekpamaercs. B To xe Bpems akTu-
BU3UPYIOTCA M0OOYHbBIE npouecCbl — CHHUPTOBOC U
YKCYCHOKHCIIOE OpOKECHHUS, KOTOPhIE CTAHOBATCS TIPE00-
JaaroIUMU.

Hawnmydmmmy BKyCOBBIMHU JIOCTOMHCTBAMH 00/1a1aeT
Karrycra, B KOTOpOH mporecc OpoKeHus He JOBEACH 10
KOHIIa, T. €. JI0 TTOJIHOTO cOpakuBaHus caxapa. Hannune
caxapa IpH HeOOJIBIIIOM KOJHYECTBE KHCIOTHI IPUAAET
KaIycTe NPUITHBIA BUHHO-COJIOHOBATHIN BKyc. Korma
OpoxeHue 3axonuT Oolee TIIy0oKo, T. €. COBIAZAET CO
BpeMEHEM OKOHUYaHUs (pepMeHTalUH, TO COAepKAHHE
KHCIIOTBI B KalycTe mpeBbimaeT | % u goXoauT 10
1,3 %. B aToMm cioyuae B Helt octaercs ot 0,5 no 1 %
caxapa. Kamycra mpuoOperaeT Gojee OCTphIi BKYC,
HO B JIaHHOM CJIy4ae OCTPOTa BKycCa CMsT4aeTcsl Ha-
Ju4YueM HeOOJBIIOTO KOoMHYecTBa caxapa. Bkyc Mox-
HO 0XapaKTepHU30BaTh KaK KHUCIOBATO-COTOHOBATHIMN.

depMeHTHPOBaHHBIE MPOJYKTHI OBLIN YacThIO pa-
[MOHA YEeJIOBEKa HA MPOTSKEHUU BEKOB U CBS3AHBI C
Pa3IUYHBIMU [IPEUMYIIECTBAMH IS 3I0POBbSI, BKIIIO-
Yasi JIOJIr0JIeTHE, CHIDKEHUE PUCKa METa0O0INYECKUX U
MMMYHHO-OTIOCPE/IOBAaHHBIX 3a00JIeBaHUI M yiydine-
HUe O0IIEro COCTOSIHUS 310pOBbsl. ExxeiHeBHOE TOTpEO-
JICHUE KBAIIEHOW KamycThl B TEUEHHE IIECTH HEIENb
BBI3BIBAET U3MEHEHHUs B MUKPOOHOM COCTaBe KHIIIEU-
HUKa, COMPOBOXK/IAIOLINECS YIYUIICHUEM KEJIyT0THO-
KHMIIEYHBIX CUMIITOMOB Y ITALIMEHTOB C CHHJIPOMOM pa3-
JpaxxeHHOTo kuiieyHuka. Kpamenue (pepmenTarius)
MOBBIIIACT IUTATEIbHYIO IEHHOCTh NHINEBBIX MPO-
JIYKTOB: B Ipolecce (epMEHTAIMH CUHTE3UPYIOTCS
10JIE3HBIE JIAKTOOAKTEPUH U COXPAHSIIOTCSI BUTAMHUHBI,
OMOJIOTUYECKU aKTUBHBIC MENTUABl U (PUTOXHUMHYEC-
Kue BemecTna. g oBomelt MOJTOYHOKHCIOE Oposke-
HUE SIBIISIETCSl PACIPOCTPAHEHHBIM THUIIOM OpO’KEHUSI.
Hanpumep, mis npou3BojacTBa KBalI€HOW KamycCThl.
B mponecce gpepmeHTanIMM MOJIOYHOKHUCIIBIE OAaKTEPUH
MIpEeBpaIlaroT YIIeBOABI, COEpKAIIUECs B CBIPBIX OBO-
I1aX, B MOJIOYHYIO KHCIIOTY. DTO MPUBOAMT K NaJECHUIO
pH, 4T0 mpenoTBpaIaeT pocT HeKeTATENbHBIX MUKPO-
00B, TaKUX KaK IJIECEHb, U HEMPABIILHOE OPOXKEHHUE.
KBamenyto xamycty u Japyrue (GpepMEeHTHPOBAHHEIE
OBOIIM OOBIYHO NPOM3BOIAT IYyTeM H00aBICHHS CO-
JeBoro pacTtBopa. McciempoBaHus MOKa3aiH, 4TO BCe
HUCIIbITAHHBIC OTCUYCCTBCHHBIC FI/I6pI/I,HI>I KamycCThl 66.]'[0-
KOYaHHOW TPUTOJHBI JJIsi KBALICHWS Jake TII0CIe
JUIUTEIBHOTO XPaHEHUS.
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BoiBoasb! Kpurepun aBropcrna
HUcnpiTaHHBIE OTEYECTBCHHBIC FI/I6pI/I,Z[LI KaITyCThbI Bce aBTOpHI Y4aCTBOBAJIM B MJIaHUPOBAHUU H II0-
GemokoYaHHOH MOTyT OBITh 3aKBAalleHbl COOCTBEH-  craHoBKE IKCIEPHMEHTA, A TAKIKE B AHATH3E IKCTIEPH-

HOH MOJIOYHOKHCIIOH MUKPOQIOPOii, 6€3 MpUMEHEHUS
CIICHAJIbHBIX 3aKBACOK JJId KBAILICHHUA OBOmeﬁ, C 11o-
JYYCHUCM NPOAYKTA C BBIPAKCHHBIMU TpaAUIIUOHHBI-
MU OpraHOJENTHYECKUMH CBOMCTBAMH.

Ha ocHoBaHMM pe3yJnbTaTOB KCIIEPUMEHTA MOKa-

PUMCHTAJIbHBIX JaHHBIX U HATUCAHHUU CTATbHU.
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AHHOTAIHS.

TIpeanpustust 00IIECTBEHHOTO MUTAHKS TPUOOPETAIOT BCe OONBIIYIO 3HAYUMOCTD B 00€CIICUeHNH HaceIeHUs] POocCHE 3J0pOBBIM
MHATaHUEM. DTO IPEIIPULTUS MAIOro OU3HECa, HE HMCIOIUE OTIbITa MHHOBAIIMOHHON ACATEIBHOCTUA. AKTYaTbHBIM SIBIISCTCS
omnpeeseHIe TIEPCIeKTHB HHHOBAIMOHHOTO Pa3BUTHSI MPEANPHITHI, YIUThIBarOIIee crienuDUKy ux GopM cOOCTBEHHOCTH,
pa3Mep | 11eeByI0 OpueHTanuo orusHeca. Llenp uccienoBanus — pa3paboTka PEKOMEH AL 110 PECTPYKTYPU3ALUH TP IIPHSTHIA
Ha JTare Nepex0IHOro Nepruoia K HNHHOBALMOHHON CTPaTeruu Pa3BUTHS.

O0ObeKTaMK MCCIIeIOBAHMUS SIBISUTUCE TIPEINPHUSATHSI OOMIECTBEHHOTO TUTAHUS U €0 HHHOBAIMOHHBIN TOTeHIHAN. J[JIsT BBISIBIICHUS
crienu(pUKU ACSITEIBHOCTH MPEINPUATHN U (AaKTOPOB, CTOCOOCTBYIONIUX U CACPKUBAIOIINX UX PA3BUTHE, IPUMEHSIIH METOT
aHanu3a. B ocHOBY pa3paboTKH peKOMEHIAIMI B BUJIC MPOIECCa PECTPYKTYPU3AIMH B pAMKaX CIICHAPUECB MPUMECHHUTEIBHO K
KOHKPETHBIM MPEANPHUITHSIM [OJ0KEH METO/I CHHTEe3a.

AHanu3 npeArnpusTHA OTPACIIH, B 3aBUCHMOCTH OT LIEJIH AeSTeIbHOCTH, TIO3BOJIIII Pa3/Ie/IUTh X Ha KOMMEPUYECKHE H COLHATbHO-
OPHCHTHPOBAHHBIC, & TAK)KE ONMPEACINTh UX MPEUMYIIECTBAa U HepocTaTku. OOMMM TSl BCeX SIBISIOTCS JIELEHTPaNTH3aIus,
MHOTOYHUCJIICHHOCTh U MHOTO(OPMAaTHOCTh, YTO OCIIOKHSICT BHEJAPCHUE HOBIICCTB M CTpATErHUYecKoe pasBuTue. Mmerommiicst
OTIBIT MMOKA3bIBACT LIEICCO00PA3HOCTh PECTPYKTYPH3AIMH Ha ITAIC MEPEXOIHOTO MEPHOAa C TOYKH 3PECHHUS COBEPIICHCTBOBAHNUS
CHCTEMBI yrpaBieHus. J{Jst peanu3aiin 3Toro mpolecca MpeaiokKeHbl epeueHb CIeHATNCTOB, 00JIaAaI0MINX KOMIIETSHIMSIMA
B 0071aCTH HHHOBAIMOHHON JIEATEIBHOCTH, U MaTPHUIA CTPATETHIECKUX PECYPCOB.

AyauT IpeAnpusTAd 0ONIECTBEHHOTO MUTAHUS MO3BOJSET OICHUTh UX KOHKYPEHTOCIIOCOOHOCTh M MOKa3aTh BO3MOKHOCTH
U TIEPCIEKTUBBI CcTpaTernueckoro pasputus. Cpeau (pakTopoB, CACPKUBAIIINX PA3BUTHE OTPACIHU, KIOUYCBBIM SBIISCTCS
OTCyTCTBHe KallpOB JJIs1 MHHOBaLII/IOHHOP'I JCATCIBbHOCTHU U OIIbITA B HEH. AKTyaﬂbHOﬁ SIBJIACTCA IMOATIOTOBKA CIICITUAJIMCTOB HOBOI'O
¢dopmara. Perrenne 3Toit 3a1a4n HAXOAUTCSI B KOMIIETEHIIMK TPOQUIBHBIX YHUBEPCUTETOB U PErHOHAIBHON HHHOBAIHOHHON
HHPPACTPYKTYPBI, KOTOPBIE HMEIOT 00pa30BaTEIbHBIE IPOrPAMMBI [I0 HHHOBAIHOHHOMY MEHE/KMEHTY JIJIsl COOTBETCTBYIOIINX
oTpacien.

Kiatouesbie cioBa. O01ecTBeHHOE NUTAHUE, HHHOBALMOHHAS ACATEIBHOCTD, PECTPYKTYPU3ALUs, KaAPbl, CTPATErUsl
Jasi uuTHpOBaHUs: AHaJIM3 M INEPCNEKTHBb MHHOBALIMOHHOTO PA3BUTHS HPEANPHUSATHH OOIIECTBEHHOrO MUTaHUS /

JI. A. Maropuukosa [u 11p.] // TexHuKa n TeXHOIOTHs NHIIEBBIX Tpor3BoAcTB. 2023. T. 53. Ne 1. C. 140-149. https://doi.org/10.21603/
2074-9414-2023-1-2421
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Abstract.

Public catering has become an important healthy food provider in Russia. As a rule, this sphere is represented by small
businesses with no experience in innovation. Their prospects for innovative development depend on the form of ownership,
size, and target audience. The present research objective was to develop recommendations on how to restructure a public
catering enterprise as part of an innovative development strategy.

The study featured public catering enterprises together with their innovative potential, activities, and factors that contribute
to or hinder their development. The innovative restructuring scenarios were based on the synthesis method.

The authors developed a goal-centered classification which includes commercial and socially oriented public catering enterprises
with their own advantages and disadvantages. The list of disadvantages includes decentralization, overstaffing, and multi-format,
which make it difficult to introduce innovations and strategizing. The restructuring process requires a new management system
optimized by specialists competent in the field of innovation, as well as a new matrix of strategic resources.

An audit of public catering enterprises makes it possible to assess their competitiveness and strategic prospects. The current
lack of personnel with experience in innovations hinders the development of the industry. Universities and regional innovation
infrastructure should provide public catering with specialists in innovation management.
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BBeaenue I'M-2020 chopmupoBan Ha ocHoBe 80 mokaszaTesei,

B Vkazax Ilpesunenrta Poccuiickoit ®@enepaunu 00BCMHCHHBIX B CEMb HAIIPABIICHUH aHanu3a. PeTuHr
Ne 642 ot 01.12.2016 1. m Ne 899 or 07.07.2011 r. 2020 r. BosriaBuia lllBeiinapus. B nepsyro necsaTky
MHHOBALIMOHHBIN IyTh pa3BUTUs oTpacneil B Poccun souutn HIBenws, CILIA, BenukoOpuranus, Hunepnanabl,
OTIpeJIeNIeH KaK IMPUOPUTETHBINA. 3apyOeKHBIH ONBIT Janus, Gunnsuaus, Cunranyp, ['epmanus u Pecny6-
CTpaH — TEXHOJOTHUYECKUX JUIEPOB MOKa3biBaeT Bbl-  Juka Kopes. Poccus 3ansna 47-e mecto. iHTEpec B 3TOM
COKyI0 3 (QEeKTUBHOCTh 3TOr0 HampaBieHHs. Hampu-  HampaBiieHUM MTPEJCTABISIOT arpoNpo0BOJIbCTBEHHbIE
Mep, ¢ Havasna 2000-x rr. koHcopuuyM KopHenbckoro PBIHKH, 00€CIIeYnBAIONINE CTPAHBI MUPA MIPOIYKTAMH
yuuBepcurera (CILHA), Ilkonsr 6usneca INSEAD nutanus [1-4].
(®pannus) n BceMnpHO# opraHU3aIiii HHTEIICKTYalb- B Poccuu, Kak U B Apyrux crpaHax, UMEeT MECTO
HOM COOCTBEHHOCTH KaXJbIi Toa GOopMUPYET NOKIAL MIPOCTPAHCTBEHHAS] U OTpacieBas HEPaBHOMEPHOCTH
«['mobGanpHeIi MHHOBaNMOHHBIM wHACKCE» ([TMH), B MHHOBAIIMOHHOTO Pa3BUTHs. [I[pUYHHBI MOTYT OBITH Kak
KOTOPOM OTPaXaloTCsl PEe3yJbTaThl COINOCTABHTENb-  OOBEKTHBHBIMH, TaK U CyOBEKTUBHBIMHU. K 00BEKTHB-
HOTO aHaJlM3a UHHOBALIMOHHBIX cucTeM 131 cTpaHsbl u HBIM NIPUYUHAM MOKHO OTHECTU MPUHIIUII KLEHTp — TIe-
UX PEUTHHT MO YPOBHIO MHHOBAIIMOHHOTO Pa3BUTHUSA. pudepus», OrpaHUYEHHOCTh YKOHOMHYECKHX PECYPCOB,
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HaJM4nue W aKTUBHOCThH 3JIEMEHTOB MHHOBAIIMOHHOM
nH(QPaACTPYKTYpPbl, HAUINYHE WHHOBAIIMOHHOTO MOTEH-
uuaga OpearpusaTHil W OoTpacid B ILEJNOM, BKJIal
oTpacnu (6a30Bble W OOCITYXMBAIOIIHE) B Pa3BUTHE
peruona [5-7]. [lo MHEHUIO aHaIUTHKOB, CUTyaLUs
00BsicHAETCS HU3KOH 3P PEKTUBHOCTHIO MHCTHTYTOB,
(hopMUPYIOIIUX YCIOBHUA [UIsl IHPEANPUHUMATENbC-
KOH ¥ TBOpUECKOl nedarenbHoCTH. CyObeKTUBHBIC TPH-
YUHBI ONPEJEISIIOTCS MOl 3aMHTEPECOBAHHOCTHIO
NpCANTPUHUMATEIBCKOIO CEKTOpa B MHHOBAITMOHHBIX
pa3paboTKax, HU3KMM YPOBHEM KOMMeEpPIHAIN3aINH
WHHOBAIMI{, HEIOCTAaTKOM BBICOKOTEXHOJOTHYHOTO
o0opynoBaHus U OePHUIUTOM KaJApOB [JIsi HMHHOBA-
LHUOHHOM JiesITeNbHOCTH. [IpUurHBI HEpaBHOMEPHOCTHU
WHHOBAI[MOHHOTO Pa3BUTHsI XapaKTEpHBI IS Mpej-
NpUATHI Majoro W cpeaHero OusHeca. OTO CBHU-
JETENBbCTBYET 00 aKTyalbHOCTH INPOBEACHMS HCCIIE-
JIOBaHHWH II0 OIICHKE WHHOBAIIMOHHOTO MOTEHIHAaJa
MPENPUSATHH OOLECTBEHHOTO MUTAHUS KaK DJIEMEHTOB
HaIlMOHAJIbHOW MHHOBAIIMOHHOMW cucTeMbl Poccum m
pa3paboTKH MEpOIPHUSATUI MO €ro IMOBBIIIECHHUIO.

B coBpeMeHHBIX YCIOBHSIX pa3BHTHS OOIECTBA,
Korja 0a30BBIMHM COCTABJIAIOIIMMHU YCIICUIHOCTH SIB-
JSIOTCS YEJIOBEUECKMH M WHTEJUIEKTYaJIbHBIH Kalu-
Taj, K IPUOPUTETHBIM HANPABJICHUSM HCCIIEIOBAHUI
HEoOXO0IMMO OTHECTH NHTAHHME M 3/0pPOBbE Hacele-
Hus. HampasieHuss pasBUTHS HAyKd O NHUTaHHUH
(HYTpPHUIIMOJIOTHS) ClIelyeT pacCMaTpUBATh B COBOKYII-
HOCTH Ha BCEX JTamax IpoIlecca «OT HMJIEH HOBOTO
MIPOIYKTa A0 MOTPEOUTENA», T. €. OT TeHEPALUU UACH
HOBOTO IIPOJYKTA, €r0 MPOSKTHPOBAHUS, pa3pabOTKH
W BHEJIPEHHsI B IPOM3BOJICTBO JIO JIOBEACHUS 10 MOTpe-
outens. BaxxHol cocraBisiomeld JaHHOTO Mporecca
SBIJISIETCSI OLIEHKA COLMAIBbHOTO U 3KOHOMHYECKOTO
3¢ dexra moTpeOaCHHUS, T. €. OJOKHUTECILHOTO BIUSHUS
Ha COCTOSIHHE 37J0pOBb [8].

Jlist mpakTHYecKOW peaan3alii WHHOBAIIMOHHBIX
pa3paboTOK HAy4YHO-00pPa30BATEIbHBIX YUYPEIKICHUIM
1[eJeCO00pa3HO JaTh OICHKY HEPCIEKTHUB Pa3BUTHS
MPEANPUATHIH OTPACIIH, OCYIIECTBISIONINX BHEAPECHUE
HOBIIECTB, B TOM YHCJIE€ B BHJE HOBBIX TEXHOJIOTHH
CHEeUAIU3UPOBAHHBIX MPOJAYKTOB NMUTAHUS, U I1OCIE-
JyIoIiee BBIBEJICHHE UX Ha PBIHOK. Perienne 3Tux 3a1a4
BXOJUT B (QYHKUUHU NPEINPUITHH NMUIIEBOW W mepe-
pabarbIBalolIeil MPOMBIIUICHHOCTH W TPEINPHUSITHI
00IIeCTBEHHOTO MUTAHMS KaK 9aCTH arpoNpOMBIIIIICH-
HOTro KoMIUTeKca. [IpeanpusiTus 00IeCTBEHHOTO TUTa-
HUSI, IOMUMO IPOIECCOB IPOU3BOICTBA U peaU3aliu
MPOIYKINH, IPEOCTABISAIOT YCIYTH 110 OPTaHU3AINH
ee norpebaeHus. To 00BsICHACT cIeunPUKY OTPaCIH
U OTpEJICJICHHBbIE CII0)KHOCTH B OILIGHKE IEepPCIEKTHB
WHHOBAI[MOHHOTO Pa3BUTHA.

Llenpto paboTHl SBISUICS aHAIW3 CHEIUPUKA
JACATCIBbHOCTHU Hpe}alI/lﬂTI/Iﬁ O6LL[€CTB6HHOFO IIMTaHUA
¢ mocnenyromeil pa3paboTKoil pPEeKOMEHIANHWi 1o
PECTPYKTypH3alH Ha TAIe IMePEexXoHOTO Iepruoia K
WHHOBAI[MOHHOMY Pa3BUTHIO.
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OOBEKTOM HCCIEAOBAHHUS CTAIU TPEITPHSITHS
0OIIECTBEHHOTO MUTAHUS KaK MPEACTABUTENN MAJIOr0
Ou3Heca M Y4YacCTHHKHM Tpolecca oOecredyeHHus Hace-
JICHUSA 300POBBIM MUTAHUEM, a TAKIKE l/IHHOBaIJ,I/IOHHbII‘/II
MOTEHIUAJ MPEIIPUATHS, KOTOPBIM JOJIKHO 001a/1aTh
MpeInpusaTHE IPH epexo/ie Ha NHHOBAIIMOHHBIN TYTh
pa3BuTusd. B 3TOH CBA3M NPENCTABISIET UHTEPEC 1ATh
MOHATHE NHHOBAILMOHHON JEATEIBHOCTH B c(hepe MUTaHuUs
U OTJICIBHBIX €€ COCTABIISIONINX.

VHHOBalMOHHAS IESTEIIBHOCTD — 3TO JESTEILHOCTB M0
HAKOIUIEHHUIO U MCIIOJIb30BAHUIO HOBBIX 3HAHUH B LIENAX
pa3pabOTKH HOBBIX TOBApOB, TEXHOJOTHH M YCIyT UX
MPOM3BOICTBA U KOMMEPIMAIN3AIMHN ITyTEM BBIBEJICHHS
Ha PBIHOK ISl YOBJICTBOPEHUS nmoTpedureneit [9—11].
VIHHOBanMOHHASA NIEATEIBHOCTh — 3TO JEATEIbHOCTD
YYaCTHHUKOB Ipoliecca, 3ajadeil KOTOPBIX SBISIETCS
MOJTOTOBKA KaJAPOB /ISl HHHOBALIMOHHOH JIEATEIbHOCTH
B MPO(MITEHOMN OTPACITH, UMEIOIINX 3HAHHS M CTIOCOOHBIX
pa3pabaThiBaTh MHHOBAI[MOHHBIE TOBAPHI U TEXHOJIOTHH
B paMKaX MHHOBAIMOHHOI'O NPOEKTa MPUMEHHUTEIBHO
K KOHKPETHOMY NPOHW3BOJCTBY INPH HAIUYUH CIIPO-
ca moTpeduTeNis Ha 5TO HOBIIECTBO. YYacTHHKa-
MU MHHOBAIlMOHHOTO TMpollecca SBISIOTCS HAay4YHO-
o0pazoBaTenbHbIC OPraHN3aINH, OCYIIECTBIIOINE pa3-
paboTKy HOBIIECTB U MOATOTOBKY KaJpOB Ul OTPAciHy,
NPEANpPUATUSA, TOTOBBIE BHEIPATH pa3paboTaHHBIC
HOBIIIECTBA B BHJC WHHOBALMOHHBIX IMPOEKTOB IJIA
MOCJICYIONIETO BBIBEJCHUSI Ha PBIHOK C IIENBIO
YIOBIECTBOPEHUSI OTPEOUTENECH U MOTyYeHUs] IKOHO-
MHu4YecKkoi 3((PEeKTHBHOCTH, TOCYIapCTBO KaK JIHIIO,
3aMHTEPECOBAaHHOE B MHHOBAIIMOHHOW JEATEIbHOCTH
M OCYUIECTBIISIONIEE OPraHU3alMOHHYI0 M (UHAHCO-
BYIO MOJJIEPKKY depe3 paznuuaabie OoHAbI, 1 HHHOBA-
[IMOHHAs HHPPACTPYKTYypa, CO3AaI0IIas OJIaroNpusTHYIO
00CTaHOBKY JJISl Pa3BUTHS WHHOBALIMOHHOM JEsITEb-
HOCTH B OTPacCiH/peTrnoHe.

PesynpraToM  MHHOBALIMOHHOW  JI€ATEIBHOCTH
NPUMEHHUTEIBHO K cdepe NMUTaHusi OyAeT SIBISATHCS
MOBBIIICHNE KAaYeCTBa MHIIEBON MPOAYKIHNH, HOBBIC
WIM YJIy4IIEHHBIC IHIIEBbIE IPOIYKTHI, BKIIOYas
CIICUAIN3UPOBAHHLIC IJIA PA3HBIX I'PYIIIl HACCJICHUA,
HOBBIE TEXHOJIOTUU UX MPOU3BOJCTBA C IPUMEHEHUEM
HOBOTO CHIPbs, HOBBIE ()OPMBI OPTaHU3AIUN U YIIpaB-
JICHUS, TIO3BOJISIONIUE TOBBICUTh 3()PEKTUBHOCTD
MPOU3BOJICTBA.

Jist ocyiecTBIEHUsI ”HHOBAIMOHHOM €A TEIBHOCTH
nNpeAnpuiATHEC TO0JIKHO O6HaﬂaTb WHHOBAIIMOHHBIM I10-
TeHIMaaoM. VIHHOBAIlMOHHBIM MOTEHIIMA — CTENEHb
TOTOBHOCTH TIPEANPHUATHS K peanu3aliy HOBIIECTBA
(MHHOBAaIIMOHHOT'O MPOEKTA), CO3JJAHHOTO CBOMMH CHJIAMU
B moxapazneneHusx HUOKP wim npuobpereHHoro B
BH/JIC TIATCHTOB, JINIIEH3UH Ha N300peTEeHNs U HOY-Xay
uT. . [9].

B uccrnenoBaHuM MPUMEHSIN TaKWE METOMBI, KaKk
aHaIM3 U cHHTE3. Tak Kak MpeaMeTOM HCCIeA0BAHUS
SBIISIOTCSL TIPEJNPUATHS OOIIECTBEHHOTO NHUTAaHMUS,
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TO Ui BBISABICHHS MEPCIHEKTUB pa3paboTKH UHH-
HOBAI[MOHHOW CTPAaTerud MPOBOIMIN aHaJIH3 CIIe-
UU(QUKA [eSTETBHOCTH MPEINPHITAN KaK CHCTEMBI
JUISL BBIJCJICHHUSI (aKkTOPOB, CHOCOOCTBYMOIHUX (I0C-
TOMHCTBA) WU CICPKUBAIOIINX (HETOCTATKH) Pa3BH-
te. CHHTE3 Kak METOJNl MCCICIOBAHUS TMPUMCHSIIH
C LEJBI0 pa3paboTKM PEeKOMEHAALMH B BUAE MpOLEC-
ca PeCTPYKTYPH3aLUU C BBIICICHUEM CIICHHATIHCTOB
1 uX (QyHKUHH, a TaKKe CTPATETHYECKHUX CPEACTB
IUISL €r0 pealn3alliid B paMKaX CICHAPHEB MPUMEHH-
TEJIFHO K KOHKPETHBIM MPEANPHUATHIM 00IECTBEHHOTO

Pe3yabTaThl M HX 00CyKIeHHE

[TpeanpusiTust 0OMECTBEHHOTO MMTAHUS OKa3bIBAIOT
YCIIYTH MUTAaHUsS U 00CITY)KUBAHUS IPAKTUIECKU BCEM
CI0SM HACEJCHMs, B TOM 4YMCIE JJIS MPOPHIAKTHKU
U TIOAJEpKAHMUSA JIEYeOHON Tepanmuu NpPH aJInMEH-
TapHO-3aBUCUMBIX 3a00JIeBaHHAX. B CBs3M C 3THM
MPEJCTaBIAET HHTEpPEC BBISBIEHHE HAa OCHOBAHUU
CYIIECTBYIOUIMX KJacCU(pUKALUNA TPENnpHsITHIH pac-
LIMPEHHBIX OTJIMYUTEIBHBIX IPU3HAKOB, XapaKTep-
HBIX JUIS TIPEANPUATHH OONIECTBEHHOTO MHUTAHUS, C
LEJIBIO MX yUeTa NP pa3paboTKe CTpaTeruii pa3BUTHS

IIUTaHUs.

(tabm. 1).

Tabnuua 1. OcobeHHOCTH NPEAIPUATHII 00IECTBEHHOTO TUTAHNUS

Table 1. Catering enterprises: main features

[Mpusnak KrnaccuguxanuonHas rpynmna [IpuMeHHUTETHHO K IPEATPUSITUSIM
KJIacCH(UKAIIN 0O0IIECTBEHHOTO TTHTAHUS
ITo ¢popme TocynapcTBeHHast COOCTBEHHOCTD JleTckue cafpl, MIKOJIBI, OOIBHUIIBL,
COOCTBEHHOCTH COLMAIbHbIC YUPEKICHUS

MyHI/IL[I/IHaJ'ILHaH COOCTBEHHOCTh

MAY «llIkoapHOE MHUTAaHUE)

YacTHast COOCTBEHHOCTH

B OGonbireit vactu

CoOCTBEeHHOCTh OOLIIECTBEHHBIX OpraHU3aIui

Her

Wnast popma cOOCTBEHHOCTH (CMEIIaHHAS
COOCTBEHHOCTh, COOCTBEHHOCTh HHOCTPAHHBIX JIHIT)

Opanmuza

ITo ueneBomy
Ha3HAYCHUIO

[Ipon3BoacTBO NMPOAYKINU

[IpousBoacTBO MOy (haObpHKaTOB M TOTOBOM
MPOJIYKIMH OOIIECTBEHHOTO TINTAHUS

BrimosnHeHe paboT

Her

OxkazaHue yciyr

VYeyru nuTaHus, yCIryru 00CTy)KHBaHNS,
JIONOJHUTEIbHBIE YCIIyTH

Ilo otpacneBoit
TIPUHAATEKHOCTH

IIpomblnieHHBIE

Her

CenbCKOX03SHiCTBEHHBIE

Her

[pennpusaTus TpaHcIopTa, CBSI3H, CTPOUTENLCTBA,
cepsl yCIyT U T. 11

[IpumenurensHO (chepa yciyr)

Ilo pazmepam
(10 ymucmy
paboTaromux)

Muxponpennpustus (10 15 yenosek)

25-30 % ot o0rmiero KoaU4YecTBa MPEATPUITHIH
0OIIIECTBEHHOTO MUTAHHSI KOMMEPYECKOTO CEKTOpa

Maunsie npeanpusitas (1o 100 yenoBek)

50-65 % oT 00I1Iero KOJIM4IecTBa MPEAPUSITHIH
0O0IIECTBEHHOT'O TIUTAHUsI KOMMEPUYECKOTO CEKTOpa

Cpennue npennpustus (10 250 yenoBek)

10-15 % ot ob1mero KomudecTBa MPEANPUITHIL
0OIIECTBEHHOTO MUTAHHSI KOMMEPYECKOTr0 CEKTOpa

Kpynusie npennpusatus (cBoiie 250 yenosek)

5-10 % oT 00111er0 KONMNYECTBa MPEIIPHITHI
OOIIIECTBEHHOTO MUTAHKSI KOMMEPYECKOr0 CEKTOpa

B 3aBucumocTu
OT TeJen
JIeSITCIILHOCTH
MIPEIIPUSATUS

KomMepueckn OpueHTHPOBAHHEIE TIPEATIPUSTHS,
OCHOBHas IIeJIb KOTOPBIX MPEOCTABICHHE YCIIYT,
HEOOXOMMBIX JIUI ONpe/IeTICHHON IIeIeBOi
ayJINTOPHH, U NTOTyUCHUE B PE3YIBLTATE 3TOTO
IpuOBIH

Pecropansl, 6apsl, kade, CTOIOBBIC, KOPEHHH,
CITY>KOBI JIOCTaBKH, IPEIIPUATHS YITUIHOTO
MTUTAHUS, TPSATIPUAATHS OBICTPOTO MTUTAHWS

U JIp.

ConmnanbHO OPUEHTHPOBAHHBIE TPETIPUATHS,
OCHOBHas IIe/Tb KOTOPHIX 00ecredeHne MUTaHEM
ONpeeNICHHBI KOHTUHTCHT OTpeduTenei

0e3 moy4eHHs MpUObLTH /WU €€ TIOTyYeHne
BTOPHYHO. B ycI0BHAX HHHOBAIIMOHHOTO
Pa3BUTHS MOTyYSHNE MPUOBLIN COLHATBHO
OPHEHTUPOBAHHBIMH MPEANPUATUIMH BO3MOKHO

[Muranne B 1€TCKUX JOMIKONBHBIX U IIKOTBHBIX
00pa30BaTEeIbHBIX YUPEKCHHUSX; MTUTAHNE
BOGHHOCIY’Kall[X BOMHCKUX YacTel, CyBOPOBIIEB,
Ka/IeTOB; MUTaHUE OCYKJEHHBIX, 0/[03PEBAEMBIX
1 0OBHHSEMBIX, COJEPKALINXCS B YIPEXKICHHAX
YTOJIOBHO-HMCIIOTHUTETBHON CHCTEMBI; TUTAHHE

B TOCYJJapCTBEHHBIX JIEUEOHBIX M COIIMAIBHBIX
YUPEKACHUAX CTAIIMOHAPHBIM OONBHBIM 1
MOCTOSHHO MPOKUBAIOMINM AETAM U HHBAIHIAM;
CaHATOPHO-KYPOPTHOE NMUTAHNE; TUTAaHNE

B MEAYUPEKACHUAX TIPH TPOMIIPETIPUATHAX U P.
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ITo nroram 2021 r. nmpaktudecku 52 % 10IU phIHKA
00IIEeCTBEHHOTO MTUTAHUS COCTABJISAIOT COIIMAIBHO OpH-
SHTUPOBAaHHBIC MPEANPHUITHS, KOTOpble HE Mpecie-
IYIOT LEJIb U3BJICYD MPUOBLIH, & CTPEMSTCS 00CCIICUUTh
nmuTaHue npu 6e3yopITouHoM pabote. Takue nmpeanpus-
THS HaXoIsATCs Ha OallaHce OpraHU3aluil U GUHAHCH-
pytorcsi u3 Orojkera. Cpean KOMMEpPUYECKH OpHEH-
TUPOBAHHBIX NpeAnpUsATH nuaupyrot (78 %) manbie
U MHUKpOnpeAnpusTus. Takum o0pa3oM, IeJId Tpej-
MPUATHI OOMIECTBEHHOTO MUTAHUS OMPEACISIIOT CIIe-
UKy UX IEATeIbHOCTH B BOIIpOcax paboTHl ¢ MOT-
pebutenssmu (oOmiee ynpaBieHHE JEATEeIbHOCTBIO,
MapKeTHHT), CTporoe coOitoneHue (u3noIoruyec-
KHX HOPM MOTpeOJIeHHUs OCHOBHBIX IHIIEBHIX Be-
IIECTB C PAIIHOHOM, KOJIMYCCTBCHHYIO U KAUECTBCHHYIO
CTPYKTYpy WITAaTHOTO pacnucanus u ap. Creunduka
JEeSATEIbHOCTH TPEINPUSITUH OOLIECTBEHHOTO MHUTa-
HUS ONpEeNsieT PsIA XapaKTepHBIX NMPEHMYIIECTB H
HEIOCTAaTKOB.

K mpeumymiecTtBaM KOMMEpYECKH OPHEHTHPOBAH-
HBIX MPEANPUATHH MOXHO OTHECTH:

— HE3aBUCHMOCTb (IPEAIPUHIUMATEIH SBIISIOTCS pacio-
PAIUTENAMH COOCTBEHHBIX PECYPCOB: UEIOBEUYECKUX,
(hMHAHCOBBIX U MAaTEPHUAIBHO-TEXHUYICCKIX);

— THOKOCTH, CIIOCOOHOCTH K OTIIEPAaTHBHOM NepecTpoiike
MPOM3BOJICTBA (PEMHKUHUPHHT) (ObICTpast aanTarus
K MECTHBIM YCIIOBHUSM U MEHSIOIIMNMCS MTOTPEOHOCTAM
Pa3HBIX TPyII (CI0EB) TOTpeOUTENeH, OBICTPOE OCBOCHHE
HOBBIX BHJIOB IPOAYKLIUU M TPUMEHEHHE TEXHUIECKUX
HOBHHOK);

— crienuanu3anus (B OTIMYNE OT KPYITHBIX IPEATPUSATHN
Malple TPENNpUSITHS UMEIOT BO3MOKHOCTH TpPEIoc-
TaBISITh MOTPEOUTEISIM CIICINATH3UPOBAHHBIC TOBAPHI
UJIN YCIYTH);

— CKOPOCTh NMPUHATHS peuIeHuil (pu CyIIecTBYONIEH
OpPraHM3alMOHHON CTPYKType NpPHUHATHE PELIECHUI
OCYIIECTBIISICT TUOO COOCTBEHHHUK, MO0 HEOONMbIIas
OTIpe/IeNIeHHAs TPYIIIa JIHII);

— BO3MOYKHOCTb DKOHOMHH Ha U3JICPIKKaX MPOU3BOICTBA
(panmoHaTBPHOE HCTIOIB30BAHNE TPYIOBBIX U (PMHAHCO-
BBIX PECYpPCOB, OTPAHHUYCHHBIH YPOBEHB 3aIacoB, HC-
10JIb30BAHUE HEJOPOTUX CPEJICTB IPOU3BOJICTBA U JIp.);
— OIEPAaTUBHOCTD yNpaBJIeHUs (BO3MOKHOCTH OBICTPOI
KOPPEKTHUPOBKH MPHUHSTHS PEIICHUH B 3aBUCHMOCTH
OT CJIOKHBIICHCS CUTYAINN).

Jl1s conmaabHO OPUCHTHPOBAHHBIX MPCATPHUITHI
MPEUMYLIECTBAMHU SIBISIOTCS:

— MOCTOSIHHBIM MOTOK MOTpeduTene (3arpys3ka npemu-
MPUATHS TTOCTOSTHHA, JIETKO MPOCYUTHIBACTCS U TOJ-
JmaeTcs TMIIAaHUPOBAHMIO);

— yCIIyTH OOLIECTBEHHOTO ITUTAHUS COTJIACOBBIBAIOTCS
HE C MHAMBUAYAIbHBIM IIOTpEOUTEIEM, & C OpraHu3a-
LMed, B KOTOPOH 3THU YCIYrH OKas3blBaroTCa. Takum
00pa3oM, OKa3aHHBIE YCIyTH CTaHIAPTU3UPOBAHBI
n TpeOyIoT mepecMoTpa JIMIIb MPU HEOOXOIMMOCTH.
Hanpumep, BbIX0a HOBOro (OOHOBJICHHOTO) HOpMa-
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THBHOTO TOKYMEHTa. ODTO MpeAonpeneisieT 00beM
MPOM3BOJICTBA U pealn3alid, a TaKKe (PUHAHCOBBIN
pe3yibTaT;
— OroKeTHOE (DMHAHCUPOBAHUE,
— IS BCeX MPEeAnpHUsATHN OONECTBEHHOTO MUTAHUSA
MIPEIOCTABIICHBI HAJIOTOBBIC JILTOTHI (OCBOOOKICHUE OT
yrutatel HJIC, moHmKeHHAas CTaBKa CTPaXOBBIX COOPOB).
Henocratkamm KOMMepuecKd OPHUEHTHPOBAHHBIX
NPEAIPHUSITHIN SIBIISIIOTCS
— HaIM49He OOBEKTUBHBIX U CYOBEKTUBHBIX IPUYNH Clia-
0O0TO MCITOTB30BAHUS BHEIIHETO (DHHAHCUPOBAHUS,
— BBICOKHE U3/IEPXKKHU (HAIpuMep, OTCYTCTBHE BO3MOXK-
HOCTH TIOJYUYEHHS BBITOJBI OT SKOHOMHH 3a CYET Mac-
mTaboB IPOU3BOJICTBA);
— OTCYTCTBHE YIIPaBICHUYECKOTO OIBITA MEepexojaa Ha
HOBBIC CTpPATETHH Pa3BUTHS U PECYPCOB JJIS BBIXOJA
13 KPU3HUCHBIX CUTyaLU;
— 3aTPYAHEHHBIN AOCTYI K TEXHOJOTHSAM H3-3a OTCYT-
CTBHSI BO3MOKHOCTH (pMHAHCHPOBATH HAYYHO-HCCIE-
JIOBATEJIbCKUE Pa3pabOTKU U IPOEKTHI;
— OTCYTCTBHE 3aUHTEPECOBAHHOCTU Y MEHEKEPOB BbIC-
IIeTO 3BeHa (JINII, MPUHUMAIOIIHUX PEIICHUs) B GOPMHU-
pOBaHHH MapPTHEPCKHUX OTHOIICHWH C MPOQUIHLHBIMHI
MIPECTaBUTEIISIMU BHEIITHEH CPEIIbI C [ENbI0 Pa3paboTKu
CTpaTerui pa3BUTHUs, B TOM YHCJIE HHHOBAIIMOHHOM.
st connanbHO OPMEHTHPOBAHHBIX MPEANPUSITHH,
MTOMHUMO HEAOCTATKOB KOMMEPYECKH OPHEHTHPOBAHHBIX
MPEANPHUATHH, XapaKTePHBI CICIYIONINE:
— HEZOCTaTO4YHOEe (MHAHCHPOBAHME HE MO3BOJISICT
COOTBETCTBOBATh TPEOOBAHUSIM, MPEABIBISIEMBIM K
OpraHM3allH MUTAHUSA ONPEIEIEHHOT0 KOHTHHTEHTA
(obecmeuenme cOamaHCHPOBAHHOCTH paIMoHa IO OC-
HOBHBIM ITHIIICBBIM BEIIIECTBAM, KAJIOPHHHOCTE, KPATHOCTh
npuemMa MuIin);
— OIpe/ieNICHUE MOCTABIIMKOB MUIIEBBIX MPOAYKTOB U
MUIIEBOTO CHIPbS MPOM3BOAUTCS Ha TOprax B COOT-
BeTcTBUU ¢ @3 Ne 44 ot 05.04.2013. Pemrarormmm daxk-
TOPOM IS 3aKJTFOUCHUSI KOHTPAKTA SIBJISICTCS I[CHA Ha
IpOJYKT 0e3 yueTra ero KauecTna;
— ycTapeBIIas MaTepHualbHO-TeXHUYEcKas 0aza;
— KaJIpOBBIH T'OJIOJ, YCYTYOIsIeMBIii HU3KUMH 3apIUIaTaMH.
Takum obOpaszom, crnennduka AEsITEIbHOCTH IPE]-
NPUATUHH OOIIECTBEHHOT'O MUTAHMUS, @ TAK)KE UX MHOTO-
(hopMaTHOCTD, CHEHTPAIN3AIUS 1 MHOTOYHCICHHOCTh
OCIIO’KHAIOT BHEJIPCHNE HOBIIECTB (MHHOBAIMI) B BHJIC
HOBOM MUILEBON NMPOAYKIMU, HOBBIX TEXHOJOTUH, HO-
BBIX METOJOB YNpPaBJICHHS, CO3JaHHUS M BHEJPEHHUS
MHTEJJIEKTYaJbHONH COOCTBEHHOCTH U T. .
PeTpocniekTUBHBIN aHaIN3 Hay4YyHO-TEXHUYECKOM
JTUTEpaTyphl IO Pa3BUTHIO MaJoTO MpeanpHHUMA-
TeIbCTBA (Masoro Ou3Heca) M MO0 WHHOBAIMOHHOMY
Pa3BUTHUIO TPEANPHUITHN BBISBUJI CAUHUYHBIC MYyO-
JUKAIUU, OTHOCSIIHECS K OTpaciud OOIIeCTBEHHOTO
MUTAHUA. ABTOPHI ITyOIUKAIII OMUCHIBAIOT IPOOIeMy
W JTaI0T PEKOMEHIAIMH TOJIBKO C TOYKH 3PEHHUS KO-
HOMHMYECKOTO pOCTa, T. €. MOJy4eHHs MpUObLIH. Tak
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KaK IPEINPUITHS MUTAHNUS IPU3BAHBI PEIIATh 3aJa4H
oOecrieyeHNsT HACEICHUS 3/I0POBBIM TUTAHUEM, TO ITH
BOTIPOCHI HEOOXOJUMO PacCMaTPUBAThH C TOUKH 3PEHHUS
TEXHOJIOTHH, a 9KOHOMHYECKYIO COCTABIIAIOIIYIO — KaK
KOHEYHBIH pe3yJIbTaT B COBOKYIMHOCTH C COLIMATIbHBIM
apdexTom [12].

Ha coBpemMeHHOM ypOBHE pa3BUTHS OpraHU3aALUN U
IpeAIpUsATUi, OTpaciell, pPETUOHOB U CTPaH BO3HUKAET
HCO6XO)II/IMOCTB POBEACHNA OLICHKH MHHOBAITMOHHOTO
MOTEHNHaNa. B 3aBUCUMOCTH OT YPOBHS yHPaBICHUA
OIICHKAa HMHHOBALIIMOHHOTO IOTCHIMAlla HMEeT pas-
JINYHBIE LIEJTH, METOJIbI U IPOLEAyPbl. AHAIN3 HAYYHO-
TEXHUYECKOW JIMTepaTypbl IOKa3al OrpaHuYeHHOe
KOJINYECTBO METOAOB OLIEHKH HHHOBAIMOHHOTO ITOTEH-
uana NpeanpusITHi (KOMIaHW) B 3aBUCHUMOCTH OT
cnenupUKH UX ACSITEIBHOCTH M Pa3HBIX MOJXOJ0B K
BBIOOPY OLICHOYHBIX MOKa3zaTesield. boyee noctynHoi
U PacIpOCTPAHEHHOW SBJIAETCA OLCHKAa MHHOBAIMOH-
HOTO IIOTCHIIMAJa BBICOKOTEXHOJOTHMYHBIX IMPOU3-
BojcTB [13—17]. C. B. HoBoCenoB B KauecTBe napamer-
pPOB M (aKTOPOB MOJENIH OLEHKH WHHOBAIMOHHOTO
INOTCHIMAaJla ITUIICBBIX npe)mpmeI/Iﬁ MPpCIITOKUTT
CIIelyIOINe KOJTMYECTBEHHbIE M KaueCTBEHHBIC Xa-
PaKTEPUCTHKN COCTOSIHUS NMPEATIPUATHUS 110 TPYIIIaM
roKasaTesei:

1. OueHka (UHAHCOBOIO MTOTEHIIMAIIA;

2. OueHKa MHTENIEKTYalbHOTO OTCHINANA;

3. OneHka opraHnn3anMoOHHO-YIIPABIEHYECKOTO TI0-
TEHLMAa;

4. O1leHKa MapKETUHTOBOT'0 TIOTEHIINANA;

5. Ouenka nHOOPMAITMOHHO-METOAUIECKOTO 0Oec-
MEUCHMUS,;

6. Ouenka omblTa pealn3alud HWHHOBAIIMOHHBIX
MPOEKTOB;

7. OLieHKa BHEIIHETO0 HHHOBAI[MOHHOTO KJIMMAaTa;

8. OmeHka MoTeHNHAala MaTepHUATbHO-TEXHIIECKOM
0askbl;

9. OueHKka MHHOBALIMOHHOW KYJIBTYPHI.

D¢ hekTUBHOCTH IEATENBHOCTH MPEIIPUSTHS C BbI-
COKMM MHHOBAIIMOHHBIM MOTEHIIUAIOM ONPEEIsIeTCs
HaJMYHEeM COOTBETCTBYIOIINX OTJEIOB B €T0 OPTaHu-
3allMOHHON cTpyKType. [nst mpeanpusituii obiect-
BEHHOT'O MHUTAHUs HEIEeIeco00pa3sHO yBEIUYHBATh
YUCJICHHOCTH JIOJEH U COZep KaTh COOTBETCTBYIOIIHE
MITaTHBIE €IUHUIBL. YTOOBI CTIIAANTH MPOCTPAHCTBEH-
HYI0 HEPaBHOMEPHOCTh MHHOBAI[MOHHOI'O Pa3BUTHSA
MaJbIX MPENIPHUITHI, MTPUHUMAIOIIUX yIIpaBJIeHYEC-
KHUE€ pCHICHUA O IJIaHUPOBAHUU HHHOBaHHOHHOﬁ acesa-
TEIBHOCTH, I1eJIeco00pa3eH nepexoaHsiid nepruo. OmbIT
psiJa IpenpUsITHH MTPU THHAMAYHO MEHSIOMUXCS yC-
JIOBUSIX XO3SICTBOBAHMS M/WIIM B KPU3HUCHBIX CUTYaIHsX
MOKAa3bIBAaCT BO3PACTAIOIIYIO POJIb PECTPYKTYPHU3ALUU
B MIPOM3BOJICTBEHHOW, OpPTaHM3aIMOHHON, (hHMHAHCO-
BOM M KaJIpOBOM CTPYKTypax.

[Tpy IpUHATHH pEnIeHuUs 0 PeCTPYKTYPU3ALMH TIpe/I-
OPHUSTHSIM OOLIECTBEHHOTO MUTAHUS /IS TIOJTOTOBKH
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K pa3paboTKe W peaau3alii CTPATeTHH Pa3BUTHA, B
TOM 4YHCJIe WHHOBAaIlMOHHOM, TpeiaraeM co3aaTh
pabouyro (MPOEKTHYIO) TPYIIy U pacnpenenarb 00s-
3aHHOCTH CHEIUAINCTOB, YYaCTBYIONIUX B PECTPYK-
TYpU3aIUU, MEXKAY YK€ HUMCIOIIMMHUCS IITaTHBIMHU
COTPYJHUKAMH aJIMHHHCTPATHBHO-YIIPABICHUYECKOTO
nepcoHana (tabi. 2).

BonbmuHCTBO CIlenWanucTOB B OONAacTH YIIpaB-
JICHUS] CXOAMUTCSI BO MHEHUH, YTO PECTPYKTYpH3aLUs —
9TO0 OOBEKTHBHBIN MPOIeCcC Pa3BUTHU OpTraHU3AINH, U
ee MeHeDKep M ero KOMaH/a JOJKHBI OBITh TOTOBBEIMHU
K ITPOBEJICHUIO COOTBETCTBYIOIINX PadOT U MEPOTIPHUSI-
THH ¥ 007a0aTh BCEMH HEOOXOIUMBIMH 3HAHUSIMUA U
HaBbikaMu [18—20]. PernonanpHble HHHOBAIIMOHHBIC
CTPYKTYpBHl TNpPHU3BaHBl OPraHU30BaTh OOyYEHHE IO
MOATOTOBKE KaJApOB i PIHHOBaHI/IOHHOfI ACATCIIb-
HOCTH Ha HpeANpHATHIX Majoro OmsHeca [21-23].
KommereHnnn, KOTOPBIMU JTOJKHBI BJIAJIETh COTPY/JI-
HUKHM paboueill IpyIIbl Ha Tane pecTPYKTYpHU3aIHH
MPEANPUATHS OOIIECTBEHHOTO MTUTAHUS, HATIPABICHBI
Ha (OPMHUPOBAHHE CIIOCOOHOCTH BOCIHPUHUMATH H
reHEepUpPOBATh HOBBIE 3HAHUS KaK OJJHOTO M3 OCHOBHBIX
(akTOPOB MOBHIIMICHUA KOHKypeHTocmocoOHocTH. K
JMaHHBIM KOMIIETCHITUSAM OTHOCSTCS:

— YHUBepCaJIbHbIe KOMIIETEHLIMU: COTPYAHHUK 00J1agaeT
CHCTEMHBIM U KPUTHYECKUM MBIIIJICHHEM, pa3padaTsl-
BaeT M Pealn3yeT MPOEKTh, PyKOBOIUT pabOTONH KOMaH-
JIbI, @ TaK)Ke CIOCOOCH K JIMJIEPCTBY, KOMMYHHKAIHH
U CaMOOpPTaHU3allHH;

— obmenpodeccrnoHaTbHBIE KOMIIETCHITUU: COTPYIHUK
paspabarbiBaeT 3(QQEKTUBHYIO CTpaTeruio, WHHOBA-
LMOHHYIO MMOJIUTUKY, KOHKYPEHTOCIIOCOOHBIE KOHIIEII-
WA TPEATNPUSTHS U MEPOIPHUATHS IO COBEPIICHCT-
BOBAaHHIO TEXHOJOTMYECKHUX MPOLECCOB MPOU3BOJI-
CTBA MPOAYKIMU pa3JIMYHOTIO HA3HAYCHHUA, OLICHUBACT
PUCKH W YIpaBisAeT KAadeCTBOM TMPOAYKIHH ITyTEM
WCIIOJIb30BAaHNUSI COBPEMEHHBIX METOJ0B U Pa3pabOTKH
HOBBIX TCXHOJOTHYCCKUX pemeﬂnﬁ, HCIIOJIB3YET MECTO-
JIBI MOJCITMPOBAHUS M TPOCKTUPOBAHNS TEXHOIOTHYEC-
KUX TIPOILECCOB MPOW3BOJCTBA MPOMYKIMH MUTAHUS
W yCIyT, UCIOJIB3YET Hay4YHbIC 3HAHUS JUISl PELICHUS
OPTraHU3aIHMOHHO-TEXHOJOTHIECKUX 3a/1a4;

— mpodeccroHaIbHbIC KOMIICTCHIINN: COTPYIHUK aHa-
JU3UPYET ¥ OLICHUBACT JESITeIbHOCTD NPEIIPUITHS K-
TaHMsI, pa3padaThiBaeT U MpeJyIaraet IiaH pean3aium
MIPUHATON CTPATETHH, YIPABIAET IMPOCKTAMHU H H3MCHE-
HUSIMH, OCYIIECTBIISIET B3aUMOJICHCTBHE C ITAPTHEPAMHU
Ha B3aUMOBBITOAHBIX YCJIOBHUAX.

JOoIKHOCTHBIE MHCTPYKIIUU IS BBITIICYKA3aHHBIX
LITaTHBIX COTPYAHUKOB IPEIPHUSTHI 00LIECTBEHHOTO
IUuTaHusd, 3a;[aqel71 KOTOPLBIX ABJACTCA CTPATCTUYCCKOC
pa3BUTHE Ha OCHOBE MHHOBAIIMOHHOW NEATECIBHOCTH,
11esecoo0pa3Ho pa3pabaThiBaTh C y4€TOM KOMIIETEH-
LUMH U PEKOMEHJyeMOro MepedyHsl 00si3aHHOCTEeH, U3-
JOKCHHBIX B Tabnuie 2. BaxxHBIM 151 9TOTO TIepHoIa
siBIsIeTCS (POPMUPOBAHUE TBOPUCCKUX CBS3CH M MapT-
HEPCKUX OTHOIIEGHHWH C HAy4yHO-00pa30BaTENbHBIMH
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Tabnuna 2. O6s13aHHOCTH COTPYIHUKOB pabodeil TPYIIbI Ha 3Tane PECTPYKTYPU3ALHUH MPEAIPUITHS 00IIECTBEHHOTO
HMUTaHHUS

Table 2. Responsibilities in the working group at the stage of restructuring a public catering enterprise

IO KAQ4E€CTBY crequanucTa OT/A€C/IOB

YIpaBJICHUA Ka4€CTBOM,

CoTpyaHHUK CoBmelieHue HenocpencTBeHHble 003aHHOCTH COTPYAHUKOB
o0s13aHHOCTEH
JUnst MaJIbIX M CPEHUX NMPEANPUSITHH 00IeCTBEHHOTO MUTAHHS

Texuonor OO6s13aHHOCTH — pa3paboTKa NPETOKEHHUH 110 TITAHUPOBAHHIO M OPTaHU3aLMH HHHOBAIIMOHHOM
CIIeIUAINCTa JESATEILHOCTH U CTPATErNueCKOMY Pa3sBUTHIO TIPEANPHATHS;
TEXHOJIOTHYECKOTO, — pa3paboTKa NPOEKTOB PA3HOTO YPOBH:I, B TOM 4ucie OM3HEC-ILIaHa,
KOHCTPYKTOPCKOTO, MHHOBALIMOHHOTO ¥ MHBECTUIIMOHHOTO MTPOEKTA;
MPOEKTHO- — cOOp ¥ aHaJIM3 TATEHTHO-IIPAaBOBON U KOMMEPYECKOil HHPOpMALIUK
KOHCTPYKTOPCKOTO U pa3pabOTKe HOBOTO (HOBAI[HOHHOTO) MPOIYKTa;
U MIaTEHTHO- — pa3paboTKa MEpOIPHUATHIA MO MOJIYYCHHUIO, OXPAHE U 3aIUTE
JIMIEH3HOHHOTO MHTEJJIEKTYaJIbHOI COOCTBEHHOCTH;
OTJIETIOB, 3a1a4eit — MOJITOTOBKA MAaTEPHAJIOB I10 OLIEHKE KOHKYPEHTOCIOCOOHOCTH
KOTOPOTO SIBJISCTCS W/WMJTM HHHOBAIIMOHHOTO MOTEHIMANA IPEAPUSATHS;
pabora mo — OpraHu3anys MpoJak HOBOTO (HOBALIMOHHOTO) MPOAYKTA U €T0
CTpaTeru4ecKoMy CONPOBOX/ICHHE.
Pa3BUTHIO

Wmxenep O0s13aHHOCTH — MMOATOTOBKA MaTepUaoB st cepTH(UKALMH HOBOM (HOBAaIIMOHHOMW) TIPOYKIMH

B COOTBETCTBUM € MEXyHapOoaHbIMU cTanaapramu cepun 1CO-9000;
— MMOATOTOBKA MAaTePHAIIOB ISl TEXHOJIOTHYECKOTO ay/iTa;

— I[NOCTAaHOBKA 3a/1a4 MapKETUHI'A;

u CepBPICHOfI TIOJIMTUKU,

METPOJIOTHYECKOTO, — MOATOTOBKA MaTEPHAJIOB JIJIsl COCTABJICHUS IIPOTHO30B TEXHOJIOTMUECKOTO
aBTOMAaTH3AIH pa3BUTHS TIPEATIPHUSITHS,
— opraHu3aIys paboT B COOTBETCTBUH C TPEOOBAHUSIMH 110 KaueCTBY HOBOTO
MPOAYKTA.
MapxkeTtomnor [IpuBneveHHbII — MpOBe/IeHHEe PadoT MO BHIBEICHUIO HOBOTO (WHHOBAIIMOHHOTO) TIPOAYKTa
CIIEIIHAJINCT Ha PBIHOK B COOTBETCTBHH C MEXIyHapoaHbIMU cTtannaptamu MCO-9000;
(110 ToroBopy — BBITIOJIHEHHE MapPKETHHTOBBIX UCCIIEIOBAHUN HOBOTO (MHHOBAI[IOHHOTO)
ayTCOPCHUHTA) MIPOIYKTA;
— pabora c mapTHEpaMH U OTPEOUTEISIMA Ha PHIHKE HOBBIX TOBApOB;
— cOop HHpOpPMAIMK O KOHKYPEHTAX Ha PHIHKE HOBOW MPOIYKIIHH;
— IOJI'OTOBKA PEKJIAMHBIX U HHPOPMAIIMOHHBIX MaTEPHAIOB O HOBOW MPOITYKIIHH;
— pa3paboTKa MEpOIIPUATHIA IO TIPOABMKEHHIIO HOBOW (MHHOBAIIHOHHOMN)
MIPOIYKIIUY HA PHIHKH.
Jlns cetn npeanpusTuii 001IeCTBEHHOTO MUTAHUS
Memnemxep — CTpaTern4yecKoe IMJIaHUPOBAHNE PA3BUTHS CETH, B TOM UHCIJIE MHHOBAIIMOHHOE Pa3BUTHE;
0 CTPATErn4ecKoMy | — GOPMHUPOBAHKE KOHIIEIIUU pabOThl BHYTPH CETH, C MAPTHEPAMHU U IOTPEOUTEISIMU Ha PHIHKE;
Ppa3BUTHUIO — IUTAHUPOBAHHME OPraHU3ALMOHHON CTPYKTYPHI YIIPABICHUEM CETH IPEANPUATHIA, B KOTOPOH

IpeaAyCMOTPEHDI INTATHLIE U IMTPUBJICUCHHBIE COTPYAHUKH 110 PIHHOBaL[PIOHHOfI JACATCIIBHOCTH,
- pa3pa60TKa CTpareruu npoaaxK HOBBIX (HOBaHI/IOHHLIX) MPOAYKTOB U YyCJIYI, CHCTEMbI MOTHBALlU

— pa3pa60TKa IJ1aHa MepOHpI/IHTI/Iﬁ 10 IPOBEACHUIO ay/inuTa, OLEHKHU KOHKypeHTOCHOCOGHOCTI/I,
HWHHOBAIIlMOHHOI'O IMOTCHIIKMAJIa U OLICHKE BO3MOXKHOCTEH NPEATIPpUATUS;

— pa3pa60TKa MepOHpI/ISITI/Iﬁ IO NOATOTOBKE KaJIpOB JJisd MHHOBAIIMOHHOM JACATCIIBHOCTU U ITOBBIILICHUIO
KBaJ'II/I(bI/IKaHI/II/I COTPYAHUKOB aIMUHUCTPATUBHO-YIIPABJICHYCCKOI'O II€pCOHAIa.

opranuzanusaMu (YHUBEPCUTETaMH) U OpraHU3alHIMU
WHHOBAIIMOHHON HH(PACTPYKTYpHI (OM3HEC-HHKYOaTOD,
TEXHOMAaPK | T. II.).

Jlist ocymiecTBIIGHUS IIpoIiecca PeCTPyKTYpHU3aluu
W HayaJla MHHOBAIIMOHHOM JIESTEIILHOCTH MPEIPUsTHE
JIOJDKHO 00yanath HabopoM pecypcoB. Paspabora-
HBl ¥ MPEII0KEHbl PEeKOMEHAALUU 1o (GpOopMHUPOBa-
HUIO IPYNI CTPATETHYECKHX PECypPCOB MPEANPHUATHS
(puc. 1).

Tak kak Hauboyiee XapaKTEPHBIMH YCIOBUSMHU
PECTPYKTYpH3aILNU SBJISIOTCS pa3pad0TKa U OCBOCHUE
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HOBBIX BHJIOB NPOAYKIIMH, YCHJIEHUE KOHKYPEHTHOM
MO3UI[MH, BOCCTAHOBIICHHE IJIATEIKECITIOCOOHOCTH H
(DUHAHCOBOU YCTOWYMBOCTH, TO CUUTAEM HIEPEUCHD CTPa-
TETMYCCKUX PECYpPCOB JOCTATOYHBIM [UJII HHHOBA-
[UOHHOTO Pa3BUTHUS MPEANPHUITUNH OONMECTBCHHOTO
IIUTAaHUA.

3apyOeXHBIH M OTEUECTBEHHBIH ONBIT MPEAIPHsI-
THH (KOMIIaHWI{) CBHIETEIHCTBYET O TOM, YTO HH-
HOBAI[MOHHBIN IYTh Pa3BUTHS MPEANOIAraeT OLCHKY
WX WHHOBAIIMOHHBIX MOTCHOHAIOB. OTpaHHYCHHOC
KOJIMYECTBO U CJOKHOCTh METOJUK OIICHKH BBI3BI-
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MATPUIIA CTPATETHYECKHUX PECYPCOB
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Pucynok 1. Matpuna crpaTeruueckux pecypcosB i Ipolecca pecTpyKTypU3aluu

Figure 1. Strategic resource matrix for the restructuring process

BaeT IOKUCK HOBBIX MOJXOJOB C YYETOM CIEHH(PUKH
NpeANpUATHH, KOTOpbIE, C OJHOW CTOPOHBI, HE OT-
HOCSITCS K BHICOKOTEXHOJIOTHUHBIM, C IPYTOi — HMEIOT
BAXHYIO COIMAJIbHO-3KOHOMUYECKYI0 3HAaYMMOCTh
B Pa3BUTHUM CTpaHbl. MHOTOTPAaHHOCTh NPEANPHUITUNI
OOIIECTBEHHOTO TMTAaHUS HE IO3BOJIET pa3pabdo-
TaTh YHU(QUIUPOBAHHYIO METOAMKY OLEHKH. Psn
uccienoBaTeneil mpemiaraeT pa3andHble METOABI OIICH-
KH KOHKYPEHTOCHOCOOHOCTH TPEeANpHATHH 00IIecT-
BEHHOTO NMHTAHUA, XOTS UX PE3yIbTaThl HE B MOJIHOU
Mepe XapaKTepU3YIOT IEpPCHEKTUBBl WHHOBAIMOH-
Horo pa3Butus. B uccnenoanuu T. B. Kpanusel noka-
3aHO, YTO O TOTOBHOCTH K WHHOBAIIMOHHOH JAESTENb-
HOCTH NPEINPUIATHH OOIIECTBEHHOTO ITUTAHNUS MOKHO
TOBOPUTH B TOM CIIydae, €CIM ero KOHKYpPEHTOCIIO-
coOHOCTB cocTaBisieT He MeHee 75 %. B aroif cutyanun
1es1eco00pa3Ho pa3paboTaTh IIAH PECTPYKTYPU3ALHN
¢ BBIpaOOTKOH clieHapueB ee nposeaeHust. HauaabHbIM
JTAloOM MHEPEeXOJHOro Mepuoja sl HPEeANpUITHI
0O0IIIECTBEHHOTO MTUTAHUS SIBJISICTCS aHAJIN3 TIEPCIIEKTHB
pazsutus (SWOT-ananu3 nesTesbHOCTH IPEATIPUSITHS
M ero KaJpoBOTO COCTaBa, (PMHAHCOBBIH aHAIN3, MO-
HUTOPHHT BHEITHEW cpesibl 1 /1p.). Hammuume nepcrexTys
U UX OLIEHKa JalT OCHOBaHMS AN Iepexoja Ha
CIEAYIOIIMHI 3Tanm — MPUHATHE PEIIEHUs O PEeCTPyK-
TypH3aliy U pacupeneieHue QYHKIUH MEXIy Moa-
pa3aeseHUsIMU U OTBETCTBEHHBIMU HUCIIOTHUTEISIMU.
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[TpocTpaHcTBeHHAsI M OTpacieBas HEPaBHOMEPHOCTh
WHHOBAIIMOHHOTO Pa3BUTHS BBI3BIBAET HEOOXOANMOCTD
MIPOBE/ICHNS HCCIEAOBAHUN W BBIIBJICHUS IPUIHH
CIOXXHUBIICHCS CHTyallMlM B MajoM Ou3Hece. AyauT
COCTOSIHHS NPEANPUATHN OOLIECTBEHHOTO NMHUTAHUS C
YYETOM CIEHU(PHUKH JESITETHHOCTH TTO3BOJIUT HE TOJIBKO
OLICHUTh UX YPOBEHb KOHKYPEHTOCIIOCOOHOCTH, HO U
M0Ka3aTh BO3MOYKHOCTH U MEPCHIEKTHBBI CTPATErHUECKOT0
pazsutus. [Ipu npuHATHH penieHust 0 pa3paboTke H
BHCAPCHUN CTPATCTUM HNHHOBAIIMOHHOI'O pa3BUTUMA
MIpeANpHUITHIT 00IIECTBEHHOTO MMUTAHMUS 11eJIeco00pa3eH
[IEPEXOJHBIN IEPUOJ C JIEMEHTAMU PECTPYKTYPU3aLUU
npeanpusitusi. [Ipouecc pecTpyKTypH3aluu JOJIKEH
BKJIIOYATh B ceOs 3Tambl: co3qaHue paboyei IpymIbl
U pacrpesielieHne 00s13aHHOCTEH Cpean YIaCTHUKOB C
y4eToM c(hOpMHPOBAHHBIX ((POPMUPYEMBIX) KOMITETEH-
LMH; OIICHKA TEPCIEKTHUB; BBIABICHNE M CHCTEMAaTH-
3aIUsl CTPATETHUECKUX PECypcoB I 3P (HEKTHBHOCTH
peanu3anuy MOCTABICHHBIX IEJNIeH W 3a7ad; BBHIOOD
CTpaTeTUN Pa3BUTHUS C yU4ETOM PE3yJIbTaTOB OIICHKH
WHHOBAI[MOHHOTO NMOTeHNHana. Yinensl paboueii rpym-
MBI JOJDKHBI MPOWTH IIOJATOTOBKY IO IpOrpamMmam
WHHOBAIMOHHOT'0 MEHEDKMEHTa. D((HEeKTHBHOCTH MPO-
LIECCOB PECTPYKTYpPH3aLUU TPEAIUPUITHS 3aBUCUT
OT aKTUBHOCTH €r0 B3aWMOJACHCTBHS C y4aCTHHUKAMHU
WHHOBAI[MOHHOMH JIESITEILHOCTH B PETHOHE.
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JI. A. MaropHUKOBa — pyKOBOAMJIA UCCIIEIOBAHUEM,
paspaboTalia ero KOHIEHIUIO U METOJOJIOTHIO U MIPO-
Boauia KoHcynpTanuu. A. A. Kokmrapos — mpoBoaun
aHaIu3 NeSITEIbHOCTU MPEANPHUITAN 0OMECTBEHHOTO
MUTaHUA C [[eJIbI0 BBIBICHUS JOCTOMHCTB U HEJ0CTaT-
KOB nepcnektus passutus. T. B. Kpanusa — ycrano-
BIJIa TPAaHWYHBIC YCIOBHsS cOOopa WMHGOpPMAIHH IS
HamucaHus o0030pa JHuTepaTypbl, 00O3HAYMJIA Hall-
paBIICHUS TOWCKAa JUTEPATYPHBIX HCTOYHUKOB II0
HcclenyeMoi mpobiaemMe, BBITOTHAIIA KOPPEKITUIO Py-
KomucH 10 ee mojauu B pegakuuo. A. . [lerkoBuy —
mpoBesa 0030p TUTEpaTypPHBIX HCTOYHUKOB 10 HCCIIe-
IyeMoi mpobiieMe W BBIOJIHUIA KOPPEKIUI0 PYKO-
nUCU A0 ee mojauu B penakuuio. B. O. MemkoB —
IIpOBEJ aHaJINU3 MMOHATHHWHOTO alfmaparta 1Mo TeéMeE ucC-
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Abstract.

Bovine colostrum contains biologically active substances, e.g., immunoglobulins, peptides, and cytokines, which makes it a
logical component of numerous functional products. Colostrum peptides also possess antimicrobial activity. This bioavailability
increases during colostrum fermentation with proteolytic enzymes. The research objective was to describe peptides isolated
from the trypsic hydrolyzate supernatant of bovine colostrum and to evaluate their antimicrobial and antifungal properties.
The supernatant of trypsin hydrolyzate of bovine colostrum was isolated by centrifugation at 3900 rpm for 7 min. The supernatant
was separated by preparative chromatography. Its peptide composition was determined on a MALDI-TOF mass spectrometer,
while the protein sequences were deciphered using the Mascot database. Proteins were precipitated with ammonium sulfate,
and the antimicrobial activity was measured by the disk-diffusion method against gram-positive and gram-negative bacteria
and dipoloid fungi. Strains were cultivated on a thick LB nutrient medium at 37°C. The antimicrobial activity was defined
experimentally on Wistar rats infected intraperitoneally with Salmonella enteritidis 92.

The trypsin hydrolyzate supernatant of bovine colostrum revealed four peptides, one of which belonged to short peptides, while
the remaining three belonged to polypeptides. The isolated peptides had different molecular weights of 8.4, 6.5, 13.0, and
8 kDa. The enzymatic hydrolyzate proved bactericidal against Escherichia coli and Bacillus subtilis and demonstrated antifungal
activity against Candida albicans. When rats infected with S. enteritidis 92 were administered with trypsin hydrolysate, it
promoted their survival, decreased LD, , and increased the mean day of death period from 2 to 4 days.

The research proved the antimicrobial effect of colostrum peptides and suggested their immunotropic properties. The peptides
obtained from the trypsin hydrolyzate supernatant of bovine colostrum can be recommended for functional food industry as
part of antimicrobial products.

Keywords. Colostrum, milk protein, enzyme, hydrolysis, antimicrobial activity, antifungal activity, biologically active
substances
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V
B
AHHO ranus.

Mo031BO KOPOB M3-3a COJAEPKAaHUS OMOJOTHYECKH aKTUBHBIX BEN[ECTB, B YaCTHOCTH MMMYHOTJIIOOYJIHHOB, NMENTHAOB H
UTOKHUHOB, SIBIISIETCS MEPCIEKTUBHBIM CHIPbEM ISl TPOMU3BOJCTBA MPOAYKTOB (DYHKIIHOHAIBHOW HaMpaBiIeHHOCTH. [lenTuass
MOJI03UBa 001a1al0T AHTUMUKPOOHBIM JeiicTBHEM. BHOJOCTYTHOCT A€HCTBYIOMIMX HA4Yal MOJIO3UBA MOBBIIIAETCS NPH €T0
(epMeHTaIK IPOTeoauTHIeCKUMH epMeHTamH. L{ens nceaenoBanms — BeIAEICHHE H XapaKTePUCTHKA METITH/IOB Ha0CaT0qHOM
YKHJIKOCTH TPUIICHHOTO THAPOJIN3aTa MOJIO3MBA KOPOB, a TAKXKE OL[CHKA UX aHTUMHUKPOOHOH M IIPOTHBOTrPUOKOBOM aKTHBHOCTEH.
J11st SKCTIepHMEHTA MCIOJIB30BANIN HAJOCATOYHYIO )KUIKOCTH TPHIICHHOBOTO THAPOJIM3aTa MOJIO3UBA KOPOB, BBIJICIICHHYIO METOIOM
neHtpudpyrupoBanus npu 3900 06/MuH B TedeHne 7 MuH. HamocagouHyto )KHIKOCTh pa3aeisuli METOIOM MpenapaTHBHOM
xpomarorpaduu. [lenTuaHblil cocTaB HagOCaTOUYHON )KUIKOCTH (PEPMEHTATUBHOTO rUApoaun3aTa onpeaeasuin Ha MAJIAU-TOD
Macc-CIeKTpoMeTpe, pacinpoBKy OCIKOBBIX MOCIEA0BATEILHOCTEH IIPOBOJAMIN C HOMOILIbIO 0a3bl JaHHBIX Mascot. s
M3y4eHHUs OEIKOBOTO COCTaBa HAA0CAT0YHON KHUIKOCTH THAPOJIN3aTa MPOBOAMIHN OCAXKIEHUE OCITKOB CYIb(aTOM aMMOHHS.
AHTUMHKPOOHYIO aKTUBHOCTB OIPEJIeIISUIN JUCKO-I1(GYy3noHHBIM MeTo oM. Ky IbTHBHpOBaHUE MITAMMOB OaKTEPHH ITPOBOHIH
Ha IJIOTHOH nuTarenbHoil cpene LB npu remnepatype 37 °C. [l OeHKH NPOTHBOMUKPOOHOTO IEHCTBUS NENTHI0B IPOBEIIN
9KCIIEPUMEHT Ha KpbIcax JUHUU Brcrap, "HOUIHPOBAHHBIX BHYTPUOPIOMKUHHO Salmonella enteritidis 92.

B HamocasmouHOM TPUIICHHOBOM THAPONN3aTe MOJI03MBA KOPOB BBIACININ 4 TIENTH/IA, OJUH U3 KOTOPBIX OTHOCHTCS K KOPOTKHM
MEeNTHAAM, TPU — K MOJIMNENTHAAM. BblieeHHbIe MeNTUAbl UMEIH Pa3IndyHyl0 MOJEKyIsipHyo Maccy — 8,4, 6,5, 13,0 u
18 x/la. YcTraHOBIIEHO, 4TO (hePMEHTATUBHBIN THAPOTU3AT HAJ0CATOTHOM KUJIKOCTH MOJIO3UBA KOPOB 00718111 GaKTePHUIIHTHBIM
JIEHCTBUEM K IpaMoTpHUIaTenbHol 6akTepun Escherichia coli v TpammnonoxutensHoil 6akrepun Bacillus subtilis, a Taxxe
AHTUTPUOKOBOI akTUBHOCTEIO NpoTUB Candida albicans. Beenenue xpvicam, HHQUIUPOBAHHEIM S. enteritidis 92, BHYTpb
TPHUIICHHOBOTO THPOJIHM3aTa HaZOCAAOTHOH XKHUIKOCTH MOJIO3HWBA KOPOB CIOCOOCTBOBANO MX BBDKHBAEMOCTH, CHHIKCHHIO
JII,, ¥ yBETMYEHHUIO CPETHETO CPOKA THOENH JKUBOTHBIX € 2 J10 4 CYTOK.

[TonyueHHbIC JaHHBIE CBHJICTENBCTBYIOT 00 AaHTUMMKPOOHOM JCHCTBUHU MENTUA0B MOJIO3UBA ¥ BO3MOKHBIX MIMMYHHOTPOIIHBIX
cBoiicTBax. [IpakTHyeckass 3HaYMMOCTbH NPOBEJECHHOTO MCCIEIOBAHUS 3aKII0YAaeTCs B MEPCIEKTHBHOCTH HCIOJIb30BaHUS
HENTHI0B HA0CAT0YHON KUIKOCTH TPUIICHHOTO THIPOJIM3aTa MOJIO3UBa KOPOB JUIsl IPOM3BOACTBA POIYKTOB (pyHKIIMOHAIBHOM
HAIpPaBICHHOCTU C aHTUMHUKPOOHBIMH CBOMCTBaMH.

KuaroueBsbie ciioBa. Mono3uBo, MOJOYHBIH 0enoK, GpepMeHT, THAPOIN3, AHTUMHKPOOHAs aKTUBHOCTb, MPOTHBOTPUOKOBAS
AKTUBHOCTb, OMOJIOTHYECKH aKTHBHBIC BEIECTBA

Jnsa nutupoBanus: [lentuabl TpPUIICHHOBOTO ruaposu3aTa Mosto3usa kopos / C. JI. Tuxonos [u ap.] // TexHnka u TeXHOIOTHS
numeBbix nponssoacTs. 2023. T. 53. Ne 1. C. 150-158. (Ha anrun.). https://doi.org/10.21603/2074-9414-2023-1-2422

Introduction because it contains growth factors, immunoglobulins,
Colostrum is a complex biological fluid. Gtowka peptides, cytokines, lactoferrin, and hormones [1].
& Wozniewicz believe that bovine colostrum is Athletes consume colostrum during high-intensity
beneficial for the digestive, immune, and neuroendocrine training because it is rich in immunoglobulins and
systems and can boost physical performance in general can increase the buffer capacity of muscles. However,
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no scientific publications feature the exact recommen-
ded doses of colostrum that can increase physical
performance.

Van Hese et al., Sukhikh et al., and Kharitonov et al.
proved that dairy products and colostrum have a
high content of immunoglobulins, minerals, vita-
mins, growth factors, and immune cells, as well as
microRNAs [2—4]. A microRNA is a short non-coding
RNA molecule that regulates post-transcriptional gene
expression. MicroRNAs act as key regulators of various
biological and developmental processes. Bovine
colostrum MicroRNAs are signaling molecules. They
are located inside extracellular vesicles that protect them
from the harsh conditions of the gastrointestinal tract.
As a result, they can get into the small intestine, where
they are absorbed and enter the bloodstream. MicroRNAs
stimulate the viability, proliferation, and activity of
intestinal epithelial stem cells. In addition, they affect
the entire immune system by differentiating B- and
T-cells and controlling the production of interleukin
by macrophages [2].

Chandwe & Kelly reported the anti-inflammatory
activity of bovine colostrum in bowel diseases and
infectious diarrhea [5].

Menchetti et al. and Playford et al. published
in vitro and in vivo evidence of the beneficial effect
of bovine colostrum on gastrointestinal diseases [6, 7].

More than half of all children with autism spectrum
disorder have gastrointestinal comorbidities, e.g., chro-
nic constipation, diarrhea, irritable bowel syndrome,
etc. The severity of these symptoms correlates with the
degree of gastrointestinal dysbacteriosis in the patient.
Sanctuary et al. combined a probiotic (Bifidobacte-
rium infantis) with a bovine colostrum product as a
source of prebiotic oligosaccharides [8]. They asses-
sed the efficacy of this preparation and the state of the
gastrointestinal tract, microbiome, and immune fac-
tors in young gastrointestinal patients with autism
spectrum disorder. The patients that received both
preparations demonstrated a lower incidence of irritable
gastrointestinal tract disorder, dysbacteriosis, and certain
behavioral abnormalities. This improvement probably
resulted from a lower production rate of IL-13 and
TNF-a.

Bovine colostrum was reported to have a greater
bioavailability when fermented with proteolytic enzymes,
which increase the peptide yield. Jorgensen et al. tested
the biological activity of peptides isolated from bovine
colostrum on mouse intestinal cells (mIC(c12)) [9]. After
protease treatment, colostrum peptides became more
bioactive. They detected bioactive colostrum peptides
mainly in the casein fraction (MALDI MS/MS).

Jorgensen et al. explained the beneficial effect of
colostrum consumption by the presence of biologically
active peptides obtained from intact proteins [9].
According to Korhonen, these peptides can be relea-
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sed during gastrointestinal digestion or colostrum
fermentation [10]. Therefore, enzymatic hydrolysates
of bovine colostrum are a potential source of biologi-
cally active native proteins and peptide fractions to
be included in functional foods [11, 12].

Nowadays, dairy peptides are more than a
quintessence of healthy nutrition: they have gained
therapeutic value as well. For instance, colostrum pep-
tides appeared to inhibit SARS-CoV2 [13]. Fermented
colostrum, raw milk, and microfiltered milk from cows
vaccinated against SARS-CoV-2 may even provide a short-
term protection against SARS-CoV-2 [14]. Colostrum
peptides also demonstrated a strong antimicrobial
effect [15].

Enzymatic protein hydrolysis based on proteolytic
enzyme preparations can be an effective production
method for obtaining bioactive peptides [13]. Animal
enzymes, €.g., trypsin, often participate in hydrolysis [14].

This research isolated peptides from the trypsic
hydrolyzate supernatant of bovine colostrum to be
described and tested for antimicrobial and antifungal
activities.

Study objects and methods

We obtained trypsin hydrolyzate of bovine colost-
rum by the following technology. First, we removed
the fat fraction by centrifugation at 3900 rpm for
10 min in a SM-12-06 centrifuge (TAGLER, Russia).
After that, we introduced trypsin (Samson-Med, Russia)
in the ratio of 0.15% to the colostrum weight into a
phosphate buffer solution at pH 7.4. The solution con-
sisted of disodium hydrogen phosphate dodecahyd-
rate (Rosspolymer, Russia). The hydrolysis lasted for
12 h at 36°C. Eventually, the temperature was brought
up to 75°C to inactivate the enzyme. Table 1 summarizes
the physicochemical parameters of trypsin hydrolyzate
of bovine colostrum.

The trypsin hydrolyzate supernatant of bovine co-
lostrum was isolated by centrifugation at 3900 rpm
for 7 min.

The supernatant was separated by preparative
chromatography on silica gel, and the isocratic ratio of
eluent PBS to EtOH was 9:1. The peptide composition of

Table 1. Physicochemical parameters of trypsin
hydrolyzate of bovine colostrum

Tabnuna 1. PU3UKO-XUMHYECKHE [TOKA3ATEIH TPUIICUHOBOTO
THJPOJIN3aTa MOJIO3HBA KOPOB

Indicator Property
Mass fraction of protein, % 13.18 £ 0.09
Mass fraction of fat, % 0.15+0.01
Mass fraction of ash, % 9.50 £0.02
Mass fraction of solids, % 24.17+£0.42
Density, g/cm?® 1.05 +0.03
Acidity, °T 478 £0.12
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the trypsin hydrolyzate supernatant was determined
on a MALDI-TOF mass spectrometer, while the pro-
tein sequences were deciphered using the Mascot
database.

Proteins were precipitated with ammonium sulfate
to allow for a more complete study of the protein com-
position of the hydrolyzate supernatant. After sedi-
mentation, the samples were centrifuged at 3900 rpm
for 7 min to collect the protein precipitate. The protein
precipitate was purified from salts and inorganic im-
purities on a column with Amberlit XAD2 with eluent
for buffer A of 10 mM (CH,COONa), pH = 6, 10 mM
(CH,COONa) pH =4, 10 mM (KCI/HCI), pH = 1.5. The
salt gradient for buffer A+ was 0.2, 0.4, and 1% NaCl.
We used the Bradford method to test fractions of each
sample for protein. The resulting peptide fractions were
separated by preparative chromatography on silica gel.
The isocratic ratio of eluent PBS and EtOH was 9:1.
The separation resulted in the mpT fraction, which was
studied using the MALDI-TOF method.

We used the disk-diffusion method to define the
antimicrobial activity of the trypsin hydrolyzate super-
natant on gram-positive Bacillus subtilis and gram-
negative Escherichia coli.

The strains were cultivated on solid and liquid
media at 37°C. The solid LB nutrient medium consis-
ted of 1.5% agar, 1% tryptone, 0.5% yeast extract, and
1% NaCl. The liquid LB nutrient medium included
1% tryptone, 0.5% yeast extract, and 1% NaCl.

The diffusion method was applied to determine
the antimicrobial activity of the hydrolyzate. The test
strain was sown on a lawn plate with agar nutrient
medium, and the supernatant was placed on the lawn. A
paper disk with a nutrient medium served as a control,
and a disk with a standard antibiotic (Kanamycin)
served as reference. The petri dishes were incubated
at the optimal temperature for each test strain for

24.0 £ 0.5 h. The results depended on the presence
and size (mm) of a microorganism-free area around
the disk.

The antimicrobial activity of the peptides was tested
on nine groups of Wistar rats. Each group included
four three-month-old males. Group 1 consisted of
control animals that received 0.4 mL of water per
day intragastrically for 7 days. Groups 2, 3, 4, and 5
received 0.3 mL of the trypsin hydrolyzate supernatant of
bovine colostrum every day for 7 days. One day after the
introduction, groups 2-9 were injected intraperitoneally
with a daily culture of Salmonella enteritidis 92. Groups
2 and 5 received 5 CFU, groups 3 and 6 — 100 CFU,
groups 4 and 8 — 500 CFU, groups 5 and 9 — 5000
CFU. The rats were observed for 21 days after the
infection. The efficacy of the preparation was defined
based on the LD, number of survivors and the mean
day pf death period.

All animal procedures complied with the European
Communities Council Directive 2010/63/EU on the
welfare of experimental animals and were approved by
the Ethics Committee of the Institute of Immunology and
Physiology of the Ural Branch of the Russian Academy
of Sciences.

Results and discussion

The fractionated supernatant of trypsin hydroly-
zate (T) yielded three peptide fractions with different
molecular weights: TT1, TT2, and TT3. Figure 1 shows
a chromatogram for peptides.

Figures 2 show the mass spectra of peptide fractions
TTI1, TT2, and TT3 of the trypsin hydrolyzate super-
natant of bovine colostrum.

Figures 2 demonstrate quite clearly that the pep-
tides differed in molecular weight.

The molecular weight differed as follows: TT1 —
8.4 kDa, TT2 — 6.5 kDa, and TT3 — 13.0 kDa.
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Figure 1. Supernatant of trypsin hydrolyzate of bovine colostrum: peptides T
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Figure 2. Mass spectrum: Samples TT1 (a), TT (b), and TT3 (c)
Pucynok 2. Macc-cnektpsl o6pasnos TT1 (a), TT (b) u TT3 (c)

Table 2 shows the amino acid sequence for each
sample. Peptide TT3 consisted of nine amino acids
(nonapeptides) and belonged to short peptides. Pepti-
des TT1 and TT2 had 17 amino acids and belonged
to polypeptides. Ko et al. identified TT1 peptide as
the NCI_CGAP_Brn23 peptide Homo sapiens ¢ DNA
clone [17]. In fact, it is similar to TR: 035085 035085
ARX HOMEOPROTEIN. This peptide is believed to
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affect the prenatal development of the central nervous
system. Peptides TT2 and TT3 have never been
identified.

This research featured the peptide composition of
proteins precipitated with ammonium sulfate in the
trypisine hydrolyzate supernatant of bovinecolostrum.

Figure 3 demonstrates a chromatogram of the pep-
tide composition of proteins precipitated by ammo-
nium sulfate of hydrolysate trypisine supernatant.
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Table 2. Protein sequences of peptide samples TT1, TT2,
and TT3 of trypsin hydrolyzate supernatant of bovine
colostrum

Tabnuna 2. benkoBsie mociaegoBarenbuocT nentuaos TT1, TT2
u TT3 Hanoca04HOM KUAKOCTH TPUIICHHOBOT'O I'MAPOJIU3aTa
MOJIO3UBa KOPOB

Peptide sample Amino acid sequence
TT1 EGKSPRQ CLK SR G RK GY
TT2 PK CD YKRRS GP ALR TAK
TT3 LARKTSK IK

Note: A — alanine; D — aspartic acid; Q — glutamine; E — glutamic
acid; G — glycine; I — isoleucine; L — leucine; K — lysine; P — proline;
S —serine; T — threonine; Y — tyrosine; R — arginine; D — aspartic acid.
IIpumeuanmue: D - acnaparuHoBas KHCIIOTA;
Q - rnyramun; E — riyramusoBas kucinora; G — TIUIMIMH;
I — u3oneiiunn; L — neiiunn; K — nu3un; P — nponun; S — cepus;
T — tpeonun; Y — tupos3un; R —aprunun; D — acnaprunoBast KHcioTa.

A — anaHWH;

When we precipitated supernatant proteins of
bovine trypisine hydrolysate with ammonium sulfate,
it yielded a TT4 peptide with the following amino acid
sequence: EK LAKNK LAR GLK RK. The peptide
had a molecular weight of 18.0 kDa and was identi-
fied as CO950255 protein (sus scrofa) with unknown
functions.

We isolated four peptides: one short peptide and
three polypeptides. All the samples had different mo-
lecular weights.

Our data were consistent with those obtained
by Poirier et al., who detected biologically active
peptides in the trypsin hydrolyzate of bovine colos-
trum [18]. They stimulated the proliferative activity
of the T84 human intestinal epithelial cell line with
pepsin and trypsin hydrolyzate of bovine colostrum.
Therefore, bovine colostrum peptides are potentially

bioactive substances that are able to restore the gastro-
intestinal tract during infections [19].

Birkemo et al. were the first to describe peptides with
antimicrobial activity in fresh bovine colostrum [20].
They used chromatography to isolate three peptides of
fresh colostrum and described their antimicrobial act-
ivity against Escherichia coli DH5alpha. The first two
peptides were casecidin 17 and casecidin 15. They
were identical to the sequences at the C-terminus of
bovine beta-casein (YQEPVLGPVRGPFPIIV and
YQEPVLGPVRGPFPI). Casecidin 17 and casecidin 15
had molecular weights of 1881.00 and 1669.06 Da,
respectively. The third peptide was isracidin with
a mass of 2763.80 Da and the sequence of
RPKHPIKHQGLPQEVLNENLLREF. Casecidin 17 and
casecidin 15 shared the same minimal inhibition con-
centrations against E. coli DPC6053: 0.4 mg/mL.
Structural modeling showed that the amphiphilic
structures also had identical inhibitory and structural
properties. The minimal inhibition concentration of
isracidin against £. coli DPC6053 was 0.2 mg/mL [20].

In this research, we studied the antimicrobial pro-
perties of the trypsin hydrolyzate supernatant of bovine
colostrum on gram-positive and gram-negative bacte-
ria, as well as on the Candida albicans diploid fungus.
E. coli and Bacillus subtilis were selected as test bacterial
strains.

Table 3 summarizes the antimicrobial and antifun-
gal activity of the trypsin hydrolyzate supernatant of
bovine colostrum.

Table 3 illustrates the effect of trypsin hydrolyzate
on the survival of Wistar rats infected with Salmonella
enteritidis 92.

According to Table 4, the trypsin hydrolyzate had a
bactericidal effect against gram-negative E. coli (lysis
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Figure 3. Peptides during the precipitation of proteins from trypisine hydrolysate supernatant of bovine colostrum
with ammonium sulfate

Pucynok 3. XpomarorpaMma nenTHI0B IPU OCAKIACHUH CYJIb(HaTOM aMMOHHsI OSJIKOB HaZ0Ca0YHOM KUAKOCTH TPUITHCHHOBOTO
THpOJIN3aTaTa MOJIO3UBa KOPOB
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zone diameter — 3 mm) and gram-positive B. subtilis
(lysis zone diameter — 5 mm), as well as antifungal
activity against C. albicans.

Table 4 demonstrates the effect of trypsin hydrolyzate
on the survival of rats infected with S. enteritidis 92.

Rats that received trypsin hydrolyzate supernatant
of bovine colostrum had a better survival rate against
S. enteritidis 92. Therefore, the colostrum peptides
possessed antimicrobial properties. Group 4 rats, which
received 500 CFU of S. enteritidis, had two survivors
(50%), while Group 7 had only one (25%). The LD,
for Wistar rats with S. enteritidis was 100 CFU, but
those injected with trypsin hydrolyzate had a LD, of
500 CFU of S. enteritidis. The mean day of death value
was lower by 50% in the infected animals treated with
hydrolysate. It was two days in Group 9 infected with
5000 CFU of S. enteritidis. In Group 5, where the rats
received the same dose of S. enteritidis and were treated
with hydrolysate, it was three days.

Our results were consistent with the data obtained
by Sears et al., who proved that bovine colostrum is
a practical and effective prophylactic against gastro-
intestinal diseases [21]. Travelan is a commercial drug
known to prevent diarrhea caused by enterotoxigenic
E. coli. It possesses official clinical efficacy against
Salmonella. However, its immune components and
antimicrobial activity are yet to be identified [21].

Our research revealed four antimicrobial peptides
in the trypsin hydrolyzate supernatant of bovine

colostrum. They possessed bioprotective properties
against pathogens, which was consistent with other stu-
dies on the antimicrobial and immunotropic effects
of bovine colostrum. Anderson et al. argue that bovine
colostrum increases the protective barrier of the small
intestine and positively affects colon peristalsis [22].
However, for colostrum to be used as a functional
product, it must remain bioactive after processing.
The integrity of the intestinal protective barrier and
the antimicrobial properties of colostrum increased
because of the short peptides that were released
during enzymatic processing. In [22], proteolytic en-
zymes had a beneficial effect on the integrity of the
small intestine barrier, which is consistent with our
research results. Indeed, the peptides can be used to de-
velop functional foods aimed at improving intestinal
health.

Playford et al. reported that orally-administered
bioactive peptides have potential clinical bene-
fits [23]. However, their applicability is limited by
the proteolysis with gastric and pancreatic enzy-
mes. As oral antimicrobial agents, bioactive pep-
tides have to be combined with substances that
ensure their proper digestion. In [23], the authors
turned to casein and/or soy flour with high protease
inhibiting activity to provide the stability of bo-
vine colostrum peptides in laboratory rats. Soy and,
to a lesser extent, casein increased the biostabi-
lity of colostrum peptides in relation to digestive
enzymes.

Table 3. Antimicrobial and antifungal activity of the trypsin hydrolyzate supernatant of bovine colostrum

Tabuuua 3. AHTUMHKPOOHAS M IPOTUBOTPUOKOBASE AKTUBHOCTH HA/I0CAI0YHOM JKUIKOCTH TPUIICHHOBOTO THAPOJIN3ATA
MOJIO3HMBa KOPOB

Sample Lysis diameter, mm
Escherichia coli ATCC 25922 Bacillus subtilis Candida albicans
Trypsin hydrolyzate supernatant of bovine 3 5 7
colostrum
Control 0 0 0
Antibiotic 25 26 0

Table 4. Effect of trypsin hydrolyzate on the survival of rats infected with Salmonella enteritidis 92

Tabnuua 4. BausHue TPUIICHHOBOIO THAPOJIN3aTa HAJ0CAL04HOM XKHUIKOCTH MOJIO3HBA KOPOB HA BBIKHBAEMOCTb KpBIC IMHUH Bucrap,
3apaxeHHBIX Salmonella enteritidis 92

Group Surviving animals, g Mean day of death, days

Group 1 (control) 4 -
Group 2 (5 CFU Salmonella enteritidis + hydrolyzate) 4 —
Group 3 (100 CFU Salmonella enteritidis + hydrolyzate) 4 —
Group 4 (500 CFU Salmonella enteritidis + hydrolyzate) 2 4
Group 5 (5000 CFU Salmonella enteritidis + hydrolyzate) 0 3
Group 6 (5 CFU Salmonella enteritidis) 4

Group 7 (100 CFU Salmonella enteritidis) 2 2
Group 8 (500 CFU Salmonella enteritidis) 1 2
Group 9 (5000 CFU Salmonella enteritidis) 0 2
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Conclusion

We isolated peptides from the trypsin hydrolyzate
supernatant of bovine colostrum and investigated
their antimicrobial and antifungal activities. The tryp-
sin hydrolyzate was preliminarily fractionated by
centrifugation. Three peptide fractions (TT1, TT2, and
TT3) differed in amino acid sequences and molecular
weights. One of the selected peptides was classified as
short because it had nine amino acids in its composi-
tion, while the other two belonged to polypeptides and
consisted of 17 amino acids. Sample TT1 was identified
as the NCI_CGAP_ Brn23 peptide, which is known
to affect prenatal development of the central nervous
system. Peptides TT2 and TT3 were not identified.
We isolated a polypeptide with a molecular weight of
18.0 kDa from the ammonium sulfate-precipitated
trypsin hydrolyzate supernatant of bovine colostrum.
The peptide was identified as CO950255 protein sus
scrofa, but its functions remained unknown. The
peptides demonstrated activity against gram-positive
bacteria Escherichia coli, gram-negative bacteria Bacil-
lus subtilis, and diploid fungus Candida albicans. We
infected laboratory Wistar rats with various doses of

Salmonella enteritidis 92, and the orally-administered
trypsin hydrolyzate promoted their survival, as well as
reduced the LD, and the mean day of death period. The
research proved the antimicrobial and immunotropic
properties of the peptides obtained from the trypsin
hydrolyzate of bovine colostrum.
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V
B
AHHO ranus.

Cuzap momydaroT myTeM OpOKeHMs cycia CIelHalbHBIX (TeXHHYEeCKuX) copToB s010K. B I'ocpeectp PP cemexnmoHHBIX
JOCTHXKEHUH BKIIOYEHO 476 cCOPTOB 0J10HB, HEKOTOPBIE M3 KOTOPBIX MOTYT OBITh MEPCHEKTUBHBIMU JUIsl TIPOU3BO/ICTBA CHJIPA.
Jlnis BBISIBJICHNUST COPTOB I0JI0K, Hanboee MoAXOSIIUX JJIsl IPUTOTOBIICHHS CUIPA, aKTYaJIbHBIM SIBISIETCS] H3y4YCHUE U aHAITU3
TpaHCHOPMAIMK XUMHYECKHX BELIECTB S0J0YHOTO Cycia B IPOLECCe MPUTOTOBICHUS CUapa.

O0bexkTaMu ucciaeoBaHus OBIIN BEIOpaHBI 16 00pa3IoB sS0JI0OYHOTO cyclla B CUApA, NMOJIydeHHBIE U3 sI0J0K 3apyOexHol
OTEYeCTBCHHOU cenekuuu. [ng onpenencHus GU3NKO-XUMHUYCCKHX, OMOXMMHUYECKUX M OPraHOJIENTHYECKUX IOKa3aTeleil
MPUMEHSJIM CTaHJIapTHbIC METOAUKH, & TAKXKE METOJbl BBICOKOd()(EKTHBHOIO KaNWISPHOrO 3JeKTpodopesa U ra3oBoi
xpoMarorpaduu.

VCTaHOBJICHO, YTO KOHIEHTPAIIMU TUTPYEMBIX KHCJIOT, (DEHOIBHBIX BEIIECTB, ACKOPOMHOBOH M (eHOIKApOOHOBBIX KHCIOT
cycila BappbHpPOBAINCH B IIUPOKUX AMANa30HaX B 3aBHCUMOCTH OT copTa si010K. 1o 3aBepurennn nporecca OposkeHust ObLI0
OTMEYEeHO CHI)KEHUE aCKOPOMHOBOM KUCIOTHI B cpenHeM Ha 76 %. Coxepxanue (peHOIKapOOHOBBIX KHCIOT yBEJIUIHIOCH B
CHApE TI0 OTHOIIEHHIO K CycIy B cpeqHeM Ha 51 %. B cuapax oOHapy KU STHTapHYIO, MaBeIeBYI0, MOJOUHYIO H YKCYCHYIO
KHCJIOTHI, KOTOPBIX M3HAYaJIbHO HE ObUIO B Cycie. bbUI0O 0TMEYeHO MOBBINICHHE KOHIIEHTPAUN aMUHOKHCIOT B CpEIHEM B
2 pasa. ITo pe3ysbTaTaM AeryCTallMOHHOI OLEHKM BBIICJIMIN CHJpP U3 cOpTa BUpKMHUSA, B Cyclle KOTOPOT0 KOHIIEHTpAIHs
(beHonbHBIX BewecTs Obuta MakcuManbHOH (1121,6 mr/am?).

B xozme pa®oThl M3ydmiaM TpaHCHOPMALMIO XUMHYECKUX BEIIECTB Cycia B IPOLECCEe MPUrOTOBICHHs cuiapa. Jlydmmnmu
XapaKTePUCTHUKAMU, B TOM YHCJIE OPraHOJECNTHYCCKUMH, OTIMYAINCh CHAPBI U3 COPTOB SIOJIOK CO CIOMXHBIM MEXBHJIOBBIM
MPOUCXOXKJICHHEM U MOJYyYCHHBIX KOMIUIEKCOM METO/IOB ITOJIMIIOWANH U OTNAJICHHON TMOpUAN3AINH, @ TAKXKE C BBICOKUMHU
KOHLIEHTPALUAMH CaxapoB M (pEeHOJIbHBIX BellecTB. JlanpHelne ncciaeoBanus OyayT HAIlPaBICHbl HA H3yYeHHE COPTOB M
(GbOpM C BBIICTUBIIUMHUCS TIPOUCXOKICHHEM U (HU3UKO-XUMHYCCKUMHE MOKA3aTENIMH C 110 X BO3MOKHOII epepaboTKu B
CHUJIPBI, TUIOI0BBIE BOAKH M KallbBaJOCHI.

KawueBsbie ciioBa. H6J’IOKI/I, ceJIeKui, CopT, 6p0)KCHI/Ie, cuap, Cycjio, XUuMHUYCCKHE BEIIECTBA

®unancupoBanue. VccieqoBanne BHIIOIHEHO MPH GUHAHCOBO# mogaepikke KybaHckoro HayqHOTro GoHIa B paMKax HAyIHOTO
npoekra Ne M®H1-20.1/100.

Jast nuTupoBanus: M3ydenne Tpancopmaliiy KOMIIOHEHTHOTO cOCTaBa Iu10A0B 1010Hu B cuap / A. A. llupmosa [u op.] //
TexHHMKa ¥ TEXHOJIOTHS MHIIEBbIX mpon3BoacTB. 2023. T. 53. Ne 1. C. 159-167. https://doi.org/10.21603/2074-9414-2023-1-2423
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Abstract.

Cider is obtained by fermenting mashed apples of special cider varieties. The Russian State Register of Selection Achievements
includes 476 varieties of apples, some of which can be used in commercial cider production. To identify potential cider
cultivars, food scientists study the transformation of chemicals in apple mash during fermentation.

The research involved 16 samples of apple mash and cider obtained from apples of foreign and domestic selection. Their
physicochemical, biochemical, and sensory parameters were identified using standard methods, as well as the methods of
high-performance capillary electrophoresis and gas chromatography.

The samples revealed a wide range of concentrations of titratable acids, phenolic substances, ascorbic acids, and phenolcarboxylic
acids, depending on the cultivar. After fermentation, the content of ascorbic acid decreased by an average of 76%. The content
of phenolcarboxylic acids in the cider samples increased by an average of 51% compared with the apple mash samples. The
ciders contained succinic, oxalic, lactic, and acetic acids, which were not registered in the apple mash, and the concentration of
amino acids doubled. The cider from the Virginia variety had the best sensory profile, and it also had the highest concentration
of phenolic substances (1121.6 mg/dm?).

In this research, the best characteristics belonged to the ciders from apple varieties with a complex interspecific origin, obtained
by a complex of polyploidy and distant hybridization methods, and with high concentrations of sugars and phenolic substances
in the apple mash. Further research will test varieties of other origins and physicochemical properties for their potential use
in cider, vodka, and calvados production.

Keywords. Apples, selection, varieties, fermentation, cider, must, chemical substances
Funding. The research was supported by the Kuban Science Foundation as part of scientific project No. MFI-20.1/100.
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Beenenue KJIIOYaeTCsl HE TOJIbKO B MeTabOIM3ME YTIEBOJOB,
[IponsBoacTBO A0IOYHOrO CHApa UIUPOKO pac- 00pa30BaHMM 3TAHOJA U YTIIEKHUCIOTO Ta3a, HO M JPYTUX
MPOCTPAHEHO BO BCEM MHPE, T. K. 3TOT CI1a00aJIKOT OJIbHBIH COeIMHEHNI (OPTaHMYECKHUX KUCIIOT, MOMH(pEHOTBHBIX

HAIUTOK OPOXXEHMsI MPOU3BOIAT M3 SOJOYHOIO COKa
(cycma), a sI0JIOHS SBJISICTCS JIETKO aJanTHPyeMOM K
MPUPOJHO-KIUMATHUYECKHUM  YCIOBHSM  KYJIbTYPOH,
U CYIIECTBYET OONBIIOE KOJTHUYECTBO €€ copToB [l].
Cuap monydaroT myTeMm OposkeHust s0J04HOro cycia
noj nercteueM (GpepMEHTOB APOXIKEH, B pe3ysbTaTe

BCIIIECTB, AMUHOKHUCIIOT, JICTYYHUX COCTUHEHHM | T. 1I.), OT
KOTOPBIX 3aBHCAT OPTaHOJICNTHYECKNE XapaKTEPUCTHKH
roToBOT0 HamuTKa [3].

OObeMHast 10JIs1 ATHIOBOTO CIIUPTAa B CHUJpPE COC-
TaBnset ot 1,2 10 6,0 %, moATOMY TOMYJSIPHOCTh B 00b-

KOTOPOTO MPOUCXOAUT U3MEHEHNE XUMUYECKOTro coc- MBI IPOM3BOJCTBA CHAPA BO BCCM MHPE IOCTOAHHO
TaBa 3a CYET TPaHC(HOPMAIMK OJHHUX TPYII BEMIECTB pactyt [4]. Haubonee Ba)XHBIMU perHOHAMH MTOTpeOIIe-
n obpazoBanust apyrux [2]. [Ipoumecc OpoxeHust 3a-  Hus cujapa B MUpe siBisitorcst 3ananast Espomna (55,7 %),
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Adpuka n Cesepras Amepuka (o 12 %), ABcrpanus
(8 %) m Bocrounas Espomna (6,4 %) [5].

EsxeroHo Bo BceM MUpe Ha cHUp HiepepadaTbiBatoT
6onee 1 miH TOHH s670K. B Benmukobpuranun, @pan-
nuu, Upmaaanu u benbrun BBIpAIIMBAIOT CIICIIHAIb-
HblE€ «TEXHHMUECKHE» COpTa, MpeJHa3HAUCHHBbIE A
MPOM3BOJICTBA cuapa [6].

CornacHo nanHbiM EBpomneiickoil accouuauuu
cuapa U (QPYKTOBBIX BHH SIOJIOKM JUIsl CHUApA IOA-
pa3AeNsIoTca Ha YETHIPE OCHOBHBIE KaTETOPHUHU: KHC-
JIBIE, TOPHKO-KHUCITBIC, TOPBKO-CIIaIKe U craakue [7, §].
OCHOBHBIMH KPUTCPUSMH KIacCU(PUKAHUK SOIOK SB-
JISIIOTCS KOHIIGHTPAIUS caxapoB, onpeestomas o0b-
€MHYIO JIOJTIO 3THJIOBOTO CIIUPTa B TOTOBOM HAITUTKE,
(eHONIbHBIE COCAMHEHMSI, NMPUAAIOIINE TOPHKOBATHIN
BKYC, ¥ KHCIIOTHOCTH, YCHJIMBAIONIAs BSKYIIUNH BKYC
U cO3Jafomasi IOJHOTY BKyca [9].

Kpacnonapckuii kpait siBisieTcsi OJHUM U3 BEAYLIUX B
Poccun pernoHoB pa3BuToro mioaoBoacTea. COpTUMEHT
MJI0TOBEIX KyIbTyp KpacHomapckoro kpas 3a mocie -
HUE JEeCSATIICTHS MOMOJHHIICS 32 CIET HOBBIX COPTOB
MPOMBIIUICHHBIX KYJIBTYpP, B TOM YHCJIC HMMYHHBIX H
BBICOKOYCTOWYHMBHIX K MAPIIE COPTOB SOIOHH, TUTOIIAIH
HAaCaXXJICHUHW KOTOPBIX M3 TOJa B TOJ YBEIMYHBAIOT-
cs [10]. B Poccuu Brmtoueno B ['ocpeecTp cenekuoH-
HBIX NOCTH)XKEeHUW 476 cOopTOB SI0JOHU, B TOM YHCIIE
153 no CeBepo-KaBkazckomy pernony. CenekimoHHOE
0OHOBJICHHE CYIECTBYIOIIETr0 COPTUMEHTA HIET YCKO-
pennbiMu Temnamu: B 2020-2021 rr. B 'ocpeectp PD
BKJTIOYEHO 34 HOBBEIX COpTa SOJIOHM.

CornacHo ®enepanpHomy 3akoHy Ne 171 «O ro-
CyAapCTBEHHOM pETyJIHPOBAaHUU TPOU3BOACTBA U
000poTa ATIIIOBOTO CIUPTA, aTKOTOJIHHOW U CITUPTOCO-
Jiep Kaliel MpotyKIuu 1 00 OrpaHUYEeHUH OTPEOIeHUS
(pacnuTusl) anKOTOJBHON MPOAYKIIUM» NESITEIbHOCTh
[0 TPOWM3BOJACTBY W OOOPOTY CHIpa HE IMOIICKHUT
nuueH3upoBanuio B Poccuiickoit @enepanuu. B cBs-
3 C 3TUM CHJPHI 3aHUMAIOT 3HAYUTEJILHOE MECTO B ac-
COPTHMEHTE aKOroNbHON nmpoaykunu [11]. B mocnen-
HUE HECKOJIBKO JIET CPEeAH KPECThIHCKO-(PEPMEPCKUX
XO034MCTB OTMEUEH MOBBIIIEHHBI MHTEpEC K COpTaM
A0JI0HB, MOAXOALINM ISl IPOU3BOJCTBA CHAPA.

Henp pa®oTBl — HM3yYHTHh MMOKa3aTeNd KadyecTBa
S10JIOYHOTO CyCJIa M CHJIpa U3 HEro Ha IpUMepe HEKOTOPBIX
COPTOB 00K TSI BBIJICTICHUS Hanboee MOIX0AIIUX
COPTOB JJIA IepepadOTKH Ha CUAP.

O6beKTHI H METO/IBI HCCIIEI0BAHUS

B pab6ore 65010 HccnenoBaHo 16 COPTOB M SITUTHBIX
(dbopM S0JIOK Pa3IMIHOIO IKOJIOTO-reorpaduIecKoro
npoucxoxaeuus: Pener [lnarona, barpsuen Ky0anu,
[Ipukybanckoe, [lepcukoBoe (Poccus, copra cenexun
CK®HIICBB), Opdeit, Mapro, Coto3, FOHOHA, 2TUTHEIE
¢dopmsar 12/1-21-29 u 12/1-21-24 (Poccus, CKOHIICBB
n BHUUCIIK), Umpyc (Poccuss, BHUMCIIK), JIuron
(ITospmra), Bupmxunus, Uarepmpaiic, JInbepru (CLLIA)
n Onopuna (Ppanuus), a TaKKe TPUTOTOBICHHBIC 13
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HUX cuapel. Cpeau uccieryeMbIX 00pa3IioB CopTa JIeT-
Hero cpoka co3pesanust — Coro3 n FOHOHA, OCeHHEro —
[TepcukoBoe u Bupmxunust, popmsr 12/1-21-29 n 12/1-
21-24, ocTanbHbBIE — 3UMHETO.

S16104HOE cyci0 OBIIO MOTYYEeHO Ha COKOBBIKMUMAII-
Ke, COpOKEHO B JIA0OPATOPHBIX YCIOBHSIX PACOH JAPOXK-
xert Fruit (pon Saccharomyces cerevisiae, I'epmanus,
«Erbsloh Geisenheim») mpu temmnepatype 17 £ 1 °C.
OcBersieHre CcUApa IMPOUCXOAMIO MOCPEICTBOM €ro
OTCTaMBaHUS C IOCJIEAYIOUIMM OTJIEJICHHEM Ocaika 1
manpHeWmen GunpTpanuei.

B s6:10uHOM cyciie u cuapax onpeaenuin GU3NKo-
XUMHUYECKHE TOKAa3aTeNH 10 JICHCTBYIOLIMM Ha TepPH-
topun P® crarnaptasim metogukam [OCT u TOCT P.
MaccoByIo KOHIIEHTPALWIO OPTaHUYECKUX KHCIIOT, ac-
KOpOMHOBOI 1 (heHOJIKAPOOHOBBIX KUCIOT YCTAHOBUIIH
METOJ0OM BBICOKO3((HEKTHBHOTO KAMMILIAPHOTO AJICK-
tpodopesa Ha mpudope Kanens 105M (Poccust) mytem
MIPSIMOT'O BBOJIA TIPOOBI, aMUHOKHCIIOT — IIyTEM IpeiBa-
PUTETBHON MOATOTOBKH MPOOBI (KMCIOTHOTO THUIPO-
JIU3a W pas3iesiecHUH aHWOHHBIX ¢opM N-deHwmirno-
KapOaMWINPOU3BOJAHBIX AMUHOKHUCIIOT), (EHOIBHBIX
BEIIECTB — KOJOPUMETPUIECKUM METOJOM C IIPUMEHE-
HueM peaktuBa PonnHa-Yokanbrey, KaYeCTBEHHBIH U
KOJIMYECTBEHHBII COCTAB JICTYYMX KOMIIOHEHTOB — C
MmoMoIIbI0 razoBoro xpomarorpada Kpucrtamn 2000
(Poccus) myrem mpsiMoro BBojaa mpoOsl. Jlns raso-
XpomaTorpapuieckoro aHajin3a ObUIM BBIOPAHBI Clle-
JYIOIME YCIOBUS: KBapleBasi KalUIsIpHas KOJOHKA
nnuHoi 50 M, BHyTpeHHUM auameTp — 0,32 MM; Hemo-
nBrkHas xkunkas ¢paza — FFAP; temneparypa unxek-
Topa xpomarorpacda — 150 °C; remnepaTypa nojorpena
nerektopa IUII — 170 °C; BXogHOE NaBICHUE HA KO-
nonke — 60 kIla; Temneparypa TepmocTaTa KOJIOHOK —
50 °C, uzorepma — 7 MHH, NMPOrPAMMHUPOBAHUE TEM-
mepatypsl co ckopocthio 5 °C/mun no 140 °C u BBI-
JIepKKa J10 KOHIIa aHalN3a; MCIapUTENb C JICJICHHEM
MOTOKa — KO3 dULUEHT aeieHus noToka 1:33; moTok
raza-HOCHTEIS Yepe3 KOMOoHKY — 1,21 cm’/mMuH; 06Bem
npoObl — 1 MM?; Ta3-HOCHTEJb — a30T; PacX0] BOJOPO-
ga — 25 cM®/muH; pacxoa Boszayxa — 250 cm’/muH;
Bpems aHanuza — 60 MUH.

OpraHoJIenTHYECKHE MTOKA3aTENHN OIBITHBIX 00pa3IoB
cujJpa OLEHWBaja JerycranuoHHas komuccus HI
«Bunogenue» mo 100 6anpHoO# mKaie. MccnenoBanus
MIPOBOJWIIM B IIEHTPE KOJUJICKTHBHOI'O MOJb30BAHMS
«IIpubopHo-anamutnueckuity ®I'BHY CKOHIICBB.
JIisi KOJNIMYECTBEHHBIX PAaCYeTOB COACPIKAHUS KOM-
MMOHEHTOB B MP00E NMPUMEHSUIH METOJ a0CONFOTHOM
KaJInOpOBKH.

Pe3ysabTaThl U UX 00CYKIEHHE

S16710KM pa3INYHBIX COPTOB MMEIOT pa3HOE BpeMs
CO3pEeBaHUsl U OTIMYAIOTCS CHEUUPUKON XuMuyec-
xoro coctasa [10]. lnana3oHbl BAapbUPOBAHUSA OCHOB-
HBIX TOKa3aTeliell B MCCleayeMbIX oOpasmax cycia
npeJjicTaBiieHbl B Tabmuie 1.
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Tabmuua 1. [Toxazarenu, xapakTepu3yromune s0JI09HOE CYCI0 U3 UCCIEAYEMBIX COPTOB (RIUTHBIX GOpM)

Table 1. Indicators of apple mash of elite varieties

Neo Copt (popmbI) Beixon | JnutenbHOCTD Maccosas MaccoBas MaccoBas Maccosas
/1 SI0JTOK coka, % | OpokeHus, KOHIICHTPALMsl | KOHIIGHTPAIMsA | KOHICHTPALUS KOHIICHTPALHS
CYTKH caxapos, /100 cM® | TUTpyeMBIX (heHONBHBIX AQHTOILIMAHOB,
KMCJIOT, T/1M° | BEIIEeCTB, MI/am? mr/om?

1 Pener [1narona 68 7+1 12,4 +0,1 8,6+0,1 452,0+11,0 23,0+ 1,0
2 Opdoeit 75 13+£1 13,6 £0,1 9,2+0,1 330,0£9,0 23,0+ 1,0
3 Mapro 86 7+1 15,3+0,2 4,0+0,1 660,0 £ 15,0 17,0+ 1,0
4 Barpsiren Ky6anu 66 12+1 13,6 £0,1 46+0,1 402,0 £ 11,0 19,0 £ 1,0
5 [Mpuxybanckoe 81 15+1 11,9+0,1 4,8 +0,1 544,0 £ 14,0 14,0+ 1,0
6 Coro3 68 12+1 11,8+0,1 3,8+0,1 408,0 £ 14,0 21,0+ 1,0
7 [OHOHa 75 11 11,4+0,1 42+0,1 456,0 = 11,0 11,0+ 1,0
8 IMepcrkoBoe 72 13+1 11,6 £ 0,1 4,0+0,1 523,0+£ 15,0 9,0+1,0
9 Jluron 84 15+1 13,1 +0,1 48+0,1 4480+ 11,0 15,0+ 1,0
10 Bupmxuans 72 13+1 15,8+0,2 5,8+0,1 1121,6 £28,0 350+ 1,0
11 WuTepmnpaiic 59 12+1 13,4+0,2 5,6+£0,1 456,0 11,0 menee 5,0
12 JlubepTn 85 12+1 13,8 +£0,2 6,7+0,1 345,0+£9,0 meHee 5,0
13 droprHa 77 15«1 12,7+ 0,1 4,7+0,1 198,0 £ 6,0 menee 5,0
14 Nmpyc 79 11+1 11,9+0,1 6,2+0,1 336,0+£9,0 8,0+ 1,0
15 12/1-21-29 88 13+£1 11,6 £ 0,1 82+0,1 280,0 £8,0 14,0+ 1,0
16 12/1-21-24 82 12+1 11,4 +0,1 6,7+0,1 360,0 £9,0 menee 5,0

Kak BuaHO m3 Tabmumsl 1, BEIXOA COKa, JUIMTEIb-
HOCTH TIpoIiecca OpOKEHHUs M COJEp)KaHHE CaxapoB,
TUTPYEMBIX KHUCJIOT U (EHOJBHBIX BEHIECTB 510J10Y-
HOTO CycJia BapbHPYIOTCS B IIMPOKHX JHana3oHax B
3aBUCHUMOCTH OT copta (popmsr) si60k. Koppensun
MEX/y KOHIIEHTpalueil caxapoB, THTPYEMBIX KHCIOT
U (DCHONBHBIX BEIIECTB M BpPEMEHEM OpOKCHHS HeE
YCTaHOBIICHO.

MakcuMaabHBIH BBIXOJ Cyclla HOJy4eH HpH Iie-
pepabotke s1610k copToB (dopm) 12/1-21-29, Mapro,
JIu6eptu, Jluron n 12/1-21-24 (88-82 %). Hanbonpuias
KOHIIEHTPANHS caxapoB OTMeUeHa B copTax ((opmax)
Bupmxunus, Mapro, JIubeptu, Opdeit u barpsuer
Ky6anu (15,8-13,6 r/100 cm?), THTpyEeMBbIX KHUCIOT —
Opdoeit, Pener [Tnatona u 12/1-21-29 (9,2-8,2 v/nm?).

[Ipu uccraeqoBaHUM cOCTaBa HEJETYyUYHX (IKCTpPAK-
THBHBIX) KOMIIOHEHTOB CYCJa BBISIBWIM Pas3jInyus B
comepxxaHuy (peHONbHBIX BemecTB. DEHONbHBIE Be-
HIECTBA ABJIAKOTCA BA)XHBIMH KOMIIOHCHTAMU XUMHWYCC-
KOT'0 cocTaBa sI0JI0K, IpeHa3HaYeHHBIMHA JUUISl TIPOU3-
BOJICTBA CHJIPA M OKa3bIBAIOIIMMHU OOJIBIIOE BIMSHIE HA
OpraHoJIeNTHYECKNE XapaKTEPUCTUKH, 2 UMEHHO I[BET,
MIOJIHOTY BKyCa, TAHUHHOCTb U KOJUIOMIHYIO CTAOMIIb-
HOCTB TOTOBOTO HanuTka [12]. Kpome Toro, HeKkoTOphIe
(heHOJIbHBIE COCIMHEHMS SIBISIIOTCS IIPE/IIECTBEH-
HUKaMH apOMaTHYECKUX KOMIIOHEHTOB cuppa [13, 14].
Jannyo uHGbOpMaLMI0 TOJATBEPXKIAET M HaIlle HC-
cie/loBaHUE: CUAP C HanOOJbLICH IeryCTalMOHHON
OTIeHKOH (83 Oania), MpUrOTOBICHHBINA U3 I0JIOK cOpTa
BupmkuHus, uMenl KOHIEHTpanuio (eHOIbHBIX Be-
mectB 1121,6 Mr/nm®, B TO BpeMst Kak B Cyciie OCTATbHBIX
HCCIIeTyeMBIX cOpTOB ((popM) MaccoBasi KOHIIEHTPAIIHS
(eHoNMbHBIX BelecTB OblTa Ha ypoBHE 198—660 Mr/am>.
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Tab6uuna 2. MaccoBasi KOHIICHTpAIHs aCKOPOUHOBOI
KHCIJIOTBI B CyCJI€ ¥ CHPaxX U3 00K, HCCIIETyEeMBbIX
COpPTOB (AMHUTHBIX GOpPM)

Table 2. Mass concentration of ascorbic acid in apple mash and
cider samples of elite varieties

Ne | Copr (hopma) Maccosas Jonst
n/n SI0ITOK KOHIICHTPALIUS CHIDKCHUS
acKopOMHOBOU acKOpOMHOBOM
KHCJIOTBI, MI/ M3 KUCJIOTHIL, %
Cycno Cunp
1 Pener 7,6+0,3 | 1,7+0,1 77,6
[Inatona
2 | Opoeit 75403 | 2,8+£0,1 62,7
3 Mapro 8,4+03 | 0,5+0,1 94,0
4 Bbarpsinen 70+£0,3 | 1,8+£0,1 74,3
Ky6anu
5 [puky6anckoe | 10,7+ 0,4 | 0,6 +0,1 94,9
6 | Coro3 8,5+03 | 3,6+0,1 57,6
7 IOnona 29,0£1,2 |54+0,2 81,4
8 | IlepcukoBoe 12,6 £0,5 | 0,7 +0,1 94,4
9 | JIuron 48,0+1,9 | 3,1+0,1 93,8
10 | Bupmxunus 14,7+£0,6 | 3,5+0,1 76,2
11 | Muatepmpaiic 9,4+04 | 40+0,2 57,6
12 | JIubeptu 21,8+0,9 | 9,104 58,3
13 | ®nopuna 72403 | 2,5+0,1 65,3
14 | Umpyc 7,1+£0,3 | 1,3£0,1 81,7
15 |12/1-21-29 109+04 | 1,8£0,1 83,5
16 |12/1-21-24 30,1+1,2 | 44+0,2 85,3

XoTs copT sI0JIOHU OKa3bIBaeT OOJBIIOC BIUSHUC
Ha KOHEYHOE CoJiepKaHne (PeHONbHBIX COCTUHEHUH U
ACKOPOMHOBOW KUCIIOTHI B CHJPE, PSIIT TEXHOIOTMUYCCKIX
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OnepaLuil NPUBOIUT K U3MEHEHHUIO UX KOHLEHTpALUil B
TOTOBOM IPOAYKTE. B cBsI3M ¢ 3THM B 510;109HOM Cycie
U cujpax ObuIa olpe/esieHa KOHIICHTpanus ackopOuHo-
BOH KHCJIOTHI (Tabin. 2) U (heHonKkapOOHOBBIX COENU-
HeHu# (puc. 1 u 2).

KonmuenTpamnus ackopOUHOBOW KUCTIOTHI B Pe3yIbTaTe
TEXHOJIOTUYECKUX MPUEMOB TOJIYyUEHUS CHJIpa CHU3H-
Jlack B cpeaHeM Ha 76 %. MakcuMalbHble OTEPH ac-
KOpOMHOBOI KUCIOTBI OTMEUEHBI B CHIpaxX COPTOB
[Ipuxybanckoe, [lepcukoBoe u Jluron (94,9-93,8 %),
MUHHUMaJbHEBIE — B cHIIpax copToB MHTepmpaiic, Coio3

n JIu6eptu (57,4-58,3 %). Konnenrpanuu dpeHonkap-
OOHOBBIX KHCIOT — XJIOPOTCHOBOW, HHUKOTHHOBOW,
0pOTOBOM, KO(EHHOW M rajuIOBOW — YBCIHYHIUCH B
CUJpe 10 OTHOLIEHHUIO K Cyclly. JTO cBs3aHO C (ep-
MEHTAaTUBHO TpaHcdopmaluei noaupeHosoB B Mpo-
necce Opokenus [15]. VBenmdueHHMe KOHIECHTpAHUH
(heHOTKapOOHOBBIX KUCIOT CIIOCOOCTBYET YBEITUUICHUIO
AHTUOKCHUJIAHTHOHM aKTHBHOCTH CHJIpa U MPO(UIAKTHKE
ero JajJbHEHIIero OKUCICHNUS.

BxycoBrsie kauecTBa INIOJ0B U MPOAYKTOB UX Iepa-
paboTKM OTpenensioTcsi KOJWYECTBEHHBIM COAEpPIKa-
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Figure 1. Mass concentration of phenolcarboxylic acids in apple mash
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Figure 2. Mass concentration of phenolcarboxylic acids in cider after processing
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HUEM OPTraHUYECKUX KUCIOT anu(paTHIeCcKOro psijia u
X COOTHOIICHUEM. KHCIIOTHI BIUSIOT HAa pa3IMYHEIC
MPOLIECCHI MepepaboOTKU U CIIOCOOCTBYIOT MIPOTCKAHUIO
BOCCTAaHOBHTEINIbHBIX MPOIIECCOB, a MX COJACPKAHHEM
00yCIIaBIUBAIOTCS ONPe/IeICHHbIE BKYCOBBIE KaueCTBa
IIOA0BOM aJIKOTONBHOM mpoayKiuu u cuapa. OcHoBHas
KHUCIIOTa IJI0J0B S0JIOHH — s10JI0uHast — oOpa3yeTcs u3
reKCO3 B MPOLECCe AbIXaHHS PACTUTEIBHON KIETKH.
CornacHo [16] xoHUEHTpanus sOJOYHOU KHUCIOTHI B
mjronax H6HOHI/I 3aBUCHUT KaK OT I'€HETHUYCCKHX O0CO-
OCHHOCTEH COopTa M arpOTEXHUYECKHUX YCIOBUH €€ BbI-
palMBaHUs, TaK U OT HAJIMYHUS BEICOKOMOJICKYJIIPHBIX
caxapoB — KpaxmMaja U KJIeTYaTKH, Py TpaHChOopMaiuu
M pacmaje KOTOPhIX MOTYT 00pa3oBaThCs MPOMEXKY-
TOYHBIC IPOAYKTHI, HCOOXOUMBIC ISl CHHTE3a 10104~
HOU KucoThl. OpraHrYecKue KUCIOTHI CyClia BCEX HC-
cieayeMbIX 00pa3oB OBUTH MPEICTaBICHBI I0T0YHON
kucioToi (5,2—14,3 r/aM®) 1 B MEHBIITHX KOHIIEHTPAIIH-
sx mumonHO# (00,2 r/am*). Tlo 3aBepiieHun mporecca
OpoXKeHNs KOHIICHTpAIus sO0JO0YHON KHUCIOTHI TTOHH-
sunacek (4,4-7,1 v/am?), a numonHO# cocraBuna 0,1—
0,2 r/am?®. O6pasosanuce ssatapuas (0,3-0,8 r/qm?), mia-
Benesas (0,1-0,2 r/am?), momounas (0,1-0,3 r/am’) u
yKCycHast KACTOTH (110 0,1 1/1M°), KOTOPBIX M3HAYATBHO
He ObLI0 B cycie. X o0pa3oBaHue MOXKHO OOBSICHUTH
OMOXMMHYECKUMHU PEAKIUIMHU, IPOTEKAIOIIMMHU B I[UK-
ne Kpebca nox nelictBueM (epMEHTHBIX CHCTEM BHH-
HBIX Japoxokeit [17].

AMUWHOKHUCIIOTHI SI0JOYHOTO Ccyclia SIBISIOTCS OC-
HOBHBIM HCTOYHUKOM a30Ta JUIsl [poxokeit. Cunraercs,
YTO JJOCTATOYHON KOHIIGHTPAIUEH a30Ta JJIs IO IepIKa-
HUSI aKTUBHOT'O (DM3UOJOTUYECKOTO COCTOSIHUS IPOIK-
kel B mportecce 6poxenus sisasiercst 70—150 mr/mm? [9].
B cycne u3 nccaenxyemsix coptoB (hopM) cymmapHas
KOHIIEHTpAIUs aMUHOKHUCIOT cocTtaBmuia oT 7,0 (copt
Pewner Ilnatona) g0 70,1 mr/am?® (copt Ipukybanckoe).
Hecmotps Ha HU3KHE KOHICHTPAlMH aMHHOKHUCIIOT B
cycie, MpoIecc OpPOKEHHS MOJTHOCTHIO 3aBEPUIUIICS
BO Bcex 16 OmBITHBIX 00pa3max 6e3 JOTMOJHUTEILHOTO
BBEJICHUSI a30TUCTHIX BEIIECTB (TUTAHUS JJISL IPOFIOKEH).

B pe3ynbTare u3yueHus aMHUHOKKCIIOT YCTAHOBIICHO,
9TO OOJIBIIYIO YacTh B SIOJJOYHOM CYCJI€ BCEX M3YUCH-
HBIX 00PA3I[0B COCTABHIIN ApTUHIH, METEOHUH, BAJIHH,
TPEOHUH, CEPUH U ¢-aJlaHUH. MEeTeOHUH SIBJISICTCS PO~
TEKTOPOM, MPEMSITCTBYIOMUM O0pPa30BaHHIO 3THOJIO-
BBIX COCIMHEHUH U cepoBogopoxa [18]. DTo mo3BomseT
TOBOPUTH O TOM, 4TO B CHJpax U3 coptoB Mapro, Coro3,
Jluron, Bupmxunus u MaTeprpaiic B mpoiecce Opoxe-
HUsl CEPOBOOPOJIHBIC TOHA HEe o0pasytorcs. [Ipoun
00HaApYKEH TOJBKO B Cyclie H3 COPTOB Bupmxunus u
WuTtepnpalic.

[To okoHuYaHUU mpolecca OPOKEHUS B pe3ysIbTaTe
JKU3HEACATECIPHOCTH, aBTOJIU3a IPOXKIKEBBIX KIETOK
U BBICBOOOXKICHHSI CBOOOJHBIX aMHUHOKHCIOT B I'OTO-
BBIX CHJIPax YBEJIMYHIACH KOHI[EHTpAIHs (B CPE/IHEM B
2 pasa) apruHuHa, METEOHHHA, BainHa u cepuna. Kpo-
M€ TOr0, BO BCEX CHJpax ObLIN OOHAPYKEHBI MPOJIHH,
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TUCTH/MH, JTU3UH U TJINIUH, KOTOPBIE HE IPUCYTCTBO-
BaJIM B Cycie. BeIsBIeHHAs TEHICHINS OJJUHAKOBA ISl
Bcex copToB (hopm) s1610K. DTO MO3BOJISICT TOBOPUTH
0 TOM, YTO Ha M3MEHEHHE aMHHOKHCIOTHOI'O COCTa-
Ba B Ipoliecce OPOKEHUH BIUSIOT (GU3NOIOTHUECKHE
CBOMCTBA UCMOIB3YEMOM PaChl APO}KEN, a HE COPTOBBIE
ocobenHocTH s16;10k. CymMMapHas KOHIIEHTpAIUs aMu-
HOKHCJIOT B CHJIIPaX U3 S0JIOK Pa3IMUHBIX COPTOB ((hopM)
BapbupoBanach ot 191,2 no 420,6 mr/am?.

HanGonee BaKHBIMH JIETYYHMHU COCJAMHCHHUSIMH,
UICHTU(DHUIIPOBAHHBIME B SO0JIOYHOM cyciie, ObLIH
cioxuble d¢upsl (2-MeTHIOyTHIIOBEIH 3dup ykcyc-
HOM KHUCJIOTBI, OyTHIIOBBIH 3HUp YKCYCHOW KHCIIOTHI,
2-TeKCEeHOI, TeKCaHaNb U 2-TeKCaHab), TOT/Ia KaK B CHII-
pax ObL10 0OHApYkeHo OoJiee MHUPOKOoe pasHOOoOpa3ue
Pa3IMYHBIX XMMUYECKUX KJIACCOB JIETYUUX COCIUHEHUH,
BKJIOUAsl BBICHIME CIHUPTHI (aIeTambIeTH], AlETONH
u Gypoypon) (54-67 %), cinoxxHble GUPHI (FTHIALETAT,
MeTuianerat u otwuiaktat) (32—43 %) u KupHbIE
KHCJIOTBI, B MEHBIIIEH CTENEHN — KHCIOTBI, AJIbIACTH/IBI 1
KETOHBI. DTO COEAMHEHNUs1, 00pa3ylonrecs B mporecce
CIUPTOBOTO OPOXKEHHMSI B PE3yJIbTATE KHU3HE A TEILHOCTH
BUHHBIX JAPOXIKEH, B TOM YHCIIE U3 aMUHOKHUCIIOT, KOTO-
PpBI€ SIBJISIIOTCS TIPEIIIECTBEHHUKAMH JICTY4NX COEHHE-
HUH, 0COOCHHO BBICIIUX CIIUPTOB, B KAY€CTBE BTOPHY-
HBIX METa00JINTOB, KOTOPBIE BHOCAT BKJIaz B (POPMHUPOBa-
HUE apOMATHYECKUX XapaKTEPUCTHK CHJIpa, PUBHOCS
(pYKTOBBIE, IIBETOYHBIE, TPABSHUCTHIC, MEIOBBIE H
JIpPYTUe OTTEHKH, UYTO BJIHMSIET HA OPraHOJENTHUECKYIO
OIICHKY ToTOBOM mpoxaykiuu [12, 17-21]. Hekotopsie
COCJIMHEHUS], TPUCYTCTBYIOIINE B CBEXEM SIOJOYHOM
cyciie, He ObulM OOHapyX eHbl B cuape. KonuuecTBeH-
HBIH cOCTaB ObUI PAa3INYEH, YTO TOBOPUT O COPTOBBIX
0COOCHHOCTSX UCCIIEyeMbIX SIOJIOK.

B pe3ynbrare nerycranimoHHON OLIGHKH BCE OTIBIT-
Hble 00pas3Ibl MONYYHIH BBICOKHE OaJuIbl, MMENIH
YUCTBIA ApKUN apomMaT U rapMOHHUYHBIA BKyc. Ham-
OOJIbLIIME OLICHKU MOJYYHIH CHJAPBI, IPUTOTOBJICH-
HBIE U3 COPTOB U IJIUTHBIX (GopM si00K Bupmxunus
(83 6amna), Matepmpaiic, JTudbepru, Mapro u 12/1-21-29
(mo 82 6amna), Ilpukybanckoe (81 6amr), Jluron u
12/1/21-24 (o 80 6amnoB) (Tadi. 3, puc. 3). Bee Boire-
Ha3BaHHBIC COPTA M DJIUTHI SIOJIOHM UMEIOT CIOXKHOE
MEXBHUJI0BOE MPOUCXOXKACHHUE U MOJIyYEHBI METOJOM
OTHaJeHHOW THOpPUAM3AUU MM KOMIUJIEKCOM Me-
TOMOB TOJUIUIOUANHM W OTAAICHHOW THOPHAM3AINH.
HUcknrouenneM siBisitotest copta Jluron u [Ipukybanckoe,
MMEIUIMEe B CBOEH pOJIOCIOBHOI CTapUHHBIE cOpTa
Oeitmes (cunornM CrexHoe (Fameuse, Snow apple)) u
benbdaep (cunonum benbduep kpacusiii (Belle-fleur,
Red Belle-fleur)) u siBnstromuecst ux 3—4-M MOKOJICHUEM
COOTBETCTBEHHO.

BriBOABI

B pesyinbrate nDpOBENEHHOI'O MCCIEAOBAHUS
u3ydeHa TpaHChOpMaIUs HEKOTOPBIX XHMHYECKHUX
BCI[ECTB sI0JIOYHOTO cyciia B cuup. KoHIeHTpaius
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Tabnuna 3. OpraHoyienTHYECKHUE MOKAa3aTeIN CHAPOB, NOJyYHBIINX BEICOKHE OLIEHKH JCTYCTAllHOHHONH KOMUCCHU

Table 3. Sensory assessment of ciders

Ne CoproBoe OpraHonentuyeckasi XapakKTepucTHKa Cpennuit

/11 | HAaMMEHOBaHUE CUpa 6amn

1 Bupmxunus LBer sxenThIil. ApoMar SIpKHid, IIO0BBIH, 9K30THYECKUX (PYKTOB, C OTTEHKAMU 83
CBEXKEro sI0JI0Ka, TPYILH, ITOJEBBIX [[BETOB, CyXO(pPYKTOB, KUBU U MaHro. Bxyc
CJIOKHBIH, TIOJTHBIN, C TMKAHTHOM FOPYMHKOHN. PekoMeH10BaH /i BTOPUYHOTO
OpOXKEHUSI

2 | Murepnpaiic LBer >kenThIi. ApoMat SIpKHii, [IBETOUHBIH, INTPYCOBBIH, C OTTEHKaMH sI0JI0Ka 82
u prouieca. BKyc pa3BUTBIN, IOIHBLH, TAPMOHUYHBIN, OKPYIVIBIHA

3 | JIubeptu LBer >xenthlil. Apomar sipKuii, CII0KHBIN, pa3BUTHIH, C OTTEHKaMH >KapeHHOTO opexa, 82
o0nenuxu U ceHa. Bkyc MoHbIiH, TapMOHUYHBIH, C TOHAMH OOJNEIHNXU B OCIEBKYCHI

4 | Mapro LIBeT ’enTo-KOPUIHEBBINA. APOMAT YHUCTHIH, SOTOYHBIH, C OTTEHKaMH L[BETOB 82
IJIO/IOBBIX JIEPEBBEB U C€HA. BKyC MONHBIN, OKPYIIIbIi, TapMOHUYHBIN

5 12/1-21-29 L{BeT cBeT0-CONOMEHHBIH. ApoMar MI0JOBO-IIBETOYHBIH, C JIETKUMHU OTTEHKAMU 82
MOJIEBBIX TPaB, pO3bl U CeHa. BKyC CBeXUil, OKPYTIIbIA, TTOTHBII

6 | [IpuxybaHckoe LIBeT enTo-KOPUIHEBBIA. APOMAT YHCTHIH, CIIOKHBIN, C TOHAMH SIOJIOYHOTO TTFOPE, 81
M3I0Ma, [IBETOYHBIMHU OTTEHKaMH, HOTAMH aKallui. BKyC MONHBIH, OKPYIIIBIH, CBEXKHI.
PexoMeHI0BaH ISl BTOPHYHOTO OPOXKEHUS

7 |Jluron LIBeT cBETIIO-KOPUYHEBEIH. ApOMAT SIPKHiA, TNIOAOBBIH, C OTTCHKAMH SI0JIOKA, TPYIITH 80
U ciuBbl. BKyc 4nCTBIN, MOJHBIN, JIerKui, rapMOHUYHBIN. PekoMena0BaH J11st
BTOPHYHOTO OPOKCHUS

8 [12/1/21-24 LIBeT KOpHYHEBBIA. APOMAT CIIOKHBIH, C BEIPa)KCHHBIMU TOHAMHU 010K U TPYIIIH, 80
JIETKVIMU [[BETOYHBIMU 1 CyXO()PyKTOBBIMH OTT€HKaMH. BKyc HOMHBIH, TapMOHIYHBIH,
C IPUSATHOW TOPYMHKON B MOCIEBKYCHE

o >
=\ ?
?\
5. TIpukyGasckoe i

Pucynoxk 3. ®ororpaduu onbITHEIX 00pa3lioB CHJIPOB U3 copToB 51010k Bupmkunus, [Ipukybanckoe u Mapro

Figure 3. Experimental samples of ciders from Virginia, Prikubanskoye, and Margo apple cultivars

ACKOPOMHOBOM KUCIIOTHI B PE3yJIbTATEC TEXHOJIOTMIECKUX
MPUEMOB TMOJyUeHHUS CHAPA CHU3WIACH B CPEIHEM Ha
76 %. Konuenrtpamust (eHONKapOOHOBBIX KHCIOT —
XJIOPOTEHOBOW, HUKOTHHOBOM, OPOTOBOM, KOdeiiHO
U TaJJIOBOM — yBEJIMUUIIACh B CUJIPE IO OTHOLIEHUIO K
cyciy. [1o 3aBepmieHnn npouecca OpoKeHN KOHICHT-
pamus 0JT0YHON KHMCJIOTHI CHHU3WUIIACH, JIUMOHHOW —
ocTajach Ha TOM € YPOBHE, 00pa30BaJInCh sSHTapHAas
(0,3-0,8 r/nm?), masenesas (0,1-0,2 r/nm?), MotouHas
(0,1-0,3 r/nm®) u yreycrast kucnotsi (0 0,10 r/am?), koto-
PBIX U3HAYAIBHO HE ObUIO B cycie. B roToBeIX cuipax
YBeJIWUYNIIACh KOHIIEHTpAIus (B CPeTHEM B 2 pa3a) ap-
THHUHA, METCOHNHA, BaJIMHAa U cepuHa. Kpome Toro,
ObuT OOHAPYKEHBI IPOJINH, TUCTUANH, JIN3UH U TIIHLINH,
KOTOpBIE HE TPUCYTCTBOBANIN B s10J104HOM cycie. 1o
OpraHOJENTHYECKUM MOKA3aTEeNsIM BBIICIUIUCH CUIPHI,
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MPUTOTOBJICHHBIE U3 COPTOB M 3IUTHEIX (opM A6T0K
Bupmxunus, Uatepnpatic, Jlubepru, [Ipukydanckoe,
Opdoeit, Jluron, 12/1/21-24 u 12/1-21-29. Cycno u3
40710k copTa BupmxuHuA, cuap w3 KOTOPOro Imo-
Jy4Wal MaKCHMaJbHYIO JETyCTallHOHHYIO OILIEHKY
(83 Gasna), uMeno HanOOJIBIIYIO KOHIIEHTpALUIo (e-
HONBHBIX BemecTB — 1121,6 mr/am®. Beicokyro aery-
CTAallMOHHYIO OILIEHKY IOJy4YMIH 00pas3isl CHAPOB,
MIPUTOTOBJIEHHBIX U3 COPTOB M 3JIUT SO0JIOHU CO CIIOXK-
HBIM MEXXBHUJIOBBIM NPOUCXOKICHUEM U TOJTYYEHHBIX
METOJIOM OTAaJICHHON THOPUIN3AIIIN UITH KOMITJIEKCOM
METO/I0B TMOJHUILIONINU ¥ OTAAICHHONH THOpUIN3aNNH,
a TaK)Ke UMEIOIINX B CBOCH POJIOCIOBHON CTapHHHBIE
copra.

JanpHelmme uccienoBaHus Oy IyT HallpaBiIeHBl Ha
n3y4eHHe COpPTOB U (OPM C BBIACIMBIINMHUCS MPOUC-
XOXKICHHEM U (PU3UKO-XMMHUYECKUMHU ITOKa3aTEeISIMHU,
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KOTOpPBIE MOXHO OBLTO OBl pEeKOMEHAOBATH AN Iie-
pepabOTKH Ha CHIPBI, @ TaKXKE IUIOJOBBIC BOJIKH,
JUCTUILIJISATHI U KaJIbBAJOCHI.

Kpurepun aBropcrsa
ABTOpPBI B paBHOI CTENEHN YYacTBOBAJIN B IOJTO-
TOBKE U HANMCAHUU CTAThHU.

KondaunkT unrepecon
ABTOpBI 3asgBIAIOT 00 OTCYTCTBHH KOHQIUKTA
NHTEPECOB.

Baaropapuoctu

ABTOpBI  BBIpAXKAIOT OJIArogapHOCTb JOKTOPY
XUMHYECKNX HayK, JOILEHTY, 3aBelyloleMy HHpOp-
MallMOHHO-aHAJIUTHYECKUM ceKTOpoM LleHTpa koinek-
THBHOI'O TOJb30BaHUs «IIpnOOpHO-aHATUTHYECKHIT»

OI'BHY CKOHIICBB 0. @. fkyba 3a oxa3aHHYIO
MOMOIIb IPY MPOBEIEHNN aHAIHU30B.
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AHHO ranus.

ITpu KOMIUIEKCHOM nepepaboTKe MIo0B rpaHata (Punica granatum L.) 0CHOBHOE BHUMaHUE yeJIAeTCs SKCTPAKIIUK MONTU(EHOTOB
n3 Koxypsl. OHAKO KOXKypa rpaHarta 6orata ApyrnMH ONOIOTHYECKH aKTHBHBIMH BOJOPACTBOPUMBIMU KOMITOHEHTAMH, TIPOIIECC
M3BJIEYCHUS] KOTOPBIX MaJIo U3y4eH. L{esbio paboThI SBISUINCH OIIEHKA CTEIIEHH U3BJICYEHNS THAPO(IIIEHBIX BEIIECTB, TAKUX KaK
IIPOCTBIE caxapa, OPraHNYeCcKUe KUCIOTHI ¥ MOIH(EHOIBI, U3 ChIPOIl KOXKYPBI M )KOMa IpaHaTa IpH Pa3HBIX IKCIIEPUMEHTAIBHBIX
YCIIOBHUSX U MOJ00P PEXKUMHBIX TapaMeTPOB SKCTPAruPOBAHUSI.

O0BeKTOM HccnenoBaHus Obuid BeIOpaHBI TpaHaThl coptra Vpumananer (r. ['eoxdaii, AzepOaiimxkan). Ilepen skcTpakmueit
KOMIUTEKCa THAPOQIIBHEIX BEIIECTB CHIPYIO KOXKYPY U JKOM M3MEIbUaIH JI0 COCTOSTHHS KPYITHO3EPHHUCTOH KaIIUIbl. DKCTPAKIHIO
OCYILIECTBIISIIM METOJJOM MaLepauuu npu rugpomonysie 1:2 u remneparype 40 unu 60 °C uucToil Bogoil U BOJHBIMU pacTBOpaMu
stanona (10—-14 06.%). Ipouecc Bencs 30, 60 min 90 MUH B OAHY MIIM ABE CTAaJUH C PA3JCIbHBIM H3BICUEHHEM 3KCTPAKTOB
OT KaXJ0U cTaanuu. B pabore mpuMeHsNIM CTaHAAPTHBIE U OOMIETIPUHSTHIE (PU3UKO-XUMHIECKIE METOMBI.

VYcranosaeno, uto B 31,0 + 2,0 /100 T cyxoro BemecTBa KOXKyphl Ha THAPOGUIbHYIO Qpaknnio npuxoautes 85,32 %, a B
35,7 + 2,8 1/100 r cyxoro BemecTBa xoma — 59,36 %. B pe3ynbraTe 3KCTpaKIUU YHCTOI BOMOH npu ruppomonye 1:2 npu
nogorpese cMecu 10 60 °C B Teuenue 30 MuH O6bU10 U3BIEUEHO Beero 54,6 % cyXuX BELIECTB OT UX Ha4aJbHOI'O COJEPIKAaHUS B
CBIPOH KOXKYype. DTO CBSA3aHO C COAEPIKAHUEM B KOXKYpPE IpaHaTa THAPOPUILHBIX KOIIOH0B, KOTOPBIE CTIOCOOHBI BIUTHIBATH BOLY
U CHIDKATh BBIXOJ AKCTpakTa. ONTHMAaIbHOI ObUIA SKCTPAKIHS B TUX YCIOBHSAX BOJHBIM PACTBOPOM ITAHOJIA C KOHIIEHTPANNCH
atminoBoro crupta 10-14 06.% B nBe craanu no 30 MuH Kaxaas. brarogaps KoaryJiupyomeMy JTeHCTBUIO STHIOBOTO CIIUPTA
Ha BOJOPACTBOPUMBIH NEKTHH yAaJIOCh IOBBICUTH CTENIEHb HKCTPAKLMU BOJLOPACTBOPUMBIX BewecTB 10 83,93 u 91,4 % ot ux
HAYaJIbHOTO COJEPKAHUSA B CHIPOI KOXKYPE U CBIPOM JKOME COOTBETCTBEHHO. B pe3ynbTare Takoi 3KCTpaKIuu U3 1 KT CHIpOTro
JKOMa MOJTY4eHO OKOJIO 4 KT CMEIIAHHOTO 9KCTPAaKTa, IIOCIe yBapHUBAHUSA KOTOPOTO MO BAaKyyMOM IOITy4eHo 260 I KOHIeHTpaTa
¢ conepkanneM cyxux emectB 60 macc.%, B ToMm uncie 46,70 1/100 T npocThiX caxapos, 4,73 /100 r opraHHYECKHUX KUCIOT,
3,70 1/100 r monudenonos u 10,10 mr/100 r Butamuna C.

OKCTpaKIUs ChIPOIT KOXKYPBI U CBIPOTO )KOMa IPaHaTOB BOJHBIM 3TaHonoM (10—-14 06.%) obecneunna MakCUMaIbHYIO CTENIEHb
M3BIICUCHHS THAPO(UIBHBIX BEMIECTB U OOJIETYHIIa OT/IeIeHHe 00pa30BaBIINXCS KCTPAaKkTOB. OXHAKO UCTIONB30BaHNE KPEMKIX
CHUPTOBBIX PacTBOPOB MOXET YBEIMYMBATH 3aTPAThl Ha OTTOHKY CIIMpPTa M3 00pa3oBaBmIeTocs dKcTpakTa. IlosTtomy mis
YCTpaHEHHsI HEJIOCTATKOB MPEUI0KEHHOI0 METO/1a B IIEPCIIEKTHUBE CIIEAYET PACCMOTPETh IKCTPAKIUIO JaHHOTO CHIPbS YHCTOH
BOJIOM ¢ 100aBJICHHEM TIEKTOJUTHYECKOTO hepMeHTa.

KaroueBsie caoBa. Punica granatum L., koxypa rpaHata, BOJOPacTBOPHMEIC BENIECTBA, MOJU(PEHOIBI, MOHOCAXapUIbI,
SKCTparupoBaHUE, pAaCTBOPUTEIIb, CTEIIEHb KCTPAKIUU

®dunancupoBanune. Hayynas paboTa ObUIa BEIIIOJHEHA B paMKaX rOCYAapCTBEHHOTO 3aKa3a MUHHCTEPCTBA CEIbCKOTO X03sHCTBA
Asepbaiixanckoit Pecrrybnnku «Pa3paboTka TeXHOIOTHH OMOIOTHYECKH aKTHBHBIX KOMIUIEKCOB M3 MMOOOYHEIX NMPOJIYKTOB
MPOU3BOCTBA IPAHATOBOTO COKAN.
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Abstract.

Pomegranate (Punica granatum L.) processing focuses on the extraction of polyphenols from peel. However, pomegranate
peel is also rich in other biologically active water-soluble components, and their commercial extraction remains understudied.
The research objective was to evaluate the degree of extraction of hydrophilic substances, such as simple sugars, organic
acids, and polyphenols, from raw pomegranate peel and pulp under different experimental conditions in order to select the
optimal extraction parameters.

The study featured pomegranates of the Iridanaly variety (Geokchay, Azerbaijan). Raw peel and pulp were crushed to the
state of a coarse gruel. Extraction occurred by maceration at a hydromodulus of 1:2 and a temperature of 40 or 60°C with pure
water and aqueous ethanol solutions (10-14 % vol.). The process lasted 30, 60, or 90 min in one or two stages with separate
extraction at each stage. The research involved standard physicochemical methods.

In 31.0 + 2.0 g/100 g of dry peel, the hydrophilic fraction accounted for 85.32%; in 35.7 + 2.8 g/100 g of dry pulp, it was
59.36%. Only 54.6% solids were extracted from raw peel after 30 min of extraction with pure water at a hydromodulus of
1:2 and 60°C. Pomegranate peel contained hydrophilic colloids, which caused water absorption and reduced the yield. The
optimal extraction included an aqueous solution of ethanol with an ethanol concentration of 10—-14 % vol. and two thirty-minute
stages. The coagulating effect of ethyl alcohol on water-soluble pectin made it possible to increase the degree of extraction of
water-soluble substances to 83.93 and 91.4% of their initial content in raw peel and raw pulp, respectively. Such extraction
yielded 4 kg of mixed extract from 1 kg of raw pulp. The extract was boiled under vacuum and yielded 260 g of concentrate
with 60 wt.% solids, including 46.70 g/100 g simple sugars, 4.73 g/100 g organic acids, 3.70 g/100 g polyphenols, and
10.10 mg/100 g vitamin C.

The extraction of raw pomegranate peel and pulp with aqueous ethanol (10-14 % vol.) provided the maximal degree of
extraction of hydrophilic substances and facilitated the separation of the resulting extracts. However, strong alcohol solutions
may increase the cost of distillation of alcohol from the extract. To eliminate this shortcoming, the extraction can be carried
out with pure water and a pectolytic enzyme.

Keywords. Punica granatum L., pomegranate peel, water-soluble substances, polyphenols, monosaccharides, extraction,
solvent, degree of extraction
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BBenenne W3-3a nabmrogaromierocst B MOCIEIHHUE JIBA JIECs-

[MuiieBoii cexTop sIBISETCS OAHUM M3 Haumbolee TUJIETHSI TJIO0AIBHOTO POCTa MOMYJISPHOCTH T'PAaHATO-
aKTyaJIbHBIX B COBPEMEHHOHU IN100aNbHOM S5KOHOMUKE. BOTO COKa BO3POCJIO YHCIO CIEIHATIN3UPOBAHHBIX
OnHako KOMIAHUY, CBSI3aHHBIE C IPOU3BOACTBOM MPO-  HPEANPHUITHHA IO €ro MPOU3BOJACTBY, UYTO HMPUBEIO K
JlyKTOB MUTAHUs, 1epepaboTKOil U MpeaocTaBIeHUEM 000CTPEHNIO KOHKYPEHIIMH HAa MUPOBBIX PBIHKAX 3TOTO
yCIIyT, CTAJIKMBAIOTCSI CO MHOTHMH npobiemamu [1]. NPOAYKTa.
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B co3paBuieiics cuTyaluu HEKOTOPbIE IPOU3BOIU-
TEJIM TPAHATOBBIX COKOB MOIUIM MO IYTH ITOJXYYCHUS
KPaTKOBPEMEHHOW BBITOJBI 332 CYET UX (anbcuduKa-
LIUH BOJIOM, CaXxapoM WM APYTUMH COKaMH, YTOOBI KOM-
MIEHCUPOBATH 3THM OTHOCHTEJIBHO HU3KHH BbIX0A. B
pe3ynibTare 3TOro JIaHHBIE NPEAIPHUSTHS HOTEPSUIH
MOIYJISIPHOCTD MITH 3aKPBUIHCH. Jlpyrue npegnpusaTus,
KOTOpBIE MMEJTH B Havase CBOCH AESTEIILHOCTH y3KYIO CIie-
LUATH3AHI0, aalITHPOBAINCH K HOBBIM YCIIOBUSM 3a
CYET BBINYCKa MPOJYKIIMU HE TOJIBKO M3 IPAHATOB, HO U
JIPYTHUX BUIOB CHIPbS, U YMECHBIICHHUS SKOHOMHUYECKOH
3aBUCHMOCTH OT ITPOJIAXK TOJIBKO TPaHATOBOTO coKa. Tak-
JKe eCTh MPEAIPUITHS, KOTOPbIE B KAUECTBE OCHOBHOI'O
TPEH/IA IS TIOKPBITHS BO3MOXHBIX N3/IEPKEK B HOBBIX
YCIIOBUSX 0003HAYIIIN BBIITYCK NPOAYKIHHU C 100aBOY-
HO¥ CTOMMOCTBIO M3 TTOOOYHBIX TIPOAYKTOB ITPOU3BOJI-
CTBa I'PaHATOBOrO COKA. TaKOro CHCTEMHOI0 MTOAX0/1a
HpUAEPKUBAIOTCS HEKOTOPBIE yUueHsble [2, 3].

B 2014 r. Obut0 mpou3BeneHO 3 MJIH T T'paHarta, B
2017 r. ota mudpa cocrasmia 3,8 MuH T [4]. YuuTsiBas
00BEMBI IPOU3BOCTBA IPAHATOB M OPUEHTUPOBOYHBIC
00BbeMbI X nepepadboTku B cok (0koio 0,75—1 MaH T B
TOJ), BO BceM MHpe exeromHo oopasyercs 400-500 toic. T
TBEPBIX OCTATKOB. DTO CO3/AaET MPOOJIEMBI yAaIeHUS
U 3arpsI3HEHMSI, a TaK)Ke MOTEPU LIEHHOH OMOMacChl U
MUTaTEIbHBIX BellecTB. OCHOBHAsS 4acTh MOOOYHBIX MPO-
JTYKTOB OT IOJyYEHHUS TPAHATOBBIX COKOB IIPUXOUTCS
Ha T. H. KKOXXYPY». DTO KOMIUIEKC, COCTOSIINI HE TOJIBKO
U3 MOBEPXHOCTHOW KOPKH, HO TaK)Ke U3 BHYTPEHHUX
CBETIBIX IEPErOpOJIOK C BBIPOCTAMH IUIALEHTHI, U3
KOTOPBIX 00pa3yloTcs ceMeHHbIe rHe3na [S].

OnuuM u3 Haubosee IMIHMPOKO MCIOIB3yEMBIX
METOJ0B B UCCIEN0BATENbCKOW U MPOU3BOJCTBEHHON
IIpaKkTUKE IepepaboTKU KOXYpBI I'paHaTa SBISCTCS
9KCTPAKIHS B CUCTEME «TBEPAOE TEJIO — JKUJKOCTHY,
T. K. KOXypa rpaHara Oorata OMOJIOTHUECKH aKTHBHBIMHU
nosQeHoIamMu U ApyruMH THAPOGUIBHBIMA BEIIIECTBAMH,
KOTOpbIE MOXXHO H3BJIEYb C MOMOUIbIO BOJHBIX
pactBoputeneit [6-9]. B mabopaTOpHBIX YCIOBHAX
JUTSL SKCTPAKIIMM KOMITOHEHTOB BBICYIIEHHOH KOXKYPBI
HCTIONB3YIOT HE TOJIBKO METAHOJI U BOALY, HO TaKXKe ITaHOI
u anetoH [10]. MHorue ydeHble MPUILIM K BBIBOJIY,
YTO METOJ SKCTPAKIMK METAHOJOM JIydlIe JAPYTUX C
TOYKHM 3pEHUS COJEpKaHHUs (EHOJIbHBIX COCINHEHUN
Y TIOBBIIIIEHUS aHTHOKCUIAHTHOM akTUBHOCTH [11-13].
OOBIYHBIC METOIBI TPEOYIOT OONBIIOTO KOJTHYESCTBA Pac-
TBOPHTEJICH, @ HCITOJI30BAaHUE BHICOKOW TEMIIEpaTyphbl
MPUBOIUT K aerpaganuu GpaaBoHou 0B [14].

B mocmennee Bpems Bce dalie HCHOIB3YeTCs
9KCTpPAKIMs IOJ BHICOKMM JaBJICHHEM, KOTOpas He
OKa3bIBa€T BPEJAHOI'O BO3JICHCTBUS Ha OMOJOTHYECCKU
aKTHBHBIE coeHEHNs. KpoMme ToTo, SKCTpaKIys 1Mo/ BbI-
COKHM JaBJICHHEM BBITIONHsETCS ObICTpEe U JlaeT Ooee
BBICOKHM BBIXOJI IIeJIeBbIX KOMIIOHEHTOB [15]. Takxke
MIPUMEHSIOT SKCTPAKINIO0, OCHOBAHHYIO HA BKIIFOUCHHUU B
3TOT IPOLECC HEKOTOPBIEX (PEPMEHTOB, Pa3PYLIAIONINX
KJIETOUHYIO CTEHKY (Hampumep, nekTuHassr) [16].
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OCcHOBY OOJBITMHCTBA MPOMBIIUICHHBIX CIIOCOO0B
nepepaboTKH KOXKYPBI COCTABIISIET CYIIKA, U3MEIbYCHUE
M OKCTParupoBaHME C UCIIOIb30BAHUEM IKOJIOIHUECKH
MpUEMJIEMBIX (BOAHBIX M BOJHO-CIIUPTOBBIX) PACTBO-
puteneii [17—-19]. BriepBble Takoi OMBIT OBLT IPUMEHEH
B CCCP na I'eokuaiickoM COKOBOM 3aBOJe, I'Je Oblia
BBEZICHA B HKCIUIYaTALUIO JIMHUSA 110 [UKINIECKOMY JKC-
TpParupoBaHUIO KOKYPHI TpaHaTa BOAOH C MOTydeHHEM
KOHI[EHTPUPOBAHHOTO JKCTPaKTa I10J] Ha3BaHUEM Ta-
HuH [20, 21].

OnHaKo CEerofHs Ha PBIHKAX TEXHOJOTHYECKOI'0
0o00opynOBaHMs HET TOTOBBIX JIMHUM IO IOJIHOM
YTUIHU3aluyu IPOMBIINIJICHHBIX OCTATKOB I'paHara. 9T0
BBIHY/INJIO HEKOTOPHIC YaCTHBIE KOMITAHWH, KOTOPHIC
MPOU3BOJAT OMOJIOTMYECKH aKTHBHBIC NOOAaBKH, KOC-
METHYECKHE CpeJIcTBa U (papmaleBTHYecKne cyocTan-
IIUH, CO37aTh COOCTBEHHBIC INHUHU U3 MaJIOro COOPHOTO
000pyIOBaHMS C yUETOM KOHKPETHBIX YCIOBHH U 1eJei
OuzHeca. B KOHCEpBHOI OTpAcii peleHke TOro Borpoca
3aKifogaeTcss B BRIOOpe 000pyaOBaHHS AN COOpPHOI
JIMHUH C YYETOM CIeHU(UKH MUIIEBOTO MPONU3BOICTBA,
KOTOpAas 3aKJIFOYAETCs B OTCYTCTBUH BEIIECTB, CIOCOOHBIX
3arpsI3HUTH MUILY.

JleueOHbIe cBOlicTBa OWOMpenapaToB M3 IpaHaTa
CBSI3aHBI C BBICOKHM COJCpXXaHHEM B HHUX HOJU(PEHO-
noB [22].

YrBepxknaercs, 9To 50 % BOAHBIA 3TaHON TydIIe
W3BJIEKAeT TpaHaToBbIe mMoiudeHomnsl, yem 70 %, mo-
ckonbKy B 50 % BOJHO-CHUPTOBOM 3KCTpPaKkTe KOH-
meHTpanus o0mux monudeHonos Opi1a BeIme (5,90 £
0,15 %), uem B 70 % (4,40 £ 0,35 %). DKCTPAKTHI KO-
Kypbl NoKkazainu 0osiee BHICOKYIO aHTHOKCHUIAHTHYIO
aktuBHOCTS (IC ) = 0,50 %+ 0,90 Mr/miT), 4eM SKCTPaKTHI
U3 APYTHX 4YacTed rpaHaTa, a TaKkKe BBIPAKECHHYIO
MMPOTUBOOIMYXOJICBYIO AKTUBHOCTH B OTHOIICHUUN KJIETOK
paka rpyau genoseka MCF-7 u kieTok paka TOJICTOM
kuiky HCT-16 co 3nauennsvu IC, ) 7,70 + 0,01 1 9,30 &
0,06 MKr/mMi1 cOOTBETCTBEHHO [23].

IToaroToBKa KOXYpBl K 3KCTPAKLIHU TIPECIENyET
[eJIb yBEJIMYUTh OOIIYIO IUIOIIAJh €€ KOHTAaKTa C
PacTBOPUTEIEM U MOXKET OCYLIECTBIATHCS MPOCTHIM
n3MeabYeHrueM (pacTupaHueM) B MEJIKHE KYyCOUKU OJH-
HaKOBBIX pa3MepoB B TeueHue 40 ¢ B BEpTUKAIbHOU
peske Tecator 1094 Homogenizer (Tekator, Hoganas,
[Berus) [24]. 'maBHOIT 0COOGHHOCTHIO JAHHOM TeX-
HOJIOTHH SIBIIIETCS OT/AEJICHUE COYHBIX 3€PEH OT OC-
TaJbHOW YaCTH TI0/1a Iepe/] UX MoJauell B IIHEKOBbIH
mpecc.

[IpuMeHSIOT JpYyryl0 TEXHOJOTHIO, B OCHOBE
KOTOPO# JIEKUT HPSIMOW OT)KMM TIpaHaTOB HMJIU HX
4eTBEPTUHOK/TOJIOBUHOK [25]. Tlpu 3ToM cmocobe B
OCTAaTKE MOJy4aloT HE HWHIUBUAYAIbHYIO KOXYpY,
a JKOM, TIPEACTABIAIOMUN COOOW CMECh KOXYpPHI H
OTOJICHHBIX CEMsSIH. DTO OTpa3’KaeTCsi Ha HMCXOJHBIX
XapaKTepUCTUKAX TBEPAOTO OCTATKAa, COCTABE M BBI-
X0JIe KUAKOHW (aspl, oOpasylomieiicss mpu sKCTparu-
pOBaHUH.
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WccnenoBanus, HanpaBiIeHHBIC HA CPAaBHUTEIBHOE
W3yYCHIE TPOIIECCOB IKCTPArUPOBAHUS KOKYPHI M KOMa
W BBISICHEHHE Pa3HHIIBI B JJOCTMTHYTBIX pe3yjbTaTax,
MOKa HEe MPOBOAIIINCH, HO TaKas HHPOPMAIIHSI BaKHA
IUJIS. MCHEKePOB 110 HHHOBAITUSAM, T. K. MOXET UMETh
SKOHOMHYECKYI0 3HAUUMOCTb.

ABTOpaMH yKe U3ydanach dKCTPAKIHS JTUIOPUITH-
HOM (paKIiy U3 CyXOH CMeCH KOXYPHI H CEMSH I'paHa-
ta ¢ nonyyenuem CK CO, skcTpakra co CBOWCTBa-
MU Macja CeMSH IpaHaTa, 4TO OTPaXEHO B MATCHTE
RU Ne 2712602C1 [26]. DTOT 1e4eOHO-KOCMETHICCKAN
NPOAYKT TIOJyYald MyTEM CMCIIUBAHUS WHIUBH-
JyaJIbHBIX CEMsIH C KOXYpOW (C 4YeM IpH HEKOTO-
PBIX crmoco0ax MOTy4YeHHsI TPAHATOBOT'O COKA CTaJKH-
BaIOTCS KaK C YK€ CBEPIIMBIIMMCS (paKkToM), 4TO HE
MPUBETCTBOBAJIOCH CIIEIMATUCTAMH, KOTOPbIE CUUTAIIH,
YTO MPHUCYTCTBUE KOXKYPHI MOXKET IJIOXO MOBIUATH HA
KadecTBO Macja CeMsH TpaHaTa.

B BBIICYTIOMSHYTOM TIATEHTE BIICPBBIC OBLIO
MMOKa3aHO, YTO NMPUCYTCTBHE KOXKYPHI HE TOJIBKO HE
usmensieT ueeT u BKyc CK CO, 9KeTpakTa co cBOMCTBaMu
MacJia CeMsH I'paHara, HO MOBBIIIAET ero OHooruiec-
KYIO IICHHOCTbH M3-3a 000TaIeHUS MaJIbIM KOJHYECTBOM
«HEBUIMMBIX» MONH(EHOIOB KOXKYPHI. JJaHHBIH BRIBOJ
MOJATBEPAMIICS PEe3yIbTaTaMH JPYTHX HCCIEJT0BaHUH,
noceameHHbIX CK CO, KCTpaKIMu CMECH KOXKYPBI U
ceMsH TpaHara [27, 28].

HekoTopele acmekThl 3KCTParupOBaHUS THAPOPIIIE-
HBIX BEILECTB CHIPO KOXKYPBI M JKOMa OCBEIICHBI (HO HE
peIIeHbl) B HAyYHOH uTeparype. B kadecTBe mpumepa
MOKHO HPHUBECTH HCCIIEJ0BAHHME, aBTOPHI KOTOPOTO
CZeNaNy BBIBOJ O TOM, YTO HE TOJBKO PAaCTBOPUTENH, HO
W TeMIepaTypa ¥ BpeMs SKCTPAKIHA MOTYT ITOBIUATH Ha
W3BIICYCHUE TTOTH(CHONOB (3JUIATHTAHHUHA) U3 CBEXKCH
KOXypbI TpaHata [29]. OnHako 3TH UCCIe0BaHUS MOTYT
paccMaTpUBAaThCSA JIUIIb B KAYECTBE aHAJIOTOB HAIIei
CTaThH, a MPOTOTHUII, KOTOPBIA OBI KacaJCsl IKCTPAKIIUU
HE TOJBKO IMOJU(PEHOIOB, HO U IPYTUX BOAOTIOOMBBIX
BEIECTB, HAMH Hai/IeH He ObUT. DTO CBSA3aHO C pa3HUIIEH
B 00IIel KOHIICTIITNH: IS OOJNBIIHHCTBA UCCIIEI0BATE-
Jeit KoXypa MpeJCcTaBiIseT HHTEpEeC B KaueCTBE UCTOU-
HUKa MOJTH(EHOIOB, TOTAa KaK HAIl MOAX0] OCHOBAH
Ha pAacCIIUPEHHUH CIHUCKAa I[EJIeBBIX KOMIIOHCHTOB H
OoJsiee IOJIHOM HCIOJIB30BAaHUN (DYHKIMOHAJIBHBIX
BO3MO’KHOCTEM TeXHOJIOruU. B Hallem npeacraBieHun
9TO JMOJKHA OBITh MHOTONPONYKTOBAS TEXHOJOTHS,
HE MpHUBOAsAIIAs K 00pa30BaHHMIO HOBBIX OTXOJIOB B
XO0Jle WJIM KOHLE nepepabaThIBAIOLIEro IIpolecca.
[MosTOMy it HaC IEHHBI HE TOIBKO MOTU(EHOIBI, HO
W MIPOCTHIE caxapa M OpraHNYecKUe KUCIIOThI, 0e3 yuera
KOJMYECTBEHHOM IKCTPAKIIMK KOTOPBIX HEBO3MOKHO
MPEICTaBUTH ITOJTHON KapTHHBI SKCTPAKIIUU B TOM BHUJIE,
B KOTOPOM XOTEIH ObI YBUICTH €€ aBTOPHI 3TOH CTATHH.
Peub uaer He TOJNBKO O KOKYpE, HO M JKOME IPaHaToB,
a peXXUMHBIE MMapaMeTPhl IKCTPAKIINH JOJKHBI OBITH
CTPOTO TPUBSI3aHBl K XapaKTCPUCTUKAM HCXOJIHOTO
CBIPBSL.
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OCHOBHOM 3amayeill PTOr0 HCCIENOBAaHHUSA CTAIO
YCTaHOBJIEHHE Pa3HUIbI B KOJUYECTBEHHOM COCTAaBE
OTJEJIBHBIX TPYII THAPOGUIBHBIX BEIECTB CHIPOU KO-
JKYPBI M1 CBIPOTO JKOMa T'PAaHATOB U MOJy4YSHUE TTOTHOMH
KapTHHBI UX W3BJIICUCHHS B PA3HBIX IKCIIEPUMEHTAIb-
HBIX YCIIOBUSIX.

O0BbeKTbI 1 METOABI HCCIET0BAHUS

Pabora nmpoBoaMIIaCh C HCIOJIB30BAHUEM I'DAHATOB
copra Upunanansl (B mepeBojie ¢ azepOaifpkaHCKOTO
03HAYaeT KPYMHO3EPHHUCTHIH) M3 OMOpPHOTO MyHKTa
HUWU nnonoBoacTBa U 4aeBOJCTBA, PACIIOI0KEHHOTO
BOmu3u r. ['cokuait (AsepbOaiimkan). laHHbI copT
rpaHata OBUT BBIOpaH C Y4eTOM HaOJIOJAIOMIETOCS
B IIOCJIEJJHUE T'OJBI POCTA €ro HOIYJSIPHOCTH CpPEAH
MECTHBIX IIPOM3BOIMUTENEH CEIbCKOXO035HCTBEHHOTO
CBHIPBSI.

Opranu3auusi padoTbl U1 MeCTO ee NPOBe/IeHU .
[Tnonsr codupanucy B 2019-2020 rr. Bo Bpemsi Mac-
COBOTO CheMa TPAaHATOB B IOCIHETHEH NeKaae OK-
Ta0pss cO BceX CTOPOH 3—5 B3POCIBIX JCPCBBHEB.
Cpennuii o6paszer] B koauuecTBe 20 Kr JOCTABISUIH B
nabopatopuro TexHOIOTul mepepadboTKU U XpaHEHUS
HUW nnogoBoacTBa U 4aeBOACTBA.

OmnebiTHas epepaboTKa Beack Mo JBYM CXeMaM, Ipe-
CTaBIeHHBIM Ha pucyHkax | u 2. CiyuaifHas BBIOOD-
Ka M3 HECKOJIBKUX TIOJIOB B3BEIINBANIACH C IIOMOIIIBIO
anekTpoHHBIX BecoB BJ 610C Precisa (IlIBeiiapust) ¢
nuckpetnocthio 0,01 T.

Cxema | B KaduecTBE IMEPBOTO IIEMEHTA BKIIOYaIa
B3BEUIMBAHUE CIIy4aiiHO OTOOpPaHHON BBIOOPKH W3
HECKOJBKHUX MJI0J0B (pHUC. 1a) U OTAETIEHUE KOXKYPHI OT
3epeH rpaHaTa BpyYHYI0. DTy paboTy MO OTIEICHUIO
3epeH OT KOXYpbl rpaHaTa O0JIErYHJIO YCTPOHCTBO
MoonStar, npeacTaBnsroniee co00H MIOMIKY U3 MHUIIE-
BOTO TUTACTHKA 00BEMOM | JT ¥ KPBIMIKY THIIA PETIETKH.
[lepen TeM Kak OYUCTUTH TPAaHAT, €T0 OOCTYKHBAIH
€O BCEX CTOPOH JIEPEBSIHHOM JIONIATKOU U pe3aiu 10/
110 TOPU30HTAIHM Ha JBE YacTHu (pa3pe3 JOJDKEH OBITh
poBHEIM). CTaBWIM pa3pe30M BHH3 Ha PEHIETKY H
MPOJOJDKANIN MTOCTYKHBATh (JJIMHHAS py4Ka JOMATKH
MTO3BOJIIET HOCTUYH OONBIION aMIUTUTY/bI, IIUPOKHUHA
Kpail He MOPTUT KOXKYPY; JIydlIe HE TOMyCKaTh TOTO,
YTOOBI 'paHAT JIOMHYJI, T. K. IIEPEropoJKu OyayT mormna-
Jath B 3epHa). To ke camoe MpoJielbIBajy ¢ IPyroi mo-
noBUHKOM (puc. 1b). U3 3epeH rpaHaTa ObUT MOTyYeH COK
C TIOMOINBIO AJIEKTPUUYECKONH COKOBBDKMMAIKH-TEPKH
DOmukcup CBCA-309 npousBonctBa OUATI'YII Mul'-
PocT (MockBa, Poccust) ¢ aBToMaTHIeCKIM BBIOPOCOM
OTOJICHHBIX ceMsH (puc. 1c).

B nmapamnenpHbIX onbiTax (cxema 2) ObLI MOJTyYeH
JKOM TyTeM MOIITYYHOTO CHABIMBAHHUS IOJOBUHOK
TUTO/IOB B COKOBBDKMMatKe kommannu Hangzhou Creato
Machinery Co., Ltd (Kuraii), paboratomieii B py4yHoM
peXnMe 1o MPUHITUITY Tpecca (puc. 2¢).

[Mepen sxcTpakiuedt TPOBOIUIOCH MU3MEIBUCHHE
CHIPOI KOXYPBI MJIM XXOMa JIO COCTOSIHHUS KpPYITHO-
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Pucynox 1. [lonydenne ruipopuIbHBIX IKCTPAKTOB KOXKYPHI IJIOJA0B IpaHaTa: a — B3BEIIMBAHHUE CIy4aiiHO OTOOpaHHON
BBIOOPKH M3 HECKOJIBKHX MJIOA0B; b — OTJeNICHHE 3€PeH OT KOXKYphl 'paHaTa ¢ MOMOIIbIO ycTpoiicTBa MoonStarr;
¢ — 00paboTKa 3epeH rpaHaTa B COKOBBDKMMAJIKE C aBTOMATHYECKUM BBIOPOCOM OTOJICHHBIX ceMsH; d — u3MeIbueHue
KOXYpBI B OJIeHIepe; € — SKcTpakuus; f — oT/ieNeHne SKCTpakTa Ha BOPOHKE ¢ QUIBTPOM

Figure 1. Obtaining hydrophilic extracts of pomegranate peel: a — weighing a randomly selected sample of several pomgranates;
b — separation of seeds using the MoonStarr device; ¢ — processing in a juicer with automatic ejection of bare seeds; d — grinding;
e — extraction; f — separation on a funnel with a filter

Pucynok 2. [Tonydenne rupopuIbHEIX 3KCTPAKTOB jKOMa IIJI0J0OB IPaHATa: a — B3BEIIUBAHUE CIydailHO 0TOOpaHHOIT
BBIOOPKH U3 HECKOIBKHUX IIOZ0B; b — pe3ka MI0A0B Ha MOJOBUHKH C IOMOIIBI0 OCTPOTO HOXKA; C — OTXKUM COKa U3
MOJIOBUHOK IUIOJIOB B Py4HOM Tpecce; d — n3Mesb4eHHe TBEPJOro OCTaTKa B OJICHepe ¢ COXPAaHEHUEM LIEIOCTHOCTH
HaXOJAIMXCS B OCTATKE CEMsH; € — SKCTpakLus; f — oTeneHne 3KkcTpakTa Ha BOPOHKE ¢ GUIBTPOM

Figure 2. Obtaining hydrophilic extracts of pomegranate pulp: a — weighing a randomly selected sample of several pomgranates;
b — halving with a sharp knife; ¢ — squeezing juice from fruit halves in a manual press; d — grinding the solid residue in a blender while
maintaining the integrity of the seeds in the residue; e — extraction; f — separation on a funnel with a filter

3epHHCTON Kamuisl B Onenaepe Bella 13454 B reuenne
3-5 ¢ (Sensio, Monpeans, Kanana) (puc. 1d, puc. 2d).
KoHCcTpyKIIMOHHBIMHE 0COOCHHOCTSIMHU 3TOTO OJeHAepa
HE MPEeAYCMOTPEHO MCIOJIb30BAHME HACAJKH IS H3-
MeJIbYCHHSI TBEP/bIX MaTepHalioB THIIA CEMSIH TpaHara.
OTO MO3BOIMIIO COXPAHNTD IIEIOCTHOCTD CEMSH B COCTABE
U3MENIbYEHHOTO KOMa U NPEeJOTBPATUTh BO3MOKHBIH
MePexo/] B 9KCTPAKTHI HX BHYTPEHHETO COAEP)KUMOTO —
Kpaxmaiia u 0enka, KOTOpbIe MOTJIN BBI3BAaTh CHIJIBHOE
IIOMYTHEHUE.

[TpoMexxyTOuHBIE M KOHEYHBIE NPOAYKTHI Iepe-
paboTku rpaHaToB Mo cxemaM | u 2 mpepcTaBieHbl Ha
pucynkax 3 u 4.

IKceTpaknus. DKCTpaKIKs IpaHaTa IPOBOAMIACEH
JUISL OTJIEJICHUSI OT KOXYpPBl TKaHel (DEHONBHBIX coe-
JHUHEHUN. B CBSI3M € 3TUM MOJSPHOCTh PACTBOPUTES,
TeMIepaTypa 3KCTPAaKIUH, COOTHOLIEHHE TBEPJOTr0
MaTepuala U PacTBOPHUTENS W pa3Mep 4YacTHIl SBIS-
I0TCS BaXXHBIMHM IapaMEeTpaMH Mpolecca 3KCTpak-
uun [30,31]. B OGompmmHCcTBEe paboT B KadecTBe
MOAXOMSAIIUX DKCTPAKIIMOHHBIX PACTBOPUTENCH ISt
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JIOCTHIKEHUSI XOPOLIMX BBIXOJIOB MCIIOJIb30BAINCH OP-
TaHUYECKHUE PACTBOPHUTEIH, TAaKHEe KaK METaHON H
aneroH [12, 32, 33].

HexoTtopsle yueHble pEKOMEHIYET HCIOIb30BaTh
9KOJOTUYECKH Oe30MacHbIC U HETOKCHYHBIC OpPraHUYeC-
KHME PacTBOPHUTEIIH MUIIEBOr0 Kilacca, TAKHE KaK BOJa
u otanoun [34]. Ucnonbs3yemas Gpaza «IUIIEBOH KiIacc
03HA4yaeT, YTO YEJIOBEK MOXXET NPOTIOTHTH OIpeje-
JICHHOE KOJINYECTBO KOHKPETHOTO COeIWHeHus 0Oe3
BPEOHBIX MOCHEACTBUM 1 3740poBbs. Ilpumepst
MUIIEBBIX COEAMHEHUH BKIIIOUAIOT T€ COEMHEHHUS, KO-
TOpBIE «B IeJ0M TpHu3HaHBl Oe3omacHBIMU» (GRAS)
yIpaBJICHUEM 10 CAHUTAPHOMY HaJ30py 32 Ka4eCTBOM
MUIIEBbIX MpoAykToB U MeaukamenToB CIIA (FDA) [35].

DKCTpaknus KOMIUIEKca THAPO(UIBHBIX BELIECTB
13 U3MENIbYCHHOT0 MaTepuaia MpoBOIMIIACE METOIOM
Manepanuu B TedeHue 30, 60 unum 90 MHH B CTeK-
JMSHHBIX MEPHBIX CTakaHax KommaHuu Labdevices Ha
750 mn (Canxt-IletepOypr, Poccus), cogeprxammx 100 T
CBIPO KOKYPBI MJIH )KOMa. PacTBOpHUTEISIMU SBIISITHCH
YHCTask BOJA WM BOJHBIE PACTBOPHI ATUIIOBOTO CIIMPTA C
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Pucynoxk 3. [IpoMexyTouHBIC M KOHEUHBIC TIPOTYKTHI IepepabOTKH IPaHaTOB 10 cXeMe 1: a — KoxKypa; b — COK; ¢ — COUHEIe
3epHa; d — oT)KaThIEe 3€pHA (CEMEHA); € — U3MeJIbUeHHas KOXKypa; f — 9KCTpaKT; g — TBEPABII OCTATOK OT AKCTPAKLIHUU
U3MEIbYEHHON KOXKYPBI

Figure 3. Intermediate and final products of pomegranate processing, scheme 1: a — peel; b — juice; ¢ — juicy seeds; d — pressed seeds;
e — crushed peel; f— extract; g — solid residue from the crushed peel extraction

Pucynox 4. [IpomexyTodHbIC U KOHEYHBIC TPOTYKTH TepepabOTKH TpaHATOB IO cXeMe 2: a — IMMOJOBUHKHU I'PaHaToB; b —
JKOM; C — U3MEJIbYCHHBIH jKOM; d — 9KCTPAKT; € — TBEP/IbIH OCTATOK OT IKCTPAKLMH U3MEJIbYEHHOT'0 JKOMa

Figure 4. Intermediate and final products of pomegranate processing, scheme 2: a — pomegranate halves; b — pulp; ¢ — crushed pulp;
d — extract; e — solid residue from crushed pulp extraction

cozepskanueM 3tuiiosoro crupta 10 win 14 06.%, B npu-
TOTOBJICHUM KOTOPBIX HCIOJB30BAJCS aOCOJIOTHBIN
stanHon komnanun Merck KGaA (Darmstadt, ['epmanus).
OKCTpaKIMOHHAsl CMECh MEIJICHHO IepeMelInBaiach
(60 BpamieHWIl MEIIAaNKH/MUH) C ITOMOIIBIO PYYHOTO
mukcepa Marta MT-1512 (Kuraif).

SKCTpaKHI/Iﬂ npoBOAUIaACh B OJJHY WJIU ABC CTaAUH
(6e3 BRITpY3KH OCTaTKa, HO C pa3eIbHBIM U3BICUCHIEM
9KCTPAKTOB OT KaXKJJOW CTaJUM), B KQXKJOW U3 KOTOPBIX
Temneparypa paBHsuiachk 40 unu 60 °C B pexxume mea-
nenHoro (3a 30 MuH) oorpeBa.

Iunpomonyns (1:2) Obi BIOpaH ¢ yd4eToM HEoO0-
XOJUMOCTH IIOJHOI'0 OXBaTa pPAacTBOPUTENIEM BCETO
o0bemMa U3MEIbYCHHOI'0 MaTepHaIa.

[TosrydeHHBIE SKCTPAKTHI U3BJICKAIH KaKIbIH pa3 B
KoJI0y ByH3eHa rociie BBIrpy3KH 3KCTPaKIIMOHHOM CMecH
Ha CTEKJISIHHYIO BOPOHKY C JIBYXCIIOWHBIM (HIBTPOM
(TepBBIi co# U3 GUIBTPOBANBEHOW OyMaru, BTOPOH — U3
MPOYHOM TKaHM) C TOMOIIIBIO JJA00PATOPHOT'O MOPIIHEBOTO
BakyymMHoro Hacoca Rocker 300 komnanum Rocker
Scientific (TaifBanp), crTOCOOHOTO CO3/1aBaTh TATY B
CHCTEeMaX, IOJ00HOM YTOMH.

OcraTtok OKCTpaKTa BBIACIAICA us3 MSAKOTHU
oA JEHCTBHEM LEHTPOOESKHOW CHIBI C ITOMOIIBIO
anexrpudeckoro crimaHepa SHOP 5952052 Store (Kurait),
paboTarouero no NPUHIKUIY HEHTPUYTH.
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OmnpenejieHne COOTHOIIEHHI MeXKIY COKOM H
TBePAbIMH YaCTSMH B rpaHarax copra Upuganaist
U CO/epKaHHUSl B HHUX THAPOQHUIbLHBIX BelIeCTB.
MexaHn4yeckne aHalIu3bl MPOBOAMINCH MyTEM pas-
JACJIbHOTO B3BCHIMBAHUA Ha BECaX C NUCKPETHOCTHIO
0,1 T cocTaBHBIX YacTel KaXk10TO IJI0/Ia B OTOOPaHHOM
n3 cpeanero obpasua ciydailHeIM 00pa3om BeIOOpKE
n3 30 maonoB.

Jnst ompeneneHus coAepiKaHUS THUAPOPUIBHBIX
BEIIECTB B KOXKYpPE, COKE, OTOJICHHBIX CEMEHaX M KO-
Me, a TAK)Ke B MOJYYCHHBIX M3 HUX IKCTPAKTax ObLIH
HCI0JIb30BAHBl XMMUUECKHE METOABI aHAJIN3A.

CopneprkaHue pacTBOPUMBIX CYXHX BEIIECTB ONpEe-
nsuH ¢ momonisio pedpaxromerpa o FOCT 28562-90,
MPOCTHIX CaxapoB nmo wmeroxy beprpana mno
I'OCT 8756.134-87, KOTOpBIi OCHOBaH Ha CIOCO0-
HOCTH aJIbJIETHIHON TPYyNIIBI caxapoB B3auMOJEHCT-
BOBaTh ¢ peakTuBoM DejIMHra M BOCCTAHABIUBATH
OKHCh MEAM [0 3aKHUCH MEJH, BBHINANaoueil B BHUIE
ocajika KpacHoro nsera. OOHIy0 KHCIOTHOCThH yCTa-
HaBIMBAJIN TUTPOBAHMEM B IPUCYTCTBUH ILBETOBOTO
WHIUKATOpa IO MEXIOCYIapCTBEHHOMY CTaHIApTy
HNCO 750-2013 (0,0064 — ko3 dumueHT nepecyera
0,1 N pactBopa NaOH na nuMonHyI0 KHCIO0TY). Ot-
peneneHne acKOpOMHOBOW KHCJIOTHI BEJIOCh HOMO-
MeTpuueckum Metogom no I'OCT 24556-89, cyxux
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BEIIECTB — BBICYIIMBAHUEM /10 TIOCTOSIHHOTO BEca I10
T'OCT 33977-2016. CymmapHOE KOTHYECTBO BOJOPACT-
BOPHMBIX TOJH(EHOJIOB YCTAHABIMBAIH METOIOM,
OCHOBaHHBIM Ha TUTPOBAHNWU OCTAaTKa MHIUTOKAapPMHUHA,
HE M3pacXOJ0BAHHOTO Ha OKHCICHHE (EHOIbHBIX
BeniecTB, 0,1 N pacTBOpOM MapraHIlOBOKHCJIOIO Ka-
aus. B peakuuio ¢ mepMaHraHaToM BCTYIAIOT U ApY-
THe COCIMHEHUs, IMO03TOMY CHadaja TUTPYIOT BCE
OKHUCJISIIONIMECS 3TUM PEaKTHBOM BEIECTBA, 3aTEM TY
UX 4acTh, KOTOpAas OCTallaCh B 3KCTPAKTe Iocyie 00-
pabOTKM aKTUBUPOBAHHBIM yTJIEM, CIIOCOOHBIM aJICOp-
6uposats nonudenonsl. [To pazHocTn KoaMuecTBa Map-
raHIlOBOKHCJIOTO KaJlusl, UCII0JIb30BAHHOTO HA OKHUCIIe-
HUE B IEPBBIA U BTOPOU pa3bl, ONPEIEISUIA COIEPKAHNE
(enonos, ucronb3ys 0,004157 B kauecTBe K03 P PuIH-
enTa nepecdyera MuLTHIHTPoB 0,1 N pacteopa KMnO,
B IpaMMBI (DEHOJOB. DTOT NMPUHIHII JEKHUT B OCHOBE-
METO/1a OTIpeieJIeHNs] Ty OMIbHBIX BEIIECTB B JIEKapCT-
BeHHOM cbIpbe 1o 'OCT 24027.2-80 u cOOTBETCTBYIO-
mei cratbe ['ocynapcreennoi @apmakonuu Poccun,
KOTOpasi TaKKe MOCBSIIEHA ONPE/ICIICHHUIO 3THX BEIIECTB
B JIEKAPCTBEHHOM CHIPbE.

OneHka pe3yIbTATHBHOCTH HCIIBITAHHBIX PEKHM-
HBIX TApaMeTPOB KCTpaKkuuu. CpaBHEHHE PE3YIIbTaTOB
MIPOBO/IMIIOCH 10 OTHOIICHUIO MAacChl OOIIEro KOJIN4ecTBa
CYXOr'o BeIlecTBa W TUAPODIMIBLHBIX BEIIeCTB (caxa-
pa, OpraHNYeCcKUe KUCIOTHI, MOTH(EHOIIBI) B SKCTPAKTE
K UX Ha4aJbHOW Macce B KOXype uin )kome. CpaBHEHHUE
MPOBOJINIOCH Ha OCHOBAHHMH JIETKOCTH CLIEKUBAHUS
00pa30BaBIIMXCS IKCTPAKTOB. DTO OBLIO CBSI3aHO C TEM,
YTO B HEKOTOPBIX MCIBITAHHBIX BApHAHTAaX 3KCTPAKIIHH,
KOTOPEBIC 6])IJ'[I/I IMPOBECJICHBI B CJIMIIKOM JKECTKOM PEIKUME,
KOXYpa WU )KOM K KOHILY SKCTPaKIUHU Pa3phIXJUINCh
TaK CHJIBHO, YTO JUISI U3BJICUEHUS IKCTPAKTA MPHUIILIOCH
UCIIOJIb30BaTh TATY, CO3/1aBAEMYI0 BAKYYMHBIM HACOCOM.

O0padoTka mepBHYHBIX JaHHBIX. [Ipyu onieHke 10-
CTOBEPHOCTH DPE3yJbTaTOB MEXaHMYECKOIO aHaIn3a
IUIOJIOB PAaCcCUYUTHIBAJIOCH CTaHJapTHOE OTKIIOHEeHUE (SD)
cpennero pesynbrarta 30 IUKIOB CTAaTHYECKOTO B3BE-
IIMBaHUs Ha Becax Kommanuu Precisa (IlBefinapus) ¢
nuckpetHocTsio 0,1 T.

XUMHUYECKUE aHAN3bI M TEXHOJIOTUYECKUE OTIBITHI
MPOBOAMIINACH B 3—5 moBTOpeHUAX [36].

Pe3yabTaThl M MX 00CyK/AeHHE

Onpeesnenne XapakKTepHOro JJis MJIOJA0B cCOPTa
Hpuaanansl 6ajanca Mexkay COCTABHBIMU YaCTAMU.
VYV copra Hpunpanansl macca OJHOTO IJIOJ@ CHUJIBHO
BapbHUpPYETCA: CaMBId KPYIHBIA U3 HUX Becua 259,6 T
(B Hem Ob110 375 3epen ¢ obumM BecoMm 148,1 1), camplii
MaJIeHbKuM — 192,6 1.

B otoGpanHoif U3 cpennero obpasia ciaydaHBIM
oOpa3om BeIOOpKe n3 30 MI070B OJIMH IO B CPETHEM
Becun 228,8 + 23,2 r. CooTHOIIEHUE MEXTY KOXKYpPO
(108,30 + 12,61 r) u counsimu 3epHamu (120,60 +
13,89 1) k ux obmeit macce ObII0 paBHO 47,3 (KOXKypa)/
52,7 % (couHbIC 3€pHA); COOTHOIICHUE MEXKIY KOXKY-
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poit (108,30 £ 12,61 T) M OTONEHHBIMH CEMEHAMH
(21,00 £+ 3,99 1) k ux obmelt macce coctaBuio 83,8 (ko-
xypa)/16,2 % (orojeHHbIC CEMEHA).

B pucyHke 5 oTpaxeHO NPOLIEHTHOE COOTHOLIEHUE
MEXJly KOKypOH, COKOM M OrOJICHHBIMU CEMEHAMH B
J10/1e, KOTOPOE OBIIIO YCTAaHOBJIGHO C YYETOM JaHHBIX
MEXaHUYECKOTO aHalu3a 1o Bcel Beioopke (n = 30).

W3 pucyHka 5 BUIHO, UTO B OJHOU CBIPOU Macce
rpaHatoB copta Mpumananasl Ha KOXYpY, COK U OTrO-
JICHHBbIE ceMeHa B cpenHeM npuxonutcs 47,3, 43,5 u
9,2 % COOTBETCTBEHHO. DTO O3HAYaeT, YTO Mepepa-
6orka 1 T II0JIOB 3TOTO COpTa JacT BO3MOKHOCTbH T10-
nyunTh 435 kr coka. B kxauyecTBe moOOUYHBIX MPOJYK-
TOB ocTaHeTcs 473 KT ChIpOH KOKYPHI U 92 KT CHIPBIX
CeMSsH.

HauaabHoe conep:kanue ruipoQuiIbHBIX BelecTB
B KOXKype U OroJIeHHBIX CeMeHaX IPaHATOB COpPTa
Hpunanasnbl, a Tak:ke uxX cMecH (skome). 13 Tabmmisr 1,
B KOTOPOH JaH XMMHYECKHH COCTaB COKa, KOXKYPHI,
OTOJICHHBIX CEMAH U CMECHU KOXKYPblI M OT'OJICHHBIX
ceMsH (’KOM), BUJHO, YTO KOXypa SIBIAETCS OOTaThIM
HUCTOYHUKOM Kak cyxmx BemectB (31,0 + 2,0 r/100 r
TIOJTHOW CBIPOW MAacCChl KOXKYPHI), TAK U CYMMBI BOJO-
PacTBOPHMBIX BEUIECTB — IPOCTHIX CaxapoB, OPTaHU-
YECKHX KUCJIOT U NOJU(EHOIIOB.

XoTsl colepKaHHE CYXHX BELIECTB B CHIPOM KO-
me (35,7 = 2,8 r/100 T moJIHO#M CBHIPOW MaCCHI XKOMa)
BBIIIE, 4eM B ChIpoii koxkype (31,0 = 2,0 r/100 r nonHoii
CBIPOIl Macchl KOXKYpPBHI), )KOM YCTyHaeT KOXype o
CO/IEPKAHUI0 CYMMBI BOJOPAacTBOPHMBIX BEIIECTB
(21,19 1/100 r moHO# CBHIPOH Macchl )KOMa TPOTHB
26,45 /100 T OJTHO¥ CHIPOW MacChl KOXKYpHI) (Tadm. 1).
B »xome Ha BOJOpPacTBOPHMMBIC BeElIECTBA IMPUXO-
nuTes B cpenHeM 59,36 % ot oOmiero koiaudecTBa
COJIepIKAIerocsi B HEM CYXHUX BEIIECTB, B KOXype —
85,32 %.

43,5%
473%

9.2%

ECok ®(Cemena " Koxypa

Pucynox 5. Jluarpamma cpaBHEHHUsI 10J€H KOXKYPBI, COKa
U OTOJICHHBIX CEMsH B IUIOJIE I'paHaTa copTa Mpuganansl
(n=30)

Figure 5. Peel, juice, and bare seeds in pomegranate
of the Iridanali variety (n = 30)
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Tabmuna 1. ComepxaHue CyXux ¥ BOJIOPACTBOPUMBIX BEIIECTB B KOKYpPE, OTOJCHHBIX CEMEHAX, COKE M )KoMe (CMech
KOXYPBI 1 OTOJIEHHBIX CEMSH) IrpaHaTtoB copTa Mpuaanamnst, r/100 T cbipoif Macchl

Table 1. Solids and water-soluble substances in peel, bare seeds, juice, and pulp (peel + seeds) of Iridanaly pomegranate, g/100 g of wet

weight
YacTs mioa Cyxue BognopactBopumble BelecTBa
BEIICCTBA MoHnocaxapuabl Caxaposa Opraunueckue | [Tonudenosst Butamun C,
KHCIIOTBI mr/100 r
Koxypa 31,0+£2,0 19,75 £ 1,24 1,33 £ 0,09 2,41 +0,16 2,96 + 0,19 16,53 + 1,07
OrosieHHbIC CEMEHa 47,5425 6,64 + 0,35 0,45 + 0,05 0,52 + 0,08 0,32 +0,07 7,66 + 1,50
Cok 18,4+ 0,6 15,00 + 0,37 0 1,45+0,24 0,32 +0,07 8,89 +2,03
JKom 35,7+28 15,99 + 1,35 1,08 + 0,04 1,88 0,10 2244020 16,31 + 1,28
CpenHee 3HaueHUE 5 MOBTOPHBIX onpeseneHuit £ SD.
Mean of five replicates + SD.
9.1% 8,9%
11.2% 10,5%
79,7 % 80,6 %
B JIpocTeie caxapa M Ilomudenonsl = OpraHu4ecKue KUCIOTHI B [Ipocteie caxapa M ITomudenonsl © OpraHnd4eckue KMCIOThI
Pucynok 6. [lmarpamma cpaBHEHUS DOJEH MPOCTHIX Pucynox 7. luarpamma cpaBHEHHUsI A0JIeH IPOCTHIX
caxapoB, OPTaHUYECKHUX KHCIOT U MOJTU(PEHOJIOB B KOKYpE caxapoB, OPTaHUYECKHUX KHCIOT U MOJIU(PEHOIIOB B )KOME
rpanatos copra Upunanansl, % kK UX cyMMapHOMY rpaHaToB coprta Mpunanansl, % K X CyMMapHOMY
KOJIMYECTBY KOJIMYECTBY
Figure 6. Simple sugars, organic acids, and polyphenols in Figure 7. Simple sugars, organic acids, and polyphenols in
Iridanaly pomegranate peel, % of total amount Iridanaly pomegranate pulp, % of total amount
Ha pucynkax 6 u 7 oTpaxkeH OajmaHC MEXIy ca- nag. U3 pucynka 8 BHUIHO, YTO CTENEHb H3BJeYe-
XapaMd, OPTaHMYECKHMH KHCIOTaMH U TONH(EHO- HHUS CyXUX BEIIECTB U3MEHAECTCS B 3aBUCHMOCTH OT
JJaMU K UX OOIIEeMY COJEepKaHUIO B CHIPOM KOXype NPUMEHEHHOI'0 paCTBOPUTENSA, CTAAUNHOCTH Ipolecca
rpaHaroB copta Mpunanansl. 1 )KECTKOCTH TEPMUUYECKOTO BO3IEHCTBUS HAa KyCOUKHU
Kak BuiHO U3 pUCYHKOB 6 1 7, B 00IIEM KOJIMYECTBE KO>XYPBI.
BOJIOPACTBOPUMBIX BELIECTB, Npuxoasimemcsa Ha 100 ¢ B Bapuante Ne 1, riae sKkcTpareHTOM sIBJISIaCh YUCTas
KOXYpBI UM )oMa, ocHOBHas 4dacth (79,7 u 80,6 % BOJIA, a PKCTPAKIIUA BeJach MyTEM MOJOTpPeBa CMECH,
COOTBETCTBEHHO) MPUXOAUTCS Ha MPOCTHIE caxapa. ITo COCTOSIIIEN U3 KYCOUKOB KOXKYPbI U PAaCTBOPUTENS, 10
TOBOPUT O TOM, UTO MPOLIECC UX IKCTPAKIUU JOIKEH 60 °C 3a 30 MuH, CTENEHb HKCTPAKIIMHN CyXHUX BEIIECTB
BECTHUCH C PACYETOM Ha MOCIEAYIOIIEE HCTI0JIb30BAHUE HeBBICOKas — 54,6 % OT MX HAYaJBHOTO COJCPIKAHUS
HE TOJIbKO MOJK(EHOJIOB, HO U MPOCTHIX CaXapoB. B CBIPOM KOXKype. DTO CBSI3aHO C HATUYUEM B KOXKYpe
Bausinue pe:KUMHBIX (PAKTOPOB HA KOJIMYECTBEH- TUAPO(IIIBHBIX KOJUIOWIOB, CIIOCOOHBIX BIUTHIBATH
HYI0 JKCTPAKIHIO CYXHX H BOAOPACTBOPHMBIX BeIlECTB. BOJY U CHUXKATh BBIXOJI IKCTpAKTA.
Pucynok 8 oTpakaeT pe3ylbTaThl SKCTPaTHPOBAHU Tak Kak rUAPONEKTHH XOPOLIO SKCTPArUPyeTCs Te-
M3MEeNbUeHHON KOXKYphI TpaHaTOB copTa Mpumganansl JIOW BOJIOM, TO CIIEACTBHEM ITOrO CTaJO0 Ype3MEPHOE
YHUCTOW BOJOW MJIM BOJHBIM PACTBOPOM 3TAHOJIA C KOH- MMOMyTHEHUE XKUIKOW (a3pl B pe3ylbTare mepexoia
neHTpanuer stmwiosoro crnupra 10 00.% (cooTHome- B Hee PaCTBOPMMOIO NEKTHHA M3 KYCOYKOB CHIPBS.
HHE MEXIy KOXYpod W pacTBopuTeieMm 1:2) B OmHY DTH HENOCTAaTKH MEHBINE XapaKTepHBI JJIS BapHaH-
WY JIBE CTAJUU MPOJOJDKUTEIBLHOCTHIO 30 MUH Kax- TOB Ne 2—4, B coCTaB pacTBOPUTEIISI KOTOPBIX BXOJIHII
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80,00 -
70,00 -
60,00 -
50,00 -
40,00 -
30,00 -
20,00 -
10,00 -
0,00 T T r
Neo 1 No 2 Ne 3 Ne 4

Ne 1 — pacTBOpUTENAL — UMCTAsA BOJIA, SKCTPAKIUS IYTEM
noxporpesa cmecu 10 60 °C 3a 30 mun

Ne 2 — pactBopuTenb — BOAHBIH pPacTBOP 3TaHOIA,
9KCTpakus myTeM nogorpesa cmecu 10 40 °C 3a 30 muH

No 3 — pacTBOpUTENb — BOJHBI pacTBOp ITaHOJIA,
skcTpakius B Tedenue 30 muH npu 60 °C

Ne 4 — pacrBopuTenb — BOAHBIM pacTBOp 3TaHOIA,
9KCTPAKIHsI IyTeM JBYKPAaTHOTO IIOJOrpeBa CMECH [0
60 °C 3a 30 MUH ¢ pa3/ieJIbHBIM U3BJIEYCHHEM YKCTPAKTOB OT
1-oi#1 u 2-0ii cTaguil nmponecca

pI/ICyHOK 8. FHCTOFpaMMa CpaBHECHUSA CTCIICHU U3BJICUCHUS CYXUX BEUIECTB U3 KOXYPLI 'paHaTOB COpTa I/IpPII[aHaJ'IBI
B 3aBUCUMOCTH OT IPUMEHECHHOI'O paCTBOPUTEJIA, CTaHHﬁHOCTH mmponecca u TEMIIEpaTypHOro pexxmuma, %
OT HAaYaJbHOI'O COACPIKAHUA CyXUX BCIUIECTB B CBIpOﬁ KOXYpe

Figure 8. Comparative histogram: solid extraction degree from Iridanaly pomegranate peel, depending on the solvent used,
the stage, and the temperature, % of initial solids in raw peel

Tabnuma 2. 3aBUCUMOCTS CTENIEHHU U3BICUEHUS CYXHUX U BOJOPACTBOPHMBIX BEIIECTB U3 KYCOUKOB KOXKYPHI U )KOMa
rpaHaroB copta MpuaaHaiibl OT BPEMEHH SKCTPArupOBaHUs BOAHBIM PACTBOPOM 3TaHOJIA ¢ KOHLIEHTPALKEl STHIOBOTO
crupra 14 06.% npu ruapomonyne 1:2 u temnepatype 40 °C, % oT ux HavanxpHOTO cofepxkanusg B 100 T KOXKypBsI HIU )KOMa

Table 2. Extraction degree of solids and water-soluble substances from Iridanali pomegranate peel/pulp depending on extraction time
with an aqueous solution of ethanol with 14 % vol. ethanol at a hydromodulus of 1:2 and 40°C, % of the initial content in 100 g peel/pulp

Bpewmst skcrpakimn, muH | Cyxue BelecTa BonopacTBopumble BemecTBa
IIpocteie caxapa | OpraHndeckue KHCIOTHI ‘ Tlomudenomns ‘ Bcero
Koxypa
30 51,94 +£0,52 60,56 + 0,58 59,80 £ 0,55 40,54 + 0,37 58,16 £ 0,55
60 55,81 £ 0,54 63,80+ 0,61 63,50 = 0,60 45,61 +0,41 61,69 +0,58
90 63,20 = 0,60 73,05+ 0,70 68,20 = 0,64 50,68 + 0,47 70,03 + 0,66
Kom

30 34,88 +£ 0,33 66,08 + 0,64 64,43 + 0,60 43,57 £ 0,40 64,84 + 0,61
60 41,96 + 0,40 73,32+ 0,71 71,13 +0,69 50,43 + 0,46 68,29 + 0,63
90 48,50 £ 0,45 80,88 +£0,75 80,41 +0,78 54,00 + 0,50 77,99 +£0,72

CpenHee 3HauY€HUE 5 MOBTOPHBIX ONPE/CIECHUH.

Average value of five replicates.

STWJIOBBIN CIIUPT, CIOCOOCTBYIOIIHIA KOATYIISIIAN PACT-
BOPHMOTO TIEKTHHA U MPEMATCTBYIOMHA ero nuddy3un
B XKHUIKYIO (asy.

CreneHp 3KCTPAKIIMU CYXHUX BCHICCTB B BapHaH-
Te Ne 3, B KOTOPOM SKCTPAKITHS BEJach BOJHBIM PacTBO-
pom stanona npu temneparype 60 °C B reuenue 30 MuH,
nocruriaa 65,4 %. OgHako B pe3yibTaTe TaKOro KeCTKOTro
TEPMHUYECKOTO BO3JECHCTBUSA MPOM3OIUIO pPa3phIXie-
HUE KYCOYKOB KOXKYPBI U 3aTPYIHUIOCH OTCACHIBAHUE
00pa30BaBIIETOCS IKCTPAKTA, YTO HETPHEMIIEMO IS
n3ydaeMoro mporecca.

MaxkcumanbHast CTeIICHb IKCTPAKIIUU CyXUX BEIICCTB
(71,6 %) O6b1ma oTMeueHa B BapuanTe Ne 4, B KOTOpOM
MMPOUCXOJAUT IMMOJOTPEB U3MEJIbYSHHON KOXYPbI BMECTE
¢ n00aBJICHHBIM K HEW BOJIHBIM PAacTBOPOM ITaHOJA
nmo 60°C 3a 30 MuH B IBa IpueMa C pa3leIbHBIM U3-
BJICYCHHEM SKCTPAKTOB OT 1-0if U 2-0i cTaauil mpouec-
ca. PacueTsl mokasanu, 4TO B 3TOM BapHaHTE CTCIICHb
9KCTPAKIINU BOJOPACTBOPUMBIX BelecTB paBHa 83,93 %
OT MX HAYaJbHOT'O COJICPXKAHHUS B CBHIPOHl Koxype. B
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BapuaHTe No 4 KyCOUYKH KOXKYPBI JTYUIIIE COXPAHSIIH CBOIO
¢dopmy, uem B BapuanTe Ne 3 ¢ TOCTOSHHBIM BeICHUEM
npoiecca npu remmeparype 60 °C.

AHanu3 JaHHBIX ATOTO 3Tala UCCIICAOBAaHUS MTOKa3all,
470 B BapuanTe Ne 2 (Io0rpeB cMecH KOXKYPBI C BOTHBIM
pacTBOPOM 3TaHOJA M C KOHI[CHTpAIMCH STHIOBOTO
crmupta 10 06.% 10 40 °C 3a 30 MUH) yIanoch U3BICYb
48,6 % cyxXHmX BeIIeCTB. DTO CBSI3aHO C HEIOCTATKOM
BPEMECHH, OTBEJCHHOTO Ha JKCTPAKLIHIO MPU HHU3KOU
TeMmIeparype.

UTOOBI yTOYHUTH BIUSHHUE BPEMEHU 3KCTPAKIIHH
Ha CTCICHb IKCTPAKIIUU LEIEBBIX KOMIIOHCHTOB IIPH
YBENWYCHNH TIPOJODKUTEIFHOCTH MIPOIIecca B yCIOBUAX
HEXECTKOTO TeMIIePaTyPHOT0 BO3ACUCTBHUS HA KYCOUKH
KOXXYPBI H )KOMa, ObLIH IIPOBEICHBI JOTIOJHUTEIbHBIC
ombITE. VX pe3ynbpTaThl MpeACTaBICHBI B TaOiuIe 2.
B stux u APpYyTrux OmnbITax MU3MCJIBYCHUC KOMa IMpPO-
BOJWJIOCH TaK, YTOOBI OHO HE KacaloCh OTOJICHHBIX
CEMSH U MTO3BOJIMIIO COXPAHNUTH UX IENBIMH, T. K. MOTJIO
MPOU30UTH MOMYTHECHHE KUIKON (Pa3bl TAKUMH BOJO-
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9KCTParupyeMbIMH BEIECTBAMHU, KaK THIPOIEKTHH,
Kpaxmall U Ap., KOTOpIMH 0OTaThl CEMEHA IPaHaTa.

W3 Tabmumsl 2 BUAHO, YTO HPH TEMIEPaTypPHOM
pexume 40 °C 3a 90 MuH ymaeTcs U3BIEYb U3 KOXKY-
per 63,20 % cyxux BemectB u 58,16 % Bomopact-
BOPUMBIX BEIIECTB, a u3 xoma — 48,50 u 77,9 % coort-
BE€TCTBCHHO OT MX HAYaJIbHOTO COACPIKAHUA B ITUX
UCTOYHUKAX.

CpaBHEHHE TOJYYCHHBIX B OTUX M MPEIBLIYIIUX
OMBITax PE3yJbTAaTOB IOKA3bIBACT, YTO MaKCUMAJIbHaA
CTCHICHb 3KCTpaKIUKU BOAOPACTBOPUMBIX BCUICCTB U3
KOXYpbI, paBHas 83,93 % OT uX Ha4aJIbHOI'O COJEpPIKa-
HUSl, Obl1a JOCTUTHYTA B MPEABIAYIIEM DKCIIEPUMEHTE
B BapuaHTe Ne 4, B KOTOPOM IKCTPAKIIHSI TPOBOAMIIACH
C UCIOJIb30BAHMEM B KayeCTBE PAacTBOPUTEINS BOJHO-
ro pacTBOpa 3TaHOJA IIyTEM MOAO0I'PEBA CMECH KOXY-
pbl 1 pactBoputens go 60 °C 3a 30 MUH B ABE CTaauU
C pa3esIbHBIM HM3BICYCHHEM 3KCTPAaKTOB OT l-0 u
2-01 cTaauil nmpouecca.

B tabnuue 3 mpencraBieHbl pe3ynbTaThl HCIBITA-
HUS 9TOTO BapHaHTa Ha KOMe.

W3 tabauusl 3 BUAHO, YTO CTENEHb SKCTPAKIIHH
CyXHX W BOJOPACTBOPHUMBIX BEIECTB BHICOKAs M 4e-
pe3 30 MuH ¢ MOMeHTa Hadana mporecca (1 cramgms
skcrpakuun) pasaa 50,90 u 80,47 % cOOTBETCTBEHHO,
a gyepe3 60 munryT — 58,17 1 91,40 % coOTBETCTBEHHO
OT WX HaYaJIBHOTO COJIEPKaHUsA B )xoMe. OTo Ha 9,67 %
(cyxme BemectBa) u 13,41 % (BomopacTBOpUMBIE Be-
miecTBa) OodbIIe, YeM B MPEABIIYIIEM OIBITE C K-
CTpakIHeil xxomMa 3TUM ke pacTBoputenem mnpu 40 °C
B Teuenune 90 MuH.

B stom BapmanTe m3 | Kr cBIpOro kxoMa OBLIO
MOJIy4eHO YyTh MEHee 4 KI' CMEIIAHHOTO 3KCTPaKTa,
B pe3yJibTaTe yBapHBAaHMS KOTOPOIrO MOJ BaKyyMOM
6p110 TONTydeHOo 260 T KOHIIEHTpaTa ¢ COAepKaHHEM
cyxux BemectB 60 macc.%, B TOM yuclie MOHOCa-
xapugoB — 46,70 r/100 r, opraHMYeCKUX KHUCIOT —
4,73 r/100 r, monudenonos — 3,70 /100 r u BuTa-
muHa C — 10,10 mr/100 r.

B KOHIC BCCX MPOBCACHHBIX OIIBITOB OBLTH nouny-
YEeHBI IIOCIEIKCTPAKIIMOHHBIE OCTATKH BBICOKOH BJIaX-
HOCTH, U3 KOTOPBIX OBLI yJajeH U30BITOK DKCTPAKTa
C MOMOIIBIO CIIMHHEPA.

B pesynpTaTe Takoil 0OpabOTKH BIAaXXHOCTH OC-
TaTKOB KOXXYPBl M CMECH KOXYpPHI M CEMSH OCTaBa-
Jach BBICOKOHM — B cpegHeM 81 (ocTaTOK KOXYpPHI) U
77 macc.% (OCTaTOK CMECH KOXKYPBI 1 CEMSH).

B mpou3BOACTBEHHBIX YCIOBHUAX 00paboTKa moc-
JIEOKCTPAKIIUOHHBIX OCTATKOB MOXET OBITH IIpoBCJCHA
C TMOMOIIBI0 HEOONBIIOr0o JAeruapaTopa, MpeaHa3Ha-
YCHHOT'O I YaCTUYHOI'O OCYHICHUSA U 00€3BOKUBAHUSA
pacTuTesbHON U HPYKTOBOM MACChl, TAKOI'O KaK CIIPH-
Hep FZHS-15 (Fengxiang Food Machinery, Kuraii).
DTa MalIMHA MOXKET NPUHUMATh B ouH pa3 10—15 kr
chbipbsi. C ee TIOMOIIIBIO CHAYala MOXKET ObITh BBIICIICH
M30BITOK DKCTpaKTa U3 IMOCIEIKCTPAKIIMOHHOTO OC-
TaTKa, a 3aTeM MOJXKET IPOBOAUTHLCS €T0 MPOCYIIKA.
Cnpunep FZHS-15 nocrasnsiercs ¢ maHenbto ynpasie-
HUS, C TOMOIIBIO KOTOPOH MOT'YT OBITh YCTaHOBJICHEI
BpeMs 00€3BOKMBAHUS M CKOPOCTh BpamieHus. Amnmna-
paT M3TOTOBJICH U3 HEPKABEIOLICH CcTan, paboTaeT 1o
MIPUHIHUITY HEHTPOOEKHOM CHIIBI ¥ SJIEKTPOMArHUTHOTO
TOpMO3a, CTOUT 0K0JI0 $3,5 Thic. EcTh GoJiee MOIIHbIE
MOJIeNId CTOUMOCTBIO OT $15 ThIC.

BitasxHBII 0CTaTOK OT IKCTParupOBaHUS JKOMa IO
BBIIICONIICAHHOMY BapHaHTy OBLI BBICYNIEH O IIO-
cTOsiHHOTO Beca (puc. 9a). Beixon BBICYHMIEHHOTO 110
MTOCTOSTHHOTO Beca HEPacTBOPUMOTO OCTATKA COCTABIII
132 r/kr ceIporo koMa. B HeM Ha OCTaTOK KOXYpPHI IpU-
mutock 69 1 (52,3 %), Ha OCTATOK OTOJICHHBIX CEMSH —
631 (47,7 %), Torma KakK B MCXOJHOM MaTepuajie —
CBIPOM JKOME — COOTHOIIICHUE MEXIy KOXKYPOU B OTO-
JICHHBIMH ceMeHamHu 0b110 82,2 (koxkypa):17,8 mace.%
(cemena).

Cyxoit ocTaTok cHayasa ObIT U3METbYCH B JIC3HHTErpa-
TOpEe TOHKOTO MOMOoJIa 710 ¢ppakmuu okojo 1 mm (puc. 9b).
[TonydeHHBI MOPOIIOK OBLT pa3aeieH Ha CUTE IS My-
KU Ha JIBe Qpakiuu: MenkoaucnepcHyio (60 macc.%)
(puc. 9¢) u xpynuoaucnepcHy (40 macc.%) (puc. 9d).

Kak BunHO u3 Tabmuibl 4, MEJIKOAMCIIEpCHAs U
KpyHHOJucHepcHas (Qpakiuu OTIHYAIUCh 10 COAEp-
JKaHUTI0 BOAOPACTBOPHUMBIX BEIICCTB.

W3 nanHbIX TaOMULBI 4, MOKHO PACCYUTATh KOJIHU-
YEeCTBO MPOCTBHIX CaxapoB, OPraHUYECKUX KHCIOT U
1o M(eHOIIOB € YUETOM BBIX0/a cyXxoro octatka u3 100 r
CBIPOT'0 JKOMa U Ha4aJbHOTO COJICP)KAaHHSI ATHX BEIECTB

Tabauua 3. CTeneHps U3BICUYCHUS CYXUX U BOJOPACTBOPUMBIX BELIECTB M3 KyCOUYKOB CHIPOr0 KOMa I'PaHATOB COpTa
Wpunananer B Bapuante ¢ MeaineHHbIM (30 MUH) IByKpaTHBIM ITOJOTPEBOM CMECH KOXKYPBI U PAaCTBOPUTEIIS BOJAHOTO
pacTBOpa TaHOJA C MacCOBOH KOHIIEHTpanue »TuioBoro cuupra 14 06.% no remnepatypst 60 °C 6e3 BEITpY3KH
TBEPAOTO OCTAaTKa OT 1-0if CTaguM U3 SKCTPAKTOPA, HO C Pa3/IeIbHBIM H3BICUCHHEM YKCTPAKTOB OT 1-0i U 2-0if cTtaauit, %

Table 3. Extraction degree of solids and water-soluble substances from raw Iridanali pomegranate pulp with slow (30 min) double heating
of the peel and solvent mix of aqueous ethanol solution with 14 % vol. ethyl alcohol at 60°C without unloading the solid residue from
stage 1 from the extractor, but with separate extraction from stages 1 and 2, %

Cragun nponecca | Cyxue BemecTna BonopacTBopumble BemecTBa

IIpocteie caxapa OpraHn4ecKue KUCIOThI [onudenomnst Bcero
1 50,90 + 0,48 83,40 +0,79 81,83 +0,78 60,00 + 0,54 80,47 +0,77
2 7,27+ 0,05 11,98 +0,09 8,76 £ 0,05 5,00+ 0,02 10,93 +£0,07
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PucyHok 9. [TpoMeXyTO4HBIC 1 KOHEUYHbIEC TPOAYKTHI IepepabOTKU OCTaTKa OT AKCTPAKIIMHU jKOMa: | — BBICYIICHHBII
MOCJIEIKCTPAKIIMOHHBIH OCTATOK; 2 — OH e MOCJIe TOHKOT'0 U3MEJbUYEHHs B JIC3HHTETPAaTOPe; 3 — MEIKOJUCIIepCHAs
(dpakuus oT pasaeneHus Ha cute st Myku (60 %); 4 — kpynHoaucnepcHas Gpakius OT pa3fAeIeHUs Ha CUTE IS MyKH
(40 %)

Figure 9. Intermediate and final products of pulp extraction residue processing: 1 — dried post-extraction residue; 2 — after fine grinding
in a disintegrator; 3 — fine fraction from separation on a flour sieve (60%); 4 — coarse fraction from separation on a flour sieve (40%)

Tabnuua 4. Coaepixanue BOJAOPACTBOPUMBIX BEIIECTB B BBICYIIEHHOM 0 OCTOSIHHOTO Beca OCTaTKe )KOMa IPAHaTOB
coprta Mpumanansl u AByX Gpakiusx OT €€ pa3jelicHUs Ha cuTe st MykH, /100 r cyxoit Maccsl

Table 4. Water-soluble substances in the residue of Iridanali pomegranate pulp dried to constant weight and two fractions
from its separation on a flour sieve, g/100 g dry weight

IIpocteie caxapa ‘ OpraHn4ecKkue KHCIOThI ‘ [onmudenomnr ‘ Buramun C
MenkoaucnepcHas dpakius, 60 macc.%
15,05 £0,12 \ 1,65+ 0,01 \ 1,73 £0,01 \ 17,60 £ 0,15
KpynnoaucnepcHas ¢paxiust, 40 macc.%
10,25 = 0,08 \ 0,850 + 0,005 \ 1,97 + 0,02 \ 15,85+0,11
Bech ocraTok B OCJIOM
12,76 0,10 \ 1,27 = 0,008 \ 1,840 0,015 \ 16,76 % 0,13
B 100 T mcxogHOTO CHIpOr0O MaTepuaina. B pe3ynpraTe THBHBIX BEIIECTB W BRITECHCHHE KOHIICHTPHUPOBAHHBIX
TaKOTO pacueTa CTAaHOBUTCS SICHO, YTO B HEPACTBOPU-  PACTBOPOB HENPEPHIBHBIM MOTOKOM pacTBOPUTENS.
MOM OCTaTKe COXpaHmIoch 9,59 % mpocTeix caxapos, B cBA3M ¢ 3TUM COBEpPUIEHCTBOBAHME 3KCTPAKLUU
8,76 % opranmueckux kuciaoT u 10,43 % momudeno- KaK CyYMMBl TEXHOJIOTHYECKUX ONepaluil MOXKET
JIOB OT UX HauajbHOro cojepxanus B 100 r ceiporo MPOXOJNUTH B paMKax (UIbTPAIMOHHON HKCTPAKIIMH
JKoMa. HEMPEephIBHBEIM MTOTOKOM 3KcTpareHTa. [Ipeomgonenue
Y4YuTeiBas, 9T0 TEXHOJIOTHICCKHE TAPAMETPHI TIPO- THAPABINYECKOTO COMPOTHUBICHUS OYyIST JOCTHUTATh-
1[ecca MOXKHO MPUBS3aTh K BIArOCOAEPKAHUIO, KOXKYpa Ccd INpM BaKyyMHPOBaHUU IPHUEMHHUKA OHKCTPAKTa
1 KOM TIepeJ IKCTPAarupoBaHNEM MOTYT OBITh BBICYIIIC- WU HaJOKCHUU JaBJICHUSA Ha CJIOW >KHAKOCTH HaJ
HBI. DTO TO3BOJUT PaboTaTh ¢ KOHIICHTPUPOBAHHBIM ceippeM. KpoMe TOTO, B 3TOM Cciydae HCKIIOYACTCS
CBIPbEM, T. K. B p€3yJIbTaTe BHICYLIUBAHUS COJIEPKAHUE HEO0OXO0JMMOCTb JIOCTHKEHUS! PAaBHOBECHSI KOHIIEHT-
BOJIOJIIOOMBBIX BEIIECTB B KOXKYpE BO3pacTeT B 3 pasa, paumii Bo BCe Macce CHCTEMBI «CBIphE — JKCTpa-
B CEMEHaX MOYTH B 2 pasa. TEeHT» B Ka4eCTBE HEOOXOIUMOTO YCIOBHSI B METOJE
[Ipu onTUMHU3AIUU ITHX MPOIECCOB MOKHO OyIeT Malepanuu.
HUCXOJUTh U3 elle OJIHOTO YCTaHOBJEHHOro (axra: B oaTtom HampaBiieHMHM HaMu OBLIM HPOBEJEHBI
YeM Kpemde BOAHBIA pacTBOp dTaHONa (B Ipenenax TIEPBEIC OTIBITHI C KOKYPOU M JKOMOM, BBICYIIICHHBIMHA 10
14-50 00.%), TeM MeHbIle BS3KUX OallNTaCTHBIX Be- OCTaTOYHOI0 COJepKaHus BOJbI 8 % U MPUBEIECHHBIMU
IIECTB MOMaJeT B 3KCTpakT. C Apyroi CTOPOHBI, MpUMe- B COCTOSTHHE TOHKOTO MOpoIIka. McnbITaHHBIE TOPOIII-
Heane 50 % BOJHOTO ITaHONA CBA3AHO C YCIOXKHE- KU KOKYPHI B )KOMa OBIITN ¢ BIarOMOTIIOIMAIOIICH CTI0-
HUEM TEXHOJIOTUH M3-3a HEOOXOAMMOCTH pereHepariu cobHocThI0 4,8 1 4,4 T/T COOTBETCTBEHHO (COOTHOIICHHE
STUIIOBOTO CHHUPTa AJIA MOBTOPHOTO HCIOJIB30BaHMUS, MAacchl ITOPOIIKOB CO CTAKAHOM MOCJIE OITyCKaHUS B BOAY
Yero He MPOMCXOIUT MPH HCHOIH30BAHUH B KadyecT- K Macce MOPOIIKOB CO CTAKAHOM JI0 OITYCKaHHUS B BOJY);
BE JKCTparcHTa TI'PAaHATOBBIX MOTU(PEHOIOB YHCTOU WX KUPOIOTIIOMIAONIAs CIIOCOOHOCTh paBHsIACh 6,2
BO/JIBI. 1 6,0 T/T COOTBETCTBEHHO (COOTHOIIICHUE MACCHI TIOPOIII-
DKCTPaKIIMOHHBIH MPOIIecC SABIACTCS KOMIUICKCHOM KOB CO CTaKaHOM IIOCJIE OMYyCKAaHHS B PACTHUTEIBHOE
CTPYKTYpOH, BKIIFOYAIOICH cMadiBaHUE UCXOJHOTO Ma- MAacJIO K Macce IMOPOIIKOB CO CTAKAHOM JI0 OITYCKaHUS B
Tepuaja HKCTPareHTOM, paCTBOPEHUE CyMMBI dKCTPaK- Maclo).
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DOKCTparupoBaHHE TOPOIIKOOOPAa3HONW KOXKYPHI
npoBoiIock ropsianm (70 °C) BOAHBIM pacTBOPOM ITH-
JIOBOI'O CIMpTa ¢ MacCOBOM KOHLEHTpauuel 3TaHoza
50 06.% c MOCTOSHHON CMEHOH 3KcTpareHTa B IpPO-
necce GUIBTPYIOMIEH IKCTPAKIIMHA TOHKO M3MEIbUEH-
HOTO HCXOAHOro Marepuana. lMcmonb3oBaHHas cuc-
TeMa (UIBTPYIOLIEH 3KCTPAKIHMHM COCTOSIA U3 CTEK-
JNSTHHOW BOPOHKM M KOJOB byH3eHa, K KOTOpOH dUe-
pe3 pe3MHOBBIM IIJIAHT ObUI MOAKIIOYEH HACOC IJIs
BOJIBI.

ITopouiok B kosnuectBe 100 r BhIKJIanbIBajiCcs B
CTEKJISTHHYIO BOPOHKY, HaJCJICHHYIO (QHIBTpYIONIUM
CJIOEM, COCTOSIIINM U3 OyMa)KHOTO ¥ MaTepyaroro (Gpuiib-
TPOB OJWH IOBEPX Npyroro. MaTepdarslii (QUIBTp
yKJIabIBaJICS O]l OyMaXHBIM QHIBTPOM, T. K. OyMax-
HBIH (QUIBTP MOT He BBIAEPKATh MOCTOSHHOW TSTH,
co3aBaeMoOi HacocoM. BOpOHKY C MOpPOLIKOM M 3K-
CTPareHTOM BCE BPEMsI OCTABJSUITM OTKPBITOH, 4TOOBI
OTCachlBaHHWE JKCTPAKTa HE MPOXOIUIO CIUIIKOM
OBICTDO.

OnbITH MOKA3aJI1, YTO TEPBHIE MOPIMU 3KCTPAreHTa
BIIUTHIBAIOTCSI KOXKYPOH MOYTH B MOJIHOM 00beMme B
COOTBETCTBMHU C BIIArOINOTJIONMAOIIEH CIOCOOHOCTHIO.
OKCTPaKT HAaUMHAET OTIEISITHCS MOCJIe TOTO KaK Mac-
COBOE COOTHOIIEHHE MEXIy TTOPOIIKOM U KCTPAKTOM
nocturaer 1:5.

[Ipn HempepsIBHOM ITOTOKE M BBITECHEHHH Ha-
CBIIIEHHBIX PAacTBOPOB (POHTAIBHOTO CJIOS B (UIIb-
TPAIMOHHOM 3KCTPaKIMK HAOII0Aa0Ch COXPaHEHUE
MaKCHMaJIbHOW Pa3HUIIBI B KOHIICHTPAILIMU BEIIECTB B
ChIPbE U PACTBOPUTEINIE KaK ABMKYIIEH CHUIIBI Tpolecca
H3BJICUYCHUS.

B stux onsitax 3a 1-1,2 4 mosiBMiIack BO3MOKHOCTH
MOJIYYUTh U3 KOKYPbl MAKCUMAJIbHO KOHIIEHTPUPOBAH-
Hble u3BaedeHus (10 20 %) B IepBHIX CIIMBAX U U3BJICUYb
3a Bech mpomecc 62—65 % cyxux BemectB u 78—81 %
THAPOGUIBHBIX BEIIECTB OT HAYATBHOTO UX COJICPIKAHMS
B TIOPOMIKE ITpH pacxoie 10 12 00beMOB pacTBOPUTEIIS
Ha €AMHMILY MacChl TOPOIIKa.

B osHOM M3 TUTEpATYPHBIX HCTOYHUKOB OTMEUYEHO,
YTO NPHUCYTCTBYIOIINE B KOXKYPE MOTUPEHOIBI UMEIOT
pPasHyl0 CTENEHb JIUIOQMIBHOCTU, IO3TOMY UIS HX
9KCTpPaKIUU TPeOyIOTCS PAacTBOPUTENH pa3HOM TO-
napHocTu. K 3TOMy 3aKiIlOueHUI0 IPUILIN IPU U3yde-
HUU BIMSTHUS THIIA PACTBOPHUTENS U TOMOTEHU3AINN Ha
BBIXO0J1 9KCTpakTOB. [0 rpanaTa cHavana pasaeisuim
Ha KOXYPY M MSKOTB, a 3aTE€M Ha ITOJIOBUHKH: OJIHY
MOJIOBUHKY TOMOTEHHU3UPOBAIH, a APYTYIO OCTABIISIIH
HETPOHYTOHU. J{7s1 m3BIeUeHHs MONMHPEHOIOB U3 4 00-
pa3LoB UCNOJb30BaIM ATAHOJ, dTHJIALETAT U FeKCaH
B TOpsiAKe YOBIBAHMS TOJSPHOCTH C MCIOJIb30Ba-
HHEM METOJAa Malepannuu. ODKCTpPaklus IMPOBOIU-
Jlach MOCJIENOBATENbHO C HCIOJIB30BAaHUEM OCTaTKa,
M3BJICYEHHOTO U3 MpeabIAyIIeil 3KCTpaKIIMU. DTaHO
OBIT MCIIOJIB30BAaH BO BTOPOH pa3 Ais 3aBEpIICHUSA
MpoLecca 3KCTPAKIUU. DKCHEPUMEHT MOKa3all, 4YTO
JUIS. U3BJIEUEHUS] COCAMHEHUN M3 KOXYPBl U MIKO-
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TH TpaHaTa MOXKET HPHUMEHSATHCS MPOIECC Marepa-
LIUH: B HEM JIOCTUTAETCS MTOYTH TAKOH e BBIXOJI, KaK U
B OoJiee CIIOKHBIX B UCIOJIHEHUU METOJaX, & 3TAHOJI
SIBASETCA TOAXOMSAIMIMM JUIsI 3TOM IETH PacTBOPH-
teneMm [37].

Pabora Z. Wissam M Jp. MOCBSIICHA dKCTPAKIINU
KOXYpbI TpaHaTa BOJIHBIMU pacTBOpUTEelsiMHU. B Hell
OBUTH UcTBITaHBI TeMmepaTypsl oT 20 10 90 °C u BpeMs
SKCTpakuuu oT 5 1o 60 MuH. Yaanoch yCTaHOBUTS,
YTO M3BJICUCHHUE MOTU(ESHOIOB SABISICTCA MaKCHMaIlb-
HBIM B T€X OIIBITaxX, ¢ SKCTPArupoOBaHUE BEIOCHh BO-
no# ipu 50 °C B reuenue 20 muH. 3a BOJIOK clieioBal
50 % BOIHBIA 3TAHOJI, a ATHJALICTAT JaBaJl CaMbIH
HM3KUW BBIXOJ dKcTpakTa. M3yuenue BiusiHus pH
cpesbl T0Ka3ajao, 4TO IMoJM(EeHOoNbl Jydiie 3KcTpa-
TUPYIOTCSI BOJIOH, a TPOAHTOIMAHUINHBI — Oy epHBIM
pactBopoMm ¢ pH 3,5. DTo mcciemoBaHme MokKaszaio,
YTO MPEUMYIIECTBO B 3TOM OTHOIICHUHN UMEET BOJIHAS
9KCTpaKIMsl B JIBE MOclenoBaTeNbHble cTaauu [38].

Panee Hamu yxe OBLIO IPOBEICHO MCCIEIOBAHUE,
HaIpaBJICHHOE Ha 0oJiee MMOJTHOE U3BJICUCHHE MOTUpe-
HOJIOB U3 U3MEJbUYEHHBIX IJIOJJOB TpaHaTa ¢ MOMOIIBIO
BOJHBIX pacTBopuTeneil. OHO TOBOPHUT B MOJIB3Y JIBY-
CTaAMHHON SKCTPAKLIMH, & HE OJHOCTaauiHOH [39].

BriBoasbl

[IpoBeneHHOE MccIeOBAaHUE IMOKA3aN0, YTO XOTS
KOHIICHTPAIIHS CYXHX BEIIECCTB B CBIPOM JKOME IPAaHATOB
copra Upunanans (35,70 + 1,35 macc.%) Belle, uem
B koxype (31,0 + 2,0 macc.%), BOZOpacTBOPUMBIX Be-
IIeCTB HAMHOTO OoJjbie B Koxype (85,32 %), 4em B
sxoMme (59,36 %). DTo BUAHO U3 TIOJTYUESHHBIX JaHHBIX
10 CONEPKAHUIO OTACIBHBIX TPYHH THUAPOPUIHHBIX
BEIIECTB — MOHOCAXapHJIOB, TUTPYEMBIX KHCJIOT H
nonuderosaos — B koxype (19,75 + 1,24,2,41 £ 0,16 u
2,96 + 0,19 % x ceipoit macce) u xome (15,99 + 1,35,
1,88 + 0,10 m 2,24 £ 0,20 % x cwIpoii Mmacce). UTOOBI
M3BJCYh MAKCHUMAJIBHOE KOJUYCCTBO TUAPOPUIHHBIX
BemecTB (83,93 1 91,4 %) oT X HAYATBHOTO COMEPIKa-
HUS B TIPEIBAPHUTEIBHO U3MEITHYCHHON KOXYpe WIIH
JKOMeE, HaJI0 MIPOBOIUTH JIBYXCTYIICHUATYIO DKCTPAKIIHIO
JIBOMHBIM KOJIMYECTBOM BOJHOT'O 3TaHOJIA ¢ MAaCCOBOM
KOHUEHTpaluel 3TUioBOro cnupra B npeaenax 10—
14 06.% B pexxuMe MOIOrPeBa CMECU U3MEIbYCHHOTO
Marepuana u pactBoputens 3a 30 mua no 60°C c
W3BJICUEHUEM JKCTPAaKTa OT 1-0H CTaauu OTAEIbHO
OT DKCTpPAKTa OT 2-0W cTtaguu (0e3 BBIrPY3KH TBEPIOTO
OCTaTKa U3 KCTPAKIMOHHONH €MKOCTH).

DTaHOM ¢ MacCOBOW KOHIICHTpAIMEH STHUIIOBOTO
crupta B npenenax 10-14 06.% kak 3KCTpareHT IIo-
kazan ceOst Jydine BOJbBI, T. K. JAeNaeT JIKCTPAKThI
MeHee MyTHBIMHU M 00JIerdaeT X OTAeNeHUe Oaromaps
KOAryJIHpYIOIEMy ICHCTBHIO HA BOJOPACTBOPUMBIH
nektuH. Mcronb30BaHue B KauyeCcTBE PAaCTBOPUTEIIS
BOJHOTO pacTBOpa 3TaHOJIa C KOHIICHTpalHueid sTa-
Housia Oosiee 10—14 00.% MOBBICHT NMPO3PAavYHOCTH K-
CTPaKTOB M 00JeruuT ux u3pieueHue. C Apyroiu cro-
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POHBI, HCIIOTB30BAHUE CIUIIKOM KPETKHX CIIUPTOBBIX
PACTBOPOB YBEIMYHT 3aTPAThl HA OTTOHKY CIUPTa U3
00pazoBaBIIErocs IKCTPAKTA.

[TosToMy Takue HEIOCTATKH MPEAIOKEHHOTO pe-
JKAMa, KaK YaCTHYHBIN MEepPEeHOC B IKCTPAKT BSA3KOTO
MEeKTUHA U HEOOXOJAMMOCTh OTTOHKU U3 HErO CIHPTA,
Jy4Ille YCTPAHUTh 3a CYET IKCTPAKIIUH TAHHOTO CBHIPbhSI
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BcemupHoli opranusanueii 3paBoo0XpaHeH sl PEKOMEHJOBAaHO OTPAaHUYHUTh NOTPeOIeHHE HACBIIIEHHBIX JKUPHBIX KHCIOT. OHAKO
npsMas 3aMeHa TBEPBIX KUPOB KUAKMMH MacIaMH MOXKET MPHUBECTH K U3MEHEHHIO TEXHOJOTHUYECKHX U MOTPEOUTENbCKUX
CBOMCTB NMUMIEBBIX MPOAYKTOB. Llenbio paboTH ABIATacH pa3paboTKa THOPUIHOTO Telsl, HMEIOIIEeTO MIIOTHYIO CTPYKTYpY, Ha
OCHOBE OJICOTeJIsI U THPOTENIs ISl 3aMeHBI HACHIIEHHBIX JKUPOB B KOHIUTEPCKOM Moy hadbpukare.

OOBbeKTaMH HCCIIe0BaHUs SBISUIMCH 00pa3lbl OJeoreNs M3 MOJCOJHEYHOI0 Macia M IMYEJIHMHOTO BOCKAa B KOHIIGHTPAlMH
10, 15 u 20 % u ruOpuaHBIE T€U, TPUTOTOBIEHHBIE MyTEM CMEIINBAHUS oneorens ¢ 2 %-bIM BOJHBIM PaCTBOPOM albI'H-
HaTa HaTpus B cooTHomeHUAX 99:1, 95:5 u 90:10. TekcTypHBIe cBOiicTBa rejeil (MPOYHOCThH, aATE3MOHHYIO MPOYHOCTH,
HWHJIEKC BA3KOCTH, KOHCUCTEHIMIO M MOAynb HOHra) mcciaenoBanu Ha anamu3atope TekcTypsl TA-XT Plus (Stable Micro
Systems Ltd., BenukoGputanus), ak THBHOCTb BOJIbI — Ha aHAJIM3aTOpEe akTUBHOCTH Bo bl LabMaster (Novasina, Lab Master,
[Beitapus).

OO6pa31sl oneorens ¢ KOHIEHTparuel Bocka 20 u 15 % uMmenn XxopoIue moka3aTeian aAre3noHHO npoynoctu. Pe3ynbraTsl nc-
CJICI0OBAHMS TIOKA3aJIH, YTO JIYYIIHM 00pa3I[oM IHOPHIHOTO TeIs SBIISIeTCs: 00pa3el] ¢ COOTHOIMICHHEM OJIEOTelIb ¢ KOHIIEHTparuen
Bocka 20 % u ruaporens 95:5. Takoe cOOTHOLIEHHE MO3BOJWIO AOCTHYb AOCTATOYHON npouHoctu reins (< 408,222) npu
MOAJIEP)KAHUH TUIOTHOM M paBHOMEPHOH TEKCTyphl mponaykra (Moxyns HOura < 17,05) B TedeHHe JUIMTENBHOTO HEepHOIa
BpEeMeHH. Pe3ynbTaThl HCCeI0BaHNS aKTHBHOCTH BOABI MOKA3AJIH, YTO OJIEOTEIIH OTHOCSTCS K MPOTYKTaM C HU3KOH BIAKHOCTBIO
(4, = 0,6 = 0). Cpox xpaHeHHs THOPUIHOTO Teis npu Temreparype ot 4 mo 10 °C cocraun 6 mecsaues. Paspaborannbie
00pasibl THOPUAHBIX Telleil HMENN XOPOIlIue CEHCOPHBIE CBOWCTBA: YHCTBIN BKYC U 3alaX, IPOYHYIO OJHOPOJIHYIO CTPYKTYPY
U KOHCHCTEHIHUIO. B paGore Oblia mpeayiokeHa perenTtypa u TeXHOJIOTHs IPUIOTOBICHUS KOHAUTEPCKOro noiydabdpukara ¢
ruOpuaHEIM reseM BmecTo 30 % 3aMeHHUTENs KaKao-Macia.

[Tprmenenune THOPUIHBIX Tesiei MOXKET OBITh PEKOMEH/JOBAHO B KAYECTBE 3aMCHHTEIISI MacJla Kakao (MJIH KOHIUTEPCKHUX KHUPOB)
JUTSL YMEHBIICHHS KOJMYECTBA HACHINCHHBIX U TPAHCIKUPHBIX KHUCIOT B KOHIUTEPCKUX M3/eiHusX. Takas 3aMeHa MO3BOJIUT
MOJYYUTh MOy (HaObpUKaThl U TOTOBOE M3/ETHE C XOPOUIMMHU NOTPEOUTENBCKUMHU CBOMCTBAMU.

KawueBsie ciaoBa. OHGOTGHL, HACBbIIICHHBIC JXUPHBIC KUCJIOTHI, HCHACBIMCHHBIC XUPHBIC KHCJIOTBI, TPAHCKUPLI, CTPYK-
TypOO6pa30BaT€J’IL, TUAPOKOJIJIOU/IbI, KOHIUTEPCKOE IMPONU3BOJACTBO

®unancupopanue. Pabora BrimonHeHa B pamkax rpanta [Ipesumenrta Poccuiickoit denepaumm st rocyJapCTBEHHOM
MOZIEPAKKHI MOJIOJBIX poccniickux yueHslx MK-402.2022.4. MccneroBanue BEIOIHSIIOCH C UCIIOIB30BAHNEM 000PYLOBAHUS
LKIT «MccnenoBaTeabCKuii IEHTpP MUIIEBBIX U XUMHUECKUX TeXHOIOTHi» KyOaHCKOro rocy1apCTBEHHOTO TEXHOJIOIHYECKOT0
YHHUBEpCUTETA (Ky61"TY)R:°:R (CKP_3111), pa3sButre KOTOpPOro noaepKkuBaeTcsi MUHUCTEPCTBOM HayKHU U BBICIIET0 0Opa30BaHMs
P® (MunoOpHayku Poccnu)RbiR (Cornamenue Ne 075-15-2021-679).

Just uurtupoBanus: Kyneunkosa B. C., Hemosunnbsix H. B., Eranexzan C. A. T'uOpuaHblii reib s 3aMEHBI TBEPIBIX )KUPOB
B KOHAMTEPCKUX m3nenusx // TeXHuKa W TeXHOJIOTus muiueBbix mpoussozacTs. 2023. T. 53. Ne 1. C. 183-191. https://doi.
org/10.21603/2074-9414-2023-1-2426
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Abstract.

The World Health Organization recommends reducing the intake of saturated fatty acids. However, a direct replacement of
solid fats with liquid oils affects the technological and consumer properties of food. The research objective was to develop
a hybrid gel with a dense structure based on oleogel and hydrogel to replace saturated fats in semi-finished confectionery
products.

The study featured samples of oleogel from sunflower oil and beeswax at a concentration of 10, 15, and 20% and hybrid
gels prepared by mixing the oleogel with a 2% aqueous solution of sodium alginate at ratios of 99:1, 95:5, and 90:10. The
samples were tested for strength, adhesive power, viscosity index, consistency, and Young modulus using a TA-XT Plus
texture analyzer (Stable Micro Systems Ltd., UK). The water activity was studied using a water activity analyzer LabMaster
(Novasina, Lab Master, Switzerland).

The oleogel samples with wax concentrations of 20 and 15% demonstrated good adhesive strength. The best hybrid gel was
the oleogel with 20% wax at the ratio of 95:5 to hydrogel. This ratio resulted in a considerable gel strength (< 408.222) while
maintaining a dense and uniform texture (Young modulus < 17.05) for a long time. The oleogels had low moisture content
(4, = 0.6 = 0). The shelf life at 4-10°C was 6 months. The samples had good sensory properties, i.e., clear taste and smell,
strong uniform structure and consistency, etc. The paper introduces a formulation for a semi-finished confectionery product
with a hybrid gel instead of 30% cocoa butter substitute.

Hybrid gels can be recommended as a substitute for cocoa butter or confectionery fats to reduce the amount of saturated and
trans fatty acids. Such a replacement improves the consumer properties of semi-finished and finished products.

Keywords. Oleogel, saturated fatty acids, unsaturated fatty acids, trans fats, structurant, hydrocolloids, confectionery
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Beenenne KUPOB K HEHACBIIEHHBIM JKUJAKUM MacjaM B KauecTBe

Y4yeHble M JAMETOJOTH OOECHOKOEHBI TEM, 4YTO OpUEeHTHpa i 310poBOro odpasa xu3Hu u kK 2030 r.
JUIMTEJIbHOE TOTpPeOJICHHE HACHIIIEHHBIX JKUPOB, MOJTHOCTBIO OTKA3aThCS OT UCTIONIB30BaHMs NepBhIX. On-
0COOEHHO TPAHCXKHUPOB, MOKET BBI3BATH HEOJIATO-  HAKO MpsiMas 3aMeHa TBEPJIbIX KUPOB JKUJAKHUM MaCIIOM
MPHUATHBIC MTOCJIEICTBUS IS 310POBbsI, TAKME KaK ME-  MOJXKET IIPUBECTH K TAKOH TEXHOJIOTHYECKOH Ipodiieme,
TaDOIMYECKUI CUHAPOM, OXXKUPEHHE, BBICOKHUH PHCK Kak c1aboCTh TEKCTYPhI U3-3a HU3KOH BA3KOCTH. JTO
CepJICYHO-COCYUCTHIX 3a0oneBanni, tuader I Tumna u CBSI3aHO C TEM, YTO B MMHUILEBBIX IPOYKTAX HACHIILICHHBIE
KOTHUTHBHBIE paccTpoiicTBa. Ilo 3Toit npuunHe Bee-  KUpBI, a TaK)Ke THAPOTEHU3HPOBAHHBIC PACTHTEIbHBIC
MUpHasi OpraHu3aIys 34paBOOXPAHEHUS MPEATIOKUIA Macna, BISIOUINEC HCTOYHUKAMH TPaHC-U30MEPHBIX
MepeiTH OT NOTPeOJCHUS! HACBHIIICHHBIX TBEPJBIX YKHPHBIX KHCIIOT, UTPAIOT POJIb B CTPYKTYPE M CEHCOPHBIX
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aTpuOyTax MUIIEBBIX TPOIYKTOB M BHIIIOTHAIOT (QyHK-
LHIO CTPYKTypHUpYytouiero areura [1-3].

HcknrodyeHue ®KUpoB U3 MPOJAYKTOB MUTAHUS BO3-
MOXHO 3a CYET MCIOJB30BAaHUS CTPYKTYypooOpa3oBa-
TeNel — TUAPOKOJUIONIOB (TIEKTHHBI, KpaXMallbl, KaMe-
N1, KapparuHaHbl U Jp.), TO3BOJISIOMIMNX YIEPKUBATH
KHUJIKYIO CPey B CTPYKType BogHOTrO reis. [IpuMenenne
THIPOKOJIIONIOB BO3MOYKHO B THAPOQMHIEHON TTHIIEBON
CHUCTEME C YYETOM HHIMBHAYaJbHBIX O0COOCHHOCTEH
KaXJI0TO CTPYKTYPOOOpa3oBaresi, 4TO He TI03BOJISIET UX
HCTIOB30BaTh B COCTaBE MHOTHX IMHIIECBBIX TPOIYKTOB C
COXPaHECHUEM CCHCOPHBIX U (PYHKIIMOHAIBHBIX CBOWCTB.
JIumensl 3TUX HEJOCTATKOB OJICOTENH (OpPTaHOTeNH,
CTPYKTYpPHpPOBAaHHBIC NHIIEBBIE Maciia) — TBEpIbIC
JIUCIIEPCHBIE CUCTEMBI, TUCIIEPCUOHHOMN cpeoil KOTo-
PBIX SBISIOTCS )KUJIKUE MHUINEBbIC Macya, a TUCTIEPCHOM
(a30#f — HU3KO- WJIK BEICOKOMOJICKYIISIPHBIE COCINHE-
HUs, 00pa3ymIIne MOCTOSHHYIO OJHOPOIHYIO CTPYK-
Typy. K HU3KOMOJIEKYJISIPHBIM CTPYKTYpoOOpa3oBaTte-
JIIM OTHOCSITCSI H-aJIKaHBI M BOCKH, KUPHBIE KACIOTHI
W BBICIINE CIHPTHI, THIPOKCHINPOBAHHEIC JKHPHEIC
KHCIIOTBI, MOHOTJTHIICPUIBI, (UTOCTEPUHBI, KEPAMU/IBI,
a(hupsl copOUTaHa U JCTIUTHH. B KauecTBe OTUMEPHBIX
CTPYKTypooOpazoBaTeNeit HCIIONB3YIOTCS IPOU3BOTHBIC
LICJUTIOJIO3bI, XUTHH U XUTO3aH [2-5].

Cpenu noTeHInaabHBIX CTPYKTYpooOpazoBareneit
IUTS TIPOM3BOJICTBA OJICOTEeNIeH HanboIee MoIXOSIINMU
SIBJITFOTCS] BOCKH, OTJICJIBHBIC ()PAKIIMK KOTOPBIX CITOCO0-
HBI MIPOSIBIISATH PA3IUYHYIO CTPYKTYPHPYIOUTYIO CIIOCO0-
HOCTh. OCHOBHBIM IPUHIIATIOM TIOJTyYSHHS OJIe0Teleii Ha
OCHOBE IMUIIEBBIX Macell C BOCKOM SIBJISIETCSl HAarpeBaHUE
OTAEJIbHBIX KOMIIOHEHTOB JI0 TEMIIEPATYPHI MJIaBICHUS
Bocka (50—-65 °C) ¢ mocnenyomuM UX TUCIEPTHPOBa-
HUEM B 00pa30BaHUEM OJICOTEIISI IIPH OXJIAKICHHUH JI0
temmnepatypbl 18-20 °C. B 3aBucuMocTH OT TpeOyembIxX
CBOWCTB T'OTOBOTO OJICOTENSI KOHIICHTPAIUs BBOIUMO-
T'0 CTPYKTYpoOOpa3oBaTesi MOKET BapbHUPOBATHCS OT
1 10 20 %. OCHOBHBIMU OIpeIeNIIEMbIMU CBOMCTBAMU
HCIIOIB3YEMBIX OJIeOTeNIeH SBIAI0TCS Mopdomornyec-
KHE U CTPYKTYpHBIC XapaKTepUCTHKH, TeMIrepaTypa da-
30BOT0 MEPEX01a, CKOPOCTh OXJIAKIACHHUS, CTAOUIBHOCTD
TOTOBBIX TeJeH MpH XpaHEHWH, B 3aBUCUMOCTH OT
TeMIIepaTyphl, U ApyTrue GpakTopsl. JJaHHBIE 00 OKWC-
JINTEIILHON CTaOUIBHOCTHU OJICOTeIeH HEOqHO3HAYHEI.

HeszaBucumo oT BHja BOCKa, MEPEKUCHOE YUCIIO B
0JICOTENAX BBIIIE, YEM MEPEKUCHOE YUCIIO UCXOTHOTO
Macia. HecmoTps Ha 9T0, B pouiecce XpaHEeHHs 0JIe0-
T'eJIH TIPOSIBIISIFOT OOJIBIIYIO CTAOMIBHOCTD K HAKOIIJICHUIO
MPOIYKTOB MEPEKUCHOTO OKUCICHU TUUI0B [6—10].
[IpuHrMas BO BHHMaHUE TOT (aKT, 9TO BOCKH HE
SIBJISIFOTCSI BEIIECTBAMU aHTHOKCUIAHTHOW TIPUPOJIBI,
MEXaHN3M UX aHTHOKCHJIAHTHOTO JICHCTBHUS B COCTABE
CTPYKTYPHPOBAHHBIX MUIICBBIX Macel OCTaCTCs Mpe-
MeTOM 00CyxaeHUi. OTHIUM U3 BO3MOXKHBIX O0BSICHEHUI
MOXET OBITh TO, UTO B PE3yJIbTATE MOBBIIICHUS TIOT-
HOCTH Macja CHIKAETCS CKOPOCTh MU PY3UU KHCIOpoIa
1 CKOPOCTbH Pa3BUTHUSI OKUCIUTEIbHBIX MPOLECCOB.
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VY MHOTHX ucclieloBaTeled 0TMEYAeTCsl HHTEPEC K
BO3MOXXHOCTA KOMOMHUPOBAHUS Pa3IMIHBIX PHPOTHBIX
BOCKOB JIJIs1 IOJIy4YEHMUs TeJiel ¢ 3aJaHHbIMU CBOMCTBAMH,
a TaKXKe TMOoTy4YeHus: THOpUAHBIX reneil. [Ipn nzydennn
OMHApPHBIX KOMOWHAIUH pa3IMYHBIX BOCKOB (mapaduH,
MTYEJUHBIN BOCK, MOJICOTHEYHBIH BOCK, BOCK PHCOBBIX
oTpyOeii) Oblia moka3zaHa BO3MOYKHOCTH MPOSBIECHUS
IBTEKTHYECKOTO ()a30BOTO MMOBEICHHS MIPH UX CMEIIIe-
HUU 32 CYET COKPUCTAIN3ALMUU U B3aUMOCBSI3b MEXAY
(paKkIMOHHBIM COCTaBOM BOCKa M PEOJIOTHYECKUMHU
cBoiicTBaMu oJieorens [8].

I'mGpunnble renm — 910 AByX(a3HbIe CUCTEMBI, KOTO-
pbIe MoJIyyaroT KOMOMHAIMEH Tejiel Ha BOJHOM (Tuapo-
re’qb) W MaclgHOW ocHoBax (oneorens). ['maporenn
00J1a/1a10T YHUKAIbHBIMH CBOWCTBAMH B COCTABE ITHIIE-
BBIX MPOAYKTOB ((hOPMOYCTOHYHBOCTD, resieoOpazoBa-
HHUE, pACTBOPUMOCTH B BOJIE, CMEIIMBAEMOCTH C BOJTHOM
(ha3oif) 1 COBMECTHUMOCTBIO C PA3JIINIHBIMHE MTUIIEBBIMH
HYTpPHUEHTaMHU. DTO MO3BOJISET UCIOIb30BATh UX AJIA
CO3MaHMs TPONYKTOB NHTAHUSA PA3IUYHBIX arperar-
HBIX cocTOssHUI. OqHAKO H3-3a CBOCH TUAPO(IIIHHON
IpUPOJIBI (PACTBOPUMOCTH B BOAHOH (pa3e) ruApOTeTH
HE COBMECTHMBI ¢ TUIPO(OOHBIMH PACTBOPUTEISIMHU,
K 9UCITy KOTOPBIX OTHOCSTCS PACTUTEIBHBIC JKHPHI,
BXOJISIIME B COCTAB MHOTUX MUIIEBBIX MPOAYKTOB [5, 8].

KomOuHamust ruiporesst ¥ 0Jieoressi MPUBOIUT K
MTOJIYYCHHIO T. H. THOPHUIHEIX Tenel (vim oureneit), 00-
NAJAIOMUX KaK THAPOGUIBHBIMU, TaK M JTUMOQPUIB-
HBIMHM XapaKTepUCTUKaMu. [IpuMeHeHue rudpuHbIX
rejeil B MHUMOIEBHIX MPOAYKTaX JOJDKHO OBITH OpHe-
HTHPOBAaHO HAa MX PCANH3ALUI0 B CIIOKHBIX ITHIICBBIX
CUCTEMAX 3MYJbCUOHHON IPUPOABLL. Y HUKAJIBbHBIE TEP-
MOIMHAMHUYECKHE CBOHCTBA, BA3KOYIIPYTOCTh M pa3HO-
oOpa3zne HanmnuKs GU3N0IOrHYecKr QyHKIMOHAIBHBIX
HHTPEANEHTOB B COCTaBE MHINEBBIX NMPOAYKTOB (Ha-
mpuMep, >KHPOPACTBOPUMBIX BHTAMHHOB, aHTHOKCH-
JAHTOB | JIp.) SIBISIOTCS OJHUMH U3 HauOoJee BaKHBIX
XapaKTEePUCTUK ITOTO THIA rejieil. DTH CBOMCTBA MOTYT
OBITH JOCTUTHYTHI C ITOMOINBIO COBEPIICHCTBOBAHUS
peuentyp MPOAYKTOB IHUTAaHHS C WCIOJb30BAaHUEM
TUOpUIHBIX Telell W pPa3IMYHBIX KOMOWHAIMH pe-
LENTYPHBIX HHTPEIHUEHTOB, CIIOCOOCTBYIOUIUX YyBe-
JUYCHHIO UX TEXHOJIOTHYECKOTO MMOTEHIIAANA B TTUIIEBBIX
texHoJsorusax [11-16].

[ToaTomy pazpaborka nmuneBbiX GOpM rHOPUTHBIX
rejeil — 3aMeHUTeNel HAChIIEHHBIX KUPOB U TPAHC-
JKUPOB — U CIIOCOOOB WX BKIJIIOYEHHUS B TEXHOJIOTHH
MPOIYKTOB 3J0POBOTO MUTAHUS ABIISETCS aKTyaIbHOM
3a1a4ei.

ens paboTel — pa3paboTka criocoba MONyYCHUS
TUOPUIHOTO Telsl U TEXHOJOTMH KOHJAMTEPCKOIo I10-
mydabpuKara ¢ ero IpUMEHCHHEM.

OO0BbeKTHI U METO/IBI HCCJIETOBAHUS

OO0BeKTaMi HCCICAOBAHUSA SBISUTHCH O00pa3Ilhl
oJieoreneld, MOJy4YeHHbIE KOMOWHALMEH MOJCOTHEY-
Horo macia ('OCT 1129-2013) u nmuenuHoro Bocka
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('OCT 21179-2000); 06pa3ubl THOPUIHBIX TeNEH, MOITY-
YeHHbIe KOMOMHanue oneorens U 2 %-0ro BOJHOTO
pactBopa ansruHata Hatpus (IOCT 33310-2015);
KOHJIUTEPCKHUH moxydadbprukaT Ha OCHOBE THOPHUIHOTO
rest, PeuenTypHBIMH WHTPEIUEHTaMH Ul U3TOTOB-
nenus koroporo ciyxunu uzomansT ('OCT EN 15086-
2015), xakao-nmopomiok (I'OCT 108-2014) u neuuTuH
('OCT 32052-2013).

Osieoresin  TOTOBMJIM IYTEM CMELIMBAHUS IOJ-
COJIHEYHOT0 Macja M MYEIIMHOTO BOCKA, TMOpUHBIC
TeJI — IIYTEeM HNPHUTOTOBICHUS AMYJIbCHUHU OJICOTENs C
2 %-bIM BOAHBIM PacTBOPOM ajibTMHATa HaTpud. [ns
MOJIyYCHHsI OJIeOrelisl IMUEIUHBbIH BOCK JMUCHEPTUPO-
BaJld B MAaclO0 ITyTEM HEINPEPHIBHOTO MEPEMEIINBa-
HUS C TIOMOIIBIO MAarHUTHOM MEIIAJIKK C TI0JJOTPEBOM
ES-6120 (Qxpoc, Poccun) mpu ckopoctu 280 06/MuH B Te-
yeHue 5 muH npu temrepatype 80 °C. [{nsg momydeHns
THOPHIHOTO T'eJisi B IPUTOTOBIIEHHBIN 0JIe0Trellb BBOIN-
mu 2 %-blil BOTHBIN pacTBOp anbruHata HaTpus. Cmech
TOMOTEHM3UPOBAIN C TOMOIIBI0 TOMOTEHHM3aTOpa C
uuppossiM/ananorossiM ynpasiennem WiseTis HG-
15D (Labortechnik, 'epmanus), ucronb3ys nucnepru-
pyfomyro Hacaaky HT-1025, mo momydeHus smyib-
cuu (800 06/MuH B Teuenme 15 c, 3aTem 60 ¢ mpu
1600 06/mun). Kaxknprit 00paser oneoress/TudOpuHo-
ro rens crabunuzuponanu npu 20 °C B Tedenue 3 4
Tepe/l NCCIEeTOBAHNEM.

TekcTypHBIC CBOICTBA ojicoreieii, THOPUIHBIX Te-
Jeit 1 KOHJUTEPCKOro noirydadbprukaTa Ha OCHOBE THO-
PHUIHOTO TeIs HCCIeI0Bau mpu Temmeparype 18 + 2 °C
¢ nomompio aHanuzaropa Tekctypbl TA-XT Plus
(Stable Micro Systems Ltd., Benukoopuraunus). Kosn-
YECTBEHHBIMH MapaMETPaMM, U3BICUYCHHBIMH U3 KpHU-
BOH cuiia — BpeMsi, ObIIN MPOYHOCTH (MaKCUMaJIbHAS
TMUKOBas Cujia B ICPBOM IUKIIC C)KaTI/IH), KOHCUCTCHLUA
(TTomaab A0 MONOKUTENBHOTO MTUKA B TIEPBOM LIUKIIE),
aJre3MOHHAast IPOYHOCTH (ITMKOBAst OTPUIIATEIIbHAS CHIIA
B IIEPBOM IIMKJIE CXKATHsI), UHAEKC BSI3KOCTH (OTpHLIA-
TeIbHAs IUIOIAAb B MIEPBOM LMKIJIE) U Moayib FOHra
(oTHOWmIEHME NaBlIEeHUsI HAa 00pa3el] K OTHOCUTEIbHO-
My H3MEHEHHMIO €ro JMHEHHOro pasmepa BO BpeMs
HCTIBITAHUS).

IIpo4HOCTH OMHUCHIBAETCS KaK BHICOTA MIEPBOTO MTHKA
CKaTHs ¥ XapaKTepU3yeT TBEPJOCTh 00pasiia pH yKyce.
KoHcucTeHIMsT XapakTepu3yeT CBSI3HOCTh o0Opasiia B
MepBOM IIMKJIE CKaThs (pa3pymieHus ). AAre3noHHas
MIPOYHOCTH XapaKTepU3yeTCs yCTOHYNBOCTBIO, T. €. Ha-
CKOJIbKO XOPOILO MPOJIYKT «0OpeTcsi 32 BOCCTAHOBJIE-
HHE CBOEH MEPBOHAYAIBHOM BBICOTHI». Y CTOMYMBOCTD
n3MepsieTcs MPH BBIXOJE U3 IIEPBOTO MPOHUKHOBEHHUS
JI0 Hayala nepuoja oxuaanus. VHaekc BA3KOCTH Xa-
paKTepU3yeT CINIOUEHHOCTh (KOT€3MOHHOCTH) H3CIHS
rmocJie pa3pymieHus: CTpyKTypbsl. M3nenue sBisercs
KOT'€3MOHHBIM, €CIIM OHO NPUJIMIIAET K camMoMy cede
IIpH HEKOTOPOM HATPSIKEHUH CXKATHUS M 00TalaeT BbI-
COKOIl CBSI3HOCTBIO, JJISI YEro €ro Hy>KHO MHOTO pa3
MepeKeBbIBaTh, YTOOBI paciienuTts. Koresus — 310
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SHEPTrUs WM KOJHMYECTBO pa3, HEOOXOAMMOE It
pa3MeIbUYCHUS MPOAYKTA IO TeX MOp, MMOKa OH HE CTa-
HET MPUEMJIEMBIM [JIsl IpOrjaThiBaHUs. MHOTHE IH-
IIeBbIC TMPOAYKTHI MOABEPralOTCs pazlIWYHBIM MeXa-
HUYECKUM BO3JCHCTBHSAM €Ille A0 UX yHOTpeOIeHUS.
[IpoaykT ¢ cuiabHOI KOoTre3ueit OyaeT Oojiee yCTOHIUB
K Harpy3Kam Ipy IPOU3BOJICTBE, YIIAKOBKE U TOCTaBKE
1 OyZleT MpeCTaBICH MOTPEOUTEISIM B «OKUTACMOM
cocTostHUH. [IPOAYKT C IJIOXHUM CLICIUICHUEM He Oyner
npuemaeMbiM. Moayne FOHra — 310 Quzmdeckas Be-
JMUYWHA, XapaKTepu3yromas CIoCOOHOCTh MaTepHuaia
CONPOTHUBIISITHCS TeOpMAIIHH.

JlaHHbBIC MTOKa3aTeau ObLIH PACCUUTAHBI C TIOMOIILIO
porpaMMHOTo obecrieueHust Exponent, mocTaBmseMoro
BMECTE C MPUOOPOM, U BBIPAKCHBI B CIICAYIOIIUX
€IMHULIAX U3MEPCHHS: MPOYHOCTh — T, aJre3MOHHAS
MPOYHOCTh — T, WHIEKC BSI3KOCTH — I''C, KOHCUCTCH-
uus — r-c, moayub KOnra — I1a.

AKTUBHOCTh BOJIbI M3ydYaJld Ha aHaM3aTOpPE aK-
TuBHOCTH BOABI LabMaster (Novasina, Lab Master,
[IBefitiapusi) — BEICOKOTOYHOM TIPUOOPE AJIS TOTYICHHS
OBICTPBIX M BOCHPOU3BOJIUMBIX PE3YyJbTATOB H3MeE-
pPEHMI oKa3aTessi aKTUBHOCTH BOJBI B COOTBETCTBUU
co craggaptom ISO 18787.

Pe3yabTaThl 1 HX 00cyKIeHHE

Ha mepBoM »Tame wucciemnoBaHus pa3paborann
TPU COCTaBa OJICOTEIICH, MOJIyYCHHBIC KOMOWHAIUEH
MOJCOJHEYHOTO Macjia W IYEIUHOTO BOCKa B KOH-
neatpanun 10, 15 u 20 %. [TueauHBI BOCK SBIAETCS
nunieBoi 1o6aBkoi E-901 u ucronp3yercs B MUAMICBOM
MPOMBIIIICHHOCTH KaK IJIa3UpPOBATENb U IMPUPOIHBIH
KOHCepBaHT. [[uesinHblil BOCK PU3HAH OPraHOIeIaTOPOM,
UCIIOJIB3YEMBIM ISl CTPYKTYPUPOBAHUS MUIIEBOTO Mac-
J1a 3-3a ero 3 HeKTUBHOI resieoopas3yromie CrIocOOHOCTH
MPU OYCHb HU3KUX MACCOBBIX (DPaKIUAX KPUCTAIIIOB.
[MuenuHbI BOCK OBUT 0MO00PEH MCCIICIOBAHUSMH yde-
Heix ®I'BYH «DULL nutanust 1 OMOTEXHOJIOT M, KOTO-
pBIe yKa3aju, 9TO OH SABISETCA CTPYKTypooOpa3oBa-
TeNleM IHINEBBIX OJICOTeseH, a Takke 0e30MacHBIM U
9KOJIOTMYECKH YUCTBHIM MPOAYKTOM muenoBoacTBa [10].
[TuenuHBIH BOCK TIpeICTaBIsAET COOOH CIOKHYIO CMECh
HEIOJISIPHBIX U MOJISIPHBIX KOMIOHEHTOB. OCHOBHBIMHA
KOMITOHEHTAMH BOCKa SIBIISTFOTCSI CJIOKHBIC d(PUPBI aJTH-
(dbaTryecKux KapOOHOBBIX KHUCJIOT M BBICIIMX KUPHBIX
criupToB (10 73 %), mpenenbHbIe YIIIeBOAOPOABI (110
13,5 %), cBoOOHBIEC KUPHBIE KUCIOTHI (110 14,5 %) n
cBOOOAHBIE XKUPHBIE cIIUPTHI (10 1,25 %). JIuneitnas
CTPYKTypa KPUCTAJUIOB MICIMHOTO BOCKA, 00Opa3oBaH-
HBIX MOJEKYJSPHBIMHU CAUHUIAMHU, CIYKHT IIJII UMH-
TalWK KPUCTAJUTHIECKOM ceTu xupa. Takum oopasom,
CTPYKTYpHBIE CBOMCTBA KPUCTAJUIOB BOCKA BHOCAT BKJIA
B KOHCYHYIO TEKCTYPY M IUIACTHUIHOCTH OJICOTEIICH.

Pasnuynbie MacisiHbie (a3bl TaKKe CBS3aHBI C
o0pa3oBaHHEM U CTaOMIBHOCTBIO CETYATOW CTPYKTY-
pel B oneorensx. ['pynma kaHAICKHX HCCIIeOBaTe-
JIel 1o pyKOBOJACTBOM mpodeccopa A. MapaHroHH
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MPEANOoNIOKIIA, YTO TBEpAAs CETh OJIEOTEeNs, II0-
TEHIMAJTHHO COCTOSIIAs W3 BOCKOBBIX KPHUCTAJ-
JIOB, TIPEACTABIISIET COO0H COBOKYNMHOCTD KJIACTEPOB U
(pakTaTbHBIX XJIONBEB [0 AHAIOTUU C CETHIO JKUPO-
BBIX KPUCTAJIIOB B TBepbIX skupax [11]. [TosTomy MoxkHO
MOJy4UTh HHPOPMAIHUI0 O BO3MOKHOCTH HOTEHIHU-
aJBHOTO HCIIOIb30BAHUS OJEOreled B KadecTBE HO-
BOTO TBEPJOTr0 XHPOBOTO MPOAYKTA, HCCIEIOBAB UX
MUKDPOCTPYKTYPY U TEKCTypHBIE CBOICTBA.

TexcTypa siBIseTCS BaXKHBIM aTpUOyTOM KadecTBa
U3EIUH, BIUSIOLUM Ha CEHCOPHBIE CBOMCTBA, BKYC U
IJI0TaTeNbHbIE CBOWCTBA M. OCOOEHHOCTH TEKCTYPBI
MUIIA MOTYT yKa3bIBaTh HAa €€ Ka4eCTBO M BIUAThH HA
npeanodTeHns norpedureneid. Ha xoHcucTeHIMIO M
KEBATEJIBHYIO CIIOCOOHOCTH T'ejieil BIMSIOT CBOMCTBA
W KOHIIGHTpaIUs rejxeo0dpa3oBaTesiell, a Takke ux 0a-
JIaHC ¢ HEKpHUCTAJH3ytomeics ¢a3oif mpoaykra. Ou-
3WYECKHE WJIN TEKCTYPHBIC XapaKTEPUCTHKU 3aBUCST
OT cojiepanus Biaru B npoaykre. L. B. Da Silva u np.
B CBOEH paboTe MpeIoKIIN KIacCH(PHUKAIUIO 10 3Ha-
YEeHUsIM TBEpJI0CTH u3enuii: ouenp msrkue (0,18-0,77 H),
msrkue (4,08—15,43 H), tBepasie (56,39 H) u ouenn
tBepabie (171,09 H) [12]. dns mepeBona HeioTOHEI B
TpaMMBI CyIIECTBYeT 3aBrcuMOcTh: 1 HproTon (Bec) pa-
BeH 101,971601 rpamm, 1 rpamm pasen 0,009807 Hero-
TOHOB (Bec).

B npenpinymieii pabote Mbl U3y4YHIM MUKPOCTPYK-
Typy pa3pabOTaHHBIX OJeoTeNieldl ¢ KOHIICHTpaluen
Bocka 10, 15 u 20 % [13]. Brmo ycTtaHoBIEHO, YTO
IpU HU3KOM KOHIEeHTpanuu Bocka 10 % oneorens
MMeJ HEOJHOPOJIHYIO Ci1a0yIo TelIeBYI0 CTPYKTYpPY C
OONBIIMMHM MOPaMU ¥ TPYOBIMU CHIMTHIMH LEISMH.
Oneorenu ¢ 15 u 20 % Bocka 1€MOHCTPHUPOBAIH IIOT-
HYI0 MHUKPOCTPYKTYPY C HEOOJBIIMMH MOpaMH H3-32
MOBBIIIEHHON THAPO(OOHOCTH MOJMMEPHBIX LENel U
MOBBIIIEHHOTO CIIUBAHUS MUKPOCTPYKTYP B OJI€OTeIIsX.
OTO CBA3aHO C T€M, YTO NPU NOHIKEHUHU TeMIepaTy-
pBI aTudaTHUYECKHE LENU MOJEKYJ MYSINHOTO BOCKA
CBOPAYMBAIOTCSI, 00pa3ysi BOJOKHHUCTBIE KPHUCTAIIbI,
KOTOpBIE ()OPMHUPOBAIH, NIEPEILIETASICH IPYT C APYTOM,
CETEBBbIE CTPYKTYPHI, B KOTOPBIE 3aXBATHIBAIOTCS dac-
THIBl PACTUTEIBHOTO Maclla MOCPEACTBOM MEXKMO-
JIEKyJspHOro B3aumopeicrusd. Ilo Mepe ymeHsble-
HUS pa3Mepa KPUCTAJUIOB 0011ee KOJTHIECTBO TBEPIOH
MOBEPXHOCTH yBEIMYHUBACTCS, 00ecrednBast OONBIIYIO
Mex(a3Hylo IO b, HA KOTOPOH Maciao MOXKET aj-
CcOpOMpOBATHCS € IMOCIEIYIOIUM yBEIHMUYEHHUEM CIIO-
COOHOCTH YJI€P>KUBAThCS B MACIISTHOM Telle.

TekcTypHBIE XapaKTepUCTHKH pa3paboTaHHBIX
00pa3IoB ojeorenei ¢ pa3TMIHON KOHIICHTpaIuen
BOCKA MpEACTaBICHEI B Ta0uIe 1.

Kak BHIHO U3 MPECTaBICHHBIX JAHHBIX, B 00pa3iax
HaOJoanuch pa3inuns B npoyHoctu. HanGomnbiieit
MMPOYHOCTRIO 00Jaa1 oOpaser] oJieoress ¢ KOHIIEHTpa-
nueit Bocka 20 %. Ecnu mepeBecTn 3HaUCHNS H3MEPEH-
HOW TIPOYHOCTH B HBIOTOHEIL, TO MOTYyYUTCS, YTO JTAHHBIHA
o0paselr, kak U 00pasell ¢ KOHIICHTpanuen Bocka 15 %,
10 3HAYCHHIO TBEPAOCTH MOXKHO OTHECTH K «MSITKHM»
n3aenusmM. B To BpeMs kak oOpaser ¢ KOHIEHTPaui
Bocka 10 % Oyaer OTHECeH MO TBEPAOCTH K «OUYCHB
MATKUM». I3MEeHEHHEe MPOYHOCTU B TEIAX CBI3aHO C
YMCHBIIICHUEM KOHIICHTPAIIMHA BOCKA B COCTaBEe. DTO MO-
JKET OBITh YACTUYHO CBS3aHO C YMEHBIICHUEM O0IIEro
KOJIMYECTBa THUAPOPOOHBIX anu(paTUISCKUX CBSI3CH B
o0pasiax, 4To BIUsSET Ha POPMHUPOBAHNE KOMIIAKTHOMN
reJIeBOil ceTH.

[ToBEIICHNE KOHICHTPAIIMM BOCKA B OJICOTEIAX
BIIASJIO Ha KOTE3HOHHOCTH Teleil. Kore3amoHHOCTh 0T-
pakaeT BHYTPCHHIOI MPOYHOCTh TEJICBON CETH H
CTPYKTYPHYIO HEIOCTHOCTh Tesneil. O0pasisl ¢ KOH-
neHTpanuei Bocka 15 u 20 % mmenu xopomrme moka-
3aTeIW aIre3MOHHOW MPOYHOCTH, YTO HE OTMEUaJIOCh
y oOpasna ¢ koHneHTpamueit Bocka 10 %. [ns mocue-
JIYIOIIUX HCCICOBAaHUIA ObLIa BBHIOpaHA KOHIICHTpA-
s Bocka B cocTtaBe oseorens 20 % kak Hauboiee
npueMieMas.

Ha BTOpoMm 3Tamne ucciaegoBaHus pa3padoTail TpH
cocTaBa THOPHUIHBIX TeJICH, TOTydeHHBIX KOMOMHAIIHEH
ojeoreisi ¢ KoHUEHTpalue Bocka 20 % u rugporesns
(2 %-oro pactBOpa ambruHaTa HATPUS) NMPU COOTHO-
mennn 99:1, 95:5 1 90:10. Pa3paboTka rubpuaHbIX renei
(burerneif) 00ycmoBICHA TEM, YTO THAPOKOIIIOUIBI TI0-
ITyJISIPHEI TIPH Pa3pa00TKE HOBBIX T'eIEBBIX CHCTEM H3-3a
UX 3aryCTEBAIONINX, I'eIc00Pa3yOIINX U TEKCTYPHBIX
cBoiicTB. MccienoBaHusl MHOTHUX YYCHBIX ITOKA3aJIH, 9YTO
TUAPOTrein HeO6XO}II/IMI)I JUIA CTPYKTYPbI OMYJIBCUOHHOTO
TeJIs M3-32 BOSHUKHOBEHHS JOTIOTHUTEIBHBIX BOJOPOTHBIX
CBsI3EH.

CocTaBbl IOTYYCHBI BIICPBEIC U HE HMEIOT aHAJIOTOB,
B XOJIC WCIBITAHUNA OIICHUBAJIUCH MPUCYIIUC UM TCK-
CTypHBIE XapakrepucTuku (Tadi. 2). Moays FOHra, pac-
CUNTHIBAEMBIN KaK OTHOIICHUE JaBICHUS Ha 00pa3ell K
OTHOCHTEIFHOMY HU3MEHEHHUIO ero JTUHEHHOTO pa3Mepa
BO BpEMs UCIIBITaHUS, Ta€T CBEACHUS 00 ITaCTHUIHOCTH
nmpoxaykra. YBenudeHue Monyiist KOHra sBisieTcst cien-
cTBHEM 00Jiee IIOTHOM U paBHOMEPHOM TeKCTYpHI [ 14].

Tabnuua 1. TekcTypHbIe XapaKTEPUCTUKH OJieoresel

Table 1. Texture of oleogels

[Tokazarens, T

3HavyeHe moKa3aTes JUIsL oJieoreis

KonnenTpanust Bocka 20 %

KonnenTpanust Bocka 15 %

KonnenTtpanust Bocka 10 %

IIpounocTh 1494,088

526,785 103,532

AJre3uoHHas MPOYHOCTD -581,950

—546,466 —231,412
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W3 naHHBIX TaOnuIbs! 2 BUAHO, 9TO pa3paboTaHHBIC
COCTaBBI THOPHUIHBIX TeJIe 00Jagal0T MPUEeMICMBIMU
TEKCTYPHBIMU XapaKTepUCTUKaMM Osarojaapsi oOpa-
30BaHUIO TPEXMEPHOU CETH, arperanuu u CIIMBAHUIO
rugporens u oxeorens. C yBeITWYeHHEM KOHICHTpa-
LMW THAPOTEIs 3HAYEHUS MPOYHOCTH CHUIKAIOTCSI.
OO6pazen TUOPUAHOTO Tejs Npu cooTHomeHun 99:1
(oJeoreNb: THAPOTETh) MUMEN CaMyH BBICOKYIO TBEp-
JIOCTh, OTPHUILATEIBHO BIIMSIOIIYIO0 HA TEKCTYpPYy Telid.
Bricokas KOHLEHTpaLus opraHorenaTopa npu HU3Kou
KOHIICHTPAIIMHU THAPOTENS] B COCTaBE el MPUBOIUT
K KPUCTAJUTMYECKOHN M pacChIMUaTol Macce Ha CTauu
oxnaxaeHus. O0 3TOM CBUICTENBCTBYET PAJ IPYTHX Xa-
PaKTEepHUCTHK (aATe3MOHHAS TIPOIHOCTH, KOHCHUCTCHITHS,
WHJICKC BA3KOCTH, MOy b FOHTa). OOpaser rudpuIHoro
resst ipu cooTHoMeHN! 90:10 ¢ Oombielt KOHIIEHTpaye
ruaporens odnananx 6ojaee MATKOW TEKCTYpO M HU3KOH
npouHocThio (< 303,188 1), a TakKe CaMBIM BBICOKHM
3HAYCHUEM aKTUBHOCTH BOJBI (4 = 0,36). DT0 MOKeET
MPUBECTH K 00Jiee MATKOHM TEKCType M3TOTOBICHHBIX
MPOIYKTOB, a TAKKE MIOBBICUTH BHYTPEHHIOIO TIOIBIIK-
HOCTb BCEX MOJIEKYJI, TPUCYTCTBYIOIIUX B OJIEOTEIIE.
OnTUManbHBIMHU XapaKTePUCTHKAMU TSI IPUMEHCHHS
B peIenType KOHAUTEPCKOTO Moy hadprukaTa odragan
oOpaszer THOPHUIHOTO Telist ¢ COOTHOLICHUEM 0JICOTeIs
u rugaporens 95:5. Takoe COOTHOIIEHWE MO3BOJISET
MOCTHUYH JOCTaTOYHOU mpouHocTH rens (< 408,222)
MIPY MOAICP’KAHUN TUIOTHOW U PABHOMEPHOU TEKCTYPHI
(mMomymb FOnra < 17,05) mpoxykTa B TEUEHHE JITUTEITIBHOTO
mepruoaa BpeMEHH.

JlaHHBIC IO aKTUBHOCTH BOJIBI B THOPHIHBIX TEIIIX
MpeCTaBICHbI HA PUCYHKE 1.

ITo manHBIM pucyHKa | BWAHO, YTO 3HAYCHHUE
aKTUBHOCTU BOJIBI oOpasma rudpunaoro rems 90:10
Oospiie, 4yeM y 00pa3I[oB THOPHUIHBIX Teled ¢ Co-
orHomenreM 99:1 m 95:5, 3a cyeT MCKIIIOYAIOILIETO
mporecca GOPMHUPOBAHUS KPUCTAITHICCKOHN pelIeTKH
M3-3a BBICOKOW KOHLEHTpauuu ruaporeisss. OgHako
BCce pa3paboTaHHbIE 00pa3Ibl THOPUIHBIX Telel 1o
BEIIMYMHE aKTUBHOCTH BOIBI OTHOCATCS K IPOTyKTaM
¢ HU3KOW BaaxHOCTHIO (4 = 0,6 £ 0), T. €. BOJIa B
X COCTaBE HAXOMHUTCS B CBA3AHHOM COCTOSHHH, YTO
MOJKET CIIOCOOCTBOBATH YBEIMICHHUIO CPOKOB XPAHCHHUS
W3/, MPUTOTOBJIEHHBIX C WX MCIIOJIb30BaHUEM.
[TockoJibKy BOJIa y4acTBYET B THAPOIUTUYECKUX MPO-
meccax, TO €€ CBA3BIBAHHWE 32 CUET HCIOJB3yEeMBIX
CTPYKTypoOpa3oBaTesiell TOPMO3UT MHOTHE pEakiuu
U HHTUOMPYET POCT MHUKPOOPTaHW3MOB, YIUIMHSS
CPOKH XpaHEHHUs TOTOBBIX MPOIyKTOB. CPOK XpaHEHHUS
rubpuaHoro reist npu temmeparype or 4 go 10 °C
COCTaBJIIET 6 MECSIEB.

YcraHOBIIEHO, 4TO pa3paboTaHHBIE 00pa3mbl THO-
PUIHBIX T'eJIeld UMENH XOPOIINe CEHCOPHBIC CBOMCTBRA!
YHCTBIN BKYC U 3aI1ax, IPOYHYIO OJHOPOJHYIO CTPYKTYPY
1 KOHCUCTEHIIUIO.

Ha crenmyromem sTane uccienoBaHus paspadoranu
pelenTtypy KOHAUTEPCKOro noxydadpukaTa Ha OCHOBE
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Tabnuua 2. TexcTypHbIE XapaKTepUCTUKH
TUOPUIHBIX Tesel

Table 2. Texture of hybrid gels

HaunmeHnoBanue 3HaueHKe MoKa3aTels
HIOKa3aTess JUISL THOPHTHOTO Telist
99:1 95:5 90:10

IIpouHOCTb, T 472,076 408,222 303,188
Anre3snoHHas —242.458 | —187,512 | —143,323
MPOYHOCTh, T
Koucucrenius, r-c 4428,577 | 3904,416 | 2897,065
Wunekc Bsa3koctH, r-c | —1819,657 | —1771,638 | —1418,064
Moayns FOnra, Ila 19,68 17,05 12,64

0,40 - 036

0,35 -
2 030 -
3
4 025 0,22 0,22
Q
£ 0,20 -
E 0,15
é b

0,10 -

0,05 -

0 - ,

T'ubpuanblii rens

m99:1 m95:5 m90:10

Pucynox 1. AKTUBHOCTb BOJBI B THOPHIHBIX T'eJIsIX

Figure 1. Water activity in hybrid gels

rubpugaoro rems. Cormacao 'OCT P 53041-2008
«KOHIUTEPCKHUH monydadbpukaT — 3TO MHUIIEBOH MpPO-
yKT, TIONy4CHHBIH B pe3yibTaTe 00paboTKH OJHOTO
WJIN HECKOJIBKUX BUOB CHIPBS, C J00aBIeHNEM WK 0e3
J100aBJIeHHS MTUIIEBBIX HHIPEJANEHTOB, MTUIIEBHIX 100a-
BOK M apoOMaTH3aTOPOB, IIPUMEHSEMBIN IS NalbHEH-
IIETO MCIOJIB30BAHMUS IIPU IPOU3BOACTBE KOHIUTEPCKUX
uznenuit». Konnurepckuii nonydadpukar copepxur
MHUKPOYACTHUIBl PELENTYPHbIX HHIPEJIMEHTOB — H30-
MaJbTa, KaKao-TIOPOIIKa ¥ JICIUTHHA, AUCIIEPTUPOBAH-
HBIC B HENPEPHIBHOU (aze 3aMEHUTEN KaKao-Macla.
B kongurepckom mnonydabpukare HenpepbiBHas (a-
3a o0ecreyrBaeT CeTyaTylo CTPYKTypy, KOTopast moj-
JIEpKUBAaET MPOCTPAHCTBEHHOE ITOJOKEHUE JIUCIIEpC-
HOI1 (ha3bl U ONpeaersieT ee MUKPOCTPYKTYPY, TEKCTYPY,
KPHCTAJUIM3ALUIO U PEOJOTHYECKUE CBOMCTBA, a TAKKE
NpUIaeT NPOAYKTY XapaKTEepHbIH BKYC.

Peuentypsl KOHTPOJIBHOTO M pa3pabOTaHHOTO 00-
Pas310B KOHAUTEPCKUX 10Ty paOpUKATOB MPEICTABICHBI
B Ta0mIeE 3.

Penentypa KOHTpoJBHOrO oOpasna KOHIUTEPC-
Koro monygabpukata mpearnojiaraeT MUCIOIb30BaHHE
3aMECHHTENSl KaKao-macia, MPUIAIoIIero OIlpeeseH-
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Tabnuna 3. PenenTypbl KOHAUTEPCKHUX MOy (HaOpPUKATOB

Table 3. Formulations for confectionery semi-finished products

HanmeHoBaHUE pelienTypHBIX Pacxon penenTypHbIX KOMIOHEHTOB, KT
KOMIIOHEHTOB Konanrepckuii noryabdpukar Konpntepckuii nomyadpukar
(KOHTpOJIBHBIN 00pa3el) (ombITHBIH 0Opaserr)

M3omainsr 36,0 36,0
Kakao-nopomox 33,0 33,0
3aMeHuTEeIh Kakao-Macia 30,0 -
I'uOpuaHbIi e — 30,0
Jlenutun 1,0 1,0
Brixon 100,0 100,0

THOPHUAHBIHA H30MAIIBT Kakao- JICLIUTHH BriBoje!

Telib TIOPOIIOK

IlepememnBanue npu Temmneparype 60+ 2 °C
110 00pa30BaHUs OAHOPOIHON MACChI

Oxunaxienue 1o remueparypst 4 °C

Peanmuzanus

Pucynox 2. TexHonorunueckuii npouecc NpuroToBJICHUS
KOHJIUTEPCKOTO MoJrypadpukaTa Ha OCHOBE THOPHIHOTO
reis

Figure 2. Technology of a semi-finished hybrid-gel confectionery
product

HbIE TEXHOJOTHYECKHE CBOWCTBA W3IEIUIO0, HO SB-
JIAIOMIETOCS HWCTOYHHMKOM TBEPABIX HACHIIIEHHBIX
KUPOB M TPAHCXKHUPOB. B TakoMm MpoayKTE HMCIOIb-
30BaHME THOPHAHBIX Telled BMECTO KaKao-macia
MUMeeT MPEUMYILECTBa, IOCKOJIbKY OUresn MOTyT odec-
MEYUTh HE TOJBKO JKEIaeMyl0 TePMHYECKYIO CTaOuIIb-
HOCTB: TIOJIHAasl 3aMeHa J>XUPOCOCTABIAIOIIETO KOM-
MOHEHTa Ha pa3pa0OTaHHBIM MHUIECBONW TUOPUIHBIN
resib OyJleT CnocoOCTBOBATh MCKIIOUCHHIO JIOJNHM Ha-
CBIIIEHHBIX XXUPOB U TPAHCKUPOB B TOTOBOM IPO-
IIYKTE.

TexHOIOTHYEeCKHI TPOIECC MPUTOTOBICHUS KOH-
IUTEepCKOTO ToiydabpukaTa Ha OCHOBE pa3paboTaH-
HOTO THOPHUIHOTO TEeIs MPECTAaBICH HA PHCYHKE 2.

[MomydeHHBIN THOPHUIHBIN TeIh CMEITUBAIOT C KOH-
IUTEPCKUM H30MalbTOM, KaKao-TMOPOIIKOM M JIEIH-
THHOM Tipu Temmeparype 60 + 2 °C no oOpazoBaHusA
OJHOpPOJIHOM Macchl. [IpoAyKT oxyaxaaroT 10 TeMIie-
patypbl 4 °C u OTHpaBisIOT Ha peanuzanuio. Paspa-
OOTaHHBIM MPOJYKT MpEANoaraeTcs HUCIO0JIb30BaTh
B Ka4€CTBC HAYMHOK KOHAUTCPCKUX U MYUYHBIX KOH-
JUTEPCKUX U3ICIHUH.
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TBepapic KUPHI, TAKUC KAK YACTUYHO THIPOTCHHU-
3UPOBAHHBIC PACTUTEIbHBIE Macia, SBISIOTCS OCHOB-
HOH 4acThIO pallMOHA COBPEMEHHOI0 YeI0BEKa M3-3a
CBOMX YHHKAJIbHBIX IUIACTHYECKUX U (YyHKLIHOHAIb-
HBIX CBOWCTB. OHAKO OOBIYHBIC TBEPIBIC KUPHI CO-
JIepKaT HACBIIICHHbIE U TPAHCIKHUPHBIE KUCIOTHI, KO-
TOpBIC TIPHU YPE3MEPHOM YIOTPEOJICHUH OKa3BIBAIOT
HEraTMBHOE BIUSHHE HAa CEPACYHO-COCYAUCTOE 3/0-
POBbE W HAIpPSAMYIO CBSI3aHBI C OXKHPECHHEM H JHa-
O6etoM. BaxkHO HalTH HOBBIH J>KHPOBOH MPOIYKT,
KOTOPBIII MOXET 3aMEHHUTh (PYHKIHOHAJIBHO-TEXHO-
JOTHYECKHE BO3MOMKHOCTH TBEPJBIX XKHPOB 0e3
Kakoro-jiubo HEeraTHMBHOTO BIIMSHHUS Ha 3J10POBbE
YeJoBeKa.

OneorenupoBaHuEe SBISAETCS METOIAOM OTBEpPXKJe-
HUS paCTUTEIHFHOTO Maca I 3aMEHBI TPAIUIIHOHHOTO
TBEPJIOTO JKHUpa B MUIIEBBIX NpOoAyKTax. JlaHHBIH cro-
€00 TO3BOJISET MOIyYaTh OJICOTENH, T. €. TPEXMEpPHBIC
CyNpaMOJIEKYJISIPHBIE CETH CaMOCOOHMPAIONINXCs MoJIe-
KyJ (oneorejatopa), yIaBIUBAIOIINE MAClIO U Xapak-
TEePU3YIOIIHECS TIOTHOH, TEPMOCTa0OUIBHON U BSI3KO-
YIPYrod CTPYKTYpPOM.

B pabore ObBUIO TpPOBEIECHO KOMILIIEKCHOE WC-
CJe/I0BaHME M0 CO3/IaHHIO0 croco0a IMoJy4eHHs Tuod-
PUIOHOTO Teis Ha OCHOBE DPACTUTEIHHOTO Maciia |
HaTypajJbHBIX CTPYKTypooOpa3oBareneil U MpeacTaB-
JIEHO CpaBHEHHE M OOCYXICHHE TEKCTYpHI, CBOHCTB
YICPKUBAHUS Maclla ¥ MHKPOCTPYKTYPBI MOJYYCH-
HBIX oJieoreyeld U TMOpUIIHBIX Teliel, a Takxke ObLIn
pa3boTaHbBI penentypa u TEXHOJIOTHS KOHAUTEPCKOTO
nonydadpukaTa ¢ UCIOJIH30BAHHEM THOPUIHOTO TeJIsI
B Ka4eCTBE HOBOTO KHUPOBOTO MPOTYKTA.
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V
B
AHHOTaHP[ﬂ.

AHTHONOTHKH TPAZULIHOHHO UCHOJIB3YIOT AUl NPO(UIAKTHKH U JICUCHUS CeIbCKOXO03SICTBEHHBIX XKUBOTHBIX. Coepikanue
OCTAaTOYHOI'0 KOJHMYECTBA aHTUOMOTHUKOB B KMBOTHOBOAYECKOH MpPOAYKIMU (MOJIOKE, MACE M HPOJYKTAaX Ha UX OCHOBE)
SBISICTCS CEPbE3HOM TpobieMoil 31paBooxpaHeHus. Lleab paboThl — OLIEHKA BIMSHUS KOHTAMHHALMH MOJIOYHOTO CBHIPbS
aHTHOMOTHKAMU HA MOKa3aTeNN KauecTBa M 0€30MaCHOCTH MPOIYKTOB IIUTAHUS, a TAK)KE OLEHKA BO3ACHCTBUS aHTHOMOTHKOB
Ha MHKPOOHMOJIOTMYECKHUIT COCTaB MOJIOKA U BO3MOYKHOCTH TIOSIBJICHHS YCTOWYHMBBIX K aHTUOMOTHKAM OaKTEepHid.

OOBexTamMu UCCIeI0BaHN SBJISUTUCH HAyYHbIE CTATbU POCCUHCKUX U 3apyOe)KHBIX yUeHBIX, onyoaukoBanHble ¢ 2017 mo 2022 rr.,
MOCBSILIICHHBIC U3yUYCHHUIO BIUSHUS aHTHOMOTHKOB Ha MOJIOKO M IIPOAYKTHI ero nepepaborku. ITonck mposenu mo 6a3zaM JaHHBIX
PubMed, Scopus, ScienceDirect u Web of Science, a Takke B 3IeKTpOHHOW Hay4HOU OubIMoTeke eLibrary.ru mo KJIroueBbIM
CJIOBaM: aHTHONOTHKH, aHTUOMOTHKOPE3UCTEHTHOCTb, MOJIOKO U G€30MaCHOCTh MUIEBOH MPOIYKIIHH.

AHanu3 MCTOYHUKOB I10KAa3all, YTO COJEPKAHUE AaHTHOMOTHKOB B MOJIOKE IIPUBOJUT K MHTHOUPOBAHUIO )KU3HEAEATEIbHOCTH
MOJIOYHOKHCIIBIX OaKTEepHil, YTO SBJISCTCS NMPUYMHON HApYIICHHUS TEXHOJIOTHYECKOro Ipollecca MPOU3BOJICTBA Pa3INYHBIX
IIPOYKTOB (HOTYPTOB, CHIPOB U T. A.). IIpH cobmrogeHnu pexxnMoB 00paboTKH (HOpMalTU3anuy, ITaCTePU3AIMN X TOMOT€HI3aIIH)
HCXOJHOTO CHIPBSI aHTHOMOTHKY COXPAHSIOTCS B KUCIOMOJIOYHBIX IPOJYKTaX, CBSI3BIBAACH CO CTPYKTYPHBIMH KOMIIOHEHTAMU
MoJIOKa (OeKaMu 1 )KupamMu). AHTUOMOTHKHU U3 MOJIOYHOTO ChIPbsi 00HAPYIKUBAIOTCSI B HCXOJHOM KOJIMUECTBE B Horyprax. [Ipu
[IPOM3BOJICTBE CHIPOB AHTHOMOTHKH IIEPEXOIST B CBIBOPOTKY, HO aMUHOTJIMKO3U b, XHHOJIOHBI U TETPALIMKIMHBI COAEPKATCS
B TOTOBOM IPOJYKTE, CBA3BIBAsICh C OCIKOBOW (paKIHeil.

KoHTaMuHAI¥MsT MOJIOYHOTO CHIPhSl aHTHOMOTHKAMM OKa3blBae€T HETaTHBHOE BIMSHHE Ha OMOJOTHMYECKYI0 0€30IacHOCTD
NPOAYKIMH U MPUBOJUT K CEPhE3HBIM IpoOeMaM Kak JJIs 3I0pPOBbS YENOBEKa, TaK M U TEXHOJOTHYECKOTo Ipolecca
npousBoacTBa. OqHAKO AaHHOM MpobiieMe ynenseTcss HeA0CTaTOYHO BHUMaHus. HeoO0X0AMMO TPOBOAUTE UCCIESJOBAHUS 110
OLIEHKE OCTATOYHOI'O COJICPIKAHHS aHTHOMOTHKOB B MOJIOKE M MOJIOUHBIX MTPOAYKTAX JUJIsi 00ECHEeUCHNsI TOKCHKOIOTHYECKOM
0€30MacHOCTH MPOAYKINU U TEXHOJOTHYECKHUX ITAIOB IIPOU3BOJICTBA, a TAK)KE PACHIMPSATH AHAINTHIECKHE METOJIbI OL[CHKHI
cojiepKaHusl aHTUOMOTUKOB B POAYKIUH.

KaioueBbie ciioBa. AHTHOMOTHKH, MPOMYKTHl XHBOTHOTO TPOMUCXOXKICHHUS, MOJIOKO, aHTHOMOTHKOPE3UCTEHTHOCTh, OHO-
0e301acHOCTh, OaKTepun

[ nurupoBanus: OneHka OHOIOTHYECKO 0€30ITacCHOCTH MOJIOYHBIX MPOAYKTOB, colepkamux antuonotukn / O. C. Yammsirnaa

[n np.] // Texuuka u TexHOIOTHUS MUIIEBHIX Tpou3BoACTB. 2023. T. 53. Ne 1. C. 192-201. https://doi.org/10.21603/2074-9414-
2023-1-2427
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Abstract.

Antibiotics have traditionally been used to prevent and treat common diseases in farm animals. However, residual antibiotics
in dairy products and meat remain a serious public health problem, which is associated with antibiotic resistance. The research
objective was to assess the impact of antibiotic contamination on the quality and safety of dairy products, the microbiological
composition of milk, and antibiotic-resistant bacteria.

The study featured six years of Russian and foreign scientific articles registered in PubMed (National Center for Biotechnology
Information, USA), Scopus and ScienceDirect (Elsevier, the Netherlands), Web of Science (Clarivate, USA), and eLibrary.ru.
The analysis involved 63 foreign and domestic sources. Residual antibiotics in milk inhibits the vital activity of lactic acid
bacteria, which, in its turn, disrupts the technological process of yogurts, cheeses, etc. After such processing as normalization,
pasteurization, and homogenization, antibiotics accumulate in fermented dairy products and bind with milk proteins and fats.
Antibiotics, in their initial amount, enter yoghurts from dairy raw materials. In cheese production, antibiotics usually pass
into the whey, but aminoglycosides, quinolones, and tetracyclines remain in the finished product because they bind with the
protein fraction.

The problem of biological safety of dairy products is associated with antibiotic resistance developed by human intestinal
microbiota. This problem remains understudied, and the number of scientific papers on the matter is limited.

Keywords. Antibiotics, milk, livestock products, antibiotic resistance, biosafety, dairy products, lactic acid bacteria
For citation: Chaplygina OS, Kozlova OV, Zharko MYu, Petrov AN. Assessing the Biological Safety of Dairy Products

with Residual Antibiotics. Food Processing: Techniques and Technology. 2023;53(1):192-201. (In Russ.). https://doi.org/
10.21603/2074-9414-2023-1-2427

Beenenne JKUBOTHBIX COCTaBisgeT 73 % MX MUPOBOTO HCIIOJIB30-
[MnmeBble TPOMYKTHI 3arPA3HAKOTCA PAa3IMYHBIMU BaHus. [lo mporuoszam ydensix, k 2030 r. oxugaercs
BPCIHBIMH BEHICCTBAMH Ha BCEX STallaX NMPOU3BOJCTBA: yBEJIMYEHHUE NPOJIaK aHTHONOTHKOB B )KMBOTHOBOJICTBE
0T TmepepalbOoTKH CHIPBS JI0 yroTpebienus B numy [1, 2]. Ha 11.5 %
>

OCHOBHBIE YTPO3bI, CBSI3aHHbIE C 0€30MIACHOCTHIO MHIIE-
BBIX IIPOJIYKTOB, BKIIIOYAIOT PU3NYECKHE, XUMUYECCKHE
u Omosiorndeckne PakTopsl. AHTUMHUKPOOHBIE KOMIIO-
HEHTHI, 0COOCHHO aHTHOWOTHKH, COCTABISIOT OCHOB-
HYI0 4aCTh XUMUYECKUX (pakTopoB [3]. AHTHOHOTUKH
MOTYT OBITh NPHUPOJAHBIMHU, MOJYCHHTCTHUYECKUMH H
CUHTETHYECKUMU COCTUHCHUSIMHU.

BeckoHTpoNbHOE TPUMEHEHNE AaHTHONOTHKOB MIPH-
BOJUT K TOMY, YTO UX OCTAaTOYHBIE KOJIMYECTBA MOMa-
JAIOT B MPOAYKTHI KHBOTHOTO NPOMCXOXKJICHUSI: MO-
JI0KO, siiina, Msico u ap. [6]. CormacHo TUTEpaTypPHBIM
JTAHHBIM MOJIOKO B HAaUOOJBIICH CTETIEHH OABEPKEHO
KOHTaMHHAIIUN aHTUOUOTHKAaMH [7]. DTO CBS3aHO C TeM,

AHTHGHMOTHKH MCTIONb3YIOTCS B KHBOTHOBOJCTBE YTO MACTHUT SIBJIETCS HamOojee 4acThIM WH(EKIHOH-
yake 6ouee 60 JeT IS JeUCHNs 3a00CBaHMil, cTuMysi-  HPIM 3a00JICBaHHEM MOJIOUYHBIX KOPoB [8]. Bo Beem
MK pocTa, TPOGUIAKTUKA ¥ MOBBIIIEHHS dQPeKTHB-  MHPE OKOJIO 25 % BCEX JAKTUPYIOLIUX KOPOB €XKETOLHO
HOCTH KopMieHus [4, 5]. 1o oneHkam 3KkcnepToB, IpH- HOJTy4aeT aHTHOMOTHKOTEPATIUIO [T MPETYPEKICHHS
MEHEHHE AHTUOMOTHUKOB Y CEIbCKOXO3SHCTBEHHBIX BO3HMKHOBEHHMS MacTuTa [9].
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MoJioKO SABISETCA BOCTPEOOBAHHBIM MPOIYKTOM
CpeaM HACENICHHUS, €ro MOTPEOICHNE OIIEHUBAETCS OKOJIO
600 muH T Ha xoHer| 2022 r., m03TOMY 06€30IaCHOCTh
MOJIOKA SIBIIIETCS BAXKHOH MpoOIeMoil. AHTHONOTHKH
CUUTAIOTCS OCHOBHBIM 3arpsi3HSIONIAM BEIICCTBOM,
MIOCKOJIbKY OHH TIOTTaAaI0T B IPOIECC JOSHHST MOJIOYHBIX
kxopoB [10, 11]. Terpanukiau, f-1aKTaMbl, XHHOJIOHBI,
cynb(haHUIaMHABI, CTPETITOMHIIIMH ¥ XJIOpaM(pEHUKOI
SBJISIFOTCSL HamOoOJee 4YacTo HCIOJIb3YeMbIMH aHTH-
OMOTHKaMH y MOJIOYHOTO CKOTa. MIX ocTtaroyHoe KO-
JUYECTBO B MOJIOKE HEOJIArompuaTHO BIHSET Ha
3/I0pOBBC YEJIOBEKA, YBEIWYHMBAs PHUCK aJlJIEPTUU Y
BOCIIPUUMYHNBOI'O HACCJIICHUA, a TAKXKEC MMOABJICHUA PC-
3UCTEHTHBIX OakTepuii [12, 13]. B mensx 6ezomacHOCTH
JUISL 37I0POBBSI YEJIOBEKAa OBIIM yCTAHOBJICHBI MAKCH-
MajJbHO JIOMYCTHMBIE YPOBHH OCTAaTOYHOIO COJAEp-
JKaHAS aHTUOMOTHKOB I KaXXIOTO Kiiacca: OT 2 0
1500 mkr/kr [14]. OcTtaTouHOE COAEpIKAHUE aHTUOUO-
TUKOB B IIpc€Aciiax MaKCUMAJIbHO AOIMYCTUMOI'O YpPOB-
HS HE OKa3bIBaeT HEOIArOMpHUATHOTO BO3ACHCTBUS Ha
3I0POBBE YEIIOBEKA, JJAXKE €CIIU OHH ©KETHEBHO OYAyT
MOCTYNATh B €ro OPraHu3M Ha NPOTSHKEHUN BCEH JKU3HH.
OIHaKO MCIMOJIb30BaHNWE MPOTHBOMHUKPOOHBIX Mpera-
PaTOB B )KHBOTHOBOJCTBE U UX POJb B Pa3BUTHH YCTOM-
YUBOCTH K TaKUM TpernapaTtam IpeJCcTaBisieT coOon
npo0OieMy JJs 3apaBooxpanenus [15].

B nomomHeHME K YCTOHYMBOCTH K aHTHOMOTHKAM
HEOOXO/MMO YYHTBHIBATh WX TEXHOJOTHYECKOE BO3-
JIeiCTBHE B MOJIOYHOM mpombinieHHocTH [ 16]. Bo MHO-
TUX HCCIEAOBAaHUAX COOOMIAeTCs, YTO YacTHIHAS
Jaerpajanus f-nakramMoB, aM(eHHKOIOB, CynbdaHH-
JaMua0B, MAaKpOJIHUAO0B, TETPAUUKINHOB U aMUHOTJIN-
KO3HJIOB 3aBHCHUT OT TeMIepaTypsl. Takke B HEKOTOPBIX
paboTax yka3bpIBaeTCs, 4YTO HE BCE TEXHOJIOI'MYECKHE
TEMIIEpAaTypPHBIC PEXKUMBI IIPU IMPOU3BOACTBE KHUCIO-
MOJIOYHBIX TPOTYKTOB CIIOCOOHBI MPUBECTH K pa3py-
IICHUIO aHTHOaKTepHaNbHBIX npemnapatoB [17]. Ipu
IIpOU3BOACTBE TBOpOra aHTI/l6l/IOTl/IKI/I B MOJIOKE MOT'yT
COXPAHATHCA B 3aBUCUMOCTH OT MX (U3UKO-XUMHUIEC-
KUX CBOHCTB M CIIOCOOHOCTH B3aUMOJCIHCTBOBATH C
JKUPOM H/MITH OeIKaMH MOJIOKa IIPU TPOU3BOJICTBE MO-
JIOYHBIX TPOAYKTOB [18]. D10 siBNIsIeTCsI BAKHBIM (hak-
TOPOM, ITOCKOJIBKY ITOOOYHEIEC TTPOYKTHI IPOU3BOICTBA
ChIpa, TaKMe KaK ChIBOPOTKA, liepepadaThiBaloTCs MpU
MPOU3BOJACTBE MOJOYHOKHUCIIBIX IPOAYKTOB U UCIIOJIb-
3YIOTCS B KOPMJICHHUH >KHBOTHBIX [ 19].

[Tepenoc »TuX mpenapaToB B MOJIOKO, IpeaHA3HA-
YEHHOE JUJISl IPOM3BOJCTBA KHCIOMOJIOYHBIX MPOJIYK-
TOB, MOXET NMPUBECTH K TEXHOJIOTHYSCKUM ITOCIEICT-
BHSIM, YTO NPUBEAET K CHIPKEHUIO Ka4eCTBa KOHEUHBIX
MPOAYKTOB U DKOHOMUYECCKUM MNOCICACTBUAM IJIsd MO-
JIOYHOU TpoMbIieHHOCTH [19]. M3-3a Hamm4ms ocTa-
TOYHOT'O KOJHMYECTBa aHTHOMOTHKOB IIpoliecchl (ep-
MCHTAalWH, NPOUCXOAAIIUEC IPU IPOU3BOJACTBE ChIpa,
Horypra WM APYTUX KHCIOMOJOYHBIX MPOIYKTOB,
YACTUYHO WM TIOJHOCTHIO TIONABIISIOTCS, TTOCKOJIBKY
OHM BBI3BIBAIOT CEPhE3HbIC HAPYLICHHUS B Pa3BUTHHU
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MOJIOYHOKHUCIBIX OaKTepHUi U MOTABICHUH MPOIYKIIHA
MOJIOYHOH KHCIIOTBI, & TaKXe MPOOIEeMBbl C KOarys-
rueit [20]. Kpome Toro, 3TH BelecTBa MOT'YT OBITh ITPH-
YUHOM yXyJILIEHUS] OPraHOJIENTUYECKUX I0Ka3aTeyei,
a TaKXKe CIocOoOCTBYIOT 0TOOPY HEKETATCIBHBIX IITaM-
MOB B KOHEYHBIX IpoaykTax [21, 22].

TexHomorm4eckoe BIUSHNE aHTHONOTUKOB Ha MPO-
mecc (pepMEHTAMH MOJIOYHBIX NPOIYKTOB HEIOCTa-
TOYHO M3YyYE€HO, HO HCIOJIb3yEeMbI€ MOJOYHOKHUCIIBIE
0akTepuM 4YyBCTBUTENBbHB K aHTHOAKTEPHATHHBIM
npenapatam [23, 24]. MHorHe y4eHBIC IPUIILIA K ¢/IH-
HOMY MHEHHIO O TOM, 4TO CYIIECTBYET HEOOXOANMOCTh
YCTAQHOBJICHUS YPOBHS MAaKCHMaJbHO JOIYCTHUMOTO
coep)KaHUsI aHTHOMOTUKOB HE TONBKO I obecmede-
HUsl 0€30ITaCHBIX TOKCHKOJIOTHYECKUX YPOBHEH, HO H
0e30macHBIX TEXHOJOTUYECKUX YPOBHEH, TEM CaMbIM
CHU3UB PHUCKU HAPYIICHUS TEXHOJIOTHYECKUX MPOIIeC-
coB [25-28]. Kpome Toro, 3peKT, KOTOPHII MOKET BhI3-
BaTh MPHUCYTCTBHE aHTHOMOTHKOB B KOHIICHTPALUSIX
HIDKE MaKCHMAallbHO TOTYCTHMOTO YPOBHS, OCTaeTCA
HEU3y4YeHHBIM [29].

Ilenab paboOThl — OLIEHKA BIMSHUS KOHTaAaMHUHAIUH
MOJIOYHOTO CBHIphS AHTHOMOTHMKAMH Ha ITOKa3aTeNH
KadecTBa W 0E€30MacHOCTH NPOAYKTOB MHTAaHUS, a
TaK)XKe OIEHKa BO3/IEHCTBHS aHTHOMOTHKOB Ha MUK-
pOOHMOTOTHYECKUN COCTaB MOJOKAa U BO3MOXHOCTH
MOSIBIICHUS YCTOWYUBHIX K aHTHOMOTHKAM OaKTEepHid.

Jist mocTHKeHHs TOCTAaBJICHHON Leian ObUIH pea-
JIM30BaHBI CIEAYIONNE 3a0a4H:

— OIEHUTH BIHMSIHUE OCTATOYHOTO KOJHWYECTBA AHTH-
OMOTHMKOB Ha ITOKa3aTesin KauecTBa W 0E30M1aCHOCTH
MOJIOKa U MPOJYKTOB €ro IepepadoTKH;

— A3YYHTHh CHENU(PUIHOCTh BO3JCHCTBUA PA3TUIHBIX
BHJIOB aHTUOMOTHKOB Ha TEXHOJOTHYECKUE CBOWCTBA
MOJIOYHOTO CHIPBS;

— pacCMOTpeTh MEXaHW3M MOSBICHUS YCTOWUHUBBIX
K aHTUOMOTHKAM MOJOYHOKUCITBIX OaKTEpHiA;

— 000CHOBaTh JajbHEHIINE UCCIIeOBAHUS 10 H3yYe-
HUIO BIUSHUSA aHTHOMOTHKOB HA Pa3INYHBIC TPYIIIBI
MOJIOYHOKHCITBIX OaKTepHUH.

O0BeKTHI H METOABI HCCJIeI0BAHUSA

OOBEKTOM HCCIIETOBAaHUS SBISIIACH OOIETOCTYII-
Hasi Hay4Has JIUTeparypa, MOCBSIICHHAs W3Yy4YCHHIO
BIWSHUSA aHTHOMOTHKOB HAa MOJIOKO H NPOAYKTBEI €TI0
nepepabOTKH, a TAK)Ke HAa KAYSCTBEHHBIC TI0KA3aTeIH
roToBoii mpoaykiuu. [lonck Hay4HOI TUTEPaTYpHI OCY-
MIECTBJISICS B CIEAYIOIMX MH(DOPMAIMOHHBIX 0a3ax
nanabix: PubMed (National Center for Biotechnology
Information, CIIIA), Scopus u ScienceDirect (Else-
vier, Hunepnaunnsl), Ha ninatdpopme Web of Science
(Clarivate, CIIIA) 1 B OT€YECTBEHHOU JIIEKTPOHHON
o6ubnmorexe eLibrary.ru. O630p BKiIIOYAN aHalN3 HC-
CJIeJIOBATENIbCKUX, KOHIENTYaIbHBIX U 0030PHBIX 1y0-
JINKallMi, COOTBETCTBYIOIIMX TeMaTuke 3anpoca. Ilo-
UCK MPOBOJWICS 110 CIEAYIOLUIMM KIFOUYEBBIM CIOBaM:
AHTUOMOTHKH, aHTUOMOTUKOPE3UCTEHTHOCTD, MOJIOKO U
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06e30MacHOCTh MUIIEBOH MpoaAyKIuH. | myOnHa TToncka
coctaBuia 6 yet (¢ 2017 mo 2022 rr.), A3BIK OUCKA —
AQHTIUIICKUM, IMOHCKUM U PYCCKUI.

B pamkax naHHON paboOTHI MPOBENU aHAJIUTHYEC-
Knii 0030p 63 3apyOeKHBIX 1 OTEYECTBEHHBIX HAyYHBIX
JUTEPATYPHBIX HCTOYHHUKOB.

Pe3yabTaThl H NX 00CyKAeHHE

OaHMM W3 TPUOPUTETHBIX HAINPaBICHUH MOJIOU-
HOHM OTpaciu SBIACTCS MPOU3BOJICTBO MOJIOKA, COOT-
BETCTBYIOMIETO CAaHUTAPHO-THTHUCHHYECCKUM HOpPMaM
n TpeOoBaHUSIM NepepadaThIBAIOMINX TMPEANPUITHH.
Pemienue naHHON NPOOJIEMbl BAXKHO C TOUKH 3PECHHUS
obecrieueHus1 0€30MMACHOTO M TOJTHOIIEHHOTO MMUTAHUS
moneid. B ¢Bs3W ¢ 9TUM KpyIHBIE IepepadaTHIBAIONTIE
MPEANPUATHS IPUHUMAIOT MOJIOKO C YYETOM KakK Tpa-
MUIMOHHBIX TIOKa3aTeseH, Tak U psijga Apyrux Tpedosa-
HUH, yaenss ocoboe BHUMaHKE MTOKa3aTesaM Oe3omac-
HOCTH TIpoayKuu [3].

BaxxHocTh 0OecnieueHnst 0€301IaCHOCTH MOJIOKA H
MOJIOYHBIX MPOIyKTOB npoaukToBana TP TC 021/2011
u TP TC 033/2013, B KOTOPBIX YCTaHABIMBAIOTCS TIpa-
BHJIA, POPMBI OIICHKH H MTOATBEPIKACHUS COOTBETCTBHUSA
MOJIOKA ¥ MOJIOYHOH MPOAYKINH TPEOOBAHUAM 3aKOHA.

Hannune aHTHOMOTHKOB B MOJIOKE SIBJISIETCS TPOO-
JIEMOM, BIUSIONIEd Ha OMO0E30MAaCHOCTh MOJIOYHEIX
MPOXYKTOB. MOJIOKO M MPOIYKTHI €ro IepepadoTKH
SIBIISIOTCS TMIPOAYKINEH Hanboee moaABEp KCHHOM 3ar-
PSI3HEHHMIO OCTAaTOYHBIM KOJMYECTBOM aHTHOMOTHKOB
(puc. 1).

IIpu oOHapyXeHUU B MOJOKE aHTHOMOTHUKOB €T0
OTHOCAT K HECOPTOBOMY, YTO IPUBOTUT K IKOHOMUYEC-
KuM norepsim. [loaTomy nzroroButens 00s13an odecrie-
YUTHh 0€30MaCHOCTh CHIPOT0 MOJIOKA M CTPOTO KOHTPO-
JIMPOBATh PErjaMEHTUPyEMbI€ NONYCTHUMBIE YPOBHHU.
Henecoobpa3Hee oOecrnedynuTh MOTHOE OTCYTCTBHE B

Men Msico

13%

2~ Pria
3%

Moaoko
69 %

Pri0a

Msico B Moioko B fJiima

Pucynok 1. Conepxanne aHTHOMOTHKOB B Pa3IMIHBIX
rpymnmnax nmpoayKToB muTanus [28]

Figure 1. Content of antibiotics in various food groups [28]
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MOJIOKE OCTaTOYHOTO KOJIMYECTBA JIEKAPCTBEHHBIX
CpesicTB (B TOM YMCIIC aHTHOMOTHKOB), TPUMEHSIEMBIX
B )KMBOTHOBOJICTBE B LIEJISIX OTKOpMa, JICUCHUS CKOTa
v/mnn npodunakTuky 3adonesanui [15].

Wndopmanus o mnepeHoce aHTHOAKTEpUATbHBIX
MpenapaToB U3 MOJIOKa B MOJIOYHBIE MPOJTYKTHI OCHO-
BaHa Ha MOJICJIbHBIX YKCIIEPUMEHTAX, B X0/1¢ KOTOPBIX
B MOJIOKO, HE COJIepIKallee aHTHOMOTHKH, 100aBIISIOT
3a/IaHHOE KOJMYECTBO IIperapara U aHaJu3upyroT pe-
3yJIbTaTHl B 3aBUCUMOCTH OT criocoba 06padoTku. bei-
JI0 JIOKa3aHO, YTO MEPEHOC AaHTHOMOTHKOB 3aBUCHUT OT
YCIIOBHI NMPOM3BOJICTBEHHOTO Npoliecca U 00paboTKn
ceipbs [30].

[TomuMo Momoxa, HamboIee MOTPEOIIEMBIMI MO-
JIOYHBIMHU IIPOAYKTAMU SIBISIOTCS HOT'YPT M CBIp. XOTS
IIpOLECC IPUTOTOBJIEHUSI HOTYpTa MOKET Pa3jInuaThCs
B 3aBHCHMOCTH OT €TO THIIa, IOYTH BO BCEX CIydasx
MIPOM3BOJICTBO BKJIIOYAET IEPBBIH ITAN — MacTepusa-
uuo Moisioka. TepMuueckas oOpaboTka NMPUBOAMUT K
Pa3IOKEHUI0 OCTATOYHOTO KOJUYECTBA aHTUOMOTH-
KOB M CHIKCHHWIO KOHICHTPALMHU W OMOJIOTHYECKOH
aktuBHOCTU [31]. OmHaKo 3HaueHUs, MPUBEJCHHBIC
B Hay4HOH JINTEpaType, OTIMYAIOTCS B 3aBUCHMOCTH
OT MCCIIEyeMOr0 aHTHOMOTHKA, NMHUIIEBOI MaTPHIIHI,
MPUMEHIEMON TeMIepaTypbl ¥ BpeMeHH 00paboTKH.
Temnepatypa U MPOTOHKUTEIBHOCT 00PaOOTKH SIB-
JSAI0TCS OCHOBHBIMH (pAaKTOPAaMHM, BIUSIONIMMH Ha
CKOPOCTH JIerpajaliiyi aHTHOMOTHKOB, HO UX JieficTBHE
pasyinyaeTcsi B 3aBUCHUMOCTH OT aHTHOMOTHKa. OOpa-
00TKa, MpUMeHsAeMas I TacTePU3AUN MOJIOKA, HE3-
HA4YUTEJIbHO CHW)KAEeT KOHIEHTPAIMIO OOJBIIMHCTBA
anTu6moTuKoB [32]. Ilo 3TOM MpuYMHE HOTYPTHI, PHU-
TOTOBJICHHBIE W3 MOJIOKAa, KOHTAMHHHUPOBAHHOTO aH-
THOMOTHKAaMH, OOBIYHO COJIEPKAT PABHYIO WM MEHb-
IIyI0 KOHILEHTpPAlUI0 aHTUOMOTHKOB, 4YE€M MOJIOKO,
HCIIOIB3YyeMOe IS UX mpou3BoacTBa [33].

A. Gajda ¢ coaBTOpamMHu IOKa3ajH, 4YTO pacrpe-
JIeJICeHHe aHTUOMOTUKOB MEXAy (pakiusMd MOJIOKa
OCHOBaHO Ha WX JUNOPUIHLHOCTH [34]. ABTOPHI H3y-
YHJIM pacnpezaenenue nennumia G, cyinbdaauMeTok-
CHHA, OKCUTETPALUKINHA U DPUTPOMUIIHA MEXK]LYy MO-
JIOYHBIM JXUPOM H (PpakinusMu 00€3KUPEHHOTO KO-
poBbero Mosoka. beuto ycranosieno, uto 6onee 90 %
9TUX aHTHOMOTHKOB OCTAIOTCS B 00€3)KMPEHHOM MO-
noke. B 1pyrux uccienoBaHusX Takxke ObUIO 0OHApY-
JKEHO, YTO TETPALUKINHBI U CyIb(paHUIaMHUIbl OCTAIOT-
cs B 00€3)XKMpEHHOM MOJIOKE B KOJIHMYecTBe Ooiee
80 % [35, 36]. XimopamMpeHHKO COXPaHSICTCS B TPOIAYK-
Tax C BBICOKHM COAEPXKaHUEM KUPA, TAKHX KaK Macjo
u cmetana [37].

B mupe npousBoauTces 60JbIIOE KOJHYECTBO BHIOB
CBIpa, Pa3IMYaONINXCS IO MPOUCXOXKACHUIO MOJIOKA,
ero o0paboOTKe W TEXHOJOTHH, IPUMEHIEMOM JIJIsl MX
npousBojcTaa [33, 38]. HexoTopble aBTOPHI H3ydaln
pacnpesieleHle pa3IUYHbIX AHTHOMOTHKOB MEXIy
OeKoBOH (pakmueil M CHIBOPOTKOMN MOCIE BBEICHUS
UX B KOpPOBbE, OBEeUYbE M KO3be MOJOKO [39-43].
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HccnenoBanusi mMOATBEPKAAIOT, YTO YACp)KaHHUE aH-
THOWOTHUKOB B CBHIPE 3aBHUCHT OT UX PACTBOPHUMOCTHU
B BOJIC M CIIOCOOHOCTH B3aMMOJCHCTBOBATH C YKUPO-
BOH n/mnu 6enkoBoit ¢ppakuueit [29]. Takum odpaszom,
[-nTakTaMHBIC aHTUOMOTHKH IEPEXOASIT B CHIBOPOTKY
M3-3a UX TUAPOQUMIBHOW TPUPOJBI, Olarogapst uemy
00HAPY)KMUBAIOTCA B CHIpaX B OYCHb HU3KUX KOHIICH-
Tpanusax [31, 44].

B pomonHeHue k f-naktamMaMm HauOoliee M3y4cH-
HBIMH QHTHOWMOTHKAMH SIBJISIIOTCS TETPAIIUKITHHBI.
Br110 MOKa3aHo, 9TO B OMBITHRIX 00pasmnax (KOPOBBUX,
OBCYBHX U KO3bUX ChIPaX) TETPAIUKINHBI COXPAHSIIOTCS
B cbipe [33, 35, 41]. J. Giraldo u ap. nmpuiuiu K BEIBOLY,
YTO aMHHOTJIMKO3HIBI, XHHOJOHB M TETPAIMKINHBI
UMEIOT 00JIee BRICOKYIO BOCIIPHIUMYHBOCTH K COXpaHe-
HUIO B OCIKOBOH ()pakiliu, TOCKOJIbKY CHUXKACTCS aH-
THOMOTHYECKAs! aKTUBHOCTH B ChIBOpoTKe ¢ 84 10 100 %
JUIS 9TUX KJIACCOB aHTUOMOTHKOB [29].

B uccnenoBanusix [33, 45] npencraBieHbl JaHHbBIE,
ONHUCHIBAIONINE W3MEHEHHS, MPOUCXOASAIINEe C aHTH-
OMoTHKaMH BO BpeMs co3peBaHus chipa. Ha 30 cyTku
co3peBaHusi cbipa TpOHYOH B HCCIEAYyeMBIX 00pa3-
ax He ObUIM OOHApYXXEHBI OCTaTKH [-TaKTaMOB
u spurpomunuHa [33]. OgHako ObBUTH OOHAPYKCHBI
XUHOJIOHBI, YHPO(MIOKCAIMH W IUINPOQIOKCAIUH B
kosnmaectBe 3045 % OT WX HadyalbHOW KOHIEHTpa-
nuu [29, 46]. CnenoBaTenbHO, KOHIICHTPAINS AaHTH-
OMOTHKOB B ChIpaX CHHIKAETCS B XOJC JJITUTEIHHOTO
CO3pEBaHUsA, UTO CBS3aHO C Jerpajamueidl MOJEKyI.
IIpouecc nerpananuu 3aBUCUT OT YCJIOBHM CO3peBaHUs
MPOAYKTa, KOTOPBIC OTIIMYAFOTCS JIJISl Pa3HBIX BUIOB
chIpa.

[Ipoananu3upoBaB mporecc NePeHoca 0CTaTOYHOTO
KOJIMYECTBA aHTUOMOTHKOB W3 MOJIOKA B MOJIOYHEIE
MPOAYKTHI, HCOOXOAMMO MOHSITh, KAKOC BIUSHUE OHH
OKa3bIBAIOT HA MUKPOOHOIOTHIECKHUI COCTAB MOJIOYHBIX
npoaykToB. Ha mpoOneMy Haau4usi aHTHOMOTHUKOB B
MoJtoke ykasbiai B 1948 r. 1. Castl, koTopsblit cooOmui,
YTO MOJIOKO M3 BBIMEHHU, 00PaOOTAaHHOTO TEHUITUILIH-
HOM, MOJKET IPEMATCTBOBATH MIPOU3BOJICTBY MOJIOYHBIX
npoaykToB. OH MoKa3aj, 4TO OCTATKH ICHUIIUUTHHA
B koHneHtpauusx 0,1-1 ME (MexayHapomHbie emau-
HUIIBI) HHTUOMPYIOT POCT 3aKBACOYHBIX KYJIBTYp. DTa
MyOJIMKALKS CTaJIa CTUMYJIOM JIJISL IPOBEICHUS CCPUH
HCCIICIOBAHUI, HAIIPABICHHBIX Ha ONPEICICHUE BIIUSI-
HUS aHTHOMOTHKOB Ha aKTHBHOCTH 3aKBACOYHBIX KYIIb-
TYp M Ka4eCTBO MOJIOYHBIX MPOAYKTOB. DTO BBI3BAIIO
LIMPOKYIO JMCKYCCHIO B HAYYHOU U MPO(HECCHOHAIBHOM
JTUTEpAType, KOTOpas MPOJOTHKACTCS U CETOIHSA, O YeM
CBHJICTEIIBCTBYET PsiJl HAYUHBIX pabot [16].

Hanuune ocTaToOYHOr0 KOJTMYECTBAa AaHTHOMOTUKOB
B MOJIOKE, TPEJHA3HAYCHHOM JJISl IIPOM3BOICTBA KHC-
JIOMOJIOYHBIX MPOJIYKTOB, MOKET BIUATH Ha TEXHOIO-
THYECKHE TPOIECCHI, BBI3bIBAasl CHI)KCHHE KauecTBa
KOHEYHOH MPOTYKINH, U MOXKET UMETh SKOHOMHYECKHE
MTOCIIEACTBHYS TSI MOJIOYHOM oTpaciu. VX mpucyTcTBHE
MOJKET MOBJIHUATH Ha POCT 3aKBACOYHBIX KYJIBTYD, CBEP-
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THIBAaHUE MOJIOKA M 00pa30BaHUE OEIKOBOTO CIyCTKa, a
TaK)Ke Ha N3MEHEHUE OPraHOJIEITHYECKUX TTOKa3aTelNei
roToBo# npoaykuuu [1].

Monounokucnele Oaktepun (GOPMHPYIOT BKYC,
apoMaT M TEKCTYypy KHCIOMOJIOYHBIX IPOAYKTOB, a
TaKXkKe UCIOIb3YIOTCS B KauecTBE 3aKBAacOK IS Mpo-
M3BOJICTBA KHCIOMOJOYHBIX MPOAYKTOB [47]. JlaHHBIE
0 YYBCTBUTEIHHOCTH 3aKBACOYHBIX KYJIbTYp K aHTH-
MHUKpPOOHBIM IIpenapaTam B JIMTEpaType 4acTo OTJIH-
Yal0TCsl, TOCKOJIBKY OTCIbHBIC IITAMMBI OJTHOTO U TOTO
e BHJ1a MOJIOYHOKHUCIIBIX OaKTEepHi MOTYT MPOSIBIIATH
Pa3HyIO 4yBCTBUTENLHOCTH [48]. DaKTOPLI, BIUAIOINE
Ha YyBCTBUTEJIBHOCTbh YHUCTHIX KYJIbTYP MOJOYHOKHUC-
JBIX OaKTEPHH, BKITIOYAIOT THII KyJIbTYPHI U €€ COCTaB
(MOHOKYJIBTYpa HJIM CMEIIaHHas KyJIbTypa), a TAKKE
THUII TPOTHBOMHUKPOOHOTO Tpernapara (MeXaHnu3M JIeHCT-
BHs aHTHOMOTHKA HA MUKPOOHYIO KIeTKY) [46]. Bonb-
MIMHCTBO MpPOOJIEeM, BBI3BAaHHBIX OCTATOYHBIM KOJIH-
4eCTBOM aHTHOMOTHKOB, CBSI3aHBI C TEM, YTO OHH Yac-
TUYHO WJIH TOJTHOCTHIO MOJABISIOT Pa3BUTHE MOJIOU-
HOKHCJIBIX OaKTEePUH W MHTUOUPYIOT BHIPAOOTKY MO-
JIOYHOHM KHUCJIOTHI 3 TUMH OakTepusimu. CHikenne pH
BaXKHO, HAIIPUMeEP, B MPOLIECCE CHIPOBAPEHHUS, T. K. TO-
BBIIIAET AKTUBHOCTH (DEPMEHTOB M CKOPOCTH KOATyJIsI-
[[UU, YTO BaXKHO JJIs1 TBEPBIX U JOJTO CO3PEBAIOIINX
ceipoB [19].

B pa6ore F. M. Treiber u H. Beranek-Knauer pac-
CMaTpHUBajach YyBCTBUTEIbHOCTh Pa3INYHBIX 3aKBa-
COYHBIX KYJBbTYD, HCIIOJIb3yEMbIX B IPOU3BOJICTBE ChIpa
1 HorypTa, K pa3IndHbIM aHTHOMOTHKAM, a TaKXKe Ipe-
CTaBJICHBI JIaHHbIE O KOHIEHTPALUSIX aHTUOMOTHKOB,
BBI3BIBAIONIMX YAaCTUYHOE HJIM IOJIHOE WHIMOMpOBa-
HHE aKTUBHOCTH (pocTa OaKTEpHH) 3aKBACOYHBIX KYIIb-
Typ [1]. BBII0O yCTaHOBIIEHO, UTO 3aKBACOUHBIE KYJIBTY-
pBl TPOSIBISIOT Pa3jiU4YHYI0 UYYyBCTBUTEJIBHOCTH B
3aBUCUMOCTH OT BH/a M KOJHWYECTBA aHTHOMOTHKOB.
B cBoeii padore P. Navratilova ¢ xosmeramu npoana-
JIM3UPOBAIHM YyBCTBUTEIHHOCTh MOJIOYHOKHCIIBIX OaK-
Tepui, BBIACICHHBIX M3 HOrypTa, K aHTHOMOTHKAM
nedamnocnopuHoBoro psaa [16]. B pesymnpraTe ObLITO
YCTaHOBJICHO, YTO JIa)K€ OYCHb HU3KNE KOHIICHTPAINH
MIPOTHBOMHUKPOOHBIX MpEnapaToB B MOJIOKE (HaIpuMmep,
100 MKT/KT MaKCUMalbHO JOMYCTHMOTO YPOBHS IS
nedTuodypa) UHTHOUPOBAIU POCT U AKTUBHOCTH MO-
JIOYHOKHCIIBIX KYJIBTYD.

Bri0 00Hapy)KeHO, 9TO U30JIATH U3 HorypTta 6omee
YCTOMUYMBEI K CTPENTOMHUIIMHY U O0Jiee BOCTPUUMYHBEI
K TNEHUIWUIMHY, YeM ChIpHbIE 3aKkBacku. B pabote
M. Rezaee u F. Khalilian coobmiaercs, uro mobasie-
HUE NEeHUIMIINHA B MOJIOKO /ISl TPOMU3BOJICTBA ChIPa
YeaJiep BBI3BIBAIO 33/ICPXKKY BBIPAOOTKH MOJIOYHON
kucioTsl [49]. Kpome Toro, mpu ompeneneHHOR 103¢e
AHTUOMOTHKA I 00pA3IOB CO3PEBIINX CHIPOB MOKa-
3aHO BbICOKOE 3Ha4yeHue pH u HeomycTUMBIE OpraHo-
JIENITUYIECKHUE XapaKTEPUCTUKH, TAKHE KaK TaCTO00pa3Hast
KOHCHCTEHIINS ¥ (PepMEHTHUPOBAHHBIN HIIN IPOXIKEBOH
apoMar.
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V3MeHeHHs OpraHONENTHIECKUX U (PU3UKO-XUMHU-
YECKHX IMapaMeTPOB TOTOBOTO MPOAyKTa (fiorypTa) mox
JIeCTBUEM psiia aHTHOMOTHKOB OBLITH H3y4YEeHBI B pabdo-
Te M. Britzi u F. Schwartsburd [50]. YcranoBneHo, 9To
HEKOTOpEHIE f-TaKTaMHbIe aHTHOWOTUKH (aMIUITNIUINH,
nedanexcu u ned@Trnodyp) B KOHIGHTPAIHIX HUXKE
MaKCHUMAaJIbHO TOMYCTHMOTO YPOBHS M NeHUITMIUTHH G
C KOHIIEHTpAIMEH BBIIIE MaKCHMAIbHO JOITYCTHMOTO
YpOBHS 3aJepKUBAaIOT oOpa3oBaHWe cryctka Ha 40
u 6omee muHyT [51]. BITO mMoka3zaHo, YTO HaTUYHE
AMOKCHUITMJITMHA ¥ SHPO(]IIOKCAllHA B PA3IMYHBIX KOH-
[EHTPAlNIX B UCXOTHOM CBHIphe (KO3bEM M OBEYHEM
MOJIOKE) He BIUAJIO HA UCCIETyeMBbIi mporecc [52].

HecmoTps Ha TO 4TO HajnW4We aHTHOMOTHKOB B
MOJIOKE HETaTHBHO BIIMSIET Ha TEXHOJIOTHYECKHE MPO-
[[ECChl, OHU MOTYT CIY)XHTh HCTOYHHKOM IIOSIBIIC-
HUSI aHTUOMOTUKOPE3UCTEHTHBIX OakTepuii. Hanbob-
OIyI0 yTpo3y NMPUMEHECHHUS aHTHOMOTHKOB IPEICTaB-
JII€T BO3SHHKHOBEHHE M PACIPOCTPAHEHHE AaHTHOWO-
THKOPE3UCTEHTHOCTH Y MATOTEHHBIX OakTepwii [3, 49].
[Ipnobperernas yCTONYHMBOCTH K HEKOTOPBIM HPOTH-
BOMHKPOOHBIM TIpemapaTaM HACTOJBKO IIHPOKO pac-
MpOoCTpaHeHa, 4To uX 3P(HEKTUBHOCTH MPHU JICUCHUH
OTIACHBIX [JIS XKU3HHU YelloBeKa MH(EKIHi CHIXKaeT-
cs [53]. CenexkTuBHOE NaBIEHHE, BHI3BAHHOE UCITOJb-
30BaHMEM aHTHOMOTHKOB, UMEET ONpeessioniee 3Ha-
YeHHE B MOSBICHUM PE3UCTEHTHBIX OakTepuil. B Oax-
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TepUaJbHON MONYJISIUUHU, TOABEPIIIECs BO31EHCTBUIO
AHTUOMOTUKOB, y HEKOTOPHIX OaKTepwWil pa3BUBaeCT-
Cq YCTOWYHMBOCTh K aHTHOMOTHKAM, M TOJ CEJIEKTHB-
HBIM JaBIICHHEM MHKPOOPTaHH3MBI MOTYT IIepenaTh
TeHBl yCTOWYMBOCTH B momyisauuu (puc.2) [54].
Takum 00pa3oMm, NPUCYTCTBHE OCTATOYHOTO KOJIH-
JyecTBa aHTHOMOTHKOB IO BCEW MHUINEBOM IENMH MO-
JKET BBI3BIBATH PA3BUTHE MEPEHOCHUMOI aHTHOMOTH-
KOpPE3UCTEHTHOCTH HE TOJNBKO y TATOTEHOB, HO H
Yy KOMMEHCAJIBHBIX OakTepuii, BKJIIOYas MOJIOYHO-
kuciele [55, 56].

[Ipoananm3npoBaHbl IKCIEPUMEHTAIbHBIC HCCIIE-
JIOBaHUS M 0030pBI, OMUCHIBAIONIHE MPOPUIL pe3uc-
TEHTHOCTH MOJIOYHOKHCIIBIX OaKTepUid, B KOTOPHIX ObI-
JI0 YCTAaHOBJICHO HalWM4YHE B MX T'€HOME MOOMIBHBIX
3JIEMEHTOB (TIa3MU, TPAHCIIO30HOB M HHTETPOHOB) H
HMHCEPIHUOHHBIX NOCIEI0BATEIFHOCTEH, OTBETCTBEHHBIX
3a BHYTPH- U MEXBHIOBOH MEPEHOC T'€HETUYECKOTO
matepuana [58, 59]. [TomoOHbBIE MOCIETOBATEIBHOCTH
TaKke OBTM OOHAPYXXEHBI Y MOJOYHOKHCIBIX Oak-
Tepui, BeIJIeNeHHBIX U3 cbipa [60]. B HEKOTOpHIX uC-
clleIoBaHUsIX CcooOmaNioch 00 OOHApyXEHUHW AaHTH-
OMOTHKOPE3UCTEHTHOCTH U (PAKTOPOB BUPYJICHTHOCTH
MOJIOYHOKHCIIBIX OaKTepHil U3 MHUIIEBHIX MPOTYKTOB,
BKJIIOYAst HorypThl 1 TBOpor [61, 62]. [IpoOuoTudeckuit
MOTEHIIMAl MHOTUX OakTepuil MOATBEPKAACT HICIO
00 MX MOTEHIIUAIBHON CITOCOOHOCTH KOJIOHU3UPOBATh
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1 — memOpaHa GaKTepHAIBHON KIETKH 00pa3yeT HEMPOHULIAEMBI Oaphep, OJOKUPYIOMU aHTUOHOTHKY; 2 — MOAUDUKALINS
MUIICHH: MOAH(HUKAINS KOMIIOHEHTOB OaKTEpHii, Ha KOTOPBIE HAIleJIeH aHTHONOTHK; 3 — MOAM(HUKAIIUSI aHTHOMOTHKA: KIETKa
BbIpabaThIBaET BellecTBa (OOBIYHO OEJIOK, Ha3bIBaeMBI «(EPMEHTOMY), KOTOPbIEe HHAKTUBUPYIOT aHTUOMOTHK J0 TOTO, KaK
OH CMOET HaHECTHU Bpea OakTepusaM; 4 — MexaHu3M 3¢ QIIOKCHON TOMITBI: aHTHOMOTHK aKTUBHO BBIKQUMBAETCS U3 OAKTEpUH,

MOSTOMY OH HE MOXET HAaHECTH BpeJ OaKTepHUIM

Pucynox 2. MexaHu3M aHTHOMOTUKOPE3UCTEHTHOCTH [57]

Figure 2. Mechanism of antibiotic resistance [57]
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KUIIEYHUK YeJIOBEKa M MEPEHOCHUTh aHTHOMOTHKO-
PE3UCTEHTHOCTh B €TO MUKPOOHOTY.

VYcTaHoBlIeHa B3aWMOCBSI3b MEXAY HaIUIHEM
OCTaTOYHOI'0 KOJIMYECTBAa aHTHOMOTHKOB B MOJIOKE/
MOJIOYHOH MPOAYKIIMH U MOSIBICHUEM PE3UCTEHTHBIX
OaxTepuii B 3TUX npoaykTax. B padore K. Brown u nip. B
00pa3Iax MoJIOKa, COAEPIKAIINX OCTATOYHOE KOJINIECTBO
AHTUOMOTUKOB, OBLTH OOHAPYIKEHBI IITAMMEI OaKTEepPHit
Escherichia coli [61]. Oxomno 92,8 % Oaxtepuii MpOsBIISUIH
YCTOMYMBOCTb K aMIUIUIUINHY, a 50 % — K TEeTpalUKINHY.
E. M. El Zubeir u O. A. O. El Owni oOHapyXuiiu, 4To
20 % o0pa3moB ucciIeayeMoro MOJIOKa OBLIN 3arps3-
HEHBbl aHTHOMOTHKAMH, a OaKTEepHH, BBIJICICHHBIC U3
HCCIEeyeMBIX 00pa3IoB, MOKA3aIH HIMPOKUN CHEKTP
MHOKECTBEHHON PEe3UCTEHTHOCTH [63].

[TpoBeneHHbIN 0030p HAYYHOH JUTEPATYPhI OKA3al,
4yTO MpobieMa MOSBICHUS PE3UCTECHTHBIX OaKkTepuil B
MOJIOKE U MOJIOUHBIX IPOAYKTaX, BOZHHKAIOLIAs H3-
3a MPUMEHEHUs aHTHUOMOTHKOB B JXKMBOTHOBOJCTBE,
OTpakeHa B HEOOJBIIOM KOJHWYECTBE ITyOIMKaIuii.
B3anmocBsI3p MEeX1y HCIIOJIb30BAHNEM aHTHONOTHKOB
B JKMBOTHOBOJICTBE M IPUCYTCTBHEM PE3UCTEHTHBIX
OakTepuil B MPOAYKTax NMUTaHUs ObLIa yCTaHOBJICHA
JUIIB KOCBEHHO U OCTAETCS CIIOPHBIM NPEAMETOM IS
n3yuyeHus (4, 18]. DTo MOKeET OBITH CBSI3aHO C OTCYTCT-
BHEM a/ICKBATHBIX MOJCIEH JUISl U3YUCHUS STOW B3aH-
MOCBSI3M M TIOHUMAHUEM CIIOXKHBIX IPOIECCOB, KOTO-
pBI€ TIPUBOJIST K BOSHUKHOBEHHUIO M PACIIPOCTPAHEHUIO
AHTHOMOTHUKOPE3UCTEHTHOCTH.

BriBoaBI

AHanm3 HaygHBIX MyOJIUKAIKH [0 UCCIEeyeMOI TeMe
MOKa3aJl, 4YTO Ha CETOAHSIIHUN JeHb OM00e3011acCHOCTh
MOJIOKA SIBJISIETCSI cepbe3Hoii mpobnemoi. [IpucyrcTBue
AHTUOMOTHUKOB B MCXOJHOM MOJIOYHOM ChIPhE MOJKET
MOBJIEYh 32 COOOH LENbIH psig mpoOJsieM, HaYWMHAS OT
9KOHOMHYECKOTO yIIepOa MpeAnpUsATHIO U 3aKaHIHBas
yIrpo30ii 3J0pOBBIO HACEICHHUS.

OcTaToYHOE KOJINYECTBO AaHTHONOTHKOB BBI3BIBAET
YBEJIIMYCHUE BPEMEHH, HEOOXOJUMOTO JUIs TPOU3BOJICT-

Ba MOJIOYHBIX IPOAYKTOB, N3-3a UX MHTUOMPYIOMIETO
JIEHCTBUS Ha MOJIOYHOKHCIBIE Oakrepuu. PasButne
U paclpoCTpPaHEHHWE YCTOWUYMBHIX K AHTHOMOTHKAM
OakTepuil SBJISETCS OCHOBHOI NpoOiieMoil npu wuc-
IIOJIb30BAHUH aHTI/I6I/IOTI/IKOB Y KUBOTHBIX. Pesucrent-
Hble 0aKTepuu B KHUIICYHUKE >XMBOTHBIX MOJIOYHOH
MOPO/BI M B MOJIOYHBIX IPOAYKTaX MOTYT IepeaBaTh
YCTOWYMBOCTB K MATOTCHHBIM OaKTEPHsIM MUKPOOHOTE
KHUIIEYHHKA YEeJOBEeKa MJIM CII0COOCTBOBAThH €€ pac-
MPOCTPAaHEHHUIO B OKpyxkatomei cpene. OnHaKo 1aH-
HOM mpo0JieMe yiessieTcsl HeJOCTaTOYHO BHUMAHMSI, O
YeM CBMJIETEIbCTBYET OTPAaHMUYEHHOE KOJUYECTBO Ha-
YYHBIX pa0OT, OCBEIIAIOIMHX MPOOIEMY COIEpKAHUS
AHTUOMOTHUKOB B MOJIOKE W MOJIOYHBIX HPOIYKTaXx.
CrenoBarensHO, HE0OX0ANMO MTPOBOANTH UCCIIEAOBAHUS
B JIaHHOM HAalpaBJICHUU M PACIIUPSITH aHaJUTHYEC-
KHE MCTO/IbI OLICHKU COJCPIKaHUA aHTI/I6I/IOTI/IKOB B IIpO-
qykiun. [ToMuMo KOHTpOJIS 32 yPOBHEM MaKCHMAaJIbHO
JIOITYCTUMOTO COZAEpPKaHUsI aHTHOMOTHKOB B MOJIOKE
JUTst 00ecTieueHNsT TOKCUKOJIOTHYECKON Oe301acHOCTH,
HEO0OXOJIMMO YCTAaHOBUTH YPOBEHb COJIEP)KAaHUS aH-
THOMOTHKOB Jisi oOecredyeHus Oe30MacHOCTH TeX-
HOJIOTMYECKHX DTAIOB IIPOU3BOJICTBA.
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HenocraTounsiit 06beM BBIITyCKa, a B HEKOTOPBIX CIIydasX OTCYTCTBHE B PoccMm NpOM3BOACTBA OIpPENEICHHBIX BHJOB
MHKPOMHIPEAUEHTOB, 00pa3yeT 30Hy ysI3BUMOCTH NPOJAOBOJIBLCTBEHHON cHCTeMBbl. PaboTa HalelieHa Ha UCCIIeJOBAaHUE PHIHKOB
MHUKPOUHTPENeHTOB B Poccnu 1 nx BIMSHHS HA YCTOWIMBOCTH IIPOJOBOIBCTBEHHBIX CHCTEM, A TAK)Ke BBRIPAOOTKY OCHOBHBIX
HallpaBJeHUI TOCy1apCTBEHHON NOAJEPIKKH 10 Pa3BUTHIO IPOU3BOACTBA MUKPOUHIPEIUEHTOB.

OOBEKTOM HCCIEJ0BAHMSA BBICTYNHIN TEHICHIMH pPAa3BUTHS PBHIHKOB MHMKDOMHIPEJUEHTOB B KOHTEKCTE YCTOMYMBOTO
()YHKIMOHUPOBAHMUS IIPOJJOBOJIBCTBEHHBIX CHCTEM. TEOPETHKO-METOI0IOTHIECKOM 6a30i HCCIeJOBAHUS SIBISUIUCH MOJIOKECHUS
TEOPUH MUP-CHUCTEMHOTO aHAJIN3a, METObI CPABHUTENBLHOTO M CTATUCTHUYECKOTO aHanu3a. MccaenoBanue 6bI0 BBITOIHEHO HA
0aze marepuanoB denepanbHON cIyKOBI TOCYIaPCTBEHHOH CTaTUCTHKH, PenepanbHOil TaMOKEHHOI ciryx0b1, Poccuiickoro
9KCHOPTHOTO IIEHTPA, PEUTHHIOBBIX U HH(OPMALMOHHBIX areHTCTB, a Takxke aHaauTndeckux marepuanoB OOH, ®AO u Coroza
MPOU3BOANTENEH MUIIEBBIX HHTPEAUEHTOB, HAXOASIIIUXCA B CBOOOTHOM JOCTYIIE.

B paGore moxazanu BIMSHHE PHIHKOB MHUKPOMHTPEIMEHTOB HA YCTOWYHBOCTH NPOJOBOJIBCTBEHHBIX CHCTEM, a TakKe Hpo-
aHanu3upoBanu cnenuduky GopMHUpOBaHHUS CIpoca M HPEJIOKEHUS] MUKPOUHTPEAUEHTOB, 00YCIOBICHHYI0 MUPOBBIMU U
pOCCHIICKMMH TEHACHIIUSAMH Pa3BUTHUS ITOTPEONTEIHCKOTO PHIHKA U IIPOU3BOACTBEHHOTO cekTopa. OO0CHOBANH, YTO NIPH BEIpa-
00TKe HaIlpaBJIeHUH IrOCYJapCTBEHHOM MOIACPKKH OTEYECTBEHHBIX ITPOU3BOIUTEINICHI MUKPOUHTPEIUEHTOB CIIEAYEeT UCXOAUTh
W3 HAJMYUS CHIPhEBON 0a3bl U 0COOEHHOCTEH KOHKYPEHTHON CPEe/Ibl, CIOKUBIIEHCS Ha COOTBETCTBYIOIIUX PHIHKaX. B kauecTse
IIpUMepa PacCMOTPENIH KOHKYPEHTHBIH POCCHICKHN PBEIHOK apOMaTH3aTOPOB, HA KOTOPOM HPUCYTCTBYIOT Kak 3apyOeiKHEIe,
TaK U OTCUYCCTBCHHBIC MTPOU3BOAUTEIIN, U PBIHOK JTUMOHHOM KHUCJIOTHI, Hpe}lCTaBJ’leHHbIﬁ KUTalCKUMU NPOU3BOAUTEIIAMU ITIPU
OTCYTCTBHH OTEYECTBEHHBIX. B mepBoM cimyuae HeoOXoanMa MoAgepIKKa JHCTBYIOMMUX MPOU3BOAUTENCH U YKPEIUIGHUE UX
MO3UIMI HA POCCHHCKHX PBIHKAX, B EPCIIEKTUBE — 3apyOEKHBIX, BO BTOPOM — CO3/IaHNE HOBOT'O IIPOM3BOCTBA, BBIBOJ POYKIIMU
Ha POCCUHUCKHUH PHIHOK M €T0 3aBOEBAHHE MPH HAINYNU MOIIHBIX M TOTOBBIX K JIEMIUHTY KOHKYPEHTOB. [Ipeyio:xKumm OCHOBHEIE
HaNPaBICHHUS TOCYAapCTBEHHON ITOAIEPKKH OT€YECTBEHHOTO IIPOU3BOJICTBA KOHKYPEHTOCTIOCOOHBIX MUKPOUHTPETUCHTOB 1
UX KOMIIOHEHTOB.

Pesynprate! HccnenoBaHNs MOTYT OBITH HCHOIB30BaHbI IPU BEIPAOOTKE Mep rOCYAapCTBEHHOH MOAEPKKH B IIPOMBIIIIEHHOCTH.
[IpuMeHeHMe pe/UI0KEHHBIX HallPaBJIEHUI rocy1apCTBEHHOM MOIIEPKKHU IPOU3BOJCTBA MUKPOUHIPEAUEHTOB U KOMIIOHEHTOB
JUIS UX M3TOTOBJIEHHUS OyAeT CIOCOOCTBOBATH MOBBIMIEHUIO YPOBHS MPOJOBOILCTBEHHON 0€30MaCHOCTH M YyCTOWYHMBOCTH
poccuiicKkoil IPOAOBOIBCTBEHHON CUCTEMBI K BHELIHUM IIOKAM.

KuaroudeBbie ciaoBa. I[IponoBoibCTBeHHas OE30MACHOCTH, IMPOJOBOIBCTBEHHAS CHCTEMa, MHUINEBas MPOMBIIIICHHOCTS,
MHUKPOHUHIPEAMEHTHI, pecypcHas 6a3a, peIHOK, CIIPOC, MPEJI0OKECHHE, [IeHa
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Abstract.

Commercial micro-ingredients of certain types are a gap in the Russian food industry. This article describes the Russian market
for micro-ingredients, their impact on the sustainability of domestic food systems, and state support prospects.

The study featured the development of micro-ingredient markets in the context of sustainable food systems. It relied on the
theory of world-system analysis, as well as on the methods of comparative and statistical analyses. The materials were obtained
from the Federal State Statistics Service, the Federal Customs Service, the Russian Export Center, and various rating and
information agencies, including publically available data from the UN, the FAO, and the Union of Food Ingredients Producers.
The authors assessed the impact of micro-ingredient markets on the sustainability of food systems and the effect of global and
domestic market trends on the demand and supply of micro-ingredients. When strategizing state support for domestic producers
of micro-ingredients, government should proceed from the availability of raw materials and competition. The article introduces
a comparative analysis of the Russian market of flavoring agents, which includes both foreign and domestic producers, and
the Russian market of citric acid, represented solely by Chinese companies. In the first case, the government should support
the existing domestic producers and strengthen their positions in the Russian markets, with prospects for foreign market
penetration. In the second case, the Russian food industry has to launch domestic products able to occupy the Russian market
and defeat the powerful foreign competitors that are ready to use dumping. The analysis also revealed the main directions of
state support for the domestic production of competitive micro-ingredients and their components.

The results can be used to strategize state support measures for the domestic micro-ingredients in order to improve food
security and the stability of the Russian food system to external shocks.

Keywords. Food security, food system, food industry, micro-ingredients, resource base, market, demand, supply, price
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Beenenue CTBEHHBIE CHCTEMBl B COCTOSIHUM T'apaHTHPOBATh

OGecrnieueHne MpoOIOBOIBCTBEHHOHN 0€30mMacHOCTH IIPOJIOBOJILCTBEHHYIO 0€30MacHOCTh 0€3 pHucKa JyIs
3aBUCUT OT COCTOSIHHSI IIPOJIOBOJIbCTBEHHBIX CUCTEM 9KOHOMHYECKHX, COIMAIBHBIX M HKOJIOTHIECKUX OCHOB
pa3nu4yHoro ypoBHsa. OHH OOBEAUHAIOT BCE DJIEMCHTEI Ut OYIYIIMX TTOKOJICHUIA.
(oxpyxkaromas cpefa, 10a4, (akTopsl IPOU3BOACTBA, B mocienHue roxel B MHpe IPOMCXOIUT Hapac-
MpOLEeCcChl, HHPPACTPYKTYpa, YUPEIKICHUS, PHIHKH H TaHHE YIrpo3 YCTOMYMBOCTH IPOJOBOJIBCTBEHHBIX
T. JI.) ¥ BUJIBI ACSTEIBHOCTH, CBSI3aHHBIE C IPOM3BOJA-  CHCTEM, CBSI3aHHBIX C BO3JEHCTBHEM BHEUIHHX ILO-
CTBOM, I1epepabOTKOM, paclpeaesieHueM, IPUroTOBIe-  KOB. [IpOJ0OBOJILCTBEHHbIE CHUCTEMBI YTPAaYMBAIOT
HUEM U NOTpeOICHNEM MPOJYKTOB MUTAHUS, a TAKKE CIIOCOOHOCTB YJJOBJIETBOPSATH TEKYIIHE MOTPEOHOCTH
pe3yJIbTaThl TON AESATEIBLHOCTH, BKIIOYAs CONMAIbHO-  HaceseHus. HapymeHue rioOanbHBIX IIE€NOYEK I10-
9KOHOMHYECKHE M dKosoruyeckue [1]. CTAaBOK, W3MEHEHHWE KIUMaTa, POCT 4YHCJa JIOKalb-

B 3aBucHMOCTH OT BHYTPEHHHX M BHELIHHUX YIPO3,  HBIX KOH(MJIMKTOB, YKOHOMHYECKHE KPH3UCHI, HaJH-
CTaauU XKMU3HEHHOTO IHKJIa, 00beMa pecypcoB M ka-  uyme mpobieM c mepemenieHneM pabodell CHIHI,
YecTBa YIPABICHUS IPOJOBOJBCTBEHHBIE CHUCTEMbI MPOBEJCHUE JKCIEPUMEHTOB, Hapyllawiux O0node-
00J1a71at0T Pa3HBIMU BO3MOXKHOCTSIMHU I10 YAOBJIETBOPE-  30MACHOCTb, U T. . 00YyCIaBIMBAIOT HEOOXOAUMOCTD
HUIO MOTpeOHOCTEH Jfo/iel. Y CTOHUNBBIE MPOJOBOIb-  aJalTalid K CIOXHMBIIMMCS BHEINIHUM IIOKaM H
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TpaHcoOpManuu KakK TPOJOBOJHCTBEHHBIX CHCTEM
B 1I€JIOM, TaK U UX OTJCIbHBIX yacTen [2, 3].

Y9acTHUKU TPOTOBOIHCTBEHHBIX CHUCTEM IpHUMe-
HSIOT Pa3IMYHbIC MOAXOABl K IMPEOJOJCHUI0 CcOOEB.
Hawnbomee pacripocTpaHEHHBIMHU TIOIXOIaMHU SIBISTFOTCS
HMIIOPTO3aMelIeHNne, 3aMeHa PECypCcOB U TOCTABIIHU-
KOB, M3MEHEHHE TEXHOJOIMA M BHEIPEHHUE HOBOIO
000pyA0BaHUsI, SKOHOMHUSI PECYPCOB, COBEPIICHCTBOBA-
HUE JOTUCTHKH, TIepernpohuInpoBaHue IPOU3BOICTBA
1 MepEex0/ Ha BRIITYCK HOBBIX BUAOB IPOTyKIIHH.

[MuieBas TPOMBIILIEHHOCTD SIBISETCS OJIHUM W3
SJIEMEHTOB TPOJOBOJECTBEHHON CHCTEMBI CTpaHBEI.
OHa BKIJIOYAET KOMILIEKC OTpaclieil, OCyIIeCTBISIO-
X nepepaboTKy MPOAYKIHHA CEThCKOT0 M JECHOTO
X035 CTBa, phIO0JIOBCTBA JIJIsl H3TOTOBJICHHUS MUIICBOMN
MIPOAYKITUH;, O€3aTTKOTOIBHBIX H AIKOTOJIFHBIX HAITHUTKOB,
MUHEPaJIbHBIX BOJ, MMBA U BUHA; TA0AUHBIX H3ICIIHI;
WHTPEIMEHTOB M KOMIIOHEHTOB [JIsi MPOU3BOJICTBA
MHIIEBON MPOJAYKIIMU; KOPMOB U KOPMOBBIX T00aBOK
U T. .

B Poccun uMnynbc pa3BUTHIO NULIEBON MPOMBILI-
JneHHocTH 06l 1ad B 2014 1. B OTBET HA IIOKH, CBSI3aH-
HblE C BBEJEHHEM CAHKIUN U KOHTpcaHkIui. Ilepen
0Tpaciibi0 OblIa MOCTABJCHA 3aja4a MO MOBBIIICHHUIO
YpOBHSI cCaMO00OECTICYeHHOCTH CTPAHBI IPOJAOBOIBCTBUEM,
KOTOpast ObljIa JOCTATOYHO YCIIEIIHO BHITTOJTHEHA.

I[To mamaeiM Poccrara, 1Mo BceM MOABHAAM €S-
TETbHOCTH, OTHOCHMBIM K TPOU3BOJCTBY MHIIEBOM

npoxykmud, B 2021 1. mo otHOmIeHno k 2015 r. Habmr0-
JIQJTHCh TTOJIOXKUTEJIbHBIE TEMITBI POCTa 00BEMOB MPO-
n3BozACTBa (Tabn. 1, mo maHHBIM caiita https://rosstat.
gov.ru/enterprise_industrial). HanGosee BbICOKHE TEMbI
pocTa OBIIM IPOJIEMOHCTPUPOBAHKI B TAKKX cepax, Kak
nepepadoTKa U KOHCEPBUPOBAaHUE PPYKTOB U OBOIIEH
(180 %), MpOM3BOACTBO TOTOBBIX KOPMOB ISl )KMBOT-
HBIX (170 %), mepepaboTKa H KOHCEPBUPOBAHHE MsCA H
MsicHOU munieBoit mpoaykuuu (140 %), mpou3BoICTBO
PACTUTENBbHBIX U KUBOTHBIX Macel U xupos (140 %).

[To nanubiM PoccraTa, 1051t *UMIIOPTa POJIOBOIBCT-
B B 00ImeM oO0beMe TOBapHBIX PEeCcypcoB MO OOIb-
IIMHCTBY BUJIOB MPOJOBOJILCTBUS cHUXkanack ¢ 2008
mo 2021 rr. (puc. 1, mo maHHBIM caiiTa https://rosstat.
gov.ru/folder/11188). Jlons uMmopTa Msica U MTHIIBI,
BKJTIOYasi CyOIPOIYKTHI, COKpaTmiach B 8,26 pasza 1o
5,3% (B 2014 . — 19,6 %), MACHBIX KOHCEPBOB — B
2,16 pa3a 1o 8,7 % (8 2014 r. — 13,7 %), pacTUTEIBHBIX
Mmacen — B 1,94 paza o 16,1 % (8 2014 r. — 14,4 %), cbI-
poB — B 1,37 pa3a g0 30,1 % (8 2014 r. — 37,3 %), KOH-
nuTtepckux u3nenuit — B 1,29 paza 10 8 % (8 2014 1. —
9,3 %). CoxpaHuiach HU3Kas JOJIS UMIIOPTA IO TAKUM
ToBapaM, kKak kKoxbacusle uzmenus (B 2021 r. — 1,3 %),
myka (1,1 %), kpyma (1,2 %) u caxap (2,4 %). He3na-
YUTEJHHO BO3POCHIA AOJS MMIIOPTAa MO TaKUM TOBa-
pam, Kak >kuBoTHBIE Macina: ¢ 27 % B 2008 r. 1o 28,4 % B
2021 r.(B 2014 r. — 34,3 %) 1 CyX0e MOJIOKO ¥ CIIMBKH: C
30,0 % B 2008 . 10 30,2 % B 2021 1. (B 2014 1. — 49,4 %).

Tabnuma 1. Maaekcs Mpon3BOACTBa MUIIEBOH mpoayKiuu B Poccuiickoit ®enepannn 3a 2015-2021 rr., %
K IpeIbIAyLeMy TO1y

Table 1. Food production in the Russian Federation in 2015-2021, % of the previous year

HaumenoBanue Buga aesteapnoctr | 20151 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 . | 2021 k 2015 rr., %
IIpousBoacTBO mumeBbIX npoxykros | 103,8 103,5 104,6 103,6 104,1 103,1 104,2 130,0
TlepepaboTka U KOHCEPBUPOBAHUE 105,0 102,0 105,5 104,1 104,2 107,2 103,2 140,0
Msica ¥ MSICHOM ITHILIEBOM

MPOIYKIUH

IlepepaboTka U KOHCEPBUPOBAHUE 103,5 104,5 105,1 1074 101,6 98,6 106,4 130,0
PBIOBI, PakOOOPa3HBIX U MOJUTFOCKOB

[MepepaboTka 1 KOHCEPBUPOBaHHE 107,1 99,3 106,6 116,2 114,4 111,5 109,0 180,0
(bpyKTOB 1 OBOILLEH

IIpou3BoacTBO pacTUTENBHBIX U 103,5 114,9 111,0 92,5 110,7 110,2 94,0 140,0
JKUBOTHBIX MAacell H )KUPOB

IIpousBoacTBO MONIOYHOI 103,6 99,2 101,7 101,5 100.4 103.5 104,5 120,0
TPOIYKIUHU

[Tpou3BOACTBO MPOTYKTOB 103,0 100,5 101,8 103,8 100,0 101,8 101,7 110,0
MYKOMOJIBHOW ¥ KPYIISTHOM

MPOMBIIIICHHOCTH, Kpaxmasa

U KpaxMaJioCoIEPKAIIHUX MTPOIYKTOB

TIpousBoacTBO X1€000YTOUHBIX 102,3 106,4 102,4 101,9 102,3 97,2 102,1 120,0
¥ MYYHBIX KOHIAUTSPCKUX H3ICITUI

IIpou3BoacTBO MPOUMX MHUIIEBBIX 102,1 103.4 106,1 103.4 105.8 98,9 106,6 130,0
MIPOYKTOB

IIpou3BoACTBO rOTOBBIX KOPMOB 108,3 104,7 106,8 108,2 109,2 108,3 106,9 170,0
JUTS )KABOTHBIX

IIpon3BOACTBO HATUTKOB 98,1 103,6 100,2 101,7 105,0 101,5 109,5 120,0
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Pucynox 1. Jlons uMmopTa IpogoBOJILCTBUS B 00IIeM 00beMe TOBAPHEIX PECypCOB

Figure 1. Share of food imports in total commodity resources

Pa3BuTne numesoil npomslinieHHOCTH B Poccun
MO3BOJIMJIO HE TOJIBKO Y OBJIETBOPHUTH CIIPOC HA BHYT-
pEHHEM pBIHKE, HO M HapacTUTh MOTEHIHAJ IPOI0-
BOJIECTBEHHOTO dKcmopTa. B 2021 1. Mo 00BeMy 3KcTIop-
Ta JIUIUPOBAIU MojcoaHeuHoe Maciio ($3997,8 min),
parncoBoe macio ($987,3 miH) ¥ NIOKOJaJHbBIE H3Je-
nust ($864,2 muH) (o maHHBIM caiita https://myexport.
exportcenter.ru). IIepcIeKTHBE POCCUIICKOTO MPOJIO-
BOJILCTBEHHOT'O JKCHOpPTAa OCTAIOTCSl  OJIarompusiT-
HbIMH [4, 5].

Hecmotps Ha ycniexu MUIEBO# MPOMBIIUICHHOCTH,
OCTArOTCSI 3JIEMEHTHI MPOJOBOJIBCTBEHHOI CHCTEMBI,
CITy’Kalllle NCTOYHUKAMHU ySI3BUMOCTEH: TIPOU3BOJICTBO
OTEUECTBEHHOTO BBICOKOIIPOU3BOANTEIHLHOTO CEMEH-
HOro (hoH/1a U COBPEMEHHOTO 000PY/JOBaHHUS ISl U3T0O-
TOBJICHHS ¥ XpPaHEHUS ITPOAYKTOB MUTaHUS; pa3padoTka
MEepeoBbIX TEXHOJOTUH B cepe MPOU3BOJCTBA MPO-
JTyKTOB MUTAHUS ¥ HAITUTKOB; IIPOU3BOJCTBO MUKPOUH-
I'PEIMEHTOB U KOMIIOHEHTOB JIJIsl UX U3TOTOBIICHHS U TIP.

B ¢yHKIIMOHMPOBAaHWN COBPEMEHHOHN MHINEBON
MPOMBIIUICHHOCTH Ba)KHYIO POJIb HUI'PAIOT MHUKPOWH-
rpeauenTsl. [lo manHoi ToBapHOM rpynne Poccus
noka He oOpena HE3aBUCHMOCTh. Baknelmine rpyr-
Ml MHUKPOUHTPEINEHTOB MO0 BBIMYCKAIOTCS B OTrpa-
HUYCHHBIX KOJIMYECTBaxX (HampuMep, CTabMiIn3aTopsl,
TIOJICITACTUTEIN, APOMATH3aTOPHI U TIP.), THOO0 HE MPOU3-
BOAATCS BoOOIIE (HampumMep, JIMMOHHAs KHCIIOTA).
B pesynprare mpogOBONBCTBEHHAS CHUCTEMa CTPAHBI
MOJIBEpraeTcsi puckaM, 4to TpeOyeT HMPHHITHS Mep
M0 MPEOJOICHUI0 UMIIOPTO3aBUCUMOCTH U PA3BUTHIO
HOBBIX B TEXHOJIOTHYECKOM U MIPOJIYKTOBOM OTHOIICHHH
MPON3BOJICTB.

[eapto paboOTHI SBISIIOCH HUCCIIEIOBAHNUE PHIHKOB
MHUKPOMHTPEINEHTOB U UX BIHUSHUS Ha YCTOMYNBOCTH
MIPO/IOBOJILCTBEHHOW CHCTEMBI M BEIPAOOTKY OCHOBHBIX
HanpaBJIeHUI ToCy1apCTBEHHON MONJAEPKKHU MO pas-
BUTHUIO ITPOU3BOJICTBA MUKPOUHTPEIMECHTOB.
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OO0BbeKTHI U METO/IbI HCCJIEJOBAHUS

OOBEKTOM HCCIIEAOBAHNS BBICTYIIIINA TEHJCHINH
Pa3BUTHS PHIHKOB MHUKPOMHTPEIMEHTOB B KOHTEKCTE
YCTOWYMBOTO (PYHKIIMOHUPOBAHUS IIPOIOBOIHCTBEH-
HBIX CHCTeM. TeopeTHKO-MeTOq0IOTHYeCKON 0a30if
WCCJIe/IOBAHUsl SBJISNIUCH IOJIOKEHHUS TEOPHH MHp-
CHCTEMHOTO aHaJln3a, METOABI CPABHUTEIBHOTO U CTa-
TUCTUYECKOTO aHaJIn3a.

BrisBienne ocoOeHHOCTEH PBIHKOB MHUKPOHWHTpE-
JMEHTOB U MX BJIHSHUS Ha YCTOWYMBOCTH MTPOJAOBOJIBCT-
BEHHBIX CHCTEM SIBIIICTCS IICHTPAIbHBIM 3JIEMEHTOM
uccnenosanus. CucrteMaTH3anus npoOJIeM U TeHICHIIUH
9BOJIIOIIMOHNPOBAHUSI PHIHKOB MHUKPOMHIPEIHEHTOB
BBICTYIIACT BaXHBIM HaIllPaBJICHUEM TCOPECTUUCCKUX
WCCJIEeI0BAaHNHN, MAIOIIUM OCHOBY JUISl IPHHSATHS YII-
paBJIEHYECKUX PELICHHH MO CO3/JaHMI0 YCIOBUH IS
pa3BHUTHS KaK OTAEIHHOTO BUA JEATEIBHOCTH IO MPO-
M3BOJCTBY MHKPOUHTPEIUCHTOB, TaK U 00CCIICUCHUS
YCTOWYMBOCTH IIPOIOBOJIBCTBEHHON CUCTEMBI CTPAaHbI
B uenoM. Ilo pesynbraTtaM Hcclie[JoOBaHHs Ipeasia-
raloTCsi OCHOBHBIC HAIIPaBJICHHUS TOCYAapCTBEHHOM
MOJJICPKKK O PAa3BUTHIO OTEYECTBEHHOI'O IPOM3-
BOJICTBAa MUKPOWHTPEIUCHTOB U KOMITOHEHTOB ISl UX
N3TOTOBJICHUA.

B paccmarpuBaeMOM KOHTEKCTE pacCIIUPSIIOTCS
rpaHuisl uccaenoBanust. C 0HOW CTOPOHBI, HOBBIE PY-
0eXM OTKPBIBAIOTCSI M3-32 00OCTPEHHSI HEPEIICHHBIX
paHee mpo0JyieM BBICOKOM 3aBHCHMOCTH OTEUECTBEH-
HOM MUIIEBOH MPOMBIIIJICHHOCTH OT 3apy0eXHBIX MPO-
M3BOJUTENICH MUKPOUHTPEANCHTOB, YCUICHHS YyTPO3 B
CBETE€ MHP-CHUCTEMHBIX NMPOTHBOPEUYHH M HAapacTaHUS
mpo0iem raobdann3annuy 1 KOHGIMKTHOTO TOTeHIAAIa
B MOJUTHUYECKOW M 3KOHOMHYECcKO# cdepax. C mpy-
rof CTOPOHBI, OHU IPOUCTEKAIOT U3 U3MEHEHUMN, NIPO-
UCXOJSIIIMX B CTPYKTYpe CIpoca M MNPeI0KCHHS
TOTOBOM MPOTYKIMH U PECYPCOB ISl €€ N3TOTOBICHUSI.
DTO BBI3BIBAET HEOOXOIMMOCTb U3YUCHHS PHIHOYHBIX
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(hakTOpOB AN BBIPaOOTKH Mep TOCYIapCTBEHHOTO
pPEeryJIMpOBaHUsl PHIHKOB MUKPOWHTPEAMEHTOB B MH-
Tepecax oOecnedeHus yCTOWYMBOCTH IPOIOBOJIBLCT-
BEHHOI CHCTEMBI U TIPOIOBOIECTBEHHON O€30TaCHOCTH
CTpaHsbl.

B pamkax nmpoBOJMMOTO HCCIIEJOBaHUS MOHSTHS
«MHUKPOMHTPEIUCHTB» W «IIMIIEBbIE TOO0aBKH» HC-
MOJIB3YIOTCSI KaK MMEIOINE CXOXYI0 CMBICIOBYIO Ha-
rpy3Ky. B HOpMAaTHBHBIX JOKyMEHTaX HNPHMEHSETCS
TepmuH «muieBsie go6aBkm» (FOCT P 52499-2005,
TP TC 029/2012, CODEX STAN 192-1995 u ap.).
[MumieBbie 700aBKM — 3TO JIFOOOE BEIICCTBO (MM
CMeCh BELIECTB), MMEIOLee WM HE HMeromee coo-
CTBEHHYIO NHUIIEBYIO [[EHHOCTh, OOBIYHO HE yIOTpeO-
J5ieMO€ HETOCPEJICTBEHHO B IUILY, U PEAHAMEPEHHO
UCII0JIb3yeMO€e B ITPOU3BOJICTBE IMHUIEBOIM MPOLYKIIMH
C TeXHOJIOTHYECKOH 1enbto (pyHKIMeH) obeciedeHus
MIPOIECCOB MPOU3BOJICTBA (M3TOTOBIEHUS ), IEPEBO3KU
(TpaHCTIOPTUPOBAHMS) ¥ XpPAaHEHHS. DTO MPUBOJUT UIH
MOJXKET IPHUBECTH K TOMY, YTO JaHHOE BELIECTBO WJIH
MPOAYKTBI €r0 MPEBPALICHUH CTAHOBSITCS KOMIIOHEH-
TaMM TUIIEBON MPOAYKIUHU (K MUIIEBBIM J00aBKaM
HE OTHOCATCS BUTAMHHBI, MHUHEpaJbHBIC BEIIECTBA,
AMUHOKHUCIIOTHI, MUIIEBbIC BOJOKHA H TIP.).

Wudpopmannonnyo 06a3y wuccienoBaHus o0pazo-
Banmu Matepuansl PepepaiabHON CiyKOBl rocyaapct-
BEHHOU cTatucTuku, PDenepanbHOM TaMOXXEHHOU
cy>x0b1, Poccuiickoro 3KCIOpTHOTO LEHTPA, PCHTHH-
TOBBIX ¥ HH(OPMAIIMOHHBIX areHTCTB, OTYETHI U aHAJIH-
tuueckue Matepuansl OOH, IIpogoBonbCTBEHHON U
cenbckoxo3sicTBeHHON opranu3anuu OOH (DAO) u
Coro3a nMpou3BOAMTENEH MHUILEBBIX WHI'PEIUEHTOB U
JaHHBIC, OMTyOJIMKOBAHHBIC B POCCHUICKUX U 3apy0ex-
HBIX MEPUOJNYECKUX U3AAHUSX.

Teopernyeckyto 0a3y wucCClelOBaHUS COCTaBH-
au  paboTel 1o mnpobiieMaM (YHKIMOHUPOBAHUS
MIPOJIOBOJIBCTBEHHBIX CHCTEM U TPOJOBOILCTBEH-

HOM OeszomacHoctu (B. [armm, I'. Manopmxuo,
®. Mapanron, K. Axkemu, [I. Mrionnep, C. UYo,
I'. Yoit, b. Kemmepnunr, K. lerrep, JI. Bupkyc u
np.) [6-9]. HccnemoBatenbckoe IIOJE OXBATHIBACT
BOINPOCHI COJEPKAHUS M (PAKTOPOB YCTOHYHBOCTH
MPOJJIOBOJIBCTBEHHBIX CHCTEM.

Bompocel  pa3BuUTHS ~ TPOU3BOJACTBA  MHUKPO-
WHTPEAUEHTOB [JI NHIIEBOW MPOMBINIIECHHOCTH
paccMaTpUBAaIOTCS B KOHTEKCTE OICGHKH TEKYyIIe-
IO COCTOSHHUS, TPOOJIEeM ¥ TEPCIEeKTHUB Pa3BUTHUSA
(T. A. Huxudoposa, A. II. Heuaes, C. B. Kpayc,
T. B. CaBenkoBa, II. A. CemenoBa, E. A. Eropos,
C. K. Kynxesa, E. B. Jlucosas, E. Il. BuxtopoBa u
np.) [10, 11]. Ocoboe BHHMaHHE HCCIeIOBaTEICH
yAensieTcss BOINpPOCAaM MOHOIOJMCTHYECKOH Biac-
ti. [IpoGieMbl MOHOIOJIBHOTO IIEHOOOpPa30BAHUS
U IICHOBBIX «ITy3bIpeli» Ha PBIHKAX MUIIEBBIX MUK-
POMHTPEANEHTOB BBICTYMAIOT OJHUM W3 HOBBIX
HanpapieHuil uccienoBanunii (X. Xan, U.-B. Cy,
A. Xypmmmn, M. ¥Ymap, H. B. Ocoknna u np.) [12, 13].

Pe3yabTaThl 1 MX 00cy:K1eHHe

BonbmMUHCTBO COBpPEMEHHBIX MPOAYKTOB MHUTa-
HUA MPOU3BOAUTCS C HCIOIB30BAHUEM MHUKPOUH-
rpeaueHToB. WX mnpuMeHeHHE TMpH3BaHO obecre-
YHBaTh 9KOHOMHUYECKYIO M TEXHOJOTHYecKyo 3 dex-
THBHOCTB IIpOIlecca MPOU3BOJCTBA, OE30MACHOCTh U
Ka4eCTBO BBIIIYCKAa€MOM NUILIEBON NPOAYKIIUH.

MUKpOMHTPEIUEHTHl MOTYT OBITH TPHUPOJHBIMH,
UJEHTUYHBIMU HPUPOJHBIM HIU HCKYCCTBEHHBIMH
(cuHTeTHUYECKMMHM) BemiecTBaMH. [ pynmbsl MHUKPOUH-
I'PEIMEHTOB TpEACTaBJIeHbl Ha pucyHke 2. Hecmort-
psg Ha TO YTO OCHOBHAs HAIPaBIECHHOCTb MUKPOHUH-
IPEIMEHTOB — 3TO YJIy4IIEHHUE, PETyIMPOBaHUE BKyca
1 KOHCHUCTEHIUMU IPONYKTOB U YIJIUHEHUE CPOKOB
XPaHEHUs1, U3BECTHBI IIPUMEPBL, KOIJJa OHY BBIIIOJIHSIIN
«CUTHAJIbHYI0» (YHKIMIO W NMPUMEHSUIHCH IS TPHU-

I'pynnbsl MUKPOMHIPeIEHTOB

Bemecrtna,
Bermectsa, ynyuaromue PperyHpYyIOIIUe BKYC
BHELIHUIA BH/| MHIIEBBIX MPOAYKTa
MIPOIYKTOB (KpacuTel, (apomatu3zaropsl,
oTOenMBaTeNH, (PUKCATOPHI BKYCOBBIC 10OABKH,
nBera, 100aBKH, MO/IC/IAIIUBAIOIINE
MEePIISATCTBYIOIIHE BEIIECTBA, KUCIIOTEHI,
KOMKOBaHHIO, U 1p.) PperyIsSTOpBI
KUCJIOTHOCTH U JIp.)

Bemectsa.
B TBA, i
o znliec}o e YBETMYMBAIOIIUE
ioH};HcI;}e,H LLIfI o COXPAaHHOCTh POAYKLMH
it Gop :(-)[ e (KOHCEpBaTOPEI,
PMHUPYIOLL AHTHOKHCIIUTENH,
TEKCTypy (3arycTuTeny, BIIArOYyACPKUBAIOLIHE
reneo0Opa3oBaTeli, KOMIIOHEHTHI
9
CTaOHIIH3ATOPBI, IJIEHKOO6PA30BATENH
SMYJIBIaTOPHI U AP.) W 1p.)

Pucynox 2. I'pynmnbsl MUKPOUHIPEIUEHTOB

Figure 2. Groups of micro-ingredients
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HYAUTENHHOW MapKUpOBKH mpoxaykmuu. B 1902 1. B
CHIA B oTHENbHBIX MITaTaX OBUIM MPUHSTHl 3aKOHBI,
TpeOyroue OKpalIMBaHUg MaprapiuHa B HEIPUIJISTHBIN
PO30BBIN IIBET, HO BIOCIEACTBUH «PO30BBIC 3aKOHBD)
OpuTH OTMEHEHHI (1967 1.).

CyuiecTByeT JBE pa3HOHANpAaBJICHHbIE TEHJIEH-
MU B Pa3BUTUU INPOJOBOJILCTBEHHBIX CHUCTEM, OKa-
3BIBAIME BIMSAHWE Ha PBIHKM MUKPOMHTPEAMCHTOB.
IlepBast TeHaeHIUs HampaBlieHa Ha YyJClIeBICHUE
MPONYKTOB MHUTAHUA, TOBBIIICHHE WX ITOCTYMHOCTH
U YCTpaHEHHME TOJI0Jia, MPEXJe BCEro, B HaMMEHEE
Pa3BUTHIX CTpaHAaX.

B 2015 r. rocynapcrBamu — uinenamu OOH Oblia
npuHsaTa [loBecTka MHA B 00JACTH yCTOWYHBOTO pas-
BUTHA Ha nepuoj 10 2030 r. ITnanuposanocs k 2030 r.
MOKOHYUTH C T'OJIOJIOM M 00ECleunuTh BCEM, OCOOCH-
HO MaJOMMYIIMM U YA3BUMBIM I'DyNIaM HaceJleHHs,
KPYTJIOTOAMYHBIN TOCTYH K 0€301acHOM, MUTaTeTbHON
U JOCTaTOYHOH 10 0O6bemMaM MuIe.

Pacnpoctpanernocts Heoenanus ¢ 2015 mo 2019 rr.
ocTaBaJlach IPUMEPHO Ha OJTHOM ypOBHE — O0K0JIO 8 %.
B 2020 r. moxa3zarens Bo3poc 10 9,3 %, a B 2021 1. —
10 9,8 %. B 2021 . B Mupe HacuuThIBanoch ot 702 mo
828 mutH rononaromux (¢ Havana mangemun COVID-19
UX KOJUYECTBO BbIpocio Ha 150 MiH venosek). B y-
CIIOBHSIX YMEPEHHOTO WU OCTPOTO OTCYTCTBHUS IIPO-
JIOBOJLCTBEHHOM 0€30MAaCHOCTH KU 2,3 MIIPA Yelo-
BEK, B OCHOBHOM xutenn Appuxu u Asun [14]. K maro
2022 r. negoenanu yxxe 869 muH uenoek [15]. Ognako
JIBUYKEHHE K JOCTHXKEHUIO 1eJIel YCTOMYMBOIO Pa3BUTHS,
CBSI3aHHBIX C JIUKBUJAIKCH ToJI0a KaK KpaitHe# dhop-
MbI OTCYTCTBHSI NPOJIOBOJILCTBEHHON 0€30MacHOCTH,
MPHOCTAHOBUIIOCH.

['1oGasnbHBI MHAEKC HPOJOBOJILCTBEHHOW 0€30-
MacHOCTH, pa3padboTanublii Economist Impact npu nox-
nepxke Corteva Agriscience, pamkupytomuii 113 crpan,
JIEMOHCTPHUPYET CHH)KEHUE YPOBHS IPOJIOBOJIBCTBCH-
Holt 6e3omacHocTH B Mupe [16]. [IpuunHbI CHUXKEHUS
MPOJOBOJILCTBEHHOW 0€30MacHOCTH HCCIe0BaTENN
BUJSIT B CTPYKTYPHBIX MpoOiieMax rio0aabHOM mpo-
JIOBOJILCTBEHHOM CUCTEMBI, BBI3BAHHBIX TJ100albHOMN
HECTaOMIIbHOCTBIO, U3MEHEHUSIMU KJIIMMATa, HEJIOCTaTKOM
WHBECTHIINH B MCCIIEIOBAHMSI CEIbCKOXO035ICTBEHHOTO
npoduiis U pacTyllMM HEpPaBEHCTBOM M HEYCTOWUH-
BOCTBIO I[eTOYeK MocTaBOK. CHTyanusi ¢ MPOJTOBOIb-
CTBEHHOMW 0€301aCHOCTHIO B PAa3HBIX CTPAHAX pa3inya-
ercs. B 2022 r. cpennunii 6amn mepBBIX AECSATH CTpaH
(Ounnaugus, Upnanaus, Hopserust, @pannust, Hunep-
nannel, Anonns, Hserus, Kanaga, Benmukobputanus
u [lopTyranus) ObuT B 1Ba pa3a BbILIE, YEM Y CTPAH U3
HwkHel gecatku (Konro, Cynan, Benecyana, Hurepus,
Bypynmu, Manarackap, Cheppa-Jleone, Hemen, Nantu
n Cupus).

HeratupHoe BiMsHHE Ha YCTOWYMBOCTb IIPOJO-
BOJIbCTBCHHBIX CHUCTEM OKa3bpiBaeT WHGusus. s
2022 r. xapakTepeH pe3KUH pOCT YpPOBHS LIEH Ha
MPOJIOBOJILCTBUE, O0YCIIOBJICHHBII HU3KUM YPOBHEM
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OTHOIIICHHS 3aMTacoB K MOTPEOICHUIO, BRICOKOW CTOHU-
MOCTBIO DHEPrOpecypcoB M yAoOpeHUH, MmiIoxoil mo-
roJloii B CTpaHax-NMpPOU3BOAMUTEISAX, yCYryOieHHeM
MEXIyHapOIHBIX KOHMINKTOB W HAPYHICHHUEM MEK-
JIYHapOJHBIX TOBAPONPOBOAALIUX Henouek. Cutyauus
yCyryOmnsieTcss BBEICHHEM CTpaHaMH-IKCIIOpPTEpaMu
NIPOJOBOJBCTBUSL BPEMEHHBIX 3aIIPETOB Ha 3KCIHOPT
OTACNBHBIX BHUJIOB MPOAYKTOB (IIICHUIIBI, prca, IO~
COJIHEYHMKA, caxapa u T. 11.) [14]. PocT 11eH Ha nipono-
BOJILCTBHE BBI3bIBACT OECIIOKOWCTBO TPayKaaH, KOTOPbIC
TPaTAT OOJBIIYIO YACTh CBOET'O J0XOJa Ha IMPOTyKTHI
MHUTAHUSL.

W3-3a CHMXKEHUA TMOKyHaTeIbHOH CIIOCOOHOCTH
moTpeOuTeNe M pocTa YHciIa TONOJAOMHUX B MUpPE
Oyner pactu cmnpoc Ha Oosiee JenIeBBIE MPOJYKTHI
MUTaHUS, @ TAK)KE MOBBICUTCS BOCTPEOOBAHHOCTH TEX-
HOJIOTHH HX MOJY4YeHHs. DTO 03HAYAET, UTO CIIPOC Ha
MHKPOWHTPEIUCHTEl OyaeT pactdu. VX wmcmonb3oBa-
HHE TMO3BOJUT YMEHBIIUTH (CIEepKaTh) POCT I[EH Ha
NPOAYKThHl IUTAHUS 33 CUET COKPAIIEHUS IPOJOJIKHU-
TEJIBHOCTH TEXHOJOIMYECKOro LMKJA, CHUXKEHUS
MOTeph, YBEJIMUECHHUS CPOKOB FOJHOCTH, UCIOIB30Ba-
HUSI HOBBIX BUJIOB CBIPbSI M BBEACHMS HOBBIX BUJIOB
NPOIYKIHUH.

BTopas TenaeHuus pa3BUTUS MPOJOBOIbCTBEHHBIX
CHCTEM HaIlpaBJIeHa Ha yIOBJIETBOPEHUE OTpeOHOCTEH
HAaCeJICHH ¢ BEICOKUM YPOBHEM JI0X0/1a B OC30TaCHBIX,
KAYeCTBEHHBIX, MOJE3HBIX W WHIMBUIYaJIU3UPOBAH-
HBIX TPOAYKTaX TNWUTaHusA. JIsg HaHHOW TPyIIIbI
MOTpeOuTeNel BaKHBIM SBIAETCS OKOJOTHIHOCTH
MPOM3BOJICTBA, HCIIOJIB30BAaHUE IepepadaThIBACMOM
ymakoBkH u T. A. KadecTBO mpogoBONBCTBUS pac-
CMAaTpUBAaEeTCsA KaK MIMPOKOE MOHATHE, KOTOPOE O0B-
€IUHSET METOJbl MPOU3BOJCTBA, KAUECTBO CHIPbS U
WHTPEIMEHTOB, MPUBBIYKU MUTAHUS U TIP. B 9TOM KOH-
TeKcTe obecleunBaeTcs COBEPUICHCTBOBAHUE MPOJO-
BOJILCTBEHHBIX CHCTEM B pPycCJ€ KOHLUENUUHU YCTOM-
YHMBOT'O Pa3BUTHS, @ TAK)KE Y)KECTOUAIOTCSI TPEOOBAHUS
K KaueCTBY NMPOAYKIIUU U e 0e30TTacCHOCTH.

Habupaer momymsiprocts monxon «EmmHoe 31m0-
pOBbE», Mpeanojaralouil pacCMOTpEeHUE MUINH He
TOJIBKO C TOUKH 3PEHUS IMUTAaHUS, HO U KaK dJIEMEHTA,
HCIIOTB30BaHUE KOTOPOTO MOXKET BECTH K OOJIE3HAM
nuieBoro npoucxoxaenus [8, 17-19]. Muorouucien-
HbIe MHUIIUATUBBI B JAHHOM HANPABJICHUU CBUIECTEIb-
CTBYIOT O TOBBIIICHHH KOMIUICKCHBIX TPEOOBAaHUN K
MPOJ0BOIBCTBUIO.

Ilox BiMAHHMEM BTOPON TEHIEHUUU NPOUCXOIUT
repepacnpeeseHue crpoca Ha MUKPOUHTPEIUEHTHI.
Habnromaercss MOCTENEHHBIH OTKa3 OT HMPUMEHCHUS
HCKYCCTBEHHBIX J00aBOK B IOJIb3y HATypajbHBIX,
pacliMpeHue CIeKTpa HCIO0JIb3YEMOT0 HaTypajlbHOIO
CBIpbSI U POCT NpOAaX MHKPOUHTPEIUEHTOB MJIsI
M3TOTOBJIEHUS IPOJYKTOB «IIPEMUYM» Kilacca.

PaccmaTpuBas pplHOK MUKPOMHIPEAUEHTOB, OCTa-
HOBHMCS Ha cuenu(uKe Crpoca W MpeIoKeHus. B
YHCJIe OCHOBHBIX (PakTOpPOB (IETEPMHUHAHT), KOTOpbIE
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BIUSIOT Ha W3MEHEHHE CIPOCa HAa MHUKPOMHIPEIU-
€HTBI, MO’KHO BBIJICIUTDH CIEIYONIHNE:

1. IIpon3BOHBIN XapaKkTep CIpoca Ha MUKPOUHTpe-
JIACHTHI.

[TockonbKy MUKPOHMHTPEAUECHTHI ABISIOTCS PECYpP-
COM IS M3TOTOBJIICHNUS MIPOAYKIIMH, TO CIIPOC HA HUX
SIBJISIETCS] IPOM3BOHBIM, T. €. 3aBHCSIIHUM OT CIIpoca
Ha TOTOBbIE TOBapbl. PocT cripoca Ha Mpoj0BOIbCTBEH-
HBIC TOBApbl, IPOU3BOAUMBIC C UCITOJIB30BAHUECM MHUK-
POMHTPEANEHTOB, XapaKTEPU3YETCsI CIETyIOINMHI 0CO-
OCHHOCTSAMU:

— yBeJIMYeHUEe 00BEMOB MOTPEOICHUS NMPOAYKIHU B
CBSI3U C POCTOM YHCJIEHHOCTH HACEJICHHsI U CIIPO-
ca Ha MuKpowHTpeaumeHTH. CorjacHo aeMorpadu-
yeckuM nporrozam OOH k 2050 r. ynuciaeHHOCTh Ha-
CeJICHMSI MHMpa yBEJIMUYUTCS Ha 2 MIpPJ YeJoBeK (110
9,7 MIIpI 4eIOBEK), a K KOHILy CTOJIETHSI JOCTUTHET
noutu 11 MIps yenoBex;

— YBEJIMUEHHUE CIPOCa Ha TOTOBBIE K YIOTPEOICHHIO
MPOAYKTB, MHPOAYKTHl OBICTPOrO MPHUTOTOBIICHUS,
YIMYHYIO €1y U TPOAYKTHI, MAaKCHMajabHO YyIOOHBIE
B notpebnenuu. ITangemus COVID-19 cnocobcerBo-
Bajla YBEIWYCHHWIO CIIPOCA HAa KOMIUIEKCHBIE CMECH
JUISL TIPOM3BOJICTBA TOTOBOH MHIIEBOW NPOIYKIIMH
B JIOMallHUX YCJIOBHUSIX U 3aMOPOKCHHBIE H3/EIHs,
COXpaHSIOUINE CBOM KauyecTBa Mociie AeppocTanuu.
[Ipu n3roToBIEHNN TAHHBIX MPOJYKTOB HCIIOIB3YIOTCS
N00aBKH, YJYYIIAIONINE W PEryJIUpyIOIHe BKYC H
KOHCHUCTECHIMIO TPOJYKTOB, a TaKXe YyIIUHSIONINE
CPOKH XpaHEHUS;

— POCT crpoca NoTpeduTeNnel Ha FK30THUECKHE, STHUIEC-
KHE ¥ YHUKaJIbHBIC TPOTYKTH. Bece waime cranoBsATCs
BOCTPeOOBAHHBIMU MPOJYKTHI C HHHOBAIIMOHHBIMH BKY-
caM{ M apoMaTaMU U NMPOAYKTHI, KIIACCHUECKHIl BKYC
KOTOPBIX JOITOJHEH HEOOBIYHBIMU KOM6I/IHaLII/I$IMI/I
(HampuMep, MUBO CO BKYCOM BHIIIHH FUIH ATIEIHCHHA).
JI1st poccHiCKOTO PBIHKA XapaKTEpHO OIpeeIeHHOe
«3amaz/ibiBaHue» B (OPMUPOBAHUH MTOTPEOUTEIHCKUX
NPEANOYTEHUH, B PE3yJIbTAaTE YErO0 MUPOBBIE TPEHIbI
MIPOSIBIISIFOTCS € 33A€PKKOH. B pe3ynbTare pocT cipoca Ha
OTIpE/ICTICHHBIC BU/IbI MHIPEIUEHTOB TAKXKE IPOSIBIISCTCS
C OIpeJIeJICHHBIM BPEMEHHBIM JIaroM;

— POCT TOMYJSPHOCTH CEKTOPa HU3KOKAIOPHIHBIX
MPOAYKTOB, BETAHCKHUX U BETECTAPUAHCKUX MMPOJAYKTOB,
MPOJYKTOB, OTBEYAIOMINX HACOIOTHH 3J0pPOBOr0 00-
pa3a )KM3HM ¥ UMCIOIINX YIYYIICHHBIH MUTaTeIbHbIH
npoQHIb ¥ «UYUCTYIO 3THKETKY» C «HATYpajIbHBIM)»
cocTtaBoM. TeHIeHIMY pa3BUTUsl BKYCOapOMAaTUKU BCE
Oonpmie GOKyCHPYIOTCSA HA HATypPalIbHBIX HHTPEINCH-
Tax, B MEPBYIO OYEPE]lb, PACTHUTEIBHOTO MPOUCXOXK-
JeHusl. Bo MHOTHX KaTeTopHsiX NPOAYKTOB MUTAHUS U
HAIUTKOB PacTeT HHTEPEC K PACTUTEIbHBIM apOMaTaM.
Jlng mpuBnedeHuss moTpeOuTeNned MPOU3BOIUTETH
«O3ENEeHSI0T» MPO(UIN BKYCOB, IPUMEHSI apoMaTH3a-
TOPBI MOPCKHX BOAOpOCIHEH, rpudoB, cenbaepes, Oproc-
CeNbCKOM KamycThl U Ip.;
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— pOCT MOTPEOHOCTH B KAaCTOMH3WPOBAHHBIX MPOIYK-
tax. [Torpeburenu Bce yamie BHIOMPAIOT MIPOAYKTHI, B
KOTOPBIX BUIAAT HHI[HBHZ[yaﬂbeIﬁ noaxoa K CBOEMy
o0pazy xu3HH. HANBHAYyanu3ays NPOJyKTa YCIIEIIHO
OCYIIECTBIISIETCS C MCIOIB30BAHNEM COOTBETCTBYIOIINX
MHKPOHMHIpeIMEeHTOB. Bee Dosiee akTyanbHBIM CTAaHOBUTCS
BOIIPOC CO3JaHHs MPOAYKTOB MUTAHUS C 3alaHHBIMU
CBOICTBAaMU M XapaKTEPUCTHKAMU;

— pocT crpoca Ha KOpMa Ui AOMAaITHUX >KMBOTHBIX,
MPUTOTOBJICHHBIE C HCIIOJIB30BAHHEM apOMaTH3aTOPOB,
ycunuTenei BKyca u ap.

2. PocT 11eH Ha HaTypaJabHOE ChIPhE.

[{eHbl Ha TPOJOBOIILCTBEHHOE CHIPHE B MEPHOJ] C
2004 1o 2020 TT. AEMOHCTPHUPOBATH TOJITOBPEMEHHOE
CHI)KEHHE, HECMOTPS Ha CYIIeCTBOBAHUE NIEPHOIOB, B
TEUEeHHE KOTOPBIX MMed MecTo pocT ueH. B 2008 u
20102014 rr. mabmomancs pocT MEPOBOTO WHIEKCA
IICH Ha MPOJ0BOJILCTBHE, PACCYMTAHHOTO KaK CPEHHE
S3HAYCHUA HMHACKCOB IEH Ha IATH TOBAPHBIX TPYII
(Msico, MOJIOUHBIE W 3€PHOBBIC IPOIYKTHI, PACTH-
TeIbHBIE Macia, caxap), B 2004-2007, 2009 u 2015-
2020 rr. — ero nagenue. C 2021 r. HavaJCs CTPEMUTENb-
HBIM POCT II€H Ha MPOJIOBOJIBCTBUE, KOTOPBIH MpoO-
skuiiest B 2022 r., nocturnys 143,7 %. Junamuka Mu-
POBBIX IIEH Ha IPOJOBOJILCTBHE MPEACTABIIEHA B Tal-
nute 2 [20].

[lensl Ha HATypaJdbHOE CHIPbE BIHUSIOT HA CIIPOC
Ha MHKPOMHTPEAMEHTH. PaccMOTpMM cHTyanuio Ha
npuMepe BaHWJIMHA. PBIHOK BaHUIMU XapaKTepU3yeT-
¢ 0COOCHHOCTSMM, CBSI3AHHBIMH C (OPMHUPOBAHUEM
T. H. Iy3bIpeil (CUTyalnu, KOrjaa IMPOUCXOAUT IOCIIe-
JIOBATEJbHBIN POCT U PEe3KUi 00BaJI LIEH B ONPE/IeIICH-
HEIM meprox). HatypansHbIil BaHWIMH cuuTaeTcs (u-
3MYECKH, COLMAIBHO U TOJIUTHYECKH «HEHAJIEHKHBIM
HHTPECAUCHTOM, HWCHBITBIBAOIIUM KoJieOaHus ICH.
Hamnpumep, nieHa Ha BaHwinH konebanach ot $400 3a
kuiorpamm B 2003 r. o $30 3a xmorpamm B 2005 1.,
9TO OBLIO BBI3BAHO €r0 MEPENPOU3BOACTBOM. ITO
noOyuino QGepMepoB, BBHIPANIMBAIOMINX BaHWIb, II€-
PEKIIIOYUTHCS Ha JpYrue KyJIbTypbl, YTO MPHUBEIO
cHavasia K Ae(QUIUTY, a 3aTeM K PE3KOMY pPOCTY IICH.
Ilena BanuauHa, cocrapisomas $80 3a kujaorpamMm B
2014 r., Bo3pociaa g0 $600 B 2017 r. u3-3a BBICOKOTO
muposoro crpoca [12]. K 2019 r. nens! Ha BaHWJINH
PE3KO MOHM3MJIIKCH HAa TPETh M3-3a MePexo/1a KOMITaHUH
Ha MCKYCCTBEHHBIH BAaHWIMH U PEKOPAHOTO ypoOsKas
HaTypajbHOro BaHWJINMHA. C y4eToM CII0KHMBILIEroCs
YPOBHS LI€H U NPOJOJIKAIOLIEHCS TeHIEHIIUU UCIIO0JIb-
30BaHMS HATYPalIbHBIX HMHTPEIUECHTOB MHUPOBOH pBI-
HOK BaHminHa 10 2026 r. OymeTr pacTd B CpelHEM
Ha 5,8 % B roxa [21]. B nanHOM ciy4ae MpOUCXOIUT
UKINYECKOE KoJieOaHUEe CIpoca Ha MCKYCCTBEHHBIN
BAaHMJIMH B 3aBUCUMOCTH OT [I€H Ha HAaTypaJbHbIH. Oc-
HOBHBIC IMOCTABIIWKN BaHUJIMHA HAIICJICHBI HAa YBEJIU-
YEHUE MPOU3BOJICTBEHHBIX MOIIHOCTEH, 4TOOBI y/10B-
JIETBOPUTH CIIPOC. YTIOp JeaeTcs Ha NCIOJIb30BaHHE
BO300HOBIISIEMOTO CBHIPbSl U OMOTEXHOJIOTHH.
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Tabnuua 2. MHAEKCH MUPOBBIX LIEH Ha MpoaoBosbcTBUe B 2004-2022 TT.

Table 2. World food price indices, 20042022

Wupexcel ien ®AO Ha IpoJOBOIBCTBHE

l'og | Wupekcel ieH Ha MpoJoBOJIbCTBUE | Msico Mouounsie npoaykTel | 3epHoBble | Pacturenbhbie Mmacna | Caxap
2004 65,6 67,6 69,8 64,0 69,6 443
2005 67,4 71,8 77,2 60,8 64,4 61,2
2006 72,6 70,5 73,1 71,2 70,5 91,4
2007 94,3 76,9 1224 100,9 107,3 62,4
2008 117,5 90,2 132,3 137,6 141,1 79,2
2009 91,7 81,2 91,4 97,2 94,4 112,2
2010 106,7 91,0 111,9 107,5 122,0 131,7
2011 131,9 105,3 129,9 142,2 156,5 160,9
2012 122,8 105,0 111,7 1374 138,3 1333
2013 120,1 106,2 140,9 129,1 119,5 109,5
2014 115,0 112,2 130,2 115,8 110,6 105,2
2015 93,0 96,7 87,1 95,9 89,9 83,2
2016 91,9 91,0 82,6 88,3 99,4 111,6
2017 98,0 97,7 108,0 91,0 101,9 99,1
2018 95,9 94,9 107,3 100,8 87,8 77,4
2019 95,1 100,0 102,8 96,6 83,2 78,6
2020 98,1 95,5 101,8 103,1 99,4 79,5
2021 125,7 107,7 119,1 131,2 1649 109,3
2022 143,7 118,9 142,4 154,7 187.,8 114,5

VYuutpiBasg pocT I1I€H Ha MPOJOBOJILCTBUE M Ia-
JICHUE JI0XOJIOB YaCTH HACEJICHUsS B MHUpE, MHIIeBast
MPOMBIIIIIICHHOCTh OYIET peraTh MpooieMy pocTa IeH
Ha HaTypaJbHOE CBHIPhE IyTEM €ro 3aMeHBI Ha Oosee
nemeBoe. Oxumaercss HapalMBaHUE HCITOIb30BAHUS
MUKPOUHTPEIUCHTOB.

Hcnonb3oBaHrEe HWHHOBALMOHHBIX TEXHOJOTHM
B 00JacTH MPOM3BOJCTBA W TMPUMEHEHUS MHUKPOWH-
TPEIMCHTOB, IMOBHIIICHUE YPOBHS UX 0E€30MIaCHOCTH
U KOM(MOPTHOCTH MPUMEHCHHS BEIACT K POCTy 3(-
(EeKTHUBHOCTH HCIIOIB30BAHUSI PECYpPCOB M 00BEMOB
MPOM3BOJICTBA TMPOAOBONBCTBUA. [loaTOMy clemyer
0KHUJATh POCT CIpoca Ha MHUKpPOUHTpenueHThl. C
TOYKH 3pPEHUS MPOM3BOAUTENEH Ba)XXHO, YTOOBI NpH
W3TOTOBJICHUH MPOIYKTOB HCIIOJIB30BAHUE MUKPOWH-
FPEMEHTOB ONTUMHU3UPOBAIIO TEXHOJIOTHYECKUM TTPO-
mnecc, He TpeOOBAJIO CHENHATBLHOTO0 000PYIOBAHUS U
YIAY4IIago uX CBOWCTBA.

IIpennoxxeHnre MUKPOUHTPEIUECHTOB, KaK U CIPOC
Ha HUX, IpeTepreBaeT u3MeHeHus. Ha perHKax MUK-
POUHTPEIHECHTOB KOHKYPUPYIOT CICIHATH3UPOBAH-
HbIC KOMITAHHUHU-TIPOU3BOIUTEIIH, MHOTONPOQUIbHBIC
XUMUYECKHEe KOHIIEPHBI M MEJKHE IPOU3BOJUTEIH.
KonTpons Ha maHHOM pBIHKE O00ECIICUMBACTCS TJIO-
OanpbHBIMHU KOMIaHusMu [ 13].

Jlokanust TPOM3BOACTBA MHUKPOMHTPEIHEHTOB B
MuUpe u3MeHmIach 3a nociueguue 30 ner. Llentp ux npo-
M3BOJICTBA MOCTEMEHHO TepeMelniaeTcs u3 EBponsl u
Cesepnoiit AMepuku B Kutaii. B Kurae nmpoussoactsom
MUOIEBEIX J00aBOK 3aHUMaeTcs okono 850 mpeampu-
STHH, KOTOPBIMH MPOM3BOJIATCS C€XKETOJIHO OOJIbIIEe

20 000 nanmeHoBaHuit npoaykuuu [22]. HaGmronaercs
POCT MPOU3BOJICTBA MUKPOUHTPEIUEHTOB B MHnH.

B CCCP HacuuTBIBAIIOCH HECKOJIBKO IECATKOB
NPEANPUSITAN, BBIMYCKAIONUX MHUIICBBIC J00aBKH
(TpOM3BOACTBO MHUIIEBBIX KUCIOT — 15 mpennpusatui,
MTUIIEBBIX KPACHUTENCH — 4, abTUHATOB — 2, pocdarTos — 2,
9MYJIBraToOpoB — 1, apoMaTU3aTOPOB — 2, MEKTUHOB — 2
u 1. 11.). [locne pacmana CCCP onHa 9acTh MPOU3BOJICTB
ocTanach Ha TSPPUTOPHHU OBIBIIIX COBETCKUX PECITYOIHK,
a apyras npekpartuia cyuiectsoBanue [10]. B pe3ynbra-
Te 0O0JBIIOE KOIMYECTBO MHUKPOUHTPEAUEHTOB CTAJIO
noctaBiATbes B Poceuto n3 I'epmanun, CILIA, @panuuu,
Kwurast u npyrux ctpas.

Jo 2010-x rr. B cTpaHe ObLIIO Mo COOCTBEHHBIX
MPOM3BOJICTB MHUKPOWHTPEANCHTOB HM3-3a OOJBIIOTO
BBIOOpA M TOCTYITHOCTH MMIIOPTHBIX. 3aTeM Hadalcs
MTOCTEIEHHBIN MePexo0/1 OT MPOJaXk TOTOBBIX 3apy0Oek-
HBIX TTUIIEBBIX T00aBOK K CO3/IaHHUIO COOCTBEHHBIX. K
2019 r. HacCUUTHIBATIOCH HECKOJIBKO JECSITKOB OTEUECT-
BEHHBIX KOMIIAHUN-TIPOU3BOUTEIECH.

[To omrenke ncomHUTENBHOTO AUpeKTopa Coro3a mpo-
U3BOJUTENEH NUIeBbIX UHTpeaueHToB 1. CemeHOBOMH,
NpeNcTaBIeHHONW Ha HHGOPMAIIMOHHOM pecypce «bus-
Hec MHUIIEBBIX HHTpeaneHToB online» (urous 2020 T.),
B 2018 r. poccuiickuif PBIHOK COCTaBJsJ CBBIIIE
$3 mupa (moutu 750 TBIC. T), M3 KOTOPBIX OKOJIO
$1,9 mupa — umnopt. CerojHs BakKHEWIIHE TpPyI-
bl MUKPOMHTPEJUEHTOB JUOO BBIMYCKAIOTCS B Or-
PAaHWYCHHBIX KOJHMYECTBAX, JTUOO HE MPOU3BOIATCA
(TIeKTUHBI, aHTUOKCHIAHTHI, dMYJIbraTOPHI, MOIU(DU-
IUPOBAHHBIE KpaXMaJbl, JUMOHHASI KUCIIOTA U Jp.), B
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pe3ynbTaTe 4Yero OTEYECTBEHHBIH PBHIHOK IHIIEBBIX
MHUKOMHI'PEIUEHTOB OCTAETCS 3aBUCUMBIM OT UMIIOPTA.

Ha poccuiickoM pbIHKE MHKPOWHTPEINCHTOB
(OYHKIMOHUPYIOT OTEYECTBEHHBIC TPOU3BOJIUTEIIN:
000 «Kombunar Xwumuko-ITuimesoir ApomaTHKN,
AO «I'MOPJ1», OO0 «ACITACBUT», 'K «COKO3CHAB»,
00O «3enensie nuaun», OO0 «I'pynna Komnanuit
IITHU», AO «HMXK», OOO «Cxkopnuo-Apomary,
OAO «PEATOKCy», OO0 «23®PKO Iumessie Unrpe-
aueHTe, AO «3KO PECYPCy», OO0 «Pycckue Un-
rpeaueHTEY, OO0 «BKYCAPOM» u ap. B Poccun
TAaK)K€ JIOKAJIM30Bajld IPOU3BOACTBA TJ00AIbHbBIE
KoMmmaHuu — amepukanckas Cargill, Inc u Hemenkue
Dohler GmbH u Symrise AG. BoabIIMHCTBO KOMITAHHIA
BX0aUT B cocTaB Coro3a NMPOM3BOAMTENCH MUIIEBBIX
WHTPEMCHTOB, HAIIEJICHHOTO Ha CO/ICHCTBHUE PA3BUTHIO
MIPOU3BOJICTBA HHI'PEIUEHTOB B CTPAHE.

Pa3BuTHE OTEUECTBEHHOTO IIPOU3BOJICTBA CACPIKHU-
BaeTCs M3-32 BHICOKON 3aBHCHMOCTH OT 3apyO0eHBIX
MTOCTaBOK KOMITOHEHTOB JJIsi M3TOTOBJICHHUS MHUKPO-
WHTPEJUEHTOB U POCTa I[€H HAa HUX; HEAOCTATOUYHOTO
YPOBHS roCyZapCTBEHHOH MOJACPKKN U MHHOBALIMOH-
HOW aKTMBHOCTH ITPOU3BOIUTENCH; aIMUIHUCTPATHBHBIX
0apbepoB NpU BHEIPEHHHM HOBOH NMPOJIYKIHHU; HAPY-
IICHMS! JIOTUCTHYECKHX [ETIOYEK; KOHTPOJIS PEAIIPUSITHH

MUIIEBONH MPOMBIIIICHHOCTH WHOCTPAHHBIMH KOMIIa-
Husimu.  KoHTponupytonipe Ou3HEC OpUAHYECKHE
W (QU3NYECKHE JIMIA OIpPEAEIAIOT TOJUTHKY Ipo-
M3BOJACTBA M CHAOXEHUS MPOU3BOJCTB COOTBETCT-
BYIOIIUMH pecypcaMu, 3a4acTyl0 HHOCTPAHHOTO Mpo-
M3BOJICTBA.

B nawane HosiOps 2022 r. 3apyOexHble yupenu-
Tenu ObUTH y Takux KommaHmii, kak OO0 «IlerncuKo
Xonaunarcey, OO0 «Hectne Poccusin, OO0 «Mapcey,
00O «Kaprumn» u 1p. YacTh UX HUX BOLLUIM B PEUTUHT
Forbes.ru xpynHeHmmx KOMOAHUNW C WHOCTPaHHBIM
yuactueM, paboratomux B Poccun. Wudopmanus o
COBJIJIENIbIIaX KOMIIAHUH M MX JOJIIX B YCTaBHOM Ka-
nuTajge, MEcTe B peiiTHHTe, 00BbeMax BBIPYUYKH U ee
IUHAMUKE TpelncraBicHa B Tabmmie 3 [23,24]. B
YUCII0 KOMIIAHUH-THACPOB pPeHTHHTA MO 00BEMY BBI-
pyuku o uroram 2021 r. souumm OOO «IlencuKo Xoin-
nmuHTe» (13 Mecto), OO0 «Hectiie Poccus» (18 mecto),
000 «Mapcey» (19 mecto), OO0 «Kaprumm (22 mecto),
AO «Jlanon Poccus» (29 mecto), OOO «MynToH napt-
Hepe» («Koxa-Koma DitubuCu EBpaszus») (34 mecto),
AO «Ab Unb6eB Ddec» (39 mecto) u OO0 «IIuBosa-
peHHas kommanus «bantuka»» (41 mecto). Haxoxe-
HHUE B COCTaBe KOMMIaHUH 3apy0eKHBIX yUpeauTenei u
UCIOJIb30BaHKE 3apyO0eKHBIX OpeHI0B 00yClIaBIMBacT

Tabnuua 3. KoMmnanuu numeBoit mpoMbIIuIeHHOCTH Poccun ¢ MHOCTpaHHBIM yyacTieM B 2021 T.

Table 3. Russian food industry companies with foreign participation, 2021

Komnanus 3apyOeKHBIC COBIIA/ICIIBIIBI/ JOIIS Mecro B peiiTuHre Beipyuka B 2021 .,
B YCTaBHOM KalluTase Forbes xpynueitmmx | mupxa py6./n3mMeHeHue
KOMITaHHii ¢ B IIPOLICHTAX
HHOCTPaHHBIM 10 OTHOIICHHIO
y4acTuem, K IpebIIyIeMy Toxy
paboTarorux
B Poccuu

000 «ITerncuKo SVE Russia Holdings GmbH, I'epmanus/98,88 % 13 268,6/16,3 %
XonauHre» Frito-Lay Trading Company (Europe) GmbH,

settapus/1,12 %
000 «Hecte Société des Produits Nestlé S.A., [seitnapus/84,08 % 18 189,6/14,4 %
Poccus» Nestlé Deutschland AG, I'epmanust/15,92 %
000 «Mapcy Wm. Wrigley Jr. Company, CIIIA/62,78 % 19 155,5/11,4 %

Mars GmbH, I'epmanus/37,22 %

000 «Kaprumm Cargill International Luxembourg 2 S. ar.l, 22 130,9/20,0 %

JlroxcemOypr/100 %
AO «/lanon Poccusi» Dairy JV Holdings (Cyprus) Itd, 29 109,9/-0,7 %

Kurp/99,99 %
000 «MynToH Coca-Cola HBC Holdings B.V., 34 94,0/29,1 %
HapTHepC» Hunepnanaer/100 %
(«Koxa-Komna
DitubuCu EBpazus»)
AO «AB NubeB Ddec» AB INBEV EFES B.V., Hunepnauns1/90,68 % 39 85,4/11,4 %
Euro-Asien-Brauereien Holding GmbH,
I'epmanust/6,89 %
Bevmar GmbH, I'epmanus/2,42 %

00O «IluBoBapeHHas Carlsberg Sverige AB, I1Ienus/98,56 % 41 80,1/8,9 %
KomIanust «banTukan» Carlsberg Deutschland GmbH, I'epmanus/0,09 %
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TO, YTO KAa4YeCTBO W TMOTPEOUTEIHCKHE XapaKTEepHC-
THKH MTPOTYKTOB NMUTAHUS (a TAK)KE X COCTaB, BKIIOUYAs
MHUKPOUHTPEIMEHTHI) 3aBUCAT OT pelIeHus: OeHepuima-
POB, TIpecIeAYIOMINX HHTEPECH CTpaH 0a3MpPOBAHUS.

[IpuHATHE pemieHUs O MPEKPAIICHUH BBITYCKa
MPOJYKIMH 3apyOeKHBIX OPEHJIOB /1aeT BOZMOXHOCTh
MPOJBIKEHUS MPOAYKIIUNA POCCUUCKUX MPOU3BOIUTE-
neit. B mapre 2022 1. Coca-Cola HBC Holdings B.V. u
PepsiCo 00bsiBIIN 0 IpHOCTAaHOBKE paboThl B Poccuu u
MepeCcTain MOCTABISTh KOMIIOHEHTHI ISl IIPOU3BOJICTBA
HamuTtkoB Coca-Cola, Fanta, Sprite, Pepsi-Cola, 7UP
n Mirinda. DTu OpeHABl 3aHUMaIN 3HAYUTEIHHYIO
4acTh POCCUHCKOTO pbIHKA O€3aJKOTOJBHBIX HAIHT-
koB. Korma crtamo m3BecTHO 00 WX yXOIe, POCCHIA-
CKHME M 3apyOeXHble MPOU3BOJUTENIN CTaJH Ipeyia-
raTh HalUTKH-aHAJOru (Hampumep «YepHOrosoBka
Koma», Funky Monkey, Cool Cola, xoma u3 bero-
pyccun u Ap.). YacTb MaHHBIX HAIMTKOB W3TOTABIIH-
BAeTCs C MCIOJIb30BAHMEM POCCHHCKUX MHKPOUHIpE-
JINCHTOB.

B cloXKUBMUXCSA YCIOBUAX PSIA POCCUUCKUX KOM-
MaHW, paHee CIEeNHaJIu3UPOBABIINXCSI HA HMIIOPTE
U TOProBJE MUIIEBBIMH J00aBKaMU, TUIAHUPYET pa3-
BHBATHh COOCTBEHHOE MPOU3BOJCTBO. DTO IMO3BOJHUT
MOBBICUTh YPOBEHb CaMOOOECHEYECHHOCTH CTPaHBI
pecypcaMu s MPOU3BOACTBA NMPOIYKTOB NMHUTAHUA.
OnHako mpoOieMa 3aKII0YaeTCs B 3aBUCHMOCTH OT
UMIIOPTa KOMIIOHEHTOB (3 HUpHbIE Macia, JyIIUCThIC
BELIeCTBa JIJIsl IPOU3BOICTBA apPOMATU3aTOPOB, KUCIIO-
THI, COJIU, TIIyTaMaT HAaTpHsl, IUTPAT HATPHUI, copoOaT-
OeH30aT, MPONWICHTINKOIb U TP.), U3 KOTOPBIX H3-
rOTaBJIMBAIOTCS MUKPOUHIPEIUEHTHI. B 3TOM mposiB-
JAETCA YA3BUMOCTH TPOIOBOJHCTBEHHON CHCTEMBI
CTpaHBbl.

Onunemusi COVID-19, BkiodeHHEe MHKPOUHTpE-
IUCHTOB W KOMIIOHEHTOB M HX IPOHW3BOJCTBA B
CAaHKIIMOHHBIC CIACKU M HAPYIICHHE JOTUCTHYCCKUX
KaHaJIOB IPOJIEMOHCTPUPOBAIIH BBICOKYIO 3HAYUMOCTh
KOMIUTIEKCHOTO Pa3BUTHS BCEX DJIEMEHTOB IIPOJIOBOJIBCT-
BEHHBIX CHUCTEM JJIsi 00E€CTICUCHUS UX YCTOWYUBOCTH.
Korza paspeiBaloTcs rojaMu yCTaHaBIMBaeMbIE CBSI-
3H, U HApYIIAIOTCS YCTOSIBIINECS CHCTEMbI OTHOIIICHUI
MEXIy IOCTAaBIIHKAMHA W TOTPEOUTENSIMH, yTpadH-
BaeTCs JOCTHTHYTOE KayecTBO OTHOIIEHHH. B sToM
cilydae roBopsT o0 yTpare J0BepHs KaK IEHHOTO peJisi-
MUOHHOTO pecypca [25]. Ceifuac MHOTHE KOHTPATreHTHI
HE MMEIOT BO3MOKHOCTH MPOJOJIKATH CIOXHUBIIHECS
OTHOUICHMS HE TOJIbKO M3-3a MPSMOTO 3arpeTa, HO U
M3-3a T. H. «KYJIBTYPBl OTMEHEI».

[Torck HOBBIX KaHAJIOB MOCTABOK M MOCTABIINKOB,
npexje Bcero u3 Kwuras, MO3BOJMI CHSTH OCTPOTY
mpoOJIeMBl, HO He peInTh ee. B HacTosmee BpeMs mpo-
M3BOJICTBO OOJBIIMHCTBA 0a30BBIX KOMIIOHEHTOB COC-
penotoueno B KHP. Kutaii B mociennue rojibl MOBbI-
[IaeT IeHbl M IUIAHOMEPHO COKpAaI[aeT XUMHUYECKHUE
MPOM3BOJICTBA W3-3a YIKECTOUYCHHS HKOJIOTHUECKOTO
3aKOHOJIATENICTBA M YCTAHOBIICHUS JTUAUPYIOIINX T10-
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3UIMHA Ha PBIHKE, MMO3BOJISIOMINX OMPEAEISITh BBITO-
HBIE 00BEMBI TTIPON3BO/CTBA. [TloaTOMY /U151 OOEcTIeueHus
YCTOWUYHMBOCTH MPOJOBOJIBCTBEHHON CUCTEMbI CTPAHbI
HEoOXO0aMMO pa3BUBATh COOCTBEHHOE MPOM3BOJCTBO
MUIIEBBIX MUKPOMHIPEJIMEHTOB HapsiAy C 3aMyCKOM
KOMITOHEHTHOH 0a3bl.

[Tpu BeIpaOOTKE MEPONIPUSATHI, KOTOPbIE HaIllpaBiie-
HBI Ha CTUMYJINPOBAHHE TIPOU3BOJICTBA OTEYECTBECHHBIX
MUKPOMHIPEJAUEHTOB, CJIEIYET YUYUTHIBATh UCXO/HbIE
YCIIOBHSI, CITIOKUBIINECS HA COOTBETCTBYIOIIUX PhIHKAX.
PaccmoTpuM B KauecTBe NpuMepa 0COOCHHOCTH pa3BH-
THSl PBIHKOB apoOMaTH3aTOPOB W JMMOHHOM KHCJIOTEHI,
KOHKYPEHTHasl cpejia KOTOPBIX OTINYACTCS.

PoiHok apomaTu3aTopoB. B 3aBucumocTu oT cro-
coba M3rOTOBJICHUS MUIIEBBIE apOMaTHU3aTOPHI e-
JSITCSL HA HATYypaslbHbIE, HIICHTUYHBIC HATYpPATIbHBIM U
HCKYCCTBEHHBIC. bonbas 10 npogax MpUXOAUTCA
Ha HMCKYCCTBEHHBIE apoOMaTH3aTOPhl M3-3a HAJTHYMS
LIMPOKOI'0 aCCOPTHUMEHTA, PACTYILEro crpoca Ha HO-
BBIE apoMaThl M 0Oojee BBICOKOW pPEeHTa0eTbHOCTH
110 CPaBHEHUIO ¢ HAaTypalbHbIMHU. CIIEKTp apoMaTu3a-
TOPOB BapbUPYETCs OT TPAJUIUOHHBIX (ITUTPYCOBBIE,
aHaHac, a0pUKOC, BUIIHS, IEPCUK, TEMHBIH IIOKOIA]
U T. JI.) 0 9K30THYECKUX (MaHaaH, I0A3y, YaT-Macana
u T. 1.). Hanbomnpas 1ost pplHKa IPUXOAUTCS Ha apo-
MaTU3aTOPhl, UCIOJIb3yEMble IIPU U3TOTOBJICHUM Ha-
MTATKOB.

O0beM MHPOBOTO pBIHKA apoMaTn3atopoB B 2021 T.
coctaBmwi $29,6 mupa. CoriacHO MPOTHO3aM aHaH-
trueckoro areaTcTBa IMARC Group x 2027 1. 00B5eM
peitka gocturaet $37,8 Mupa, IEMOHCTPUPYSI CPEIHE-
rofoBoi Temi pocrta B 3,94 % [26].

B 2020 r. xpymHEHIITNM ©MIOPTEPOM apOMaTHU3aTO-
poB B mupe siBisuuch: CILHA ($3100,7 mun), Mekcuka
($1469,8 mnn) u @pannus ($1007,1 mun). Poccust um-
opTUpOBasa apomaru3aropos Ha $375,3 mun. Kpynneii-
mIMMU 3Kkcroprepamu Obin Upnannus ($8277,6 min),
CHIA ($1397,6 muH) u I'epmanus ($1126,6 min). Dxc-
mopt Poccuu cocrasui $18,2 vt (B 2021 1. — $20,9 MutH)
(Tabm. 4, mo maHHBIM caifTa https://myexport.exportcenter.
ru).

CorymacHO OTYETYy MapKETUHITOBOH KOMIaHHH
«Research And Markets» (Mapt 2022 r.) KIFOYEBBEIMHU
UIPOKaMH Ha PBIHKE IHIIEBBIX apOMaTH3aTOPOB SB-
nsitorest Givaudan SA u Firmenich SA (IlBeiinapus),
International Flavors & Fragrances Inc., Sensient
Technologies Corporation u Archer Daniels Midland
Company (CIIA), Symrise AG, Basf SE u Dohler GmbH
(Fepmanms), Mane SA u Robertet Group (®pannus),
Takasago International Corporation n T. Hasegawa
Co. Ltd (SInonwus), Koninklijke DSM N.V. u Corbion
NV (Hupepmauasr), Huabao International Holdings
Limited (I'onkonr), Kerry Group (Upnanaust) n ap.
JlaHHBIE KOMIIAaHWU 00ECIeYMBalOT CBOE JIUAEPCTBO,
WHBECTHPYS B Pa3pabOTKy HOBBIX apoOMaTH3aTOPOB,
pacmupsisi TMHEWKH HATypaJbHBIX apoMaTH3aTOpPOB,
proOpeTas MECTHBIX WIPOKOB HJIM YCTaHaBIIMBas
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Tabnuua 4. CtpaHbl-THAEPH IO 00bEMaM SKCIOPTa U UMIIOPTA APOMATHU3aTOPOB AJIA MULIEBOI mpoMbiieHHocTH B 2020 T.

Table 4. Exports and imports of flavoring agents: leaders in 2020

Ne CrtpaHbl- O0beM dKcropTa CrpaHbl- O0BeM umnopTa
SKCIIOPTEPBI ITo croumocTy, ITo Becy, ToHH HMIIOPTEPHI ITo croumocty, ITo Becy, ToHH
miH nosut. CLIA miH poiut. CLHA

1. | Upnangus 8277,6 157 840,8 CIIA 3100,7 73 929.5
2. |CIIA 1397,6 82 414,0 Mekcuka 1469,8 H/I

3. |I'epmanus 1126,6 90 539,2 Dpannus 1007,1 41 999,6
4. | Cunramyp 906,3 36 792.,9 T'epmanust 850,8 385233
5. | ®panuus 8239 42 833,2 Benukobpuranust 733.,8 128 3242
6. | Hunepnanust 539,9 37 246,1 Wcnanus 4922 27202,7
7. | DcBatuHu 527.4 11 549,0 Kananma 436,6 20 556,7
8. | [lIBeitnapus 421,6 16 617,0 Benbrus 389,2 234244
9. | Ucmanus 326,0 29 898.9 IOAP 385,8 H/IT
10. | BenuxoOpuTanus 278,5 19 061,6 Poccust 375,3 23 266,1
11. | Erumer 216,6 124233 Hunepnanns 367,9 27 697,6
12. | Benrpus 176,3 203429 TTonpma 351,1 29 946,7

MapTHEPCKHUE OTHOLIEHUs ¢ HUMU. OHU yBEINYUBAIOT
OHJIaWH-KaHaJbl JUIS paclIMpeHus] reorpapuueckoro
0XBaTa M pOCTa KJIMEHTCKON Oa3bl.

B Poccuu npusHaHHBIM JUACPOM B chepe mpo-
M3BOJICTBA apoMaTu3aTtopoB sBisgercs «KomOunat
XUMHUKO-TIUIIEBOH apOMAaTHKN», KOTOPBIH ObIJI OCHOBaH
B 1935 r. ¢ uenpio co3aHusl OTEYECTBEHHOTO IPOU3BOI-
CTBa MHUIIEBBIX 3cceHIUN («JIeHXHUMMHUIeapomaTy).
Ha mporspkeHMn JecsATUiICTHH KOMOWHAT SBIISUICS
MoHomonucToM. CeromHs BBITYCKOM apoOMaTH3aTo-
POB 3aHMMAIOTCSI TAKHE POCCHUICKHE KOMITAaHHH, KaK
000 «Cxoprnmo-Apomaty, OOO «Tepesa-UuTep»,
000 «Bkycapom», OO0 «Apoma Opranukey, OO0 «3e-
nensie nuaUN», OO0 «Bopna Mapker», AO «9KO
PE CYPC» u np. Takxke nefcTBYIOT IpOU3BOICTBA BE-
QyIIUX UTPOKOB MHPOBOTO PBIHKA apoOMaTHU3aTOPOB.
Hanpumep, Stockmeier Food GmbH n Déhler GmbH
(Fepmanus).

TakuM o00pa3oM, Ha POCCHIICKOM pBIHKE apo-
MaTH3aTOPOB MpEJCTABICHBI KaK 3apyOexHble, Tak
U poccuiickue npou3BoauTeny. Jlonas npoaax apoMaTH-
3aTOPOB OTEUYECTBEHHOI'O MPOU3BOJCTBA PACTET HPH
COXpAHSIOUIEHCA 3aBUCHUMOCTH MPOU3BOJUTENEH OT
KOMITOHEHTOB JUISl ©X U3TOTOBJICHUSI.

PbIHOK JIMMOHHOM KHCJIOTBI. JINMOHHAs KUCIOTA
UCIOIB3YETCs AJIST KOHTPOJISI pOCTa MUKPOOPTaHU3MOB,
peryaupoBaHus KUCIOTHOCTHU U ycuieHus Bkyca. Oko-
JI0 TPH YETBEPTH MHUPOBOTO MOTPEOICHUS TUMOHHOMN
KHUCJIOTHI IPUXOJUTCA Ha MPOU3BOJCTBO HAMUTKOB U
MIPOIYKTOB IUTAHMUS.

[To naHHBIM aHATUTHYECKOTO 0030pa PHIHKA JINMOH-
HOM KHCIIOTBI, IPE/ICTABICHHOM Ha HH(OPMAIIHOHHOM
pecypce «bu3Hec NHIIEBBIX HMHIPEIUEHTOB onliney»
(ampens 2022 r.), MEPOBON PHIHOK TUMOHHOHN KHUCIOTHI
cocrapnset $1744,5 mun (2,6 maH 1). K koHIy 2026 T.
peiHoK jocturHetr $1898,3 muH mnpu cpeaHeromo-
BBIX TeMIax pocTa Ha ypoBHe 1,2 %. A3us sBasercs

212

KpYIHEHIIUM MOTpeOUTEIeM JIMMOHHONW KHUCJIOTHI H
nUTpaToB — npubauzuTenasHo 30 % MupoBoTO MOTPEO-
nenus. CeBepHass AMepHKa SBISETCS BTOPBIM 110
BEJIMYMHE PHIHKOM JJUMOHHOM KUCIOTHI (23 %).

Ha Kwurait npuxogutca okono 70 % mupoBoro
IIPOU3BOJICTBA JINMOHHON KUCJIOTHI. [Tomumo pacuupe-
HUSl COOCTBEHHOT'O MPOU3BOJICTBA, KUTAWCKUE TPOU3-
BOJMTENHN CO3/AI0T MPOU3BOJICTBEHHBIE MOITHOCTH B
JIPYTUX CTPaHax JJIsl 00ecTedeHns AOCTyNa K ChIPbIO
M DKOHOMHH Ha 3apaboTHOMH 1uiare.

OCHOBHBIMH 3KCTIOPTEPAMHU JTUMOHHOH KHCIIOTHI B
2020 r. 66t Kutait ($570 mn), bensrus ($122 mutwH)
u Tannang ($102 muH). Beaymumu uMnoprepaMu siB-
nsmnck CHIA ($198,4 mun), lepmanus ($137,2 miH) u
Wupms ($60,0 man). Poccust uMnopTupoBasia JIMMOHHOM
kucinoThl Ha $36,3 muH. Haubonpinyro 1010 uMOopTa
JTUMOHHOHM KucIOTH B Poccuto B 2021 r. obGecneunn
Kuraii.

Wndopmanus o crpaHax-ipaepax Mo odObeMam
AKCIIOPTa W UMIIOPTA JMMOHHOW KucioThl B 2020 T.
npejcrasieHa B Tadnune 5 (1o gaHHbIM caiiTta https://
myexport.exportcenter.ru). BexymumMu mpou3BoanTeNs-
MU JTMMOHHOM KHUCJIOTHI ABIISAIOTCS Kommanuu Weifang
Ensign Industry Co., Ltd, TTCA Co., Ltd; RZBC Group
Co. Ltd; Cofco Biochemical (Anhui) Co., Ltd, Shandong
Juxian Hongde Citric Acid Company Ltd; Huangshi
Xinghua Biochemical Co. Ltd, Foodchem Internatio-
nal Corporation, Jiangsu Guoxin Union Energy Co.,
Ltd (Kuraii); Tate & Lyle PLC (BenukoOpurtanus);
S.A. Citrique Belge N.V. (benbsrus); Archer Daniels
Midland Company u Cargill Incorporated (CLIIA) u ap.

JIumonnyto xucnory B CCCP, a 3atem u B Poccun,
TIPOM3BOIUIT Oenropozckuii 3aBof «{utpodem». JlemmuHr
3apyOeKHBIX NMPOM3BOAMUTENCH HA MPOTSIKEHUU psiaa
JIET yXyAIiaJl SKOHOMHYECKOE IMOJIOKEeHHE 3aBoja. B
2014 r. mo 3asBaerno OO0 «Llutpobdem» n OAO «Cku-
JIebCKU caxapHblii 3aBoa» (Pecnybnumka benapycs)
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Tabmnuna 5. CTpaHbl-THAEPH IO 00bEMaM SKCIOPTa U UMIIOPTA JUMOHHON KucaoTsl B 2020 1.

Table 5. Exports and imports of citric acid: leaders in 2020

Ne CrpaHbl- O0BeM dKcopTa CtpaHbl- O0BeM umnopra
OKCIIOPTEPBI [To croumoctu, ITo Becy, ToHH HMITIOPTEPHI ITo croumocTy, ITo Becy, ToHH
miH poiut. CLHA miH jout. CLIA

1. | Kurait 570,3 942 861,3 CIIA 198,4 181 183,2
2. | beabrus 1223 106 598,0 I'epmanus 137,2 134 544.,6
3. |Tammaun 103,0 97 540,0 Wnus 60,0 98 143,8
4. | Hunepmaunsl 47,5 27 489,5 Mekcuka 57,5 H/IT

5. | Tepmanus 44,1 30 865,6 Wranus 53,9 50362,9
6. |CIIA 30,5 13 729,6 Hunepnans 53,9 56 000,6
7. | Komymbus 24,7 26 783,5 Slnonus 47,2 52 683,1
8. |Ilonpura 16,4 16 642,0 Benukobputanus 46,9 43 470,5
9. | Upnasgus 15,0 7981,1 Opannus 45,4 42 461,6
10. | CnoBenus 10,5 10417,7 [Tonwina 39,9 48 786,1
11. | bpazunus 9,8 7036,4 Typuus 39,5 59 039,6
12. | Cunramyp 9,0 5536,4 Poccus 36,3 57 823,1

EBpa3zuniickoli SKOHOMHMYECKOH KOMHCCHEH OBLIO Ha-
4aTO aHTHJAEMIIMHTOBOE pacclieloBaHWE B OTHOIIIE-
HHUM JUMOHHOM KMCIOTBI, mpoucxoasauei u3 Kurasa u
BBO3UMOH Ha TeppUTOPUIO TaMOXKEHHOr0 Cor3a.

ITo utoram paccinenoBanus JlenapraMmeHTOM 3allu-
Tl BHYTPEHHEro pblHKa EBpa3uiickoil 3KOHOMHYEC-
kol komuccuu B 2015 r. 6bu1 moaroroBieH Jlokman
«O pe3ysbTaTax aHTHUAEMIIMHIOBOIO paccieJOBaHUs
B OTHOILIEHUHM JTUMOHHOW KHCIOTBHI, MPOUCXOASIIECH
n3 Kuraiickoit Haponnoit PecriyOnukn n BBO3MMOM
Ha eUHYI0 TAMOXXEHHYIO TEPPUTOPUIO TaMOKEHHOTO
coto3a». CormacHo Jlokjany pa3HULA MEXAYy LeHa-
MU HOpeanpusaTuil TaMOoKeHHOIO COI03a U LIEHAMU JIU-
MOHHOM KucnoThl n3 Kutas yBenuuunach B JBa pasza
B 2010-2013 rr. YBenuueHue MOCTABOK JTUMOHHOMN
KHCJIOTH U3 Kurtas mo 6osiee HU3KUM IIEHAM MPUBEIIO
K IEpEOpPUEHTAIUH TTOTPEOUTENeH Ha ee TTOKYTIKY.

[Mon nmaBmeHWEeM HU3KHX IIEH HA KUTAWCKYIO JH-
MOHHYIO KUCJIOTY IPEANpUATUs TaM0KE€HHOT0 CO03a
OBLIHM BBIHYXK/ICHBI CHIKATh IIeHbI. B 2012 1. cHIDKeHne
[IEHBbl Ha JIUMOHHYIO KHUCIIOTY MPEBBIMIAIO CHI)KEHUE
ee cebecronmocTu B 1,7 pasa, B 2013 r. ee 1ieHa cHU3H-
nack Ha 9,5 % npu pocre cedbecronmoctu Ha 4,4 %. Ilo-
JMUTHAKA CIEPKUBAHUS [ICH TTO3BOJMIIA TIPS PHATHIM
CTAOMJIU3UPOBATH JIOJIO HA PHIHKE TOJIBKO MIPH yXYIIIe-
HUU (PMHAHCOBBIX ITOKa3aTelell (PeHTa0eIbHOCTh cTana
OTPULIATEIBHOMN, IEHEXKHbIE MOTOKH COKPATUIIUCH).

B xonme paccrmemoBaHHs OBIIO YCTaHOBICHO, YTO
MMeJ MECTO POCT JEeMIIMHIOBOro umnoprta u3 Kuras,
KOTOPBIH IPUBEN K CHUKEHUIO IIEH W 0Ka3aJl HeraTUBHOE
BJIMSHUE HA MPOU3BOJAUTENEH JIUMOHHOM KHCIOTBI
Ha Tepputopuu TamokeHHOro coro3a. bbuio npeanoxe-
HO TPUMEHUTh AHTHIEMIIMHTOBYIO MEpy B OTHOIIE-
HUM JIIMOHHOW KUCIIOTHI, Ipoucxoasauei uz Kuras, B
(dhopMe aHTUICMITUHTOBOM MONUTHHBI CPOKOM Ha S5 JIeT
(B TIpoIIeHTaX OT TAMOXKEHHO# cTonMocTH): 1t Weifang
Ensign Industry Co., Ltd. — 4,20, ans TTCA Co.,
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Ltd. — 6,82, mna Yixing-Union Biochemical Co., Ltd. —
16,97, nnst mpoYrx SKCIIOPTEPOB W/MITH TIPOU3BOTUTEIICH
KHP - 16,97.

«Idutpobem» emre HECKOIBKO JIET MPOJOJIKAl He-
paBHYI0 KOHKYpEeHTHYIO OoppOy. B konme 2017 r.
1Mo TpeOOBaHWIO HAJ30PHBIX OPTaHOB IPOU3BOJCT-
BO JIMMOHHOH KHCJIOTBHl OBUIO OCTAHOBIECHO H3-3a
HecoOJII0IeHNS SKOJIOTHYEeCKUX TpeboBaHuii. Bee mo-
TpeOHOCTH PBIHKA B TMMOHHOM KHCIIOTE MOKPBIBAIOTCS
3a cYeT MOCTaBOK M3-3a pyOeka, B OCHOBHOM u3 Kuras.
B mocnennee Bpems numieBas MpoMblniaeHHOCTE Poc-
CHH HCIIBITBIBACT MPOOIEMBI C TOCTaBKaMH JIMMOHHON
KucnoThl U3 Kuras, cBA3aHHBIE C YUIMHEHUEM CPOKOB
MTOCTaBKH U POCTOM IICH.

Takum 00pa3oM, Ha POCCUHCKOM PBIHKE JTUMOHHOM
KHCJIOTBI ITIPEJCTAaBICHBI 3apyOeKHbIe MPOU3BOIUTE-
JIU TP OTCYTCTBMM OTEUYECTBEHHBIX. KOHKypeHTHas
0opb0a Ha POCCUICKOM PBIHKE BEACTCS MEKIY KUTaM-
CKMMH KOMMaHWsIMH. LleHbl Ha JTUMOHHYIO KHCIIOTY
XapaKTepU3ylTCs YCTOMYUBBIM pocToM. B ycrnoBusx
CaHKIIMOHHOT'O JaBJICHHs CTalla OCO3HABaThCsS HEOO-
XOJIMMOCTHh BO300HOBIICHHS MPOU3BOJCTBAa B Poccun
JTUMOHHOM KUCIOTHI. AHOHCHPOBAHO HECKOJBKO MPOCK-
TOB 110 ee npou3BoAcTBY koMnanusmu OO0 «Pycrapk»,
000 «dpxo I'pynm», AO «broTex Pocsay, OO0 «Op-
TaHUYECKHE KUCIOTHI» U AP.

Hcxons wm3 crnenn(uku pHIHOYHOW CHUTYAIHH,
HEOOXOAMMBI Pa3IMYHbIE MOAXOABI K JalbHEHIIEMY
Pa3BUTHIO MPOU3BOACTB. Eciy Ha phIHKE NpecTaBieHa
MPOIYKIUS KaK OTEYECTBEHHBIX, TAK M 3apyOeKHBIX
MIPOM3BOJIUTENEH, TO HEOOXOINMa MOIAEPIKKa JeHCT-
BYIOUIMX MPEANPUATHI U YKpPEIUICHHE UX NO3UIUI Ha
POCCHHMCKHX PBIHKAX, a B IEPCIIEKTHBE HA 3apyOEKHBIX.
Ecnu Ha poccuiickoM pbIHKE KOHKYPHPYIOT 3apy0Oex-
HBIE IPOU3BOJIUTEIHN IPHU OTCYTCTBUU OTEUECTBEHHBIX,
TO HEO0OXOAMMO OO0ECIEeUYUTh CO3JaHHE HOBBIX IPO-
H3BOJCTB, BBIBOJ MPOJYKIIMH HAa POCCUMCKUN PBIHOK
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U 3aBOEBAHME JOJHM PBIHKA MPH HAJTHYUHA MOIIHBIX
U TOTOBBIX K JJEMIUHTY KOHKYPEHTOB.

Oco3HaBass 3aBUCHMOCTb OT 3apyOexHBIX IIO-
CTaBIIMKOB, B Poccunm NpUHMMAIOTCS MEphl MO
YKPEIUICHHIO CBIPHEBOM ©a3bl MHIIEBON IPOMBINI-
neHHoctu. B CrpaTeruu mnoBBIIEHUS KayecTBa IH-
mieBoit mpoaykuun B PO no 2030 r. (yTBep:kaeHa pac-
nopsbkenueM IlpaButensctBa P® ot 29.06.2016
Ne 1364-p) Obuta ocTaBieHa 3aa4a 110 BO3POXKICHHIO
B CTpaHC€ MNPOMU3BOACTBA IMUIICBBIX HWHIPCANCHTOB
IyTeM TIOBBIIMICHNS 3aHHTEPECOBAHHOCTH TPEIIPH-
HUMAaTEJIBCKOTO COO0IIecTBa M pa3padOTKH COBpe-
MEHHBIX TEXHOJIOTHM UX NpousBojcTBa. B JlokTpuHe
MIPOIOBOIBCTBEHHOM OezomacHocTH PO (yTBepxkaeHa
VYxazom IIpesunenta P® 21.01.2020 Ne 20) onpexenena
HCO6XOI[I/IMOCTI) CO3J1aHM HOBBIX IPOU3BOJCTBEHHBIX
MOILIHOCTEH, pEKOHCTPYKLUU U Pa3BUTHUS AEHCTBYIOLIUX
MIPOM3BOJICTB 1O BBITYCKY KOMITOHEHTOB (MHTPEIHEH-
TOB) JUJISl MUILEBON MPOMBIIIIEHHOCTH, B TOM YHUCJIE C
UCIIOJIb30BAHHEM METOJ0B OMOTEXHOJIOTHH.

HecmoTpst Ha mpHHUMaeMble MEphI, TPOU3BOJICTBO
MUKPOUHTPEANEHTOB B CTPaHE Pa3BUBACTCSI MEIJICHHO.
[TepBoouepenHoil 3amadeld BBICTyHmaeT obecredeHUE
BHYTPEHHUX MTOTPEOHOCTEH ¢ MOCIEAYIONINM Pa3BUTH-
€M JKCNOopTHOTO noTeHuuana. [lepen npeanpusaTusmMu
CTOWT 3a/1aua MOBBILIICHHS BOBICUEHHOCTH B YKpeILie-
HUE YCTOHYMBOCTH MPOJOBOJIBCTBEHHOH CHCTEMBI H
MIPOJIOBOJILCTBEHHOW 0€3011aCHOCTH CTPaHbl. DTO MPHU-
BOJUT K YCIIOKHCHHIO CTPATeTHH M (YHKIHA Tpen-
IPUATHH ¥ HEOOXOJUMOCTH y4eTa TEXHHUYECKUX H
COLIMAJIBHO-9KOJIOrMYECKUX OTPAHUUYCHUH, C KOTOPBIMU
UM MMPUXOJUTCA CTAJIKMBATHCA, YTOOBI noaacpKuBaTh
1 yIy4IIaTh CBOIO ESATEIHHOCTH [8].

Jliist pa3BUTHS IPOU3BOJCTBA MUKPOUHTPETUCHTOB
OTKPBUIOCHh «OKHO BO3MOXKHOCTEH». 3HaHUE CHeIu-
¢uku cmpoca, BO3MOKHOCTb ONIEPATUBHOTO PEIICHUS
TEXHOJIOTHYECKHUX MTPOOJIEM KIIMCHTOB M OTIaKEHHOCTb
JIOTUCTUYCCKUX YCIYT MOTYT ChII'PaTh MMOJIOKUTCIIbHYIO
poJIb B MPEOJOJICHUH HMIIOPTHOW 3aBHCHUMOCTH OT
MUKPOMHTPEAUECHTOB ¥ MOBBIMICHUN YCTOWYUBOCTH
MIPOIOBOJIBLCTBEHHOM cucteMsl Poccun.

OnHako 0e3 rocyaapCTBEHHOH MOIEPKKH Pa3BUTHE
OTEYECTBEHHOTO MPOU3BOACTBA MUKPOUHTPEIHECHTOB
I KOMIIOHEHTOB ISl UX H3TOTOBJICHUS B KOPOTKHE
CPOKH TIpeJIcTaBlsieTCs MpodaeMaTHIHbIM. OCHOBHBIMH
HAaIPaBICHUSIMH TOCYIaPCTBEHHOM MOJIEPKKH JOJIKHBI
CTaTh:

1. ITopnepxka CyIMIECTBYIOUIUX MPOU3BOIUTENEH
MUKPOMHTPEANECHTOB U UX KOMIIOHEHTOB!

— BO3MEIICHHUE YaCTH 3aTpaT Ha CTPOUTENIBCTBO H/HIIN
PEKOHCTPYKIHIO OOBEKTOB /JIsl IPOU3BOJICTBA MUKPO-
WHTPEJUEHTOB U MX KOMIIOHEHTOB IO THOKHM TeEX-
HOJIOTHYECKHM CXeMaM;

— BO3MEIIEHUE YacTH 3aTpaT Ha MPUPOCT COOCTBEHHOTO
MIPOM3BOICTBA MUKPOUHTPEJUEHTOB U X KOMIIOHEHTOB;
— BO3MEIIIEHNE YaCTH 3aTpaT, CBSI3aHHBIX C IIpuolpeTe-
HUEM MalIiH U 000py/I0BaHUsI, a TAaKXkKe HU(PPOBU3ALIUH

W aBTOMATHU3aIMHU TPOIECCOB MPOU3ZBOACTBA MHKPO-
WHTPEIUEHTOB U UX KOMIIOHEHTOB;

— BO3MEIIICHHE YaCTH 3aTPaT Ha pealn3aIuio Meponpusi-
TH, HaIIPaBJICHHBIX HAa YBEIIMUCHNE YPOBHS HAIpsKe-
HUS B TOYKE MPHUCOCIMHCHUS IHEPTONMPUHUMAOIINX
YCTPOUCTB;

— BO3MEIICHNE YacTH 3aTpaT Ha YyIUIaTy MPOICHTOB
0 KPEIUTHBIM JOTOBOPaM (JOTOBOpaM 3aiima);

— rpaHTOBAas MOJJIEP>KKA Pa3BUTHUS COBPEMEHHBIX TeX-
HOJIOTHI, B TOM 4YHCIie OMOTEXHOJIOTHIA;

— TBTOTHBIC KPEOUTHI HA 3aKyNKYy HCIIOIb30BAHUS
MECTHOT'O PAaCTUTEIBHOI'O CHIPhS ISl MOJYYEHHUS IH-
IICBBIX 100aBOK CO CTaTyCOM «HAaTypajibHbIe» (Kpa-
CUTeNeH, caxapo3aMeHTeNeH, apoOMaTH3aTOPOB U TIp.).
Orta Mepa OyaeT crocoOCTBOBATh OTKPBITHIO HOBBIX
MPOU3BOJICTB MO 3arOTOBKE MCXOJHOTO CHIPHS, YIyd-
[ICHUIO TPOW3BOIUTENSIMH COCTaBa NPOAYKIHH H
MOBBILIEHUIO €€ MUTaTeIbHON HeHHocTH [11];

— rpaHTOBAs MOJJCPKKA pa3pabOTKH PEUENTyp MHUIIC-
BBIX IPOJYKTOB C HCIIOIH30BAHUEM MHUKPOUHTPEIH-
€HTOB M3 MECTHOTO CBIPbS.

2. CTuMynupoBaHuEe CO3JaHHUSI HOBBIX MPEIMPUsi-
THH 110 TPOU3BOJCTBY MUKPOUHTPEAUCHTOB M HX KOM-
TTOHEHTOB, U3TOTOBJICHNE KOTOPHIX HE OCYIIECTBISCTCS
OTEUECTBEHHBIMH MPOU3BOIUTEISMU:

— IBIFOTHOE KPEIUTOBAHHE NMPOCKTOB CO3IAHHS TPE.-
MPUSATHN IO TPOU3BOACTBY MUKPOUHTPEIUCHTOB H HX
KOMIIOHEHTOB B pyciie ESG-noBectku;

— BO3MEIICHUE YaCTH 3aTPaT Ha CTPOUTEIBCTBO 00B-
€KTOB JJIs TMPOW3BOJCTBA MHUKPOWMHTPEINCHTOB U UX
KOMIIOHEHTOB;

— BO3MEIIEHUE YacTH pPacxXoJ0B, CBS3AHHBIX C MPH-
00peTeHneM OCHOBHBIX CPEJICTB W HAYAJIOM KOMMEp-
YECKOH JesSTEIbHOCTH;

— CHMJKEHHE HaJIOTOBBIX CTABOK IO Hajoram Ha MpH-
OBLIb M MMYIIECTBO HA MEPHUOJ BBIXOAA MPEATPUITHI
Ha NPOEKTHYIO MOLIHOCTB;

— WCIOJIb30BAaHUE MEXaHU3MOB I'OCYIapCTBEHHO-YACTHO-
ro mapTHEPCTBa g GOPMUPOBAHUSA HHPPACTPYKTYP-
HBIX H JIOTECTUYECKHX MapIIPyTOB, CHCTEM XpaHe-
HUS,

— BO3MEIICHUE YaCTH 3aTPaT, CBSI3AHHBIX C MPOIBUKE-
HHEM MHKPOWHTPEINCHTOB M MX KOMIOHCHTOB.

VBenuueHue MpPOU3BOJCTBA MUKPOUHTPEIUECHTOB
W KOMITOHCHTOB [JIi WMX W3TOTOBICHHS IO3BOJUT
COKpAaTUTh 3aBUCHMOCTH NHUIIEBOH MPOMBINIICHHOC-
T Poccun oT 3apyOeKHBIX MMOCTABIIMKOB U MOBEI-
CUTh YCTOWYMBOCTH €€ TPOJOBOJHCTBEHHOW CHC-
TEMBI.

BoiBoaBI

IIpou3BOACTBO MHUKPOMHIPEIMEHTOB M HUX KOM-
MTOHEHTOB BBICTYIAET OJHUM M3 YCIOBUH CTAOMILHOTO
(GYyHKIMOHUPOBAHUSI NUILIEBOH NPOMBINUICHHOCTH |
obecrieyeHUsT yCTOWYMBOCTH TIPOIOBOJIBCTBEHHOMN
CUCTEMBI cTpaHbl. Hmu3kas 00ecredeHHOCTh MHUKpPO-
MHTPEIMEHTAMH OTEUYECTBEHHOTO IIPOU3BOACTBA 00yC-
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JIAaBJIUBAET YS3BUMOCTb POCCUMCKON MPOJIOBOJIbCTBEH-
HOI CHCTEMBI K BHEHUIHUM IIIOKAaM, CBSI3aHHBIM C Ha-
pyLmIeHHEM TIJIOOANBHBIX ILIENOYEK ITOCTaBOK, BBEJE-
HUEM CaHKIMH, POCTOM YHCIIA JIOKAJbHBIX KOHMIUK-
TOB, PKOHOMUYECKHUMU KPU3UCAMHU, U3MEHEHHEM KJIH-
MaTa 4 Tp.

Ha Pa3BUTHEC PBIHKOB MUKPOUHTPEAUCHTOB OKa3bI-
BAIOT BJIMSHUE JIBE Pa3HOHAINPABICHHbIE TEHIECHLIHH
HBOJTIOLMOHUPOBAHUS IPOJOBOJIBCTBEHHBIX CHCTEM.
IlepBas TeHaeHUUs HampaBlieHa Ha YyJEHIEBICHUE
HNPOAYKTOB NMHUTAHUS, MOBBIIIEHNUE UX JOCTYIHOCTH U
yCTpaHEHHUE rojI0/1a, IPEkK/e BCEro, B HaMMEHee pa3BU-
TBIX CTpaHax, BTOpas — Ha yJOBJIETBOpPEHHUE NMOTPeo-
HOCTEW HaceJieHUs C BBICOKMM YPOBHEM J0X0Ja B
6e3onacm;1x, Ka4Y€CTBCHHBIX U MHAWUBUAYAJIU3UPOBAH-
HBIX NPOAYyKTax nuTaHusA. Ilox BIMAHMEM NaHHBIX
TEHJIEHIUH MPOUCXOIUT POCT CIIPOCA U MPEIT0KECHHUS
Ha pBIHKE MUKPOMHTPEINECHTOB, 00yCIOBICHHBII H3Me-
HEHHEM XapakTepa CIpoca Ha TOTOBYH IHILEBYIO
MPOAYKIIMIO, POCTOM LI€H Ha HATypaJbHOE ChIpbE AJd
HU3TrOTOBJICHHUS MPOAYKTOB IMUTAHUA U CO3JaHUEM HH-
HOBAITMOHHBIX TEXHOJOTHH MpOU3BOJACTBA U HUCIOJIb-
30BaHUs MUKPOMHIPEINEHTOB.

CerMeHT MpPOM3BOJCTBA MHIIEBHIX IMPOIYKTOB B
Poccun mpoaeMoHCTpupoBan yCTOWYMBOCTh K CaHK-
LHUOHHBIM OTPAaHHYEHHUSM, B TO BpeMs KaK CETMEHT
MUKPOUHTPEAUEHTOB OKa3ajcs MHOJA Yrpo3oi u3-3a
BBICOKOH 3aBHCUMOCTH OT uMnopTta. Kpome toro, kon-
KypeHLUs CO CTOPOHBI KUTAaMCKUX KOMIIAHUM, Ipen-
Jaralonux 6osiee AemIeBble MUKPOUHTPEAUCHTHI, OKa-
3aJla HETaTHUBHOE BJIMSHUE HA OTJIEIBHBIX POCCUICKHUX
MPON3BOANTENEH, TOIOPBAB X KOHKYPEHTOCTIOCOOHOCTb.

B Poccun akTUBH3HPYIOTCSA yCUAUS MO CO3JaHHIO
HOBBIX MPOU3BOACTB ISl BBITYCKa MUKPOUHIPEIUEH-
ToB. OJJHAKO MOKa OTE€YECTBEHHOE MPOU3BOICTBO MHUK-
POUHTPEIUEHTOB CKOHLIEHTPUPOBAHO HA BBIMYCKE MHU-

IIEBBIX J00ABOK M3 HMMIIOPTHBIX KOMIIOHEHTOB, YTO
HE pelraeT CUCTEMHO BOMPOCH MMIIOPTO3aMEIIEHHUSI.
VY4uTsIBas pactyniye 00beMbl IOTPEOICHNS U BEICOKYIO
3aBUCUMOCTh OT 3apyOeKHBIX IOCTAaBOK, Tpedyercs
pa3BUTHE POU3BOJICTBA HE TOJBKO IMHIIEBBIX MHUKPO-
UHI'PCAUCHTOB, HO U KOMIIOHCHTOB JJIs1 UX U3IOTOBJIC-
Hus B Poccun. 3to 6yner cnocoOcTBOBATh MOBBIIICHUIO
YCTOMYMBOCTH IPOJLOBOJILCTBEHHOW CUCTEMBI CTPaHbI
K BHEUIHMM IIOKaM. ['ocygapcTBeHHasl MOAIEpIKKa
Pa3BUTHS TPOU3BOJCTBEHHOH M MHPACTPYKTYpPHOU
6a3pl IS BBITYCKAa MUKPOMHTPEJAMEHTOB M KOM-
MMOHEHTOB JUIsI WX HM3TOTOBJCHHS, TEXHOJOTHH Mpo-
HU3BOJACTBA M TOCIEAYIOUIEr0 MCIOJIb30BAaHUS MUK-
POUHTPECAUCHTOB, a TAKXC IMPOJABUKCHUA MUKPOHH-
TPEANEHTOB POCCHICKOTO IPOM3BOJACTBA JOJDKHA
ObITh MU PepeHmpoBaHa B 3aBUCHMOCTH OT COCTOS-
HUS KOHKYPEHTHOH CpEIbl COOTBETCTBYIONIUX PBIH-
KOB MUKPOMHTPEAMECHTOB B Poccuum W Hamw4uus WM
OTCYTCTBHS Ha HUX OTE€YECTBEHHBIX IPOU3BOIUTEICH.

Kpurtepun apropcTna
ABTOpHI B paBHOW CTEIIEHHM y4aCTBOBAJIHU B IMOJTO-
TOBKE U HAIlUCAHUH CTATbU.
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HH®OPMANUA N1 ABTOPOB

XKypHan «TexHHKa U TEXHOJOTHUS MHULIEBBIX NMPOH3BOACTB
(Food Processing: Techniques and Technology)» npennasznaueu
JUIs Iy OJIMKAaUK CTaTel, MOCBAIICHHBIX IPO0IeMaM IUIICBOI U
CMEXKHBIX OTpacieil MPOMBIIUICHHOCTH.

Crathsi J0JDKHA OTBeYaTh NPODUI0 KypHana, o0iagaTh
Hay4HOU HOBH3HOM, ITyOIMKOBATHCS BIICPBHIC.

PyKomnuch Hay4HO! CTAaThH, IIOCTYIHUBILAS B PEIAKLHIO )KypHAIA
«TexHuka 1 TexHoNMOrHs nuIieBbX Mpou3BoacTB (Food Processing:
Techniques and Technology)», paccMaTpuBaeTcst OTBETCTBEHHBIM 3a
BBIITYCK Ha IIPEIMET COOTBETCTBHUS NPOGHITIO )KypHaIIa, TpeOOBaHUS
K 0(hOPMIICHUIO, TIPOBEPSETCSI OPUTUHATIBHOCTD MPE/ICTABICHHOTO
TEKCTa B CHCTEMe « AHTHUIUIArHATy», PETUCTPUPYETCS.

B sxypHaie myOIuKyOTCS TOJIBKO PYKOIUCH, TEKCT KOTOPBIX
PEKOMEHI0BaH PELCH3EHTAMHU.

Penakuus opranu3yer «AByXCTOPOHHEE CIIernoe» (AaHOHUMHOE)
PCLCH3UPOBAHUE MPEACTABICHHBIX PYKOIMCEH C LEeNbI0 HUX
9KCIEPTHOMN OLIeHKU. BBIOOD pereH3eHTa OCyecTBIseTCs PeleHHEM
[JIABHOTO pejlakTopa WM ero 3amecturens. s mpoBeneHus
PCLICH3UPOBAHUS PYKOIHCEHl cTareil B KauecTBEe PELCH3CHTOB
MOTYT HPHBJIEKAThCS KaK YWICHbI PEIAKIIHOHHON KOJUIETHH Ky pHalia
«Texuuka u TexHomorus nuiiessix mpou3soacts (Food Processing:
Techniques and Technology)», Tak U BEICOKOKBaIH(HUINPOBAHHEIC
yUeHbIE U CIICLUAINCTBI IPYTUX OPraHU3aLuil U NpeanpUusTui,
obnagaromme TIyOOKHMHU TPOGECCHOHATBHBIMUA 3HAHUSAMU H
OIIBITOM PAa0OTHI 10 KOHKPETHOMY HayYHOMY HaIIPaBICHUIO, KAK
IPaBUIIO, JOKTOPA HayK, podeccopa. Bee perieH3eHTHI SBISIOTCS
MPU3HAHHBIMU CIEHHAIMCTAMH 110 TEMAaTHKE PEIeH3HPYEMBIX
MaTepUalioB U MMEIOT B TCUCHHE IIOCICIHHX 3 JICT IIyOINKaluu
10 TEMaTHKE PELICH3UPYEMON CTAThH.

PerieH3eHTbl yBEAOMIISIOTCS O TOM, YTO IPHCIAHHBIE HM
PYKOIIUCH SBIIIIOTCS YaCTHOI COOCTBCHHOCTBIO aBTOPOB M OTHOCSTCS
K CBEICHHSM, HE IOUICKALIMM pasrilalieHuIo. PeleH3eHTaM He
PpaspelIaercs AenaTh KOIMH CTaTel Ui CBOMX Hy». PerieH3upoBanue
MPOBOAUTCS KOH(UACHIMATbHO. HapyiieHne KoHpHaeHIHATbHOCTH
BO3MOYKHO TOJIBKO B CITy4ae 3asiBJICHHS PELICH3CHTA O HEJOCTOBEPHOCTH
i GanbcupuKanuy MaTepHaIoB, H3I0XKEHHbIX B CTaThe.

Cpok paccMOTpeHHs CTaTbU HE JOJDKEH IPEBBIIIATH TPeX
MECALEB CO IHS HMOIYyYCHUS CTATbU HA PELCH3UPOBAHUE.

OpHruHaIbI PELCH3HI XPAHATCS B U3ATE/ILCTBE U B PEAAKLIIN
U37aHNs B TEYCHUE MATH JIET CO JHS MyOIUKalUK CTaTeH.

Ecaum B peneH3uum Ha CTaThl0 HMeeTCA YyKa3aHHE Ha
HEO0OXOAMMOCTh €€ HCIPABICHUS, TO CTAaThs HANIPABILIETCS aBTOPY
Ha J10paboTKy.

Ecau cTathsi MO pEeKOMEHIALMM PELEH3CHTA [OJBEPIiIach
3HAUUTEIBbHON aBTOPCKOM mepepaboTKe, TO OHA HANpaBIAETCSA
Ha MOBTOPHOE PELEH3UPOBAHHUE TOMY )K€ PEIICH3EHTY, KOTOPBIH
czenan KpUTHYECKHE 3aMEYaHHs.

Penakmus ocraBiseT 3a co00if IpaBo OTKIOHEHHS CTaTeil B
Cllydyae HeCIIOCOOHOCTH MIIM HeXKeJIaHUsl aBTOPA YUeCThb MOXKeIaH s
penakuuu.

I1py HanMUMK OTPHUIATENBHBIX PEIICH3MH HA PYKOIUCH OT JBYX
Pa3HBIX PEIEH3EHTOB MJIHM OJIHOI PEICH3UH Ha e JOpabOTaHHbII
BapUAHT CTAThsI OTKJIOHACTCS OT IyONIuKanuu 6e3 pacCMOTPEHUS
IPYTHMH WICHAMH pPEIKOJUICETHH. ABTOpY HE IPUHATOH K
nyOMMKaluy CTaThi OTBETCTBEHHBIM 3a BBIMYCK HAIpPAaBISCT
MOTHBHUPOBAHHBII OTKa3. DaMUIIUSA PEIEH3EHTa MOKET OBITh
co00IIIeHa aBTOPY JIMIIB C COTJIACHS PEICH3EHTA.

Pemnrenne o Bo3MOXHOCTH My OJIMKALUY OCTIE PELCH3HPOBAHHS
IPUHUMACTCS TJIABHBIM PEIaKTOPOM, a IPH HEOOXOIHMOCTH —
penKoIerneil B LeaoM.

Penakiys )KypHaja HampaBiseT aBTOpPaM IPeICTaBICHHBIX
MaTepuagoB KOMMM PELEH3UH MIM MOTHBHUPOBAHHBIA OTKa3, a
Taroke 0053yeTcs HaNPaBIATh KONUH PelleH3Hi B MUHHCTEPCTBO
HayKH M Beicuiero oOpasoBanus Poccuiickoit denepaunn npu
HOCTYIUICHUH B PEIAKIHIO H3IaHHs COOTBETCTBYIOLIETO 3aIIpoca.

Penakums sKypHajia He XpaHHT PYKOINCH, HE IPHHATHIC K
neyaty. Pyxonucu, mpuHaThIe K y6IMKaIuy, HE BO3BPAIAIOTCA.
Pyxonucy, nomy4yuBIIe OTpHIATENIbHbIN Pe3yIbTaT OT PELICH3CHTa,
He MyOJIMKYIOTCS U TaKXKE HE BO3BPAIIAOTCs 00paTHO aBTOPY.

Pykonucu ne4aTaroTcs, Kak IPaBUIIO, B MOPALKE 0YCPEIHOCTH
UX HOCTYIUICHUS B PENAKIUI0. B HCKIIOUUTENBHBIX CIIydasx,
peIaKkUHOHHAsE KOJUICTHsI MMEET MPaBO H3MEHHUTh 04EPEIHOCTh
nyOIUKalnuy CTaTe.

Bce matepuansl xypHana «TexHHKa 1 TEXHOIOTHS MUIIEBBIX
npousBoiacTB (Food Processing: Techniques and Technology)»
pacIpocTpaHsIoTes Ha ycinoBusax nunensuu Creative Commons
Attribution 4.0 International (CC BY 4.0).

TPEBOBAHUS K O®POPMJIEHUIO CTATHbHU

O0beM cTaThbu AODKEH OBITH He MeHee 20-25 ThIC. 3HAKOB
(He BKIJIFOYast CIIUCKH JINTEPATYPbI HA PYCCKOM M QHTJIMHCKOM SI3bIKaX ).
O0beM 0030pHOIT pykonucH — 6osiee 25 ThIC. 3HAKOB.

Odopmnenue Texcra (popmaTupoBanme): momst mo 20 MM,
OJIMHAPHBIN HHTEPBAIT O€3 MEPEHOCOB, JIMIITHUX TPOOEIIOB U a03aIIHbIX
unTepBanos, mpudt Times New Roman, 10 kernb. Cnemyer usderath
Heperpy3Ku crateil OOJIbIINM KOJINUECTBOM (HOpMYJI, TyOIMpOBAHUS
OJIHUX U TEX K€ Pe3yIbTaTOB B TaONMIAX U rpaduKax.

I'paduku, mrarpamMmbl U T. 1. ()KEIATEIBHO [[BETHBIE), CO3IaHHBIC
cpeacrBamu MicrosoftOffice u Corel Draw, n10/mKHBI 10TyCKaTh
BO3MOJKHOCTb PEJIaKTHPOBAHUS M HANPABISIOTCS B PEIAKIHIO
oTaensHbIME (aiinmamu B popmarax tiff, jpeg, cdr, excel.

Kaxnas Tabnuua, rpadguk, tuarpaMMa u T. 1. JOJDKHBI HMETh
3aroJIOBKM M IOPSKOBBIE HOMEpA, B TEKCTE CTAThH JOJIKHBI
MPUCYTCTBOBATDH CCHUIKH Ha KaX/yI0 U3 HUX.

CTpyKTypa cTaTbu:
. Nunexc YK, tun cratbu;
. Ha3Banue cTatbu;
. Muunuanst 1 pamMunun Bcex aBTOpOB;
. OdunpanbHoe NOJTHOE Ha3BaAHUE YUPEKICHHS;
. E-mail aBTopa, ¢ KOTOPHIM ClIEYET BECTH MEPEIHCKY;
. AnHoTanus (pa3ouBaercs Ha pasaensl: «Beenenne», «O0BEKTHI
METOJIbl MCCIICAOBaHUIWY», «Pe3ynpTaThl U MX 00CYXIEHHUEY,
«BBIBOIBIY);
7. KitroueBble ciioBa;
8. ®uHaHCUpPOBaHUE;
9. Tekcr cratbu (00s3aTenbHBIE pa3neisl: «Beenenney, «OOBEKTHI
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U METOJbl UCCIIeOBaHM», «Pe3ynbTaThl U HX 00CYXKICHHEY,

«BBIBOIBIY);

10. Kpurepuit aBTOpCTBa;

11. KoH(IUKT HHTEpECOB;

12. bnaronapsocru;

13. Crimcok nuTepartypsl;

14. Cnucok nuteparypsl (References);

15. Cenenust 00 aBTOpax (Ha PyCCKOM M aHTJIMHACKOM SI3BIKAX).
[Tomate pykomuch MOKHO Ha caiite xypHana https:/fptt.ru

uiu otTrpaBuB Ha e-mail fpttI8@gmail.com

B penakumio npeocTaBIsiloTCs:
1. DnektpoHHast Bepcus ctathu B mporpamme MSWord. daiin cratbu
crestyeT Ha3BaTh 1o hamminu nepsoro apropa — [lerposl Tl.doc. He
JIOITyCKAeTcsl B OIHOM (paiisie moMeriaTh HECKOJIBKO JJOKYMEHTOB,;
2. CxaHUpOBaHHAs dJEKTPOHHAsI BEPCHUsl CTATbH, MOIANUCAHHAS
BCeMH aBTOpaMu, B iporpamme PDF. ®@aiin cTatbu cienyeTr Ha3BaTh
o pamunuu nepsoro aBropa — [lerposl'Tl.pdf. He nonyckaercs
B 0JTHOM (hailyie moMeIaTh HECKOJIBLKO J10KYMEHTOB;
3. apaHTuiiHOE MHCHMO (CKaH-KOIHsI) HA UMS TJIaBHOT'O PeJakTopa
XKypHaia Ha OJlaHKe HanpaBJsIOed OpraHnu3aliy ¢ yKa3aHuem
JIaThl PETUCTPALMKM U MCXOJSIIEro HoMepa, ¢ 3aKIIoueHHeM 00
AaKTyaJbHOCTH PabOTHl M PEKOMEHIALMSIMHU K ONyOJIMKOBAHHUIO,
C MOJIUCHI0 PYKOBOIUTEIS YUPEKIACHHUS,
4. U3paTenbCKUi JINIEH3MOHHBIH JOTOBOP.

bonee noxpobHas nnpopmarys Ha caiite xypHana « TexHuka u
TEXHOJIOorus nuieBsIx npou3Boacts (Food Processing: Techniques
and Technology)» https://fptt.ru.
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