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HaunonanbHbIi, pelieH3MpyeMblii JKypHaJl TIOCBSIILEH OC-
HOBHBIM MPo6IeMaM HayKiu O TIUIIEBOi IIPOMBIIITIEHHOCTH.
OCHOBHOI1 MUCCHEN SIBIISIETCS: CO3IaHME, arperaiys, o/ -
Jlep>kKKa ¥ pacrpocTpaHeHe HayYHOTo KOHTeHTa B 06/1a-
CTY TIUIIEBOI TPOMBIIIEHHOCTH, 06beIMHEeHEe YCUTUIA
MCCIeioBaTeseit HayYHbIX [IEHTPOB, YHUBEPCUTETOB, ITpe-
ofioNieHe Pa3pbiBa MEXAY U3IAHVSIMU PETYIOHATBHOTO, Ha-
LIMOHAJILHOTO U (hefiepaabHOro YpoBHeii. JKypHas mpusBaH
OCBEIllaTh aKTyaIbHbIE IIPOOIEMbI B MUILEBOI Y CMEKHBIX
OTpaC/ISIX, IPOABUTATh HOBbIE MTEPCIIEKTMUBHbBIE TEXHOIO-
TUU B HIMPOKYIO ayAUTOPHUIO HAYUHBIX U MMPAKTUUECKUX
PabOTHMKOB, IIpernoaaBaTesei, aCMpaHTOB, CTYIEHTOB,
npeanpuHMMaresneit. HayuHast KOHIEIIVS M3IaHusT TIpe[-
TojiaraeT my6MKalMio HOBBIX 3HAHWIA B 06/IACTHU MUIIEBBIX
CUCTEM U HayUHbIX OCHOB pecypcocOeperarmumx TeXHOJ0-
it TIy6OKO# TlepepaboTKIA CeTbCKOXO03SICTBEHHOTO ChIPhS,
MTPOPBIBHBIX TEXHUUYECKUX PeIeHnit OIS TPOU3BOACTBA
MTUILEBBIX TPOAYKTOB OOIIETO ¥ CIIeNMaI3POBAHHOTO Ha-
3HaueHus. B skypHasie Mmy6aMKyOTCSI HayuHbIe ¥ 0630pHbIE
CTaThM, JOKJIA/IbI, COOOIIIEHNS], peLIeH3MY, KPaTKue HayIHbIe
coobuieHus (MMchMa B peIakiinio), MHPOPMalMOHHbIE
y6IMKALY 110 HATIPaBAeHMSIM : TEXHOIOTHS TTAIIEBBIX
MTPOM3BOJCTB; MPOIIECCh, 060PYIOBaHNMeE I aTllapaThl M-
IIEBBIX POU3BOJCTB; TUTVI€HA IIUTAHMS ; GMOTEXHOJIOTHS;
cTa”papTusaius, cepruduKaius, KauectBo u 6esorac-
HOCTb; 9KOHOMMKA ; aBTOMATU3AIMS ¥ MHOOPMATU3AINS
TEXHOJIOTMUYECKUX IpoileccoB. [TonpobHas nHpopma-
LIVSI AJ1s1 aBTOPOB U YMTaTeseli IpeicTaB/IeHa Ha caiire:
www.fsjour.com.
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OTPYBU N3 KOMHO%HTHOPI 3EPHOCMECH
KAK OBBEKT INIYBOKOU ITEPEPABOTKHU. YACTD 1.
BEJIKOBO-ITPOTENHA3HbBIN KOMIIJIEKC

Buron . C.*, MenemkuHa E. I1., ITankpaTos I. H.

Bcepoccuiickuii HayYHO-1CCIeA0BATEIbCKIUI MHCTUTYT 3€pHA U MMPOAYKTOB ero nepepaborku, Mocksa, Poccus

Open access

K/IIOYEBBIE CJIOBA: AHHOTAL VA

nuleHuya, ueuesuya, e, Imy6okas mepepaboTKa 3epHOBBIX OTpyOeii — BaKHOe, IIepCIIeKTVBHOe HalpaBieHle, T03BOJISIOIIee MCIIONb30-
NOJIUKOMNOHEHMHble 0mpy6U, BaTh MOOGOYHbIE (BTOPMYHBIE) MTPOLYKThI MyKOMOJIBHOTO MTPOM3BOACTBA C 1Ie/IbI0 ITOJMYUYEHMST LIeHHbIX MUILEBbIX
0€/1K060- NPOMEUHA3H b KOMITOHEHTOB JIJIS CO3LaHMs 060Tall[eHHbIX IIUIIEBBIX POIYKTOB, a TAK)KE CIeIMaa3MPOBAHHBIX TPOLYKTOB Ha
KOMNJIEKC, HelimpansHble 3epHOBOJI OCHOBe. IT0/IKOMIIOHEHTHbIE OTPY6H, [TOTyIeHHbIE PV COBMECTHOI IlepepaboTKe 36 PHOBBIX (ITIIEHM -
U KUC/ble npomeuHassl, 6esikoevle  11a), 6060BbIX (Y1€UEBUIIA) U MACTMYHBIX (JIEH) KYJIBTYD, [0 CBOEMY XMMUIECKOMY COCTABY U COCTOSIHUIO GEIKOBO-
UH2uOUMOpsI NPOMeuHas IIPOTEMHA3HOT0 KOMIUIEKCa ITPeCTAaB/SIIOT YHUKAIBHOE ChIpbe, KOTOPOe MOXKHO MCITONb30BaTh JJIsI Ja/IbHe el

nepepaboTKM. B 4aCTHOCTM, OHO MIPUTOTHO JJIsI IPUMEHEHUSI € LeJIbI0 TIOTyYeHMsI TUIPOIN3ATOB U JPYTUX CTPYK-
TYPHO-MOIMNLIMPOBAHHBIX TPOLYKTOB C MCIIOJIb30BaHMEM MeTOLOB pepMeHTaTUBHOrO 61oKaTam3a. OueHKa
XMMMYECKOTO COCTaBa M GUOXMMMUUYECKMX 0COGEHHOCTEl HOBBIX BUIOB OTPY0eii moKkasaa BbICOKOe CofepKaHue
6enka, B KOTOPOM IpeobiafaeT qost alb0yMUHO-TI06YIMHOBOI bpakuymy (78,5-86%), Ipy 5TOM CYIeCTBeHHast
yacTh 6enka (7,6—10%) IpoUHO CBsI3aHa C APYTMMU OMOIOAMMepaMiu. BbiiesieHbl 1 MCCIeq0BaHbl TPOTEOTUTI-
yeckue hepMeHThI OTPYOeii, IelicTByIomMe B HeliTpanbHoit (pH 6,8) u kucioii (pH 3,8) 3oHax pH. [TokaszaHo, 4TO
YeyeBUYHO-IbHSIHBIE OTPYOM XapaKTepy3YIOTCS HauGOoblIeli IIPOTeOIUTNIECKO) aKTMBHOCTBIO, IIPY 9TOM aK-
TUBHOCTb HETPAIbHBIX IPOTEMHA3 MTPEBbIIIAeT AKTUBHOCTb KMCIBIX IIPOTEMHA3 BO BCeX TpeX BapuaHTax: B 1,32;
1,37 u 1,56 pa3a COOTBETCTBEHHO. YCTAHOBJIEHO, UTO BO BCEX MCCIEAYEMbIX OTPYOSIX MPUCYTCTBYIOT GEIKOBbIE
MHTMOUTOPBI TPUIICUHA U COOCTBEHHBIX MTpoTerHa3. OHYU MMONAB/ISIIOT aKTUBHOCTD KUCIBIX TIPOTEMHA3 B GOIbIIIe
CTeIeH!, YeM HeNTpaIbHbIX (% MHrMbMpoBanus): 37,5 nporus 28,2 (BapuauT 1); 32,3 npotus 24,5 (BapuaHr 2);
48,6 ipoTuB 32,4 (BapuaHT 3). MoseKy/isipHast Macca, 1o JaHHbIM rejib-XpoMaTorpadumn, cocTaBuia: HeilTpasib-
Hble rpoTennassr 250000 +200000 [da, kucibie mporerHasbl 100000+ 75000 [Ta. beskoBbie MHTMOUTOPSI, BbIZE-
JIEHHbIE 13 MTOJIMKOMITOHEHTHBIX OTPYy6eit, MMenu MoeKyIspHyIo maccy 25000+ 20000 [Ja. [ToryueHHbIe JaHHbIE
OyZyT MCIIOJIb30BaHbl B 9KCIIEPUMEHTAIBHBIX MCCIeNOBAHMSIX, 10 HAIIPABJIEeHHOMY 6MOKaTaIN3y C Le/bIo MOy-
YyeHMs! TPOAIYKTOB 3aIaHHOTO COCTaBa U CBOJICTB.

OUVHAHCHPOBAHUE: CraThsi IOATOTOB/IEHA B paMKaX BBIMIOJIHEHMSI MCCIeIOBaHMIA 0 rocygapcTBeHHomy 3aganuio N2 FGUS-2022-0006 dene-
paJIbHOTO HayYHOTO I[eHTpa MuIeBbIX cucteM M. B. M. Top6aToBa Poccuiickoit akajeMun Hayk.
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PROTEIN-PROTEINASE COMPLEX
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wheat, lentil, flax, multicomponent ~ Deep processing of grain bran is an important, promising direction that allows the use of by-products (secondary

bran, protein-proteinase complex,  products) of flour milling in order to obtain valuable food components for the creation of enriched food products,

neutral and acid proteinases, as well as specialized grain-based products. Polycomponent bran, obtained during the joint processing of cereals

protein inhibitors of proteinases (wheat), legumes (lentils) and oilseeds (flax), in terms of its chemical composition and the state of the protein-
proteinase complex, is a unique raw material that can be used for further processing. In particular, it is suitable for
the use in producing hydrolysates and other structurally modified products using enzymatic biocatalytic methods.
An assessment of the chemical composition and biochemical characteristics of new types of bran showed a high
protein content, in which the proportion of the albumin-globulin fraction predominated (78.5-86%), while a
significant part of the protein (7.6—-10%) was strongly bonded to other biopolymers. The bran proteolytic enzymes
acting in the neutral (pH 6.8) and acidic (pH 3.8) pH zones were isolated and studied. It was shown that lentil-flax
bran was characterized by the highest proteolytic activity, while the activity of neutral proteinases exceeded the
activity of acid proteinases in all three variants: 1.32, 1.37 and 1.56 times, respectively. It was established that
protein inhibitors of trypsin and their own proteinases were present in all studied bran types. They inhibited
the activity of acid proteinases to a greater extent than neutral ones (% inhibition): 37.5 versus 28.2 (option 1);
32.3 versus 24.5 (option 2); 48.6 versus 32.4 (option 3). The molecular weight, according to gel chromatography,

o1l HTUTUPOBAHUS: Buron, U. C., MenemkuHa, E. II., Ilankpartos, I. H. FOR CITATION: Vitol, L. S., Meleshkina, E. P., Pankratov, G. N., (2022). Bran
(2022). OTpy6M 13 KOMITO3UTHOM 3epHOCMECH — KaK 00BEKT Iy6OoKOi mepepa- from composite grain mixture as an object of deep processing. Part 1. Protein-
60oTku. Yactb 1. BenkoBo-mpoTenHa3Hblii KOMIUIEKC. ITuwyessie cucmemsl, 5(4), proteinase complex. Food Systems, 5(4), 282-288. https://doi.org/10.21323/2618-
282-288. https://doi.org/10.21323/2618-9771-2022-5-4-282-288 9771-2022-5-4-282-288



Buton M. C. m gp. | MULUEBBIE CUCTEMDbI | Tom 5 No 4 | 2022 | C. 282-288

was as follows: neutral proteinases 250,000+ 200,000 Da, acid proteinases 100,000+ 75,000 Da. Protein inhibitors
isolated from multicomponent bran had a molecular weight of 25,000-20,000 Da. The data obtained will be used
in experimental studies on targeted biocatalysis in order to obtain products of a given composition and properties.

FUNDING: The article was published as part of the research topic No. FGUS-2022-0006 of the state assignment of the V. M. Gorbatov Federal Research

Center for Food Systems of RAS.

1. BBepeHue

B mocienHue rompl OTMEYaeTCsT BO3POCIINIT MHTEPEC C Ha-
YYHOI U MPAKTUUYECKON TOUEK 3peHMsI K BTOPUUYHBIM MPOAYK-
TaM IrepepaboTKy 3epHa Kak K JOCTYITHBIM ¥ BO30OHOBJISIEMbIM
CBIPBEBBIM pecypcaM — MepPCIeKTUBHBIM MCTOYHUKAM TOTION-
HUTEJIBHOTO ChIPbS IJIS TOTYYeHMUs TIOJI€3HbIX MHIPEIVEHTOB
MPOYKTOB MUTAaHMS KaK 0OIIEero, Tak M Crelnyaai3upoBaHHOTIO
HasHAYEeHMs.

3epHOBBIE OTPYOM MPEACTABISIOT CO60¥ IIEeHHbBI TPOMYKT,
6oraTblii 6eTKOM, KJIeT4YaTKOM, BUTAMUHAMMU, MAKpO- U MMU-
KpOsJIieMeHTaMMu, 6I/IOJ'IOI‘I/I‘-IeCKI/I AKTUBHBIMM MMWHOPHBIMU CO-
envHeHussMU [1-5]. B HacTosiiee BpeMsl MX MCIIOTb30BaHMe
B MUIIEBbIX TEXHOIOTHSIX TOCTATOUHO OTPaHNYEHO. Pa3inyuHble
3epHOBbIe OTPY6M (IIPEUMYIIEeCTBEHHO IIIeHNYHbIE U PKaHbIe)
MCIIONB3YIOT IJIs1 060TalleHNsT KJIETUATKO OTHENbHBIX BUIOB
XJIe600YIOUHBIX M3MAeINil, MyJbTU3EPHOBBIX BUAOB Xeba, Ux
BKJTIOYAIOT B COCTAaB MOJMKOMITOHEHTHBIX MYYHBIX cMeceil [6—
18]. Kpome ToOro, Ha pbIHKe 3epHOBBbIe OTPYyOM IpPeNCTaBIE€HbI
B BUJIe CAMOCTOSITEJIbHOTO MPOAYKTA KaK B UMCTOM BUJE, TaK
M C Pa3JIMYHBIMU JOGABKAMM — CyXO(MPYKTaMM, OpeXaMu U T. II.
Hapsioy ¢ 9TMM akKTMBHO pa3pabaThIBaOTCs CIIOCOGBI TpUMeHe-
HMSI Pa3IMUHBIX 36PHOBBIX OTPY0Oeii B TEXHOIOTUIM OUCTUIISITOB
[19,20], a Takke M3y4yaeTcsi BO3SMOXXHOCTD MX UCIIO/Ib30BaHMS KaK
006beKTa [1J1s JasbHeliIei r1yooKoii mepepaboTKM, B YaCTHOCTH,
[ TIOTyYeHMsI MUILIEeBBbIX BOJIOKOH [21-23] u CTPyKTypPHO-MO-
IuUIIMPOBaHHBIX OTPYyOeit C MCIOIb30BaHKeM (GepPMEeHTHbIX
MpenapaToB Le/UTIOJIOTUTUYECKOTO U TTPOTEOIUTUIECKOTO JIeii-
CTBUSI U KOMIIO3MIMII Ha uX ocHOBe [1,2,18]. Vcrionb3oBaHme
TIPOJYKTOB ITy6OKOI MepepaboTKy 3epHOBBIX OTPybeii B pas-
JIMYHBIX OTPACISIX MUINEBOV MHIYCTPUM TIO3BOJIUT IOBBICUTH
MMUIIEBYI0 M OMOJIOTMYECKYI0 LIEHHOCTb KOHEUHbBIX W3Jenuit
M IpUIaTh UM GYHKUIMOHATbHBIE CBOJicTBA [1,2,21,23-29].

Paspa6oTka croco60B ¢depMeHTaTUBHON MoauduKauum
[1,2,30-34] 6uomnonumMepoB oTpybeil TpebyeT IpemBapUTeNb-
HOTO M3YYeHMS] COCTOSIHMSI CaMOTO cy6CcTpaTa, B YaCTHOCTM
ero 6eJIKOBO-IPOTEMHA3HOIO KOMIUIEKCA, KOTOpPOE CIIOCOGHO
OKa3bIBaTh CYIIECTBEHHOE BJIMSHME HA YCIOBUS TTPOBEIEHUS
(bepMeHTATUBHBIX peakiuii C UCMONb30BaHMEM (GepMEeHTHBIX
TpenapaToB MUKPOGHOTO TPOUCXOXKIEHMs. M3ydyeHue O6eKo-
BO-TIIPOTEMHA3HOTO KOMIUIEKCA 3€PHOBBIX U OOOGOBBIX KYJIBTYD
Haubosiee aKTMBHO IIPOBOIMJIOCH B KOHIle 70-X — cepenuHe
80-x romoB XX Beka. ATOMY CIIOCOOGCTBOBAJIO Pa3BUTHE METO-
IUKU Y TEXHUKM MHCTPYMEHTAJbHBIX METOMOB MCCIeqOBaHNs.
Heob6xomumocTh M3yueHust 6eTKOBO-IPOTEMHA3HOTO KOMIUIEK-
ca 3epHOBBIX U 6G06OBBIX KY/JAbTYp OblIa CBSI3aHA HE TOJBKO CO
3HAYUTENIbHOM (U3MOOTMYECKO POTbI0 TPOTEOTUTUYUECKUX
dbepmMeHTOB (yuacTue B Mpolieccax Aerpagaiyy 3amacHbIx 6er-
KOB, B TIOCTTPaHC/SILIIOHHOM ITPOIeCCUHTe GETKOB, aKTUBALU
HEaKTMUBHBIX IpealeCTBeHHNKOB (l)I/IBI/IOJIOI'I/I"IECKI/I AKTUBHBIX
6eIKOB, MENTHUIOB U AP.), HO U C UX YYaCTHEM B IPoIieccax xpa-
HEeHMS U TepepaboTKM PACTUTETHLHOTO ChIPbsl. YCTAHOBJIEHO, UTO
KUCJTbIe TIPOTeNasbl MPerMYIeCTBEHHO yYacTBYIOT B Jlerpajia-
LMY 3aTIaCHbIX O€JIKOB MPU MMPOPaCcTaHuM, a HeTpaibHbIe MTPO-
TeMHAa3bl 3epHA YUACTBYIOT B ITPOTEO/IV3e COOCTBEHHBIX GEIKOB
B IIpoOIecce XpaHeHUs] MK, TECTOBEIeHMS, BIMSISI TEM CaMbIM
Ha KavyecTBO xJyieba 1 x1e60rnpoaykToB. BO6OBbIE KYJAbTYPHI 11O
CBOEJI MPOTEOTUTUYECKOI aKTUBHOCTY ITPEBOCXOMST 37IaKOBbIE
KYJBTYPbI, & TAKKe COMEPIKAT KOMITIEKC BbICOKOAKTUBHBIX Geri-
KOBbIX MHTMOUTOPOB MUIIEBAPUTENbHBIX (HEPMEHTOB (TPWUII-

CUHA, XUMOTPUIICKHA), KOTOPbIE CTIOCOOHBI B3aMMOeiCTBOBATh
C 3H/IOTEHHBIMM TIPOTeMHa3aMu. BeTKoBble MHTUOUTOPHI MIPO-
TEOIUTUYECKUX (ePMEHTOB C OAHOM CTOPOHBI YUACTBYIOT B pe-
TYJISIIIUY TIPOTEOTUTUYECKOV aKTUBHOCTY 3epHA B MIOKOE U TP
MpOpacTaHuy, a ¢ JPYyroii — OTHOCATCS K aHTUATMMEHTAPHBIM
daxTopam muranums [35,36].

Bo BHUMU 3epHa 1 MpOIYKTOB €ro mepepaboTky pazpaboTaHa
TEXHOJIOTYSI COBMECTHOTO pa3MoJjia 3epHOBOIT CMecy Ha OCHOBE
3€pHOBBIX (MIIeHNIIA), 60OOBBIX (YeUeBUIIA) U MACTUIHBIX (Oe-
JIBIiA JIeH) KYJAbTYP, TOGOYHBIM TPOLYKTOM KOTOPOJ SIBISIOTCS
TIOJTMKOMITOHEHTHBIE OTPYOM, MPEICTABISIONIME IIEHHOE ChIPbe
LIS TabHelineii nry6okoii mepepaborku [1,2,21,37].

Llenp UccnenoBaHMii — OIleHKA XMMMUUECKOTO COCTaBa 1 be-
KOBO-TIPOTEMHA3HOTO KOMIUIEKCA TTOJIMKOMIIOHEHTHBIX 3€pHO-
BBbIX OTPYyO6e¥i 17151 X IaabHeIIeil rimyboKoii mepepaboTku ¢ mc-
0JIb30BaHMEM (pepMeHTHO MogU(pUKAIIA.

2. Marepuaibl 1 METOMbL

O6DbEeKTOM MCCIEAOBAHUS CIYKWIIA TPU BUAQ TOTMKOMIIO-
HEHTHBIX OTPY6eii, MOMYyYeHHBIX B Pe3y/IbTaTe COBMECTHOTO I10-
MOJIa 3epPHOCMEeCH:

Bapuanm 1 — otpy6u, oay4eHHbIe B pe3ysibrare jgabopa-
TOPHOTI'O TTOMOJIa TPEXKOMIIOHEHTHOV 3€pHOBOI CMeCH: TIIIIeHN-
11a (85%), cemeHna ueueBuilpl (10%) u npHa (5%);

Bapuanm 2 — otpy6u, ronyyeHHble B pesy/abTaTe jabopa-
TOPHOTO TIOMOJIa TPEXKOMIIOHEHTHOM 3€pHOBOJ CMeCHu: Kpyma
nmeHnyHas uuMpoBaHHas (85%), cemeHa ueueBuilpl (10%)
u ibHa (5%).

Bapuanm 3 — oTpy6u, ToyuyeHHble B Pe3yIbTaTe COBMECT-
HOTO IIOMOJIa CeMSIH 4eueBUIbI (67%) 1 6e1oro MaciMuyHOIO
JibHA (33%).

O61ee comepskaHue 6eKa onpenensiv mo Mmetony Koesb-
manst (Nx6,25) (TOCT 10846-91'); konm4ecTBO XuMpa — IO
Cokcnery (TOCT 29033-912%); comepskaHue Kpaxmajga — IO
9Bepcy (TOCT 31675-2012%); kinetuaTku — 1o Kyminepy u Ta-
Heky [38]. PacTBOpuMBIii 6eJI0K OMpeaesiv o MeTony Jloypu;
(bpakiMoHHbIT coCTaB GHICTPOPACTBOPUMBIX 6eK0B — 10 Oc-
6GOpHY; aKTMBHOCTb ITPOTEA3 — MOAUDUIMPOBAHHBIM METOLOM
AHcoHa [38].

MosnekyasipHYI0O MacCy 3HIOT€HHBbIX ITPOTEOTUTUUYECKMUX
bepMeHTOB U MX GEJKOBBIX MHTMOUTOPOB OIpeneNsin Me-
TOIOM Telb-XpomaTorpaduu Ha KomoHKe (2,3x35), 3amoin-
HeHHOI renem Toyopearl HW-55F. Tenb 3TOii Mapku IMO3BO-
JISIeT pasfesnsaTh OeNKY ¢ MOJIEKYJISpHOIT Maccoit ot 1000 mo
700000 [a. IIpegBapuTeIbHO KOJOHKY OTKAIMOPOBAIM Jis
omnpenenennus: ceo6omuoro (VeB.) u obiuiero (Vobii.) o6bema
KoJI0HKY. CBOOOIHBI 06EM OIpEeIessii 10 BIXOMY AeKCTpa-
Ha CuHero (MoJIeKyJIsIpHasi Macca — OK0JIO 2 MJIH [la), KOTOPbIii
coctaBua 44 mi). O61MIT 06beM — TI0 BBIXOAY TUPO3UHA, OH
cocraBui 140 mna. g ompeneneHusT MOJEKYISIPHOM MacChl
6e1KOB rpadMUecKMM METOIO0M KOJOHKY MapKMpOBalu CTaH-
IApTHBIMM METUYMKAMM C M3BECTHONM MOJEKY/ISIPHOI Maccoit
dbupmbr Merck (Tepmanus) [39].

' TOCT 10846-91 «3epHO 1 NPOAYKTHI €ro rnepepaboTky. MeTog, onpe-
nmenenust 6enka». Mocksa: Crangaptuudopm, 2009. — 9 c.

2 TOCT 29033-91 «3epHO U NMPOAYKTHI €ro TepepaboTky. MeToz, ompe-
neneHust xxupa». Mocksa: UIIK «M3paTtenbcTBo ctaHzapros», 2009. — 6 c.

* TOCT 10845-98 «3epHo 1 NPOAYKTHI ero nepepaboTku. MeToz onpese-
JeHus Kpaxmasna». Mocksa: UK «M3maTenbcTBo cTaHgapToB», 2001. — 4 c.
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XMMUYECKUt COCTaB MCXOAHBIX KOMIIOHEHTOB 3epHOCMe-
cu: mIIeHuIa/deueuna/neH (%): 6emok — 13,43/28,00/24,68;
skup — 1,83/2,00/39,80; kpaxman — 66,8/50,3/5,2; KieTuaTtka —
2,2/10,5/15,0.

3. Pe3yabTaThl U UX 06CYKIeHMe

IToMMKOMIIOHEHTHbIE 3€PHOBBIE OTPYOM, TIOTYyYEHHbIE TIPU
COBMECTHOJI MepepaboTKe 3epHOBbIX, 6060BBIX U MaCIUUHbIX
KYJIBTYP, XapaKTepU3yITCsI He TOTbKO BBICOKMM COZIepsKaHMeM
6enKa ¥ Xupa MO CPaBHEHMIO C IMIIEHUYHBIMM OTPYOSIMU, HO
Y YHUKAJIbHBIM COCTABOM 3TUX OMOTIOMMEDPOB.

B Ta6muiie 1 npencraBiieH XMMUYECKU COCTaB MCCIEAYEMBbIX
3€PHOBBIX OTPYOeii, COIACHO YKa3aHHbIM BbIIIIE BAPMAHTAM.

Ta6mmua 1. XumMmudeckuii cocras
TMO/IMKOMITOHEHTHBIX 3€PHOBBIX OTPyOeit
Table 1. Chemical composition of polycomponent grain bran

O6paser, Benok, % XKup, % Kpaxman, % KiaetuaTtka, %
BapuaHnr 1 19,30 6,4 45,50 15,0
BapuanT 2 17,52 6,0 52,42 14,6
Bapuanr 3 28,31 12,9 28,50 17,3

VsyueHue (pakIMOHHOTO COCTaBa PaCTBOPMMBIX OEIKOB
oTpy0eit Kak o0beKTa A (pepMeHTaTMBHON MomuduUKaium
(rmy6oxast mepepaboTKa) MpeCTaB/sieT 3HAUNTeNbHbI MHTepec
C TO3UIMM JOCTYITHOCTY GEJIKOB JJIst [eicTBUSI (epMEeHTHBIX
TIpernapaToB MPOTEOTUTUUECKOTO AECTBYS, @ TAKKE JIJIST BbIGO-
pa yuIoBMit TpoBeneHnsl (pepMeHTATUBHBIX Peakuuil C 1eabio
HAaNpaBJeHHOTIO BO3JIECTBUS U TOMYYEHUS] TTPOAYKTOB MPOTe-
01132 OTIpeie/IeHHOTO COCTaBa U CBOMCTB.

s dpakioHupoBanust 6eaKoB 1Mo Oc60pHY aabOyMUHBI
BBIIEJISIIV IUCTUIUTMPOBAHHOI BOJO, IOOYAUHBI — 10%-HbIM
pactBopom NaCl, mponamuubl — 70%-HbIM 3TaHOJIOM, TJIIOTEIN-
Hbl — 0,2%-HbIM pacTBOpoM NaOH.

CoorHomieHve GpakiMii PacTBOPUMBIX OETKOB OTpyOeii
rpeficTaBiaeHo Ha Tabmuie 2.

Tab6nuiia 2. paKuMOHHBIN COCTaB PACTBOPUMBIX GEIKOB
ITOJIMKOMIIOHEHTHBIX 0'1'py6e1‘/'1
Table 2. Fractional composition of soluble proteins of polycomponent bran

(DpaKIMOHHBIN COCTaB PACTBOPUMBIX GEJIKOB,
% OT 00ILEro KOINIecTBa

OGpaser, HepacT-
anboy- J100Y- npoia- IIoTe- .
BOPMMBIi1
MUHBI JINHBI MMHBI JIMHBI
OCTaToOK
Bapuanr 1 40,3 38,2 2,1 9,8 9,6
BapwmaHT 2 38,6 40,4 2,0 11,4 7,6
BapmanTt 3 41 45 0 4 10,0

IaHHbIe, MpeacTaBaeHHbIe B Tabauile 2, CBUAETEIbCTBYIOT
O CYIEeCTBEHHOM ITpeo6iaJaHui aabO6yMUHO-IJI00YIMHOBOI
(pakimu pacTBOpMUMBIX 6€7TKOB BO BCEX MCCIEIYEMbBIX BapuaH-
Tax orpybeit (78,5%, 79,0% 1 86% COOTBETCTBEHHO); HU3KOM
colepskaHUM CIIMPTOPACTBOPUMBIX 6enKoB (2,0%) U IOTHOM
MX OTCYTCTBUM B UEUEBUUHO-JIBHSIHBIX OTPYOSIX (BapuaHT 3).
ConepskaHne 6e/ka B HepacTBOPMMOM ocTaTke (0T 7,6 mo 10%)
YKa3bIBAET, UTO JOCTATOUHO CYII[eCTBEHHAs YacTh OeJika Mpoy-
HO CBSI3aHA C JPYTMMU GMOTIONMMEpPaMU: C HEKPAXMaJbHbBIMMU
TosicaxapumaaMu, TAMUAaMu. IMeHHO 9TV GeJIKU U SIBJISTIOTCS
B MEPBYIO OYepeb NOMOTHUTETbHBIM PE3€PBOM IPU ITTyOOKOI
rnepepaboTKe C VMCIIOJIb30BAaHMEM KOMIO3UIMI (hepMEeHTHBIX
MpenapaToB Le/UIIOONUTUYECKOTO U  IIPOTEOTUTUUECKOTO
IeVICTBUIA.

[TporeonuTuyeckue HepMeHTHI B CeMeHaX 3JIaKOBBIX U 60-
6GOBBIX KYJIbTYpP, KAK OTMEYAJIOCh BbIIIE, MMEIOT PAa3HYI0 aKTUB-
HOCTb, HO OHU COCPEJOTOYEHbI ITPEVMYIIECTBEHHO B repude-
PUIHBIX YacTsX (aeiipOHOM CJIOe U 3apojbiiiie). B ¢BSI3u ¢ 3TUM

MX AKTMBHOCTh B OTPYOSIX TIPEBOCXOAUT AKTUBHOCTH B MYKe
U 1[eTTbHOCMOJIOTOM 3€pHe.

VcciemoBaHye akTUBHOCTY SHAOTEHHbIX ITPOTEMHA3 ITPOBO-
I MOIUGUIMPOBAHHBIM METOZOM AHCOHA, TI0 HAavaJbHO
CKOPOCTHM peaKklMu, ¥ BbIPaskaay KOJMYECTBOM IPOLYKTOB pe-
aKIMK He ocakaaeMbIxX TXY U MOIMIOMIAIIMX ITPY IJIMHE BOJTHBI
280 HM. B KauecTBe CTaHIAPTHOTO CYOCTPATA MUCIIONb30BAIM ChI-
BOPOTOYHBI 6bIuMit anboyMuH. THKY6aIMOHHAST CMeCh COCTOSI-
na u3 5 v 0,5% pacTBopa anb6yMuHa, 4 MJI COOTBETCTBYIOIIETO
6ydepa (my1s1 HeiiTpambHBIX NTpoTenHas — 0,1 M docdaTHbIi Oy-
dep c pH 6,8; mist kucibix mporernas 0,1 M 1uUTpaTHbIT 6Gydep
¢ pH 3,8); 1,0 ma1 epmeHTa. DepMEHT BbIAEISIIN SKCTPAKILIMEN
0,35% pacTBOPOM COJIbI C TIOCIEAYIOIINM OCaKIEHWEM ITPOTEas
roaKuciaeHemM 1o pH 4,5 u mepepacTBOpeHMeM 0cajika B COOT-
BeTCTBYyIOIIEeM Gydepe. Bpems mpeabIHKy6aluy COCTaBIsIO 15
MMH ripu Temnepatype 40 °C, bepMeHTaTUBHYIO peaKLUIo IIpo-
Bonwiu B TeueHne 20 MuH ripu Temreparype 40 °C. PaHee 6b110
YCTaHOBJIEHO, UTO B TeUeHMe 3TOr0 BpeMeHU peakius UJeT 10
HY/I€BOMY TOPSIAKY, UTO COOTBETCTBYET HAYaJIbHOW CKOPOCTU
(bepmeHTaTHBHOII peakiuu, a Temreparypa 40 °C sBJsieTcs or-
TUMAaJIbHON KakK /i1 HeTPaJIbHbIX, TaK U [IJI1 KUC/IBIX TIPOTEeN-
Has.

AHanu3 MomyvYeHHbIX 3KCIIePUMMEHTATbHBIX TaHHBIX IO aK-
TUBHOCTY SHIOTEHHBIX HEWTPAJbHbIX UM KUCIBIX MPOTEMHA3,
usBnekaeMbix 0,35%-HbpiM pacTtBopom Na,CO,, npyu rugponuse
CTaHAapTHOTO cy6cTpara (6bIUnMii CHIBOPOTOUHbIN alTbOYMMH)
CBUIETENbCTBYET, YTO HAMOObILMe 3HAUEHMSI aKTUBHOCTH IIPO-
TenHa3 oGHapyKeHbI B 00pasiie JBYXKOMIIOHEHTHBIX OTpPYyOeii,
TIOJTYYeHHBIX TTPY IIOMOJIe GMHAPHO cMecH, CoCTostel u3 67%
ceMsIH 4eueBMIBI U 33% ceMSIH JbHA (BapuaHT 3) (B CpefHEM
0,750 1 0,480 AA,, /Mr 6ejKa 1/1 HefTPalbHbIX M KUC/IbIX IIPO-
TeMHa3 COOTBETCTBEHHO). Il 00pasiioB TPEXKOMIIOHEHTHBIX
OTpyO6eii, TOMyUYeHHbIX TI0 BapMaHTaM 1 U 2, aKTUBHOCTH MPOTe-
MHAa3, OelCTBYIOIIUX KaK B HEMTPaIbHOI, TaK U B KUCJION cpefe,
B cpenHeM Ha 19% u 25% Bbiilie 17151 OTPy6eii, KOTOpble 6bLIN TTO-
JIY4eHbl pU TIOMOoJIe 3epHOCMecH 13 85% 3epHa mineHuIsl, 10%
ceMsIH yeueBMIIbI 1 5% ceMsiH abHa (BapuaHT 1) (PMUCyHOK 1).

0,48 0,75
sapnanT 3 [ —
0,32
sapnanT 2 [ () /)

0,4
sapvavr | —

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
AKTUBHOCTb NpoTeunHas, ea. (AA280/mr 6enka)

M Kucnble npoTenHasbl [ ] Hellepal'Ibele npoTenHasbl
PucyHOK 1. AKTMBHOCTD IIPOTEMHA3 B UCCIIEyeMBbIX

o6pasuax orpyo6eit
Figure 1. Proteinase activity in the studied bran samples

BesnkoBble MHIUMOUTOPHI MUIEBAPUTENbHBIX IPOTENHAS
(TpUTICMHA, XMMOTPUIICKHA) IIMPOKO PACIIPOCTPAHEHbI B Ce-
MeHaX 3JIaKOBBIX (TIIIEeHNUIIA, POKb, TPUTUKAJE, SUMEeHb U Ip.)
” 0c06eHHO 6060BbIX KYJIbTYp (COsI, (hacosb, TOPOX, HYT, YMHA
u Op.) [35,36,39,40]. B nuTeparype MMeIOTCSI CBemeHUsT O Gern-
KOBBIX MHTMOUTOpAX MPOTEMHA3 B CEMEHAX UeUeBUIIbI, TPUUEM
YKas3bIBaeTCsl Ha TO, YTO B CEMEHAX YeueBUIIbI MPUCYTCTBYET
TOJIBKO MHTMOUTOP KyHUTIA (COEBBbI MHIMOUTOP TPUIICHMHA)
U, UYTO OHM He COfepsKaT OeIKOBBIX MHTMOGUTOPOB, IMOMABIISIO-
IMYX aKTUBHOCTh XMMOTPUIICHMHA (MHTMOUTOP BaymaHa-Bupk).
[Ipy 3TOM aKTUBHOCTH 6ETKOBBIX MHTMOUTOPOB B CEMEHaX ueye-

284



Buton M. C. m gp. | MULUEBBIE CUCTEMDbI | Tom 5 No 4 | 2022 | C. 282-288

BUIIHI 3HAUMUTETHHO YCTYIAeT MX aKTUBHOCTY B CEMEeHaX IPYTUX
6060BBIX KYJIBTYP, 0CO6EHHO COeBBIX 6000B [39,40].

VHTMO6MPYIOIIYI0 aKTUBHOCTD 110 OTHOLIEHUIO K TPUIICUHY
OIpeJlesisIN 110 OCTaTOYHOV aKTMBHOCTU TPUIICMHA. BenkoBblie
MHTUMOUTOPBI U3 VCCIENyeMbIX 06pa3IioB OTPyOeii BbIAEsIN
BOMIHOJI 9KCTpaKIMeit, MoaKucIeHneM o 4,5 (ocaskaeHue mpo-
TeMHas); Jajee HALOCALOUYHYIO KUAKOCTh MONKUCASUIM 10 pH
3,0, ocaxkmast TeM caMbIM (Ppakinio GeTKOBBIX MHTMOUTOPOB.
VcXOmHYI0 aKTMBHOCTH TPUIICMHA OMpenesuii MOAUGbUIIMPO-
BaHHbIM MeTomoM AHcoHa mipu pH 8,0, ucnonssyst 0,1 M doc-
darHbIit 6ydep. [IpeAbIHKYOAIIMIO TPUTICYHA Y TIPEABAPUTENBHO
HeNTpa/In30BaHHOM M pa3BefeHHON C yYeTOM KOHEYHOI KOH-
LIEHTPpalMM B MHKYOAIMOHHOI CMeCy HaJoCaJOuHO JKUIKOCTH
(6esKOBbIe MHTMOGUTOPBI MMPOTEMHA3) OCYIIECTBIISIA B TEUEHME
20 muH npu Temmnepatype 40°C, 3aTeM BHOCWIM CyOCTpaT —
0,5% pacTBOp ObIUBETO CLIBOPOTOYHOTO aibbymuHa. UHTrMoM-
DYIOIYIO aKTMBHOCTD BBIPAYKAJIM B IIPOLIEHTAX OT IIePBOHAYAITb-
HOJt aKTMBHOCTM TPUIICUHA.

AHanu3 rpencTaBIeHHbIX Ha PUCYHKe 2 JaHHBIX CBUETENb-
CTBYET O HAIMUMUU B MCCIELyeMbIX OTPYOSIX GeNKOBBIX MHIU-
6UTOPOB TPUIICMHA, OIHAKO OHM TI0 CBOEII aKTMBHOCTY 3HAUM-
TeJIbHO YCTYIAIOT COEBOMY MHTMOUTOPY TPUIICUHA (MHTMOUTOD
Kyuwuria). Tak, mpu KoHueHTpauuu 3,0 Mr/Mia uHru6muTop Ky-
HUTLIA TTOTHOCTHIO MHAKTUBUPYET TPUIICUH, a 6eTKOBble MHTU-
GUTOPBI, BbIZIEIEHHBIE 13 OTPYDEii, COOTBETCTBEHHO Ha 28% (Ba-
puanT 1), 30% (BapuaHT 2) 1 57% (Bapuaur 3).

120
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AKTUBHOCTb TPMMNCUHA, % OT UCXOLHOM

0 1 2 3 4 5
KOHLLeHTpauua nHrnbutopa, mr/mn
~®—UHrMbuTOp KyHMTUG —O—BapmaHT 1

Pucynoxk 2. [leiictBue

Ge/IKOBBIX MHTMGUTOPOB MPOTEMHA3 Ha TPUIICUH
Figure 2. Action of protein inhibitors of proteinases on trypsin

BapuaHT 2 BapuaHT 3

Ha cnepyromem stare 6bUTM MTPOBEIEHbI aHAIOTUYHbBIE UC-
CJIeIOBaHMS MO B3aMMOJEICTBUIO MHTMOUTOPOB, BbIIETEeHHBIX
U3 pas3INYHbBIX OTPY6eii, C COGCTBEHHBIMY ITPOTEOIUTUYECKUMU
dbepmenTamu. [laHHbIe, MpeacTaBaeHHbIe B Tabnuiie 3, cBume-
TEJbCTBYIOT O TOM, UTO BO BCEX MCCAeAyeMbIX BapMaHTax UHIU-
6uTOpBI IIpu KoHUeHTpaiuu 20,4 Mr 6en1Kka/Mia 60/1ee aKTMBHO
TOJABJISIIOT KUC/Ible MPOTeNHa3bl, 0 CPaBHEHUIO C HelTpasb-
HBIMM MpoTeMHa3amu. [Ipy 35TOM HambOObIas UHTUOMPYIOIIAsT
aKTVBHOCTb OTMEUEeHa ISl YeYeBUYHO-TbHSHBIX OTPyOeil (Ba-
puaHT 3). OMHaKO BO BCEX CIYYasIX MHTUOMPYIOIAsl aKTUBHOCTh
He ripeBbimaeT 50%.

Ta6nuiia 3. AKTUBHOCTH GE/IKOBBIX MHTMGUTOPOB
Y3 MOJIMKOMIIOHEHTHBIX OTPYy6eii mpu JeicTBUM
Ha COOCTBEHHbIe IIpOoTeMHa3bl
Table 3. Activity of protein inhibitors from multicomponent
bran when acting on their own proteinases

VHru6mupymonas akTuBHOCTb, %

depmeHT
Bapuanr 1 Bapmanr 2  Bapmanr 3
Kucnbie mpoTenHasbl 37,5 32,3 48,6
HeiiTpanpHble poTenHa3bI 28,2 24,5 32,4

OLeHKa MOJMEKYISIPHOM MacChl MCCIeNyeMbIX 3SHIOTeHHBIX
MPOTENHA3, AECTBYIOMIMX B HETPAIbHOM 1 KUCION 06macTsx pH,
a TaKoKe 13 GETKOBBIX MHTMOUTOPOB 13 TTOIMKOMIIOHEHTHBIX OTPY-
6eif, COTVIACHO MPeICTaBIeHHbIM BbIIlIe BapMaHTaM, ITPOBOAMIACH
C MCTIONMb30BaHMEM METOIOM Trejib-Xpomarorpaduy Ha KOJIOHKe
¢ TSK-rentem Toyopearl HW-55F (Ta6nuia 4). Ha KoJOHKY HaHO-
CWJIM YaCTUYHO OYMILIEHHbIE MpernapaThl MPOTeNHa3, MOTyYeHHbIX
TIpy ofKucaeHnu 1o pH 4,5, v mpenapaThl 6€TKOBbIX MHIMOUTO-
POB, TIOJTyUeHHbIe TTyTeM AaibHeliiiero ocaxkaenms mpu pH 3,0.

VCTaHOBJIEHO, UYTO MOJIEKY/ISIPHAST Macca UCCIeAyeMbIX TIPO-
TeyHa3 BO BCeX BapMaHTax BapbUpPyeTCs B LIMPOKUX Iperenax
ot 250000 mo 25000 Ha. ITpy 3TOM maHHBI MeTO, ITO3BOJISIET
pas3genTh HeliTpambHbIe IIPOTeMHA3bI OTPyOelt (MOIeKyIIpHasT
macca 250000+200000 [la) u Kuciable MPOTeMHA3bl (MOJIEKY-
nsapHas macca 100000+ 75000 [Ia). BeicoKme 3HaueHuUs MoJie-
KYJISIPHOJ MaccChl HEATPAIbHBIX M KUCIbIX MPOTENHA3 OTPyOeii
¥ COGCTBEHHBIX MPOTEMHA3 CeMSH YeueBUIIbI MO3BOJISET MpeJ-
TIOJIOKUTh, UTO OHU TIPEJICTAB/SIIOT CO60t OMMroMepsbl, COCTOSI-
IIyie U3 HEeCKOIbKUX CyObeqHNIL.

O6pamjaetT BHUMaHMe TOT (GaKT, YTO MOJIEKYISpHas Macca
MPOTEONUTUYECKUX (DEPMEHTOB U3 MOJMKOMITOHEHTHBIX OTPY-
6eit 1 ceMsTH YeueBUIIbI OAVMHAKOBA, U, CJIeA0BATETbHO, MUMEHHO
MPOTEMHA3bI YeueBUIIbl 0OHAPYKUBAIOTCS B TOIMKOMITOHEHT-
HbIX OTPYOSIX BHE 3aBMCUMOCTY OT BAPMAHTA UX ITOTYIEHUS.

@paxiyst 6eKOBbIX MHTMOUTOPOB COGCTBEHHBIX ITPOTEMHA3
¥ TPUTICKHA, BbIleJeHHAs M3 IOJMKOMIIOHEHTHBIX OTpy6eit,
uMeet MosieKkyasspHyto maccy 30000+ 20000 da. ITlpuuem naHHas
(paxiyst 6eJTKOBbIX MHIMOUTOPOB IIPOSIBJISIET CBOIO aKTUBHOCTD
Kak I10 OTHOIIEHUIO K TPUIICMHY, TaK U 10 OTHOIIEHUIO K Hell-
TPaJbHbIM M KMUCIBIM MTPOTEMHA3aM TMOJMKOMITOHEHTBIX OTPY-
6eit. C OHOI CTOPOHBI, 3TO MOXKET CBUJIETEJILCTBOBATH O TOM,
YTO MCIIOJNIb30BAHME METOHA rejib-XpomaTorpaduyu B ZaHHOM
cTydyae He TI03BOJIAJIO Pa3feATh MHTMOUTOP TPUTICYHA U VHTU-
GUTOPBI COGCTBEHHBIX (hepMeHTOB. C IPYroit CTOPOHBI, ITO SIB-
JIIETCSI TOTIOJIHUTEIbHBIM KOCBEHHBIM ITOATBEPKIEHUEM TOTO,
YTO HaubONMbLINII BKIA B QOpMMUPOBaHME MHIMOUPYIOLIEI aK-
TUBHOCTY BHOCSIT GEIKOBBIE MHTMOUTOPBI U3 U€UEBUIIbI, AKTUB-
HO TIOAABJISIIONIMe COOCTBEHHbIE KMC/IbIe ¥ HeiTpaabHble Mpo-
TerHa3bl. MOXXHO TPEATOIOKUTD, YTO HEWTPaIbHbIE U KUC/IbIE
IIpOTEeMHA3bI YeUeBUIIbI, KaK M TPUIICUH, OTHOCATCA K CEPHOBbIM
MIPOTeMHA3aM, ITOCKOIbKY MHTMOMPOBAHME OCYIIECTBIISIETCS TI0
MeXaHM3My KOHKYPEHTHOTO MHTMOGMPOBaHUS (B 06pa3soBaHUM
KOMITEKCa pepMEHT-MHITMOUTOP YYACTBYIOT aKTMBHbBIE IIEHTPbI
M3yyaeMbIXx GepMEeHTOB U MHTMOUTOPOB), TOTA KaK HeiTpalb-
Hble U KUC/Ible MPOTEMHA3bI 3/IaKOBBIX KY/IbTYD, KaK U3BECTHO,
SIBJISIIOTCSI TUOJIOBBIMMU (hepMeHTaMU.

Tab6nuiia 4. DpaKuMOHMPOBAHME SHAOT€HHBIX MIPOTEMHA3 M UX GEIKOBBIX MHIMGUTOPOB METOOM reib-xpoMaTorpadum
Table 4. Fractionation of endogenous proteinases and their protein inhibitors by gel chromatography

MonekyasipHast macca, JanbToH

O6paser, IIpoTrenHa3sbl
HeliTpaJbHbIe KUCIIbIe
MMenna 75000+50000 35000+25000
Yeuesuia 250000+200000 100000+75000
OTpybn 250000+200000 100000+75000

HNHrn6MUTOpBI IPpOTENHA3

TpUIICHHA
15000+10000
25000+15000
30000+25000

HeNTPaIbHbIX
20000+15000
25000+20000
25000+20000

KUCIBIX
25000+15000
25000+20000
25000+20000
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4. BpiBOAabI

[ToMMKOMIIOHEHTHBIE OTPYOM, TONYyYeHHbIE MPYU COBMECT-
HOJt mepepaboTKe 3epHOBBIX (IIIEHMIIA), 60OOBBIX (UeUeBUIIA)
Y MaCAUYHBIX (JIeH) KYJIbTYp, II0 CBOEMY XMMUUYECKOMY COCTaBY
Y COCTOSTHVIO 6€TKOBO-ITPOTEMHA3HOTO KOMIUIEKCA ITPe/ICTaBIISI-
10T LIEHHOE ChIPbe IS JajIbHellIeil mepepaboTKy, B YaCTHOCTH
nst bepMeHTaTUBHOM Mogudukanuu. ViccnenoBaHus mokasanm
BBICOKOE cofiepykaHye 6eKka, B KOTOPOM IpeobiiaaeT A0S allb-
6yMUHO-TI06YIMHOBO dpakuyu (78,5; 79,0 u 86%), mpu sTOM
cyliecTBeHHas yacTb 6eka (7,6—10%) mpovHo cBsI3aHa C APYTH-
MM GUOTIONTMMEPAMMU.

HccnemoBaHbl MPOTeONUTHYECKMEe pepMeHThI OTpyb6eit, neii-
cTBywIIMe B HelTpanbHOI (pH 6,8) n kucnoi (pH 3,8) 30Hax
pH. HauGosnbilieit MpoOTeONUTUUECKOM aKTUBHOCTBIO XapaKTe-
PU3YIOTCS YeUeBUYHO-TbHSIHbIE OTPYOU, IIPU ITOM aKTUBHOCTH
HeJTpalbHBIX IPOTEMHA3 IIPEBBIIIAET aKTMBHOCTD KUC/IBIX [TPO-
TerHas BO Bcex BapuaHTax: B 1,32; 1,37 u 1,56 pasa cOOTBETCT-
BEHHO.

VCTaHOBJIEHO, YTO BO BCEX MCCAEMYEMbBIX OTPYOSIX TPUCYT-
CTBYIOT G€JTKOBbIE MHTMOWTOPBI TPUIICKHA M COOCTBEHHBIX ITPO-
TEOMUTUYECKUX (DepPMEHTOB, KOTOPbIE MOAABJSIOT aKTUBHOCTh
KUC/TBIX TIPOTeNHA3 B GOJbIiIel cTernedy, ueM HeiTpaabHbIX (%
uHrM6MpoBauus): 37,5 npotus 28,2 (BapuaHt 1); 32,3 nmpoTus
24,5 (BapuauT 2); 48,6 npoTus 32,4 (BapuaHT 3).

OrmnpepeneHa MOJMEKY/IsIpHAsT Macca MUCCIeNyeMbIX HIOTeH-
HBbIX MPOTeNHa3 " UX GEeNKOBbIX MHTMOUTOPOB. HeilTpaabHbie
MpOTEeMHA3bl MMETM MOJIEKYISIpHYI0 Maccy 250000+ 200000 [a,
kuciabie — 100000+75000 [la. BenkoBble MHTUOGUTOPBI, BbIe-
JIeHHbIe 13 MOJIMKOMIIOHEHTHBIX OTPYOeii, MMeau MOJEeKyJIsIp-
Hy10 Maccy 25000+20000 [Ta Bo Bcex BapMaHTax.

[TonyueHHbIe AaHHbIe GYOYT MCIIOIb30BAHbI NP TUIAHUPO-
BaHUM ¥ TIPOBEAEHUM NaJbHENIIMX IKCIIePUMEHTATbHBIX UC-
CJIe[IOBaHN, B TOM YMCJIE IO MCIIOAb30BAHUIO MCCIEMYEMbIX
BUJIOB OTpYy6eii, 061agaromyx YHUKaIbHBIM COCTAaBOM, KaK 00b-
eKTa JIJ1s1 [aabHelteii yboKoi mepepaboTKuM.
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KJTIOYEBBIE CJIOBA: AHHOTAILIUA

Ml,leOSOaOpOCﬂM, B HacToslIee BpeMs I.HI/IPOKI/H7[ nHTepec npnoﬁpen BOIIPOC IOJTydeHMsT KOMILJIeKCa 6VIOJ’IOI‘I/I‘{€CKI/I AKTUBHBIX Be-
yuanobakmepuu, KynbmypansHas — 1ECTB U3 MUKPOBOAOPOCIEii. 3BECTHO, UTO MUKPOBOLOPOC/IN CIIOCOGHBI TPOMU3BOAUTDH 3HAUMTEIbHOE KOIUe-
cpeaa, Mopd)ozlozuuecxue CTBO 3K30IToMcaxapmumaoB. Lle]'[b}() AAHHOTO MCCIeoOBaHMS ABJIATOCH M3YyUeHNe MOp(bOJ'IOI‘I/I‘{eCKI/IX TMMPU3HAKOB
NpU3HAKU, IK30N0AUCAXAPUOLL, Y ITapaMeTPOB POCTa MCUXPOGUIbHBIX MUKPOBOIOPOCIEN U IIMAaHOOAKTEPUIL IS TOC/IeAYIOIIEro MOTyUYeHNsT 9K-
napamempbl pocma 3omonucaxapuaos. Mopdomorio MUKPOBOIOPOC/IEl pacCMaTPUBAIY C TOMOILILIO GMHOKY/ISIPHOV MUKPOCKOITUMA.

ITapameTpbl pocTa U3y4asiM C TIOMOIIBIO CIIEKTPOGOTOMETPUY, TapAMETPbI KYJIbTYPAIbHO CPeIbl BbISBIISIIN
¢ momolbio pH-MeTpun. Bbutu MOCTpoeHbI SKCIIOHEHIIMATbHbIE TpaduyecKke 3aBUCUMOCTH, TTIOKa3bIBAKOLIVIE TN~
HaMMKY U OKMIaeMYI0 CKOPOCTh POCTa MUKPOBOOPOCIIEi. Onpenensivi CKOPOCTh POCTa U GMOCHHTEe3a IMoJca-
XapuI0B MUKPOBOZOPOC/Iei Mpy M3MeHeHnn ocBeleHHOCTY oT 50 1o 130 MMomb/M?%/cek. Hanbombivii ypoBeHb
KOJIMYECTBA KJIETOK B (ha3e JXM3HEHHOTO IMKJIa — Jiorapudmmuueckoro pocra coctaBui go 0,8 nyist Scenedesmus
obtusiusculus Chod IPPAS S-329. YpoBeHb KJIETOK BapbUPOBAJICS TakKke B da3e sKM3HEHHOTO I[MK/Ia — 3aMeJlJIeH-
Horo pocta ot 0,25 mist Ankistrodesmus acicularis Korsch IPPAS A-218 no 1,8 niia Scenedesmus obtusiusculus Chod
IPPAS S-329. MUKpPOBOJOPOCIN ITOKA3a/I1 BLICOKII YPOBEHb HAKOTIJIEHVSI 61I0MACChl B alMKaI0(MUIbHBIX YCIOBM-
sIX. DYKapUOTUUECKIE BOAOPOC/IM aKTUBHO GoTocuHTe3upoBanu ¢ pH 6onee 8,0 u remnepartypoit 30 °C. Makcu-
MaJibHasl aKTMBHOCTH Ha YpoBHe jyar-dassl pocra pH 3,0/3,2 gyia C-1509 Nannochloris sp. Naumann cocrasiisieT
100%. MukpoBogopocib C-1509 Nannochloris sp. Naumann 1oka3sajia BbICOKMIT ypOBEHb HAKOIIEHNST 6110MaCChl
B alKaI0OQMUIbHBIX YCIOBUSIX, OHU hoTocuHTesupoBanu rpu pH 6osee 8,0 u Temnepatype 30 °C. [JokaszaHo, 4TO
HeiTpodmIbl MOTYT pacTy ipu pH Hike 3,0, 3TO COOTBETCTBYET Pe3y/bTaTaM IKCIIEPUMEHTOB C KOJIEKIVIOHHbBI-
MM IITaMMaMyU MUKPOBOAOPOCIIEI, C MPOAYKTUBHOCTBIO 110 6uomacce 27,3%. IIpu memnounom pH 8,3-9,0 mpo-
IYKTMBHOCTH TI0 6MomMacce CHyKanach ¢ 46,0 1o 37,2%. Ocob6blit MHTepeC MpeCTaBIsIeT TO, YTO MPU IETOYHBIX
3HaueHusix pH 7,5 u 8,0 mpogyKTMBHOCT MUKPOBOIOPOC/IENi 10 6110Macce YBeTMINIACh, UTO yKA3bIBAET HA ONTHU-
MaJIbHbIe YCIOBMSI POCTa B 9TOM y3KOM auarnasone pH. Crtoco6HOCTh MUKPOBOAOPOCIIENi TPOAYLIMPOBATD 9K30110-
Jincaxapmabl OTKPbIBAET IMEPCIIEKTUBBI X MCITIOJIb30BaAHMS B IMPAKTUYECKUX HEeTAX.
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microalgae, cyanobacteria, Recently, a question of producing a complex of biologically active substances from microalgae has aroused wide-
culture medium, morphological spread interest. It is known that microalgae are able to produce a significant amount of exopolysaccharides. The
features, exopolysaccharides, aim of this work was to study morphological features and growth parameters of psychrophilic microalgae and
growth parameters cyanobacteria for the subsequent production of exopolysaccharides. The morphology of microalgae was observed

using a binocular microscope. Growth parameters were studied by spectrophotometry; parameters of the cul-
ture medium were determined using a pH-meter. Exponential dependency graphs that show the dynamics and
expected growth rate of microalgae were built. A rate of growth and polysaccharide biosynthesis in microalgae
was determined upon changing the light intensity from 50 to130 mmol/m?’s. The highest level of cell counts in
the logarithmic growth phase was up to 0.8 for Scenedesmus obtusiusculus Chod IPPAS S-329. A level of cells also
varied in the deceleration phase from 0.25 for Ankistrodesmus acicularis Korsch IPPAS A-218 to 1.8 for Scenedes-
mus obtusiusculus Chod IPPAS S-329. Microalgae showed a high level of biomass accumulation under alkalophylic
conditions. Eukaryotic algae actively photosynthesized at a pH of more than 8.0 and a temperature of 30°C.
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The maximum activity at the level of pH 3.0/3.2 in the lag phase was 100% in C-1509 Nannochloris sp. Naumann.
Microalga C-1509 Nannochloris sp. Naumann showed a high level of biomass accumulation under alkalophylic
conditions; it photosynthesized at a pH of more than 8.0 and a temperature of 30°C. It has been proved that
neutrophiles can grow at pH lower than 3.0; this corresponds to the results of the experiments with the collection
strains of microalgae with biomass productivity of 27.3%. At the alkaline pH values of 8.3-9.0, biomass productiv-
ity reduced from 46.0 to 37.2%. It is especially interesting that at the alkaline pH values of 7.5 and 8.0 biomass
productivity of microalgae increased, which indicates the optimal growth conditions at this narrow pH range. An
ability of microalgae to produce exopolysaccharides opens prospects of their use for practical purposes.

FUNDING: The work was supported financially by the Ministry of Science and Higher Education of the Russian Federation (grant of the President of
the Russian Federation), project no. MK-484.2022.1.4 (agreement no. 075-15-2022-393).

1. BBegenmue

B HacTosIee BpeMsl MIMPOKUIA MHTEpeC MPUobGpesn BOIPoC
TIOJTyYeHMST KOMIUIEKCa 6MOIOTMYECKY aKTUBHBIX BEIECTB C aH-
TUOKCUTAHTHOJ aKTUBHOCTHIO M3 MaKpO- M MUKPOBOAOPOCIEN
[1-3]. HecmoTpsi Ha MHOIMe MpeuMyliecTBa MPOMBILIIEHHOTO
KYJIbTUBMPOBAHMSI MUKPOBOAOPOC/IEIi, MMPOBOE TTPOU3BOJICTBO
MUKpoBoAopocieit coctapisieT meHee 20 ToIC. T/Tof. CTOMMOCTD
MMPOM3BOACTBA — 3—5 €BpO Ha KWJIOrpaMM OGMOMacchl BOIOPO-
ciet Ha momaay 100 ra, YTo JOBOABHO BEIMKO MO CPaBHEHUIO
¢ BbIpalMBaHKeM BbIcHIMX pacteHuii (0,2—0,35 eBpo Ha KUJIO-
rpamMM) YuuThIBasg pasHOOOpasHbIil GMOXMMUYECKUI COCTaB
HEKOTOPBbIX MUKPOBOZOPOC/IEH, MOKHO yTBEPKOATh, UTO TeX-
HOJIOTMY MMUKPOBOAOPOC/IE) MMEIOT BBICOKMII KOMMEpPUECKUit
ToTeHIMaN. [IpOMbINIJIEHHOE TIOTyY€eH)e MPOAYKTOB Ha OCHO-
Be BOJOPOC/Ieil B HACTOSIIIEE BpeMsl MaJio ITOCTYITHO, OZHAKO
TIOJIOKEeHYe JieJT B paMKaX MMUPOBOTO PbIHKA GBICTPO MEHSIETCS
10/, BO3/IE/ICTBMEM ITOJ, BO3IECTBMEM PAa3IMUYHBbIX (DAKTOPOB,
BKJTIOUAsl SKOHOMMUeckuit) [4,5]. Hampumep, Gonblee 3Haue-
HMe MOTYT MPUOOGPECTH BOIIPOCHI UCIIOIb30BaHMSI HE BOSOOHOB-
JITEMBIX PeCcypcoB (B TOM 4MC/Ie TUIIEBBIX), TAKMX KaK TMOYBa
¥ TIpecHast Bojia, a Takke MmpobjeMa X BO3IeICTBUS Ha OKpy»Ka-
IOIIYIO CPeAy U 3I0POBbe UeoBeKa.

MUKpPOBOZOPOC/IN, SIBISSICH OTHOK/IETOUHBIMM (DOTOCHHTE-
3UPYIOIIMMM MMKPOOpPraHM3MaMM, MpeoOpasyioT COTHEUHYIO
JHepruio B 6uomaccy ¢ 6onee 3¢bdeKTMBHO, YeM Ha3eMHbIe pa-
cTeHust [6—8]. OCHOBHBIMM IPOM3BOAMMbBIMU BUIAMU MAaKPOBO-
nIopocieit sBasiioTcst Arthrospira platensis, Aphanizomenon; Mu-
KkpoBogopocieit — Chlorella vulgaris, Dunaliella salina, Isochrysis
galbana, Bannochloropsis salina, Phaeodactylum tricornutum, Por-
phyridium cruentum v Haematococcus pluvialis. OHM HaxomsT
TIpMMeHeHVe B IIPOU3BOJCTBE KOPMOB JIJIsl PhIOBI M CETHCKOXO-
3S1/ICTBEHHBIX JKMBOTHBIX, OPraHMYECKMUX YyIOOpEeHUit, a TaKkkKe
IIEHHBIX 9KCTPAKTOB IMMOJMHEHACBIIEHHBIX JXUPHBIX KUCIOT,
NUTMEHTOB, HYyTPULIEBTUKOB, aHTUOKCUIAHTOB, IIPOTUBOPAKO-
BbIX I aHTUMMUKPOOHBIX areHToB [9-12].

MUKpOBOAOPOCIM pacCMATPUBAIOTCSI KaK HOBBI MCTOUHMUK
LIeHHBIX XMMUYECKIX BEIECTB, UTO MPUBEJIO K Pa3BUTUIO TEXHO-
JIOTHUII pon3BoAcTBa ((poTo6MopeakTophl) 1 IepepaboTku 610-
Macchl MMKPOCKOIIMYECKUX Bojopocieli [13,14]. Bo3sMoxXHOCTH
JCIIO/Ib30BaHMsI 61OMaCcChl MMKPOBOAOPOC/IEN U UX MeTabomm-
TOB, TAKMX KaK MOIMCaXapuibl, B OMOTEXHOIOTUYECKUX TTPOU3-
BOJICTBAX MPUBOJIAT K CTAGMIBHOMY CHUKEHUIO Ce6ECTOMMOCTH
MPOAYKTOB 6MocHHTe3a. K 3yKaproTuueckuM 1 IIpoKapuoTude-
CKMM MMKPOBOAOPOCISIM, MPOTYUMPYIOMINUM ¥ BbIAESIONMM
60JIbIII0e KOMMYECTBO IMONMCAXapUIOB B OKPYKAIOIIYIO Cpeny,
otHOcsATCcst Amphora rostrata, Amphora holsatica, Coscinodiscus
nobilis, Cylindrotheca closterium, Melossira nummuloides, Navi-
cula salinarum, Navicula subinflata, Phaeodactylum tricornutum,
Botryococcus braunii, Chlamydomonas sajao, Dunaliella salina,
Chlorella pyrenoidosa v gp. 9K30Moaucaxapuibl — 3TO BbICOKO-
MOJIEKY/ISIPHBIE TTOJIMMEPBI, COCTOSIIINE M3 OCTATKOB CaxapoB,
KOTOPbIE CEKPETUPYIOTCS MUKPOBOAOPOCISIMU B OKPYKAIOLIYIO
UX CPeny ¥ MOTYT CITY>KUTb 6apbepoM MeKIY KIeTKaMU U OKPY-
skaroueit cpemoit [15-17].

DK30MorcaxapuIbl MOPCKUX I[MaHOGAKTEPUit M MUKPOBO-
JlOpOCIiell BBITOLHO OTIMYAIOTCS OT MO/KCaxapuaoB U3 Ha3eM-
HbIX GaKTepuii ¥ OT pacTeHMII TeM, UTO AJIT MOPCKMX IIVIaHO-
6axTepuit ¥ MUKPOBOJLOPOC/IEN MOKHO CO3aTh OIpe/iesieHHble
BOCITPOU3BOAMMbIE KOHTPOJIMpPYyeMble IapamMeTpbl MPOMU3BOJ-
CTBa, B pe3y/ibTaTe Yero MCKIYaeTcs] 9KOJ0TrMYecKkoe Bo3aei-
CTBME U IOCTUTAETCSI BHICOKOE KaueCTBO KOHEYHOTO IMPOIYKTa
[18,19]. B mociemHue TObI MCCIeA0BAHMS GOMBLUIMHCTBA YUEHbIX
HalleJieHbl Ha M3yYeHMe 3K30MOMMCcaXapuaoB U3 IMaHoGaKTe-
puit 1 MUKpOBOZOpocieil. CuuTaeTcsl, UTO MOCKOIbKY 3TV MU-
KpOObI BBDKMBAIOT B CJIOKHBIX YCIOBUSIX BBICOKOW MM HU3KOIA
TeMITepaTypbl, BHICOKOTO aTMOC(HEpPHOTo AABIEHUS, TO CIeayeT
OXMUIATh OT 3K30IOMMCAXapUAO0B, TOTYYEHHbIX U3 HUX, YHU-
KaJIbHBIX CBOJCTB. Takue 3K3010/1caxapyupl, B OT/IMYKE OT IO~
JIMICaxapyUioB KJI€TOYHO CTEHKM M BHYTPUK/IETOUHOIO Kpaxma-
Jla WM XpU30JaMMHApMHA, UMEIOT CJIOKHYIO CTPYKTYDY, Y4acCTo
BK/IIOUas OoT 9 1o 12 pa3nnyuHbIX MOHOCAXapyuao0B ¥ HECKOIbKO
He YINIeBOOHBIX cocTaBisiomux [20]. OTa CTpyKTypHas CJIOX-
HOCTb OTPaHMYMBAaeT UX UCCIeSOBaHMsl, HECMOTDPSI Ha MHTepec
HayYHOTO COOOIECTBA K UX GMOIOTUYECKON aKTUBHOCTU U TI0-
TeHIIMaj UCIONb30BaHMS B KauecTBe I'MIPOKOIJIONIO0B B pas-
JIMYHBIX OTPACISIX. IK30IONMCaXapuabl peKO PacCMaTPUBAOT-
Cs1 aBTOpaMM KakK IleHHbIe KakK LieHHbIe MOJIEKY/Ibl: CKopee, KaK
MMOGOYHBIE ITPOAYKTHI TPY MOTYUEHUY TUTMEHTOB U/ JIUTIUIOB.
XopoI110 U3yuyeHHbI mraMm Porphyridium GhakTuyecku UCIob-
3yeTcst IJIs TTONyYeHus B-bUKOIPUTPUHA, U TOTHKO HeGObINast
yacTh 6MOMAacChl IITaMMa IpegHa3HaueHa MAJis obecrievueHust
KOCMeTUYeCKOJi OTpacay 9K3ononmucaxapumamu [21-23].

VI3BeCTHO, YTO MUKPOBOJOPOCIHA SIBJSIIOTCSI 3HAUUTETbHBIMU
MIPOM3BOAUTENSIMY 9K30I0/MCaXapUi0B B Jyana3oHe OT OKOJIO
0,5 r/n1 mo 20 1/71, HO OYeHb HEMHOTME MCC/IeIOBAHNS U3YIATU UX
MIPOU3BOACTBO [24-26]. [IpoBOAMINCH HEKOTOpbIE MCCIEel0Ba-
HMSI, TOCBSIIIIEHHbIE BHIOOPY YCIOBMIT KYJIbTUBUPOBAHUS MUKPO-
BOZAOPOC/IeNi 711 ONTUMM3alMM IIPOU3BOLCTBA IK30I0IMCaxa-
puaoB. [Tpoliecc SKCTPAKIMU IK30MOMMCAXaPUIOB 13 611OMACChI
MMKPOBOIOPOC/IEl YacTO He MPUCIOocobieH K 06paboTKe 3TUX
TIJIOXO PaCTBOPMMBIX TTOJIMMEPOB, KOTOPbIe HEPEeIKO 06pasyIoT-
Cs1 B Cpejie C BBICOKMM cofiepskaHueM coneit [27-29]. O6Hapyske-
HMe MTPOYIIEHTOB MOMMCAaXapUI0B — TPYA0eMKUIi Ipoliecc, o-
CKOJIBKY OHM YaCTO CMHTE3MPYIOTCSI MUKPOBOAOPOC/ISIMU TOTBKO
Tpu crienuduUeckux yCIOBUSIX KYJIbTUBUPOBAHUS (HATIpUMeED,
a30THOe ToJIoflaHMe) Ui B crieruduuecknx ¢asax pocra, He-
KOTOpbIe M3 HUX MMEIOT CTATyC BTOPUUHBIX MeTabonuTos [30].
KauecTBeHHast M KO/JMUeCTBEHHAsI OLleHKa BSI3KOCTU KYJIbTY-
panbHOI cpefpl IPM POCTe MUKPOBOJOPOC/IEN MOXKET CIIY>KUTD
XOPOUIVM MHIMKATOPOM BbICBOGOKIEHVSI OVOTIONMMEDPOB KIIEeT-
KOJi 1 ITOKasaTeseM MX KOHLeHTpauuii [31,32]. K BbISIBJIeHHBIM
6GMONIOTMYECKMM aKTMBHOCTSIM 9K30IOIMCAXapyuIoB, ITPOAY-
LMPYeMBbIM MMKDPOBOAOPOCISIMY, OTHOCAT IPOTUBOBOCHAIN-
TebHY0, UMMYHOMOZY/IMPYOIIYI0, TPOTUBOOITYXOJEBYIO, ITPO-
TUBOBUPYCHYIO, MPOTMBONAPA3UTapHYI, AHTUMOKCUAAHTHYIO,
TUTIOTVIMKEMUYECKYI0 U TUIIOXOJIeCTepMHEMMUUECKYI0. Bbicokast
CTOMMOCTb M OTCYTCTBME MOHMMAaHMSI CTPYKTYD 3TUX 3K30II0-
JIMCaxapyuioB OTPaHMYMBAIOT MX VCIIOIb30BaHME B MepOIIPU-

290



Honraniok B. ®. v gp. | MALWLEBDBIE CUCTEMbI | Tom 5 No 4 | 2022 | C. 289-297

SITUSIX Tepanuu M TPOQWIAKTMKM, & TaKkKe MUX IIpPUMeHeHue
B MMUTAHUM YeJIOBEKA U XKUBOTHBIX. OMHMUM U3 CITOCOOOB MOBBI-
LIeHVST SKOHOMIYECKOi KOHKYPEeHTOCIIOCOOHOCTY MOSKET CTaTh
HaKOIUIeHMe 3HaHUIl O KyJAbTUBMPOBAHUM U XapaKTePUCTUKAX
MUKPOBOAOPOC/IENi, O pa3BUTUM TEXHOIOTUI TTPOU3BOJCTBA 3K-
30ITOJIMCAaXapyuI0B, CIIOCO6axX MX M3BJIEUEHNS a TaKKe HaKOTLIe-
Hue MHbOPMaIMM 06 aHATUTUYECKUX TIpoLlefypax IJisl omuca-
HMSI UX XapaKTePUCTUK [33-35].

LlenpI0 JAHHOTO MCCIeMOBAHMS SIBJISIOCH M3ydeHye Mopdo-
JIOTMYECKNX TIPU3HAKOB U TTapaMeTpPOB POCTa MCUXPOGUIbHbIX
MMKPOBOZOPOCIeit 1 IMaHOGaKTepuit AJis MOC/IeAyIOLero momy-
YeHUs 9K30I10/IMCaxapyuioB.

2. OOBEKTHI M METOIbI

MukpoBogopociu Scenedesmus obtusiusculus Chod, Chlorella
sp. Bejer, Nannochloris sp. Naumann, Ankistrodesmus acicularis
Korsch mpuobpertanyu M3 cTaHmapTHbIX 06pasioB Kommexinm
MMKpOBoopocieii u unaHobakrepuit IPPAS UIOP PAH (VYHY
KMILI IPPAS VI®P PAH) MuHo6pHayku Poccum u BbiceBaiu Ha
SKUIKME TIUTaTebHbIE CPEbI.

MukpoBogopocin Scenedesmus quadricauda Chod xymbTu-
BMPOBJIM Ha NUTATeNbHOI cpefie YCIIeHCKOIo, COCTaB KOTOPOi1
npuBeneH B Tabmuie 1.

Ta6nuiia 1. CocTaB MUTATEIbHOI Cpeabl YCIIEHCKOTO —
OCHOBHbBI€ KOMIIOHEHTBI

Table 1. Composition of the Uspensky culture medium —
the main components

i Peaxtymia epnemmpoRatn, A
1 KNO, 0,025
2 MgSO,x7H,0 0,025
3 KH,PO,x3H,0 0,025
4 KCO, 0,0345
5 Ca(NO,),x4H,0 0,144

MukpoBogopociu Chlorella sp. Bejer u Nannochloris sp.
Naumann KyJabTUBMPOBaIM Ha cpefe Tamusi, COCTaB KOTOPOii
npencrasieH B Tabmuie 2.

Tabnuua 2. CocTaB nuUTaTeNbHO cpenbl Tamust —
OCHOBHbBbI€ KOMIIOHEHTbI
Table 2. Composition of the Tamiya culture medium —
the main components

wn Peaxusst CeopBpoBaMIA, T
1 KNO, 5,0
2 MgSO, x7H,0 2,5
3 KH,PO, 1,25
4 DATA 0,0345
5 FeSO,x7H,0 0,009
6 pacTBOP MUKPOITIEMEHTOB 1 mn
7 arap-arap 20,0

MukpoBogopociu Ankistrodesmus acicularis Korsch xkynbtu-
BUpOBa/IM Ha cpene Ben-Amotz. CocTaB maHHOI Cpefbl TIpe-
craBieH B Tabnuiie 3.

IMuratenbHble cpenbl npuobperasn B 000 «Bromemnar,
CankT-Iletep6ypr, Poccus.

[lanee MpoBOAMIIM KyJAbTMBMPOBAaHMeE U CKPUHMHT MUKDPOBO-
JIOPOC/ei-TPOYIIeHTOB 10 HAKOIUIEHUIO 6MIOMACChI U 1ie/IeBbIX
MPOAYKTOB (YIJIeBOJHO-MVHEPAIbHbIV KOMIUIEKC), IPUTOJHBIX
IJIST KyTbTUBUPOBAHMS B JJAOOPATOPHBIX YCIOBUSX. [IJis TOJ-
cyeTa KJIETOK MMKPOCKOIIMYECKMX BOAOPOC/IeN MCIONb30Baan
OGUHOKYJISIPHBIT MUKPOCKOM Micros (ABCTpHMSI) C YBeIUYEHMU-
em 40-1600 kpat. Ha JaHHOM MMKpPOCKOIIE MOXHO M3y4aThb
OKpallleHHble M HeOKpallleHHble IIpernapaTbl B BUAE Ma3KOB
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Vi TUCTOJIOTMYECKIX CPE30B, & TAKKE 6MOTOTMYECKIX JKUIKOCTE
B Kamepe 'opsieBa [36,37]. C momMo1ipio 1ndpoBoil Kamepsl st
mukpockorna ToupCam U3CMOS03100KPA (max paspelieHue:
2048 x 1534 Touek, CKOPOCTh CheMKM 27,3-53,3 KajpoB/cek, Ku-
Tait) MPoMU3BOaMUIN HOTOCHEMKY KJIETOK MMKPOBOAOPOCIIETi [36].
IaHHas Kamepa IO3BoJWIa TepeHectu ¢ororpabuy B KOM-
MbIOTEp U [Ji1 BbIBOZA HAa 3KPaH MepCOHATbHOTO0 KOMIIbIOTEpA
LIBETHOT'O 1300paskeHMs, HabII0JaeMOro B MMKPOCKOTI IIPY MPO-
BeleHUN 1abopaTOPHBIX McciemoBaHuii. C MOMOIIBIO JaHHOTO
MMKPOCKOTIA C MCITO/Ib30BaHMeM KaMepbl [opsieBa 6bl1a MoCTpo-
eHa KalM6pOBOYHas KPUBasi — OTHOIIIEHMEe KOIMYeCTBa KIeTOK
BOZIOPOC/Iei B CyCIIEH3UM OT ee ONTUUECKO TIJIOTHOCTH.

Ta6auna 3. CocTaB mUTaTeNbHOI cpeabl Ben-Amotz —
OCHOBHbIE KOMIIOHEHTBI

Table 3. Composition of the Ben-Amotz culture medium —
the main components

2 ConepskaHue B cpeje AJist

n/n PeaxTuppl KyJIbTUBUPOBAHUS, I//I
1 KNO, 0,505
2 MgSO, x7H,0 1,23
3 KH,PO, 0,038
4 NaCl 58,5
5 CaCl,x2H,0 0,147
6 Na,OITA 0,04
7 FeCl, x6H,0 0,00054
8 MnCl, x4H,0 0,0001
9 CuCl,xH,0 0,0001
10 ZnCl,xH,0 0,0001
11 CoCl,x6H,0 0,0001
12 (NH,)Mo,0,,x4H,0 0,0012
13 NaHCO, 4,2

JI71s1 TTOCTPOEHMST KaIMOPOBOYHO KPUBOJA 1 TIOACYETA OTITHU-
YeCKO¥ MJIOTHOCTY B CYCTIEH3UM TPUMEHSIICS CITIEKTPO(POTOMETD
SolidSpec-3700/3700 DUV, (Shimadzu, SInouust). CiekTpodoTo-
meTp SolidSpec-3700/3700 DUV nipegHasHaueH sl U3MepeHUst
CTIIeKTPaIbHBIX KO3GhOUIMEHTOB MTPOITYCKAHMS XXUIKUX U TBEP-
IbIX BelecTB B o6mactu crektpa oT 190 mo 1100 um. Mcmosb-
30BaJIM IJIMHY BOMHBI 750 HM. B KauecTBe 06pa3iioB CpaBHEHNS
MCII0/Ib30BA/IM CYCIIEH3UM MMUKPOBOAOPOC/El pasiInYHbIX U3-
BECTHBIX KOHIIEHTPaLWA.

MMKpPOBOAPOC/IN KYJIbTUBMPOBAIN B HAKOIIUTEILHOM PEXI-
Me — (orobuopeakTope, 3aIIOJIHEHHOM MUTATEIbHON CpPemoii,
comepkaleii Heo6XoaMMble Jisl POCTa OGMOTEHHbBIE 3JIEMEHTHI.
B cpepl BHOCUIIM HEGOBINIOE KOMMYECTBO MHOKY/IsATa — 20% OT
o6bemMa MUTATENbHOM Cpefbl. AHAIN3 CKOPOCTM POCTa MUKPO-
BOZIOPOC/Iei MPOBOAWIIM C YUeTOM BpeMeHU U yBeJTuueH!sT KOH-
LIEHTpaIMM KJIETOK 10 MaKCMMAaJbHOM TIOTHOCTM KYJIbTYPbI.

Bromacca MUKpOBOAOpOC/eii B Kojibe B CTaTMUYECKOM I10J10-
SKeHUM, B Kojibe Ha Iieiikepe u GoTrobmopeakTope OGblia BbIpa-
’KeHa B eAMHUIIAX — YMCIO0 KAeTOK M KOIMYeCTBO Moaucaxapu-
OB B I/JI.

[IITamMMbl MMKPOBOZOPOCIEH KyJbTUBMPOBAIM Ha Pa3ind-
HBIX Cpellax Mpu peryaupyeMom ocBelieHuu 8/16 (cBet/Tem-
HOTa) U Tpu Temimeparype 25-30 °C B KOHMYECKUX KOJIOAx
¢ o6bemoM cpenbl 250-5000 mut. OTipenensiiv CKOPOCTb poCTa
¥ 6MOCMHTe3a MOoMMcaxapuagoB MUKPOBOZOPOCEN TIpU u3Me-
HeHMM ocBeleHHOCTHM OT 50 10 130 MMosb/M?/cek. ITpomomKm-
TeJIbHOCTh 3KCIlepuMeHTa — 7 CcyT. MukposnemeHTsl (Mn, Cu,
Zn, Co, Mo) B cpenpl Tamust M YCIIEHCKOTO TOGABIISIIN B KOJIN-
yecTBe 1 MJ1 pacTBOpa Ha 1 J1 MUTaTeNIbHOI CPeibl; CPeAY U MU-
Kpo3lieMeHThl cTepuan3doBanu npu 1 atm. 20 muH. [Inanason
pH m3mepsuin nabopatopHsiM pH-MeTpom Mopenu Starter 300
(USA).
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Cyxyto 61omMaccy MUKPOBOIOPOCIENi MOMYYaau C TOMOIIbIO
moduabHOI cynmiku «MHeit-6» (000 «IIyimuHCKMe 1abopaTo-
pum», TlymyHo, Poccust), 06ecrieueHHOV PeXXMOM YCKOPEHHOTO
yraneHuss HAMOPOXKEHHOTO JibAa. CKOPOCTb CYIIKYM COCTaBIIsIa He
MeHee 60 I/4 Py MOJTHOJ 3arpyske, JaBjieHye B BAKYYMHO CH-
cTeMe CyIIMIKY 6e3 BhICYIIMBaeMoro o6pasiia He BbilIe 6,66 I1a,
TeMIlepaTypa KOHIeHCUPYIOIeii moBepxHOoCcTH MUHYC 40 +/- 5 °C.

[TpOoYKTUBHOCTD TMOMMCAXaPUAOB TP KyJAbTUBUPOBAHUN
MMKPOBOAOPOC/IEli OMpPeneNsyii MeTOIOM CreKTpodoToMe-
Tpun. IlpenBapuTeNbHO TOAMCAXaPUIbl 3KCTPAarMpoBaiu W3
61omMacchl MMKPOBOLOpoOC/eit. Hamuume M KOAMUECTBEHHYIO
OIIeHKY ITONIMCaXapuaoB U3 MUKPOBOLOpOCel Scenedesmus ob-
tusiusculus Chod, Chlorella sp. Bejer, Nannochloris sp. Naumann,
Ankistrodesmus acicularis Korsch mpoBommiu aHTpocyabdat-
HBIM MeTOHOM. [Iil 3TOr0 B KasKAYI0 JIYHKY MUKPOIUIAHLIeTa
(000 «IB-akcmept», MockBa, Poccust), cogepskaiiero 50 MK
06pasiioB, BHOCWIM 110 150 MK aHTpoHOoBoro arenra (0,1%
pacTBOpP IMePeKpUCTA/UIM30BAHHOTO aHTPOHA B KOHIIEHTPUPO-
BAaHHOI CEpHOi KUCIOTe). 3aTeM IJIAHIIEThI [TOMEIIAIN B XOJIO-
nunbHUK Pozis RK-102 S (000 «/laitmMonp, dnekTpuk», Mocksa,
Poccus) Ha 10 muH nipu Temriepatype 4 °C. [Tociie oxytaxxmeHus
06pasiipl MHKY6MpoBaiu B Tepmoctate A-24 (000 «Muiab»,
Mocksa, Poccust) B Teuenne 20 muH npu remneparype 70 °C. Ilo-
CJ1e HarpeBa 06pa31ibl OXIAsKAATN O KOMHATHO TeMIlepaTyphl.

ONTHUYECKYI0 TUIOTHOCTh M3Mepsian npu 620 HM. CTaHAAPTHYIO
KPUBYIO CTPOUJIM C UCIOb30BaHMEM PAaCTBOPOB caxapo3sl [37].
[Monmucaxapyuabl 9KCTPATMPOBaIM U3 00Pas3IOB KyIbTypaabHOI
SKUIIKOCTY U30TIPOIIMIOBBIM CIIMPTOM B COOTHOIIeHUMM 1:2 mpu
temmeparype myuuyc 20 °C. TTocie s3KcTpakiyy 06pasibl 1eHT-
pudyruposam npu 3900 06/mMuH B Teuenne 20 MUH U coOUpa-
JIV HAZIOCAZOYHYIO KUIKOCTh. CyMMapHBI BBIXOJ, TIOTYyYeHHbIX
HaMM TOJMCaxapuioB ompenensiiv rpaBumerpuyecku. [omy-
YeHHbBI PacTBOp JIMOGMUIN3UPOBAIN B TeueHMe 48 U MMpu TeM-
nepartype muHyc 20 °C, paBneruu 0,350 mb6ap.

Bce xummueckue peakTUBBI, MCIIOJNIb30BaHHBIE B MCCIEI0BA-
HuM, 6bUIM peareHTamu kiacca ACS (Sigma Aldrich, CIIIA). Bee
pPacTBOPHI OGbUIM ITPUTOTOBJIEHBI C UCTIOb30BAHMEM OUUIIEHHO
IenoHusupoBanHoii Boabl MilliQ (MilliporeSigma, CIIIA).

3. PesynabTaThl M 06CYKaAEHUE

B Tabmuie 4 mpenctaBieH MophOIOrMYecKuit CKPUHUHT
LITaMMOB MUKPOBOJOPOCIEIA.

AHanu3 3KCIIOHEHUMATbHBIX TpaduuecKux 3aBUCUMOCTEN
MOKa3bIBI TMHAMMKY U OXKMUIAEMYI0 CKOPOCTb POCTa MMUKPO-
BOZOpOC/IEli ¥ IMaHOGAKTEPUiT BO BpPeEMS TECTUPOBAaHMS.
Ha PucyHke 1 nipeacTaBieHbl SKCIIOHEHIIMA/IbHbIE 3aBUCUMOCTU
CKOPOCTM POCTa MUKPOBOAOPOC/IEN OT 3HAUEHUI OINTUUECKOIA
TIJIOTHOCTYM 61OMAacChI.

Ta6nuua 4. Mopdosornyeckuii CKpUHUHT IITAMMOB MUKPOBOJIOPOC/IENt
Table 4. Morphological screening of microalga strains

1. Nannochloris sp. Naumann; IPPAS C-1509

dopma: opMHOYHAS, chepyuecKast W JUIMIICOUTAIbHAS;
Pasmep: 2-3 um; LiBeT: 3eneHblii;
OCO6eHHOCTH: OMHOUHBIIT XIOPOIUIACT, 3aHNMAaeT
6osiee TIOJIOBMHBI 00beMa KJIETKU U COAEPKUT XJI0POdUIIT a, ITIOTHOCTHIO
nuieH xyopoduuia b u xnopoduia ¢

3. Scenedesmus obtusiusculus Chod; IPPAS S-329

@opma: OKpyIJIast Wy JUTUIICOM/IHASI C 3a0CTPEHHBIMI KOHI[AMMA,
YaCTUIIbI 06Pa3yoT LIeHOOMM;
Pasmep: 5-40 ym; LiBeT: 3eneHblit
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2. Chlorella sp. Bejer.; IPPAS C-1210
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dopma: ogyHOYHAs, cheprueckas;
Pasmep: 3-5 um;
1IBeT: 3eeHblii;
Oco6eHHOCTH: XJIOPOTIIACThI COAEPIKAT XI0PObIMILT a 1 XIopobuiii b;
xpomatodop KpyIHbIi, 10 90% OT 06beMa KIeTKU

4. Ankistrodesmus acicularis Korsch IPPAS A-218

-’ am

G,-&)"{‘ e Vs

dopmMa — OLMHOYHbIE, MMEIOT LIAPOBUAHYI0 HOPMY, HETIOIBMIKHBIE
Pasmep — 2-6 um; LBeT — roiay6oBaTo-3eeHbie; OCOGEHHOCTH —
cozepskaT GOTOCHHTETNYECKNII ITUTMEHT (GMKOIPUTPIH B JOTIOTHEHME
K XJ1I0pobuiLTy
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1. IPPAS C-1210 Chlorella sp. Bejer
2.IPPAS C-1509 Nannochloris sp. Naumann
3. IPPAS S-329 Scenedesmus obtusiusculus Chod
4. IPPAS A-218 Ankistrodesmus acicularis Korsch
PucyHok 1. CkpuHUHT (a3 3KCIIOHEHIMATBLHOTO
i Jiorapudmmueckoro pocra (25-50 cyTok,
B 3aBUCHMOCTH OT LIITAMMa) U 3aMeJIeHHOr0 pocTa
(65-90 cyTOK) MMKPOBOAOPOCIEi
Figure 1. Screening of the exponential or logarithmic growth phase
(25-50 days depending on a strain) and deceleration growth phase
(65-90 days) of microalgae

VCTaHOBJIEHO, UTO B JIAGOPATOPHBIX YCJIOBUSIX POCT MUKPO-
Bomopoceii orpannyeH. OcoO6€HHO HAIISAHO 3TO MPOSIBISIETCS
TIpY U3YUYEHUM POCTOBBIX 3HAUEHMIT MUKPOBOIPOCIIEi —CpeiHe-
ro 3HAYEHMs KOJMYECTBa KIETOK Ha 1 MJI MUTATENbHON Cpebl
(OD-750). Haubonpiuii ypoBeHb KOJIMYECTBA KJIETOK B (ase
SKM3HEHHOTO IIMKJIA — JIOTapu(MIyeckoro pocra COCTaBUI 10
0,8 myist Scenedesmus obtusiusculus Chod IPPAS S-329.
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PucyHOK 2. DKCIOHEeHIIMAaIbHBIN POCT HAKOIICHMS

6uomaccel Chlorella sp. Bejer u Scenedesmus

obtusiusculus Chod
Figure 2. Exponential growth in biomass accumulation of Chlorella sp.
Bejer and Scenedesmus obtusiusculus Chod
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PuCyHOK 3. DKCIIOHEHIIMATbHBII POCT GMOCHHTE3a
nonucaxapuaoB Chlorella sp. Bejer u Scenedesmus

obtusiusculus Chod
Figure 3. Exponential growth in polysaccharide biosynthesis
of Chlorella sp. Bejer and Scenedesmus obtusiusculus Chod

VpoBeHb KJIETOK BapbMPOBAJICS Takke B (ase JKU3HEHHOIO
LIMKJIa — 3aMejieHHoro pocta ot 0,25 mist Ankistrodesmus acicu-
laris Korsch IPPAS A-218 mo 1,8 mys Scenedesmus obtusiusculus
Chod IPPAS S-329.

OKCITOHEHIIMATBHBIM POCT MOKA3bIBAI MPSIMYIO JTMHUIO TIPU
JCII0/Ib30BaHMM JIOrapUMUUECKON IIKaIbl, ¥ HAK/IOH JIMHUMU
yKasbplBaJl Ha OIpeIeNeHHYI0 CKOPOCTh pocTa M GMOCKHHTe3a
TONMCaxXapuioB MUKPOBOZOPOCIel M (Miu) IuaHobaKkTepuii
(PucyHKM 2-5).

PaccmaTpuBasi pocT mTaMMa B 061ieM caydae, Heo6XoauMo
YUUTHIBATD MTPOLIECCHI, TPOVUCXOISIINE B KIETKE MUKPOBOIOPO-
O, KOTOpbIe He CBSI3aHbl HATIPSIMYIO C 6MOCHMHTE30M IT0JIMCa-
xapuaoB. K TakuM mpoiieccam OTHOCUTCSI MEXaHU3M IO AepsKa-
HMSI CTPYKTYPBI TA/UIOMA. DTOT MEXaHU3M Yy MUKPOBOZOPOCIIEi
MaJi0 Mu3yueH. VI3BECTHO, UTO MPU HU3KUX MHTEHCUBHOCTSIX
CBeTa B KJIETKAax SIBHO HAO/IONAETCS TaK Ha3hbIBAEMOE «TeMHO-
BO€» JIbIXaHMe, COTTPOBOK/IAIOIIEECs TMOIIOIeHMeM KMUCIOPoaa
¥ yMeHbIIeHKeM 6MOMAacChl KIeTOK. BbimeneHue KuUCIOpoma
¥ POCT MUKPOBOAOPOCIIEi i HAUMHAIOTCS TOJBKO TI0C/IE yBeye-
HMSI MHTEHCUBHOCTY CBETa BbIIe HEKOTOPOI BETMUMHBI (COOT-
BETCTBYIOIIE) KOMIIeHCAlMOHHOI (da3e hoTocuHTe3a), PH KO-
TOPOJI CKOPOCTY BbIZIJIEHNST U TIOTJIOIIEHNsI KUCIOPOIa PaBHBI.
B o61eM ciydae pocT ¥ 6MOCUMHTE3 KOMITOHEHTOB KJIETKY SIBJISI-
I0TCSI pe3y/abTaTOM JIBYX IPOIECCOB: COGCTBEHHO (OTOCHHTE3a
u IbIxaHus. Pacxoapl Ha IbIXaHMe, CBSI3aHHbIE C pOCTOM («o-
TOJbIXaHME»), TPOMTOPIVOHATBHBI «<UUCTOMY» (POTOCUHTESY, UX
TPYIHO BBIWIEHUTHh U3 OGINEro Impoiiecca; 06bIYHO BO BpeMs
MOJEeIMPOBaHNUSI MUKPOKIMMATa TPU BbIpAIIMBAHUM MUKPO-
BOMIOPOC/IEt TTOIPAa3yMeBaeTCsl, UTO «UMCThIi» (OTOCHHTES y3Ke
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PucyHOK 4. DKCIOHEeHIIMAaIbHBIN POCT HAKOIICHMS
6uomaccel Nannochloris sp. Naumann u Ankistrodesmus

acicularis Korsch
Figure 4. Exponential growth in biomass accumulation of Nannochloris sp.
Naumann and Ankistrodesmus acicularis Korsch
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PucyHOK 5. DKCIIOHEHIMaIbHBI POCT GMIOCHHTe3a
nonucaxapuzoB Nannochloris sp. Naumann u Ankistrodesmus

acicularis Korsch
Figure 5. Exponential growth in polysaccharide biosynthesis
of Nannochloris sp. Naumann and Ankistrodesmus acicularis Korsch
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BKJTIOUaeT 3TOT Ipoiiecc. [Io3ToMy pocT MOXKXHO paccMaTpuUBaTh
KaK pa3sHOCTb JBYX ITPOLIECCOB: «UMCTOrO» (OTOOMOCHHTE3a
Y «TeMHOBOTO» JIbIXaHUS.

PaHee 6b1T10 OTMeYeHO [38,39], UTO B YUIOBUSAX KY/IbTUBU-
pOBaHMSI Ha IIeiikepe, BajJoBas MPOLYKTUBHOCTb MMUKPOBOJO-
poceit TMHEeTHO BO3pacTajga ¢ POCTOM OCBEIeHHOCTU B IMa-
ra3oHe IJIOTHOCTh moToka (otoHoB (IIIID) 50-80 Mmonb/MY/
CeK, OJHAKO Mpu cBepxBbICOKUX [II1® 130 Mmomb/M2/CeK MPO-
IYKTUBHOCTb OTKJIOHSIJIACh OT JIMHEHOW 3aBUCUMOCTM M3-3a
BO3MOKHOI (OTOMECTPYKIMM TUTMEHTOB U WHTMOMPOBAHUM
doTocuHTe3a B TaHHBIX YCIOBMSIX. B BapMaHTax ¢ OCBelLleHHO-
cTbio 50-130 MMoOJb/M?/CeK Ha 7 CYTKM SKCIIEPMMEHTA HauMHa-
nach dasa ormupanus. Hambonee pe3koe CHYDKEHME TUIOTHOCTYU
KYJbTYPbI HAGTI0AIOCh B BApMAHTE C HaMOOIbIIIel OCBeIeHHO-
¢TI0 130 MMoOsb/M2/ceK. B BapuaHTax ¢ MEHbUIMMM 3HAYEHUS -
MM OCBellleHHOCTM 50 MMOJIb/M?/Ce€K CHIKEHME CKOPOCTU POCTa
MIPOMCXOINIIO MeJjIeHHee, C BbIpaskeHHO! (a30ii 3aMemieHNsI
pocTa Ha HAKOIMUTEIbHOV KPpMBOii. MakcMMaabHas IOTHOCTD
KYJIbTYpbl He pasauyanach CyleCTBEHHO IIPM HEeCKOJIbKMX Ba-
pUaHTaxX OCBEIIeHHOCTH, IIPU 3TOM BpeMsl JOCTUKEHUS MaKCu-
MaJIbHO¥ 6M0MacChl OT/INYAIOCh.

KynpTuBMpoBaHme mraMmMoB GOTOTPOPHBIX MUKPOBOAOPO-
cJ1eit COMPOBOXKIAETCS aKTMBHBIM Maccoo6MeHOM. [TuTaTenbHas
cpesa XapaKkTepusyeTcsl JIeKTPOXMMUYECKMMU TToKa3aTensiMU:
PH ¥ OKMCIUTETbHO-BOCCTAHOBUTEIbHBIM ITOTeHIManoM (Eh).
AKTMBHBIN TPAHCIIOPT ITPOTOHOB B 3JIEKTPOXMMUYECKO 11eT10U-
Ke BeJleT K 3allle/lauMBaHNIO CPebl C BblJjelleH/eM HU3KOIIOTeH-
LMaJIbHOTO TMOHEMHA, CHMKAIOIIET0 pefoKC-TIOTeHI Al CPefibl,
0Cc06eHHO B Jiar-¢GasHblii IePUOJ, pa3BUTHSI IIITAMMOB MUKPOBO-
JIOPOCIIeit, UTO CBSI3aHO C MOATOTOBKOM MOMYJISIIIUM K K€ TOUHO-
My JeJIeHUIO ¥ aKTMBHOMY HaKoIlIeHIo 6uomaccsl [40]. Mukpo-
BOJIOPOCJI ITOKa3aJI BLICOKMIT yPOBEHb HaKOIIJIEHNUST 6110OMaCChI
(mpopykTuBHOCTH) Tipu pH — 8,5/8,1 (pH - Hauao/3aBepiieHne
KyabTUBMpOBaHus). I[IpomykTuBHOCTb C-1509 Nannochloris sp.
Naumann — 72,61%. 3Ty syKapuoTHU4YecKye BOLOPOCIN aKTMBHO
dorocunTesuposanu ¢ pH 6omee 8,0 u npu Temmeparype 30°C
(PucyHoK 1).

MakcumasnpHasi aKTMBHOCTh Ha YpoBHe Jiar-¢dasbl pocTa
umeet nokasatenb pH 3,0/3,2 u cocrasasier 100%. Mukposo-
nmopocib C-1509 Nannochloris sp. Naumann ¢ ONTMMaTbHbIM
pH nmisa pocra mexkny 2,0 u 3,0 npucrnoco6uaach K HU3KOM MH-
TEHCUBHOCTM OCBemeHMst 50 MMOJIb/M?%/CeK 3a CUeT yBelTUueHNs
KOHIIeHTpaluy 3eJIeHOro nurMmenTa. ®oToCcMHTe3 afanTpoBaH
K TIOHVMKEHHOJ MHTEHCUBHOCTY CBETA ¥ MHTMOMPOBAI aKTUB-
HOCTb TIPM BBICOKOJ MHTEHCUMBHOCTM CBeTa. IIpu mo6aBieHuUn
IJTI0KO03bI (1T/71) B «TeMHOBOT» (ha3e KyIbTUBUPOBAHUSI KOHIIEH-
Tpauus xaopoduia cHIsKanack. IIpu ganbHeiieM KylabTUBK-
POBaHMUM B YUIOBUSIX OCBeleHust 50 MMOJIb/M?/CeK B IIPUCYTCT-
BUM TJTFOKO3bI XJ0POMWIT HE CMHTE3UPOBAJICS Y TMTPOIOIKATICS
reTepoTpOdHBIN POCT; TP UCKTIOUEHUM TTTIOKO3bI IIPOUCXOINIT
CUHTe3 MUTMEeHTa ¥ BO30OHOBIISIIICSI aBTOTPODHBI POCT.

Takum 006pa3om, MpU KYIbTUBUPOBAHMM B auUIODUIb-
HbIX YCJIOBUSX C 0GaBIeHMEM IJIOKO3bl YPOBEHb XIopoduiuia
He YBEeJIMUMBAJICS, UYTO COMPOBOXKIAIOCh CHV)KEHUEM IPOIYK-
TUBHOCTU TI0 6uomacce. ®usuveckuit mapamertp pH sBiseTcs
Ba)XHBIM ()aKTOPOM B MUTATEIbHbBIX cpefax. [IoMMMO XuMmye-
CKMX CBOJICTB MMUTATENbHOI cpenbl, pH CBsI3aH C TUAPOIN3OM
CO, u 6uonerpagaiyeit BOLOPACTBOPUMBIX CepPOCOAEPsKaIMX
3arpsizHuTesneii. O6bIYHO HM3KUIT ypoBeHb PH mopasiiseT pocT
MUKpoBopopocieii. [IpyanMasi BO BHMMaHMe, YTO U3MEHeHMe
pH u3-3a CO, umeeT uillb HE3HAUUTEIbHOE 3HAYEHME, TO Ce-
pocofepskaliye MOHbI 3HAUUTENbHO MEHSIOT ToKasaTeslb pH
M CHIKAIOT IIPOAYKTMBHOCTb MO 6Guomacce. Koppensius 3Ha-
yeHuit pH ¢ JOCTVKeHVEM HeoO6XOIMMOTO YPOBHS ITPOBOIVIIN
3a6ydepeHHoi cpeoii.

K3BecTHO, uTo Maeda u fip. [41] mo6aBumin CaCO, B iuraTesnb-
HYIO Cpefy i KOPPEeKTUPOBKM YPOBHSI pH U C 11e/bi0 THMOen
MMKPOBOZA0pOcieii [42]. BonbIIMHCTBO BUOB MMUKPOBOLOPOC/EN
MMEIOT COOCTBEHHbBIE ONTMMAJIbHbIE AMana3oHbl pH, mpu KoTo-
PBIX OHM DPACTYT. Y UCCAeA0BAHHBIX KOJJIEKIVOHHBIX IITAMMOB
MMKPOBOZOPOC/IEH 13 IPYIbl HeTPodMUIoB o6HApYsKeHa BO3-
MOXXHOCTb aJalTaliy K pa3HOMY 3HaueHMIo pH OT sKkcTpeMaib-
HO KUCJIBIX 0 LIeJIOYHBIX YCa0BUii. [Tocie MpUBbIKaHMS K U3Me-
HMBIIVIMCS YCIIOBUSIM KyJIbTMBMPOBAHMSI HEKOTODPbIE IITAMMBI
MMKPOBOAOPOC/Iel TTepeHoCUIM HU3Kue 3HaueHus: pH. YueHsie
Bapetto u Maitep nokasanu [43], 4TO HEITPOGWUIBI MOTYT pacTu
npu pH Hmwke 3,0, 3TO COOTBETCTBYET MOJyYEeHHBIM HaMU pe-
3y/lbTaTaM C KO/UIEKLIMOHHBIMM IITaMMaMy MMKPOBOLOPOCTEN,
C TPOIYKTUBHOCTDIO 10 61iomacce 27,3%. KaButa u 1p. [44] n3me-
pwiu BiusiHMe pH Ha pOCT MUKPOBOJLOPOCIIEeit, OHM OOHAPYKIIIN,
YTO KpaltHue 3HaueHus1 kucioro (3,0-6,2) u menouHoro (8,3-9,0)
pH yrHeTarT pocT U 6MoCHMHTE3 KyAbTyp [45]. OnTHMaNbHbI
POCT ¥ HaKOIUIeHMEe OGMOMAaCChl BO3MOSKHbBI TIPU HEMTPATbHBIX
s3HaueHusax pH 7,5 u 8,0. AHaiM3 TOMyYeHHBIX PE3YIbTaTOB I0-
KasbiBaet, uyto npu pH 6,9 C-1210 Chlorella sp. Bejer., yBenuun-
Bayuch o 100% pocra. ITpy 3TOM B KUCIBIX yCaoBusx (pH 3-5)
MX POCT CHYBKascs o 27,3-55,0% (PucyHok 1). Kpome Toro, mpu
tiesouHoM pH 8,3-9,0 MpomyKTUBHOCTD IO G1I0Macce CHKaIaCh
¢ 46,0 1o 37,2%. Ocobblit MHTEpeC MPeCTaBIISIET TO, YTO TP IIie-
JIOUHBIX 3HaueHusx pH 7,5 u 8,0 MpoayKTUBHOCTH MO GroMacce
YBeIMUYMIIaCh, YTO YKa3bIBaeT Ha OITMMAaJbHbIE YCIOBUS POCTa
B 9TOM Y3KOM AyarnasoHe pH [46].

4. BbIBOJBI

B pesynbTaTe MpoBeIeHHBIX VCCIENOBAHNI GbITU M3yUeHbI
MopdoornuecKkie MpM3HaKku 1 mapaMeTpbl POCTa MCUXPOPUITb-
HbIX MMKPOBOZOPOC/IEi U IyaHOGaKTepuit ISl MOCIeayIOIero
TIONTYYeHMsT HK30IIONIMCaXagoB. [ 3TOro MUKPOBOLOPOCIN U3
CTaHIAPTHBIX 00pa31oB Komiekiuy MUKPOBOIOPOCIei 1 1ua-
Hob6akrepuit IPPAS U®P PAH (YHY KMII IPPAS ®P PAH) Mun-
ob6pHayku Poccun (Scenedesmus obtusiusculus Chod, Chlorella
sp. Bejer, Nannochloris sp. Naumann, Ankistrodesmus acicularis
Korsch) BbiceBau Ha XUAKME MUTaTebHbIE cpenbl. Mopdoso-
TMYECKMII CKPMHMHT TIOKa3ajl, YTO BCe KIETKMU, UCCIEAYeMbIX
MMKPOBOAOPOC/IEii, UMEIOT ChepuuecKyio WIu SJIUICOUTATb-
HYI0 GOpMBI, CTT0CO6HBI 06Pa30BbIBAThH KOJIOHMUM M HaKaIIMBaTh
xsopodut. Hanbonpinii ypoBeHb KOJINYECTBA KJIETOK B (ase
SKU3HEHHOTO IIMKJIA — JIOrapu(MIUeckoro pocTa COCTaBUI 10
0,8 miist Scenedesmus obtusiusculus Chod IPPAS S-329.

VpoBeHb KJIETOK BapbMpPOBaJICS Takke B (ase KM3HEHHO-
ro IUKJIa — 3aMe[jieHHOoro pocra ot 0,25 mns Ankistrodesmus
acicularis Korsch IPPAS A-218 pmo 1,8 pmns Scenedesmus
obtusiusculus Chod IPPAS S-329 (PucyHox 1).

MUKpPOBOZOPOC/IN TTOKA3aIM BEICOKMIT YPOBEHb HAKOTUTEHMSI
610MacChl B aNKATOGUITBHBIX YCIOBUSIX. JYKapUOTHUECKIE BO-
JIOpPOC/IN akKTUBHO (porocuHTesupoBaau ¢ pH 6onee 8,0 u Tem-
nepatypoii 30 °C. MakcuMasibHasi akKTMBHOCTb Ha ypOBHe Jiar-
dassr pocra pH 3,0/3,2 mnst C-1509 Nannochloris sp. Naumann
cocrasnsger 100%. MukpoBomopocib C-1509 Nannochloris sp.
Naumann rmokasana BbICOKMIT YPOBEHb HAKOIUIEHUSI 611OMAaCChI
B aJIKaI0OUIbHBIX YCIOBUAX, OHM (poTOCHMHTe3MpoBaiu mpu pH
6onee 8,0 u Temmneparype 30 °C. [JaHHass MMKPOBOZOPOCIb IIPK-
croco6miach K HU3KOM MHTEHCUBHOCTHM OCBeleHus 50 MMOoJib/
M?/CeK 3a cueT YBeJIMUEeHHOI KOHIIeHTPalii 3eJIeHOr0 MUTMeH-
Ta. YcraHoByieHo, uto nipu pH 6,9 C-1210 Chlorella sp. Bejer.,
yBennuuBanuck 10 100% pocra. [Ipy 3TOM B KUCIBIX YCTOBUSIX
(pH 3-5) ux poct cHukascs no 27,3-55,0%

YCTaHOBJIEHO, UTO MUKPOBOLOPOCIN CIIOCOOHBI IIPOAYLIUPO-
BaTh 3K30I0/MCAXapPUIbl, UTO OTKPHIBAET MEPCIIEKTUBBI UX UC-
T10JIb30BAHMST B MPAKTUYUECKUX TTEJISIX.
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PABPABOTKA UAJEHTU®UKAIIMOHHDBIX
KPUTEPUEB IIJIOAOBbIX BOJOK
(UACTBH 1. CTIOCOBBI TIPOBOMMOATOTOBKN)

Kpukynosa JI. H., YnbsiHoBa E. B., Tomroposa C. M.*, Augpueckas [I. B., Tpopumuenko B. A.

Bcepoccuiicknit HayYHO-MCCIeA0BATEIbCKIUI MHCTUTYT MMBOBAPEHHO, 6€3aIKOT0JIbHO
¥ BUHOJeJIbUeCKOJi TpoMbILIIeHHOCTH, MOocKBa, Poccus

Open access

KITFOYEBBIE CJIOBA: AHHOTALINA

HCUOKOCMHAS IKCMPAKYUSL, PaspaboTka HaJesKHbIX UIEeHTUDUKAIMOHHBIX KPUTEPUEB [IJIT PA3IMUHBIX BUIOB MUIEBBIX MPOAYKTOB, B TOM
meepdogasHas Ikcmpaxyus, YyiC/ie TJIOMOBBIX BOMOK, SIBJISIETCSI OMHUM M3 TIPUOPUTETHBIX HAIIPaBIe€HMI HAYUHBIX MCCAeJ0BaHMIT B 061aCTI
ceepxkpumuyeckas gaoudHas KOHTPOJISI KauecTBa. B 0630pe paccMaTpMBAIOTCSI PasiMyHble TOAXOMbI K PEIIeHNUI0 MPOGIeMbl TIOMUCKA UIEH-
IKCMPaxyusi, n10008ble TUOUKALMOHHBIX KPUTEPUEB /IS TUIOAOBBIX BOIOK, MO3BOMSIONIMX AubbepeHInpoBaTh MPOAYKIINIO 10 BUILY
800KU, MUHOPHbBLE COEOUHEHUS, (PYKTOBOTO ChIPbSI, €TI0 COPTY U PETMOHY MPOUCXOKAEHMs. C 3TOI 11e/IbI0 MCII0Nb30BaINCh MHCTPYMEHTATbHbIE
noJSpHOCMU IeMyUUx MEeTObl aHa/IM3a, B TOM UMCJIE CIIEKTPaIbHbIe, BHICOKO3(h(EKTUBHAS KUAKOCTHAsE XxpomaTorpadus (BIXKX) u ra-
KOMNOHEHMO08 30Bast xpomarorpadus B couetTaHuu ¢ Macc-criekrpomerpueit ([X-MC) B KauecTBe OCHOBHOTO MeTopa. [Ipu mc-

MOIb30BAHNM TTOC/IEHETO, B IEPBYIO OUepelb IJis OGHAPY)KEHVSI MUHOPHBIX apOMaTOOPa3yoIIMNX COeIMHEHNI,
He06X0IMMO IIPOBOAMTD CIIELIMaTbHYIO TOATOTOBKY IMPO6HI aHAIM3UPYEeMOro 00pasiia, BKIIOUAIOIIYIO BbIfeIeH e
Y KOHIIEHTPMPOBaHMe 11e/IeBbIX BEIeCTB. B HacTosIeM 0630pe pacCMOTPEHbI 3 OCHOBHBIX BU/Ia TPOOGOTIOATOTOB-
KM (KMIKOCTHAsI 9KCTPaKIVSsI, TBephodasHasi 9KCTpaKIusi, CBepXKpUTHUECKast QIIonAHas SKCTPAKIMs) M MOIU-
¢bukanmm faHHBIX MeTOmOB. [IpoBeieH X CPAaBHUTENbHBIN aHAINU3 C TOYKU 3PEHUS TPYLO0eMKOCTH, 3 derTnB-
HOCTM BbIIEJIEHNS, 3HAUUTETHHO Pa3INYAIONIMXCS TI0 MOJIIPHOCTHM JIETYYUX apOMaTOOPas3yoIINX KOMIIOHEHTOB,
BOCITPOM3BOAMMOCTHM M 9KOJOTMYHOCTH. [TOKa3aHo, UTO BMJ, MTPOGOTIOATOTOBKM BJAMSIET Ha BOCIIPOU3BOIMMOCTh
Y UyBCTBUTEIbHOCTh MHCTPYMEHTATbHOTO METO/a aHa/IN3a, YTO 0COOEHHO BasKHO IPU OTIPeeIeHNY HEKOTOPBIX
MUHOPHBIX COeJJMHEHMI, KOHIIEHTPAIU KOTOPhIX MOXXHO pacCMaTpMUBaTh B KauecTBe IOKa3aTeseii s uaeH-
Tudvkauum Buaa GPyKTOBOTO ChIpbs. CoeaHo 3aK/II0YeHre O TOM, UTO CPey PACCMOTPEHHbIX METOZLOB IPO-
60IOArOTOBKYM HaMboIIee MepCreKTUBHBIM ITPU pa3paboTKe UAeHTU(DUKAIMOHHBIX KPUTEPUEB TUIOMOBIX BOLOK
sBIsieTcst TBepaodasHast SKCTpakius u3 rmaposoit passr (HS-SPME), Tak Kak 3TOT MeTOJ, 06/1aiaeT BHICOKOM 3¢-
(beKTMBHOCTBIO M3BJIEUEHMS 11€/IEBbIX KOMIIOHEHTOB, B TOM UMCJI€ MUHOPHBIX.
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DEVELOPMENT OF IDENTIFICATION
CRITERIA FOR FRUIT VODKAS
(PART 1. SAMPLE PREPARATION WAYS)

Lyudmila N. Krikunova, Ekaterina V. Ulyanova, Svetlana M. Tomgorova,*
Darya V. Andrievskaya, Vladimir A. Trofimchenko

All-Russian Scientific Research Institute of Brewing, Beverage and Wine Industry, Moscow, Russia

Open access

KEY WORDS: ABSTRACT

liquid extraction, solid-phase The development of reliable identification criteria for various types of foods, including fruit vodkas, is one of
extraction, supercritical fluid the top-priority directions of scientific research in the field of quality control. The review examines different ap-
extraction, fruit vodkas, minor proaches to solution to a problem of searching identification criteria for fruit vodkas that will allow differentiating
compounds, polarities of volatile products by a type of fruit raw materials, their grade and region of origin. To this end, instrumental methods of
components analysis were used, including spectral, high performance liquid chromatography (HPLC) and gas chromatography

coupled to mass spectrometry (GC—MS) as the main method. When detecting minor aroma-forming substances
using the latter method, it is necessary, first of all, to carry out the special sample preparation that includes
extraction and concentration of target substances. The present review examines three main types of sample
preparation (liquid extraction, solid-phase extraction, supercritical fluid extraction) and modifications of these
methods. Their comparative analysis was carried out with respect to labor intensity, extraction effectiveness,
volatile aroma-forming compounds significantly different by polarity, reproducibility and sustainability. It has
been shown that a type of sample preparation affects reproducibility and sensitivity of an instrumental analytic
method, which is especially important for identification of some minor compounds, which concentration can be
regarded as indicators for identification of fruit raw materials. It has been concluded that among the examined
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methods of sample preparation, the most promising for the development of identification criteria for fruit vodkas
is headspace solid-phase microextraction (HS-SPME) as this method is highly effective in terms of extraction of

target components including minor.

FUNDING: The article was published as part of the research topic No. FGUS-2022-0004 of the state assignment of the V. M. Gorbatov Federal Research

Center for Food Systems of RAS.

1. BBegeHue

B coorBeTcTBUMM C TpeGOBaHMSIMU AENCTBYIOINIE HOpMa-
tuBHOI mokymeHTauuu (TOCT P 52135-2003), rutomoBast BoaKa
TIpe/iCTaBsIeT COO0 BUHOAENbUECKII TPOAYKT C 00beMHOI 10-
JIeii 3TUIOBOTO CIIUPTa He MeHee 37,5%, M3roTOBIeHHbII U3 O -
HOTO MJIM HECKOJbKMUX HaVMMeHOBaHMI TIJIOAOBBIX IUCTUIISITOB
¢ nob6aBieHneM uau 6e3 mo6aBIeHMs IJIOJOBOTO CIIUPTA U UMe-
IOLMI BKYC M apoOMaT MCIIONb3yeMOrO ChIpbsi. OpraHoienTu-
yecKue XapaKTepUCTUKM 3TOTO BUAA aJIKOTOJIbHON MPOOYKIUN
OTIpeJIeNIIIOTCSI B IIEPBYI0 Ouepelb COCTAaBOM U KOHIIeHTpalein
JIETYUMX KOMIIOHEHTOB (DPYKTOBBIX (TUIOMOBBIX) OUCTUIUISITOB,
Ha OCHOBE KOTOPBIX OHM MIPOM3BEIEHbI, & TAK)Ke MUHEPaTbHbIM
KOMIUUIEKCOM TIOATOTOBJIEHHOV Bopabl [1-3]. BsammoneiicTBue
IIAHHBIX BEI[eCTB MOKET 0Ka3aTh KaK MOJIOKUTEIbHOE, TaK U OT-
puiiaTenbHOe BAMSHME HAa KaueCTBeHHbIe TTI0Ka3aTe rOTOBOTO
npoaykra [4,5].

OpHoit 13 Haubolee BasKHBIX OPraHONENTUUYECKUX Xapak-
TePUCTUK OUCTWITMPOBAHHBIX aJIKOTOJIbHBIX HAIIUTKOB, B TOM
Yyuciie U TUIOAOBbIX BOOK, siBsieTcsl ux apomar [1,6]. OH dop-
MUPYETCSI B MPOllecce MPOM3BOACTBA M 3aBUCUT OT MHOXECTBA
(axTopoB, B TOM umciie OT BUAA UCIIONIb3YEMOTO ChIPbS, 0CO-
6eHHOCTEe TEXHOJIOTUM TTPOU3BOCTBA U fp. ClemayeT OTMETUTD,
YTO MPU BOCIPUSTUM 3arlaxa apoMaTHOI cMecu uMeeT MeCTO
(eHOMEH TMepUENTUBHOIO CMEIIMBAaHUSI 3aIaxoB, KOTOPBIi
MPUBOAUT K TOSIBJIEHMIO HOBOTO 3aliaxa, OTIMYHOTO OT 3aliaxa
KaXXI0TO OTAEeNIbHOTO KOMITIOHeHTa. KpomMe Toro, st Bcex apo-
MaTo6pas3yoMX COeIVMHEHN 3aBUCUMMOCTh MEXKIY BOCIIPU-
HMMaeMOJ MHTEHCMBHOCTBIO UX 3amaxa U KOHILIeHTpalueil He
JIMHEHAs!, ¥ 3TO Ba’KHO YUYUTBIBATh IIPU IOMBITKE MIPEACTABUTD
BKJIAJI OTZETbHBIX OIOPAHTOB B apoMart cMmecu [7]. Takum o6pa-
30M, MHAVBUAYAIbHBI apOMAT IJI0L0BOV BOAKM 3aBUCHUT OT Ka-
YeCTBEHHOT'O ¥ KOJIMUECTBEHHOTO CO/IePsKaHMsI i COOTHOIIeHMST
apomMaToOpasyIoIMNX COeOMHEHN, B TOM UMC/Ie U OT HAJINUUS
XapaKkTepHbIX KOMIIOHEHTOB /ISl JAHHOTO CbIpbsi. K TOMy Ke,
KOMITO3UIMS JIETYYUX COeIMHEHMIT PPYKTOBOTO ChIPhSI TIEPEXO-
IUT BO PPYKTOBBIE (TUIOAOBBIE) IUCTU/UISITHI U TUIOAOBbIE BOAKM
CO 3HAUMTEIbHBIMM M3MEHEHUSIMIY KaueCTBEHHOTO U KOJIMYEeCT-
BEHHOTO COCTaBa, YTO CYIIECTBEHHO 3aTPyIHSeT uaeHTudmKa-
LIMIO HallMTKa 10 BUIY CbIpbA [8].

CnemoBaTelibHO, TpPU pa3paboTKe UIAEHTUDHUKALVIOHHBIX
KpUTEPUEB HEOOXOOMMO WM3yuaTh IIOJIHBIN KauyeCTBEHHBbIN
¥ KOJMMYECTBEHHBIN COCTAB JIETyUYMX KOMIIOHEHTOB HEMOCpe[-
CTBEHHO IJIOJOBBIX BOLOK, & He ChIPbsl, BKJIIOUAsi MUHOPHbBIE
coeViHeHMsI, KOHIIEHTpalMsl KOTOPBIX He TpeBbIIIaeT Ipenesn
BOCIIPUSITHUS UX 3allaxa.

B psime paboT 6bUIM CHENaHbl MOMBITKY YCTAHOBIEHUS ay-
TEHTUUYHOCTM 06pasiioB IUIOAOBBIX BOHOK, OIpeme/eHus] BUIa
(pyKTOB, MCIIONIb3yEMbIX B KAaueCTBE ChIPbs, a TAKKe BbISIB-
JneHys ux copra [9-11] u pernona npoucxoxkgenus [8,12-13]
C JCIIO/Ib30BaHMEM COBPEMEHHBIX MHCTPYMEHTAJbHBIX MeTO-
OB MccienoBaHus (cnekTpanbHble MeTombl, BOXKX, I'X-MC).
B coBpeMeHHbIX TUTEPATYPHbIX MCTOYHMKAX MOKHO HANTU PSIF,
0030pOB, TMOCBSIIEHHbIX MPOOAEMe UAEHTUGUKALNY TII0I0-
BBIX BOJIOK M OTpefeneHus GanbcubUInpoBaHHON MTPOAYKINN
[12,14-17]. Tak, AJ19 yCTaHOBJIEHUSI ayTeHTUYHOCTY TIOJOBBIX
BOJOK IIPeJIO’KeHO UCIIONb30BaTh crekTpsl B VK-, YO- u Bu-
JIMMOJi 06/1aCTsIX, CIIEKTPbI CMHXPOHHOM duryopecieHunn [10]
M CIEeKTPbl KOMOMHAIMOHHOTO paccessHust [8]. OmHaKO IIaB-
Hasl pojib B MAEHTUDMKAUMM AUCTUIIMPOBAHHBIX CIMPTHBIX

HaNMUTKOB U3 GPYKTOBOTO ChIPhsI OTBOAUTCS TA30BOI XPOMATO-
rpadum, KoTopasi B COYETAaHUM C MacCC-CIEKTPOMETPUUYECKUM
nerektupoBaHueM (IX-MC) TpaguIIMOHHO MCIIOIb3YyeTCs AJIsl
onpese/ieHNs] KaUeCTBEHHOIO M KO/IMYeCTBEHHOI'O COCTaBa Jie-
Tyumx coefyHeHumit [13,18-22]. [IpuMmeHeHe TaKko¥ KoMOMHa-
LU TPefIIOYTUTENbHO, TTOCKOIbKY ITO3BOJISIeT ONHOBPEMEHHO
0GHApY)XMBAaTh KaK OCHOBHbIE (MaXXOpPHbIE), TAaK ¥ MUHOPHbBIE
KOMIIOHeHTbI. biaromapst Beicokoit cenekTuBHOCTM MC nmeTek-
TUPOBaHMS, OOBIYHO He BO3HMKaeT Ipo6JieM C M3MepeHueM
QHAJIUTUYECKOTO CUTHA/Ia KOMIIOHEHTOB, COAleP’KaHMe KOTOPbIX
HeoO6XOIMMO YCTAaHOBUTH B 00pasile, Jaske Ha (GoHe GObIINX
KOJIMUECTB COATIOUPYIOLIMXCSI KOMIIOHEHTOB.

[lepen npoBesieHN€M MHCTPYMEHTAIbHOTO aHa/IM3a B CTy4dae
HeOOXOIMMOCTY BBIENeHUS] M KOHLEHTPUPOBAHUS 1IeTeBbIX
BEIECTB, B IEPBYIO OUepeib MUHOPHBIX, HEOOXOIMMO ITPOBe/ie-
HIe CrenyanbHoii npobomnoarorosky [20]. B To ke Bpemst B psife
y6mkanuit [23-28], mocBsIeHHbIX pa3paboTke uaeHTudnKa-
LIMOHHBIX KPUTEPUEB IIOLOBBIX BOJOK, OMMCAHbI MHCTPYMEH-
TaJIbHbIe METOAVKY, He NIpelyCMaTpUBaloliyie JaHHYI0 CTaAuIo,
YTO B I€JIOM yIpOIIaeT mpoiiecc. Tak, aBTOPbI paboThI [23] mpsi-
MBIM BBOZOM B rasoBblii xpomaTtorpad ¢ IiameHHO-MOHM3a-
LMOHHBIM [I€TEeKTOPOM OIlpefiesisyii KOHILIEHTPAlUIO BBICHINX
CIIMPTOB C UCIIOJIb30BAaHMEM BHEIIHEro CTaHAapTa U PacCYNUThI-
BaJIM BEIVYMHY COOTHOIIEHMS «1-TpomaHoj/cyMMa M300yTa-
HOJIa U 30aMWIOa» B 06pasiiax IIOLOBbIX BOIOK. Pe3ymbTaTel
McC/Ief0BaHMS IO3BOMWINM PEKOMEH0BaTh JaHHYI0 BeUUMHY
B KauecTBe ToKasaTens Il MAEHTUOUKAINN TUCTUIIISITOB U3
aJIbIYY, CIIVBBI, BUITHM, AOPUKOCOB U IPYTUX BUIOB ChIPHSI.

B pa6orax [24-28] npyMeHsUIM MeTOZ, KOINYeCTBEHHOTO OIl-
penesieHNsl JIeTyuuX KOMIIOHEHTOB B 3TaHOJICOAEpIKalleil Mmpo-
IYKIMM, B TOM YUCIe U JJIs1 TUIOOBBIX BOJIOK, OCHOBAaHHbI Ha
JCIOBb30BAaHUM 3TaHOJIA, KOTOPBIV 3aBeIOMO MPUCYTCTBYET BO
BCeX CIMPTOCOAEPKAIIMX MPOAYKTAaX, B KaUeCcTBe BHYTPEeHHEro
cTaHzapra. B 1ieomM, MeTo, BHyTPeHHero CTaHAapTa SBISeTCs
6oJiee MPeoOUTHUTENIbHBIM 110 CPABHEHMIO C METOJJOM BHeEIIHe-
TO CTAHAAPTA, TOTOMY YTO B 3TOM CJIy4ae HET HeoOXOmMMOCTU
TOYHO OIpefeNsaTh 06beM aHAIM3UPyeMoii Tpo6sl. Kpome Toro,
MCKIIIOYAeTCs Takke BIMSIHME M3MeHeHMsI CKOPOCTH ra3a-HOCKU-
TeJS Y TeMITepaTypbl KOJOHOK. IIpu razoxpomaTorpaduyeckom
orpefe/leHUM TaKUX JIeTy4uX COeNVHEHMI, KaK aleTajable-
U7, MeTUIALeTaT, STWIaleTaT, MeTaHOJ, 2-IPOMAaHoJ, 3TAHO,
1-mpomaHo/, 2-MeTwi-1-TpomaHosi, 2-TIeHTaHon, 1-6yTaHon,
3-mMeTwiI- 1-6yTaHoI, MPO6OIIOArOTOBKA CBOAMIIACH K CIeYIOIIe-
My. B 06pasiipl BBOAWIM pacCYMTaAHHBIE KOTMUECTBA OJHOTO U3
M30MEepPOB M30aMUJIOBOTO COMpTa — 2 meHTaHoina [29, 30], win
3-neHTaHosna [31], UCIONb3yeMbIX B KaUeCTBe BHyTPEHHETO CTaH-
Japra. B fTaHHOM lyyae MOXHO TakKe MCII0/Ib30BaTh IPOCThIe
JIeTeKTOpbl — IUIaMEeHHO-MOHM3aLVOHHbI MM KaTapoMeTp.

B pa6ore [11] MeTomoM PSIMOTO BBOZAA 06Pa3I[0B CIMBOBbIX
BOJIOK IPOBEeJleH aHA/IN3 10 ONpeAeeHUI0 COAep>KaHMsI TPOU3-
BOIHBIX eHOMa 1 aHu3ona MmetoroM BIXKX ¢ puogHo-maTpuy-
HBbIM ¥ (JIyOPECIEHTHBIM JIeTeKTUPOBaHMEeM. ABTODBI MIPeJIO-
KM pacCMaTpUBATh [JaHHbIE COeNVHEHMsS, OTC/IeXMBaeMble
KaK BTOPOCTelleHHbIe KOMIIOHEHTBI B CJIMBOBBIX BOJKAaX, B Kavue-
CTBe MapKkepoB npoucxoxxgeHus g 30 copToB cauBbl (Prunus
domestica L.). TIsiTh IpOM3BOAHBIX (DeHOIA M aHM30J1a (9BIEHOI,
4-stundeHos, 4-BUHUIAHU30I, 4-aJlIMIaHNU30J1, 4-TIPOTIeHM-
JIAaHM30/T) O6GHAPYKEHBI ¥ KOJMYECTBEHHO OIpe[eeHbl B CIIN-
BOBBIX OPEHIU U3 PasHbIX PETMOHOB MPOUCXOXKAeHMs. Kpome

299



Krikunova L. N. et al. | FOOD SYSTEMS | Volume 5 No 4 | 2022 | pp. 298-307

TOTO, KOJMIMYECTBEeHHbIe MPOGWIN 3BreHoNa, 4-BUHMUIAHMU30IA
u 4-3TundeHoIa 3HAUUTEIbHO Pa3aNJaInCh AJis 06pasiioB -
BOBBIX BOJIOK, M3TOTOBJ€HHBbIX U3 JIETHUX U OCEHHUX COPTOB
cnuB. CnelyeT Takke OTMETUTD, YTO MeTof, BOJKX oueHb penko
MICTIONB3YeTCs [JIST aHaIM3a TUIOIOBBIX BOJOK. Tak, B pabore [1]
coobrraeTcs 06 mcnonb3oBauuy BIXKX myis onpenenenus dbyp-
(yposna B m1omoBbIX BojiKaxX. BOIKM 13 KOCTOYKOBBIX IJIOJIOB OT-
JIMYAIOTCSI OTHOCUTENIBHO BBICOKMM copepskaHueM (ypdypona,
4YTO MOXeT, 10 MHEHMIO aBTOPOB, ITOCTY>KUTb ONHUM U3 KPUTe-
pUeB 1Sl X UAEHTUPUKAIAN.

Ina nubdepenunaimu 06pasiioB CIMBOBBIX BOAOK I10 TPYII-
1maM COPTOB CJIMB, U3 KOTOPBIX M3TOTOBJI€HbI HANUTKM (JIETHME
WAV OCEHHMeE), ObUIM BIIEPBbIE VCIIONb30BAHBI CITEKTPbI CUH-
XPOHHOI (yopecueHIMM, a TaKKe CIIeKTPaabHbI aHaIN3
B 6mskHeit UK- u YO-BUAMMOIL 00/1aCTSIX B COUETAHUM C XEMO-
MeTpuKoy [32]. diyopecuieHIMSI CIMBOBBIX BOLOK BO3HMKAeT
¥3-3a Pa3IMUHbBIX COeNMHEHMI, TaKMX KaK 3BIeHOJ, L[MMOJIbI,
2-bennnstanon, 4-stundenon, 1-gednunsTaHon, o-, M-/m-Kpe-
3071, T'BAsIKOJI, aHM30JIbI U ApP. B MeTome CMHXPOHHOW (iyopu-
METPUM CIIEKTPBI (DIIyOopeclieHIMMY PETUCTPUPYIOTCSI B YCIIOBUM
OIHOBPEMEHHOTO M3MEHEeHUS JJIHBI BOITHBI BO30YKIAIONIETo
U PerucTpupyeMoro musmaydeHmii. Ilpm sTOM pasHuila MeXnmy
HUMM @) COXpaHsIeTCs TOCTOSTHHOM, ee 3HaUeHue Mom6upaeTcs
JJ1s1 KOHKPeTHOTO aHanu3a. B pabore [32] CMHXpOHHbIE CIEKT-
pbI (prryopecuieHIIMy MOoKa3aayu CXONHbIe XapaKTEePUCTUKM ISt
BCEX CJIMBOBBIX OPEHMIM U MPOJEMOHCTPUPOBAIM HATMUME TBYX

MY TPeX OCHOBHBIX MakCUMMyMOB. Bce VMIK-creKTpbl 06pa3iios
XapaKTepU30BAINCh TMPUCYTCTBMEM TI0JIOC TIOMIOIIEHUS TIpU
4407 cm! m 4340 cm'. B YO guamnasone ot 200 mo 320 HM pe-
TUCTPUPOBAIM 3 XapaKTepHble 00JaCTH, THe TOIoLieHne Jo-
CcTUraeT MaKCUMaIbHbIX 3HaueHmit: 200-220 M, 230-265 HM
u 270-300 HM, YTO COOTBETCTBYET I0JIOCAM MOIJIOLIeHUS MPO-
U3BOIHBIX (eHoMa 1 aHnusona (PucyHox 1).

Takum 06pasoM, BCe CIEKTPbl MMEIOT XapaKTepHbIN BU,
MO3BOJISIIOIIMI aBTOpPaM yCTAHOBUTH ayTEHTUUYHOCTh IIJIOJO0-
BBIX BOAOK. [IperMyIecTBOM JAaHHBIX CIIEKTPAJIbHBIX METOJOB
SIBJISIETCSI OTCYTCTBME IJIUTENbHONM CTaauy MpoO6OTOATOTOBKM.
OpHako UCIOMb30BaHMe MPeJJIOKEHHOTO MOAX0la 3aTPyIHEHO
BCJIEACTBYE HEOOXOOMMOCTY TIpUMEHEeHMUs crernuduueckoro
JIOPOTOCTOSIIIIETO 060PYIOBAHMS.

B c1yyae HeoOGXOAMMOCTHM BbIeIeHUsT ¥ KOHIEHTPUPOBa-
HMS 11eJIeBbIX BEIlleCTB, B [IEPBYI0 OUepeib MMHOPHBIX, 111 KOP-
DPEKTHOJ OIeHKM COCTaBa CMEeCY apoMaTOOpa3yIoIINX BEIIeCTB
B IUIOJTOBBIX BOZIKaX HEOOXOAVIMO ITPOBOIUTD MPOGOTIOATOTOBKY.
CnenmyeT OTMETUTD, UTO Cpel JAHHBIX KOMIIOHEHTOB MIPUCYTCT-
BYIOT Kak ruapodwibHbie, Haripumep, straHon (logP = — 0,3), Tak
u ruapodo6HbIe BellecTBa — nMoHeH (logP = 4,46), rme logP —
K03 buLIMeHT pacipeesieHns B CICTeMe OKTaHOoJ1/Bofa. Baien-
CTBME 3TOTO OHU MMEIOT OUeHb Pa3HyK PaCTBOPUMOCTb B BOfE
M 3KCTParmpyoimnx pacrsopurensx [7]. Kpome toro, niomossie
BOAKM MOTYT COLEpKaThb BelecTBa, CUIbHO pasauyaroiiyecs
10 KMUCIOTHOCTY ¥ JABJIEHUIO HACBILIEHHBIX 1apOB, HAKOHEII,
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PI/ICyHOK 1. CHeKprI 06pa3uos CJIMBOBBIX BOOOK: A, B— CHMHXPOHHBI€ CIIEKTPbI qmyopecuel-mnn IIpU SBHAYCHUAX
®L=80HM (A) M ® A =100 HM (B); C — cnekTpsI B 6oimkHelt UK-o6macty; D — criekTpsl B YO-BUAMMOIL o6nactax [32]
Figure 1. Spectra of plum vodka samples: A, B — synchronous fluorescence spectra at values ® A = 80 nm (A) and ® A = 100 nm (B);

C — spectra in the near-IR region; D — spectra in the UV-visible regions [32]
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MX KOHILIEHTPALMM B MaTPUIIE KOJIEBIIOTCS OT HECKOIbKIX Mac-
COBBIX YaCTel Ha MUJLIMAP, 10 HECKOJIbKMUX IIPOLEHTOB. Heoo-
XOIVMMO YUUTHIBATh 9TO OTPOMHOE pasHOO0Opasme CBOMCTB Mpu
BbIOOpE TOAXOMSIIET0 MeTOHa IMPOOGOTIOATOTOBKY U YCIOBUIt
MEeTOJa MICCIeN0BaHMs B LIeJIOM.

2. MeTonbI IPOOONOATOTOBKY

[TpoBeeHHBINI aHAMM3 HAYUYHBIX MyOIMKALVIA, TTOCBSIIEH-
HBIX MCCIeI0BAaHMIO COCTABA JIETYUMX KOMIIOHEHTOB AVMCTVILIN-
POBaHHBIX CITUPTHBIX HAIUTKOB U3 (PYKTOBOTO CBHIPBSI, B TOM
Yyyucie TUIOLOBBIX BOJOK, MO3BOJAMJI YCTAHOBMUTb, UTO OCHOB-
HbIMM MeTOodaMU HpO6OHO,I[I'OTOBKI/I Ipu orpenereHnmnM B HUX
L[eJIeBBIX apOMaToOpa3yINIMX KOMIIOHEHTOB C MCIIO/Nb30Ba-
HueMm I'X MC saBnsitorcst (PUCyHOK 2): >XMAKOCTHAsT SKCTPaKIUS
(liquid extraction, LE), TBeprodasHas skcrpakuust (solid phase
extraction, SPE), TBepgodasHast MukposkcTpakius (solid phase
microextraction, SPME), TBepmodasHasi MUKPOIKCTPAKLIUS U3
mapoBoit daser (head space solid phase microextraction, HS-
SPME), cBepxKpuTHUeckast GimonaHas 3KCTpakuus (supercritical
fluid extraction, SFE) u cop6IiMOHHasT 9KCTPAKLIMS HA MelLIaKe
(stir bar sorptive extraction, SBSE) [21,33-34].

| MeTogbl npo6onoaroTosku

1N

HuagkocTHas TsepgodasHan CsBepxKpuTUyeckan
3KcTpaKkyma (LE) 3KcTpakymsa (SPE) dnrongHan

/wu”ﬁ (SFE)

TeepaodasHan MUKPOIKCTPAKLUA CopbunoHHas IKCTpakuua Ha
(SPME) mewasnke (SBSE)

A 4

ToHKONNEHOYHAA
T8epaodasHan
MUKPO3KCTPaKuua
(TF-SPME)

Mpamasn
MUKPOIKCTPaKLUA

TeepgodasHana MUKPOIKCTPAKLMA U3
naposo# ¢asbl (HS-SPME)

PuicyHOK 2. MeTo bl MPOGOMOArOTOBKY IVIOJIOBBIX BOJOK ISt

orpene/ieHus 1eJIeBbIX apoma’roﬁpasylomnx KOMIIOHEHTOB
Figure 2. Sample preparation methods for fruit vodkas to detect target
aroma-forming components

2.1. JKudkocmHas akcmpaxkyust

ITpu aHaau3e QPYKTOBBIX (TUIOJOBBIX) AUCTUIIISITOB Ha CTa-
IV TIPOOOTTOITOTOBKY PsIIT aBTOPOB [22,35-38] MCIIOMb30BaIN
MeTof, KUAKOCTHOM 3KkcTpakuyu (LE) nsg BeimeseHMs U KOH-
LIEHTPUPOBAHMs 11e/ieBbIX KOMIIOHEHTOB. Takoii MeTop xapak-
TEepU3yeTCsl BbICOKOI 3(PPEKTUMBHOCTBIO, TO3BOJSS BBIAESATD
B MATKMX YCIOBMSIX apoMaTo6pasyoliye JeTyure BeIlecTBa.
B KauecTBe SKCTParupyonyx KOMIOHEHTOB B JaHHBIX paboTax
6bUIO TIPe[IOKeHO MPUMEHSITh H-TeKcaH [35], OAuUxIopMeTaH
[22,36,38] vy nieHTaH [37].

TexHMKa BBIMOTHEHNMS SKUIKOCTHOM SKCTPAKIIMM II€IEBBIX
KOMITOHEHTOB BKJIIOUaeT CMelllBaHue o6pasiia IJI0J0BOi BOL-
KM C BOZOJi B COOTHOIIeHNM 1:1, a Takke go6aBeHNe B HETO XJI0-
pupa HaTpusi. Llesib JaHHOI CTaguy 3aK/I04YaeTCs B YBEIMYEHUN
Pa3sHUIIbI 3HAUEHMIT MTOISIPHOCTE aHaIM3UPyeMOoii ITpo6bI (BOA-
HO-CITMPTOBOI PAcTBOP) M OPTaHMYECKOTO 3KCTPareHTa, 4To
T03BOJISIET OBBICUTD CTeTIeHb U3BIeUeHMS LieJieBbIX OpTaHnye-
CKMX BEIeCTB M3 BOIHO-CIIUPTOBOI (a3sl. [Tocie mepemMeninBa-
HUS CJIOM pa3fessiioT B IeJINTeTbHOV BOPOHKE M OpraHMUeCKuit

CJI0i1 BBICYIIMBAIOT HaJ, 6€3BOAHBIM CYlIb(GaToOM HATpus. 3aTemM
OPraHMYeCcKYI0 BBITSDKKY MOXKHO CKOHI@HTPUPOBATh B aTMOC-
depe azora [36] wan B mpubope Kymepua-Iauumia [37]. TTomy-
YeHHbIII KOHILIEHTPAT B JaJIbHENIIIeM MCIOIb3YIOT IJIS aHaIM3a
METOJIOM Tra30BO¥ xpomaTorpaduy ¢ Macc-CIeKTpOMeTpude-
ckum getektopoM (IX-MC). B pabote [36] MpUBOISTCS AaHHBIE
aHa/IM3a KU3WIOBOTO IUCTUJUISITA, TIOJTyUeHHbIe C MCII0Ib30Ba-
HMEM JaHHOTO MeToJa MPOGOIOATOTOBKY M MeTOMa MeTeKTH-
poBaHusl. ABTOpamu 6bIT0 MAEHTU(GUIIMPOBAHO 84 COeIMHEH NS,
cpeny KOTOpbIX Haubosiee pacipoCTpaHEHHBIMY ObUIN SKMPHbIE
KUCIOTBI C TIPSIMOJ IIEMbl0, STUIOBbIe 3(DUPbI KapOOHOBBIX
kucior C6-C18, numoneH, 2-heHMIITaHON U 4-3TUADEHOII.
BO/MBIIMHCTBO COeIMHEHMIT, OOHAPYKEHHBIX B MCCIEOBAHHbIX
06pasiiax KM3UIOBBIX AVUCTUIUISTOB, HE SIBJISIIOTCSI YHUKATbHbI-
MM, BCe OHU IIPUCYTCTBYIOT U B JPYTUX QJIKOTObHBIX HAIIUTKAX.
B pa6ore [35] Mpo60MOATOTOBKY 06PA31I0B CIMBOBIX IUCTUILISI-
TOB OCYHIECTBJIS/IM aHAJIOTMYHBIM 06Pa30oM, UCTIONb3Ys Apyrie
COOTHOIIIEHMST BOJHO-CITMPTOBOJ (pa3bl M SKCTPAreHTa, a TaKKe
MIPMMEHSUIM MEHbIIYI0 CTeleHb KOHLEHTPUPOBAHMS IeJeBbIX
KOMITOHEHTOB, UeM B MIpebIayIeii paboTe. Bbuto uaeHTUGUIIN-
POBaHO U KOIMYECTBEHHO OIpeie/ieHO cofiepskaHue 34 JIeTyunx
coenuHeHMi. [Tpeenbl 06HAPYKEHMS OTAEIbHBIX KOMIIOHEHTOB
cocTaBmm 6-98 MKr//. ABTOPBI paboThI [37] MOMMUMO XJIOpUAA
HaTpus mo6aBiasiy K 30 M aHamu3upyeMoit mpo6sl 100 MK
6eH30(eHOHa, MCITOb3YeMOTO B KaueCcTBe BHYTPEHHEro CTaH-
JapTa, Iocjie Yero MpoBOAVIIM SKCTPaKIMIO TpeMsl MOPIUSIMU
neHTaHa no 10 My B IeInTe/IbHOM BOpOHKe. KonmnuecTBO BbIge-
JIEHHBIX COeIVHEHUI C MpUMeHeHMEeM KUIAKOCTHOM 3KCTpaK-
1IMM B KaUecTBe MPOGOTOATOTOBKY TOCTUIJIO B 9TOM cyuae 94,
npuyeM 34 U3 HUX He YHaBaJoCh BbIIEIUTDb NPYTUMU MeTOHA-
vu. OTHenbHbIe 06pa3Ilbl MCCIeJOBAHHBIX B paboTe CIMBOBBIX
BOZIOK, M3TOTOBJIEHHBIX M3 Pa3HbIX COPTOB C/IMB, Pa3INYaInCh
10 COIEeP>KaHUI0 HEHACHIIIEHHbIX CUBYIIHBIX CIUPTOB (3-Me-
TU-3-6yTeH-1-0/1, TpaHC-3-TeKCeHOT), HEHACIIEHHbBIX ajibe-
ruaoB (2-6yTeHaslb, 2-HOHEHAJb), POM3BOAHBIX MOHOTEpIIEHA
(amerat IMHANOONA, alleTaT repaHnosa) 1 JIAaKTOHOB.

B 1ie1oM oTMeYeHO, UTO MCIIOJIb30BaHMEe METOHA SKUIKOCT-
HOM 3KCTPaKLUUM XapaKTepu3yeTcs IPOCTOTON BbIIOTHEHUS
omepanuit, He TpebyeT IOPOTrOCTOSIIETO OOOPYAOBAHMUS, UC-
M0JIb3yeT JellieBble U NOCTyIHble peakTuBbl. OJHAKO JTaHHBIN
MeTOJ, TTPOOOITOITOTOBKM He TO3BOJISIET OOHAPYKUTh U KOJMK-
YeCTBEHHO OMNpeAeNnTb cofepkaHue HeKOTOPbIX MUHOPHBIX
apoMaToOpasyIINX COeAVHEHMI, UCIIOIb3YEMbIX B KauecTBe
MapKepoB MPpU OLleHKe COOTBETCTBUSI IVIOIOBOV BOJKY 3asIBJIeH-
HOMY CbIpbI0. Kpome TOTO, JaHHBIN MeTO[, MpearonaraeT nIpu-
MeHEeHMe PeJHbIX OPraHNYeCKMUX PaCTBOPUTEIEN.

2.2. Caepxkpumuueckas ¢oudHas skcmpaxkyus
CeepxkpuTtuueckass QuougHas skcrpakuusi (SFE) — sro
TepefoBoii MeTOH W3BAeueHMs] OGUMOAKTMBHBIX COeIVMHEHMIA
C MCIIO/Ib30BaHMEM CBEPXKPUTUYECKUX >KUIKOCTEe B KauecT-
Be pactBoputeseii. OH TpUBIeKaeT OOJIbIIOE BHUMaHMUE 10
CpaBHEHMIO C TPAAMLMOHHBIMU METOJAMM M3-3a ero 3Hauu-
TeJIbHBIX MPEMMYIIEeCTB, Tak Kak obramaeT 60ee BHICOKOI ce-
JIEKTUBHOCTBIO, 1M GY3MOHHOCTHIO U IKOIOTUUHOCTbIO [39,40].
OCHOBHOI1 UCII0JIb3YeMbIi1 PACTBOPUTEb — AMOKCUJ, YIJIepoaa
CO, B cBepxkpurnueckom cocrossauu (SCCO,). JImokeup, yrie-
pona (kputuueckue ycaoBusi: Temmnepatypa 30,9 °C u gaBieHue
7380 kIla) MMeeT HMU3KYIO CTOMMOCTb U €ro ImpuMeHeHue 6e3-
ormacHo Jiist sKkojoruu. SCCO, TakKe MPUBIEKATEIEH 13-3a €r0
BBICOKO¥ 11 dY3MOHHOI CITOCOGHOCTM B COUETAHUM C JIETKO pe-
TYJMPYeMOJi PaCTBOPSIONIE) CIIOCOOHOCTHIO. ITO 3HAUUTETHHO
YIIpOLLaeT M3BjieueHye 1eleBbIX KOMITIOHEHTOB. Takke BaKHbIM
JIJIST TIPOGOTIONTOTOBKY 06pasiioB MIOAOBIX BOJOK JaHHBIM Me-
TOIOM CUMTAETCS TO, UYTO OH IO3BOJISIET U3BIEKATh TePMUUECKIU
NaGuIbHbIE UM JIETKO OKMC/IsIeMble coenHeHust. B padote [40]
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YKa3bIBAETCsI, UYTO OCHOBHOJI HEAOCTAaTOK METOAA 3aK/IIouaeT-
Cs1 B HU3KOJ CTEIeHM M3BJAeUeHMs TOJSIPHBIX KOMIIOHEHTOB,
K KOTOPBIM OTHOCSITCSI MHOTME apoMaToOpasyollie BellecTBa
TJIOJTOBBIX BOAOK (CIIUPTHI, 3¢upbl U [Ip.). C 1[e/TbI0 MOBBIIIEHNS
s dexTrBHOCTM X 3KcTpakuuy B SCCO, mpeanoxkeHo f06aB-
JISITh pas3/IMyHbIe MTOIpHbIe MOAU(MUKATOPHI (COPACTBOPUTENN).
VX mpuMeHeHMe M03BOJIsSeT U3MEHUTh MOMSIPHOCTb CBEPXKPM-
TUYECKOI JKUIKOCTH, PE3YIbTATOM UEro SIB/ISEeTCs YBeIuueHme
ee COMbBATUPYIOIIEI CIIOCOOHOCTY 110 OTHOLIEHUIO K IeI€BhIM
KoMIioHeHTaM. OmHAaKO MAHHBIA TPUEM YCIOXKHSET IPOoIlece
uaeHTUuGUKAIMM ¥ KOMMUECTBEHHOTO OIpedeeHus apomar-
06pa3syrumx KOMIOHEHTOB TUIOIOBLIX BOLOK. [lInpokoro mpu-
MeHeHUsSI 3TOT METOJ MPOGOTIOATOTOBKY He TONYYMIT B CBSI3U
C HeO6XOIMMOCTbHIO MICTIONTb30BAHMSI CJIOXKHOTO TOPOTOCTOSIIIETO
060pyIOBaHMS.

2.3. TeepdoasHas akcmpaxkuus

[TpeyMyIIeCTBOM M3BJI€UEHNST BENIECTB METOJOM TBEepPIO-
dasnoi1 sxcrpakuym (SPE) cunraeTcs obecrieuenne 3hdeKTUB-
HOTO KOHTaKTa Ipo6bl 00pasiia ¢ paBHOMEPHO yIIaKOBaHHBIM
BHYTPM KOJIOHKM J1s1 cOp6I1MM amcopberHToM. Hanbomee momHoe
BbIfIeJIeHNe 1eIeBbIX JIETYUMX KOMIIOHEHTOB JIOCTUTAETCS TIPU
YCIIOBMM OTITMMAaJIbHOTO BbIGOpa TBEPAOit (hasbl C yUeTOM UX XU-
MUYECKOM TPUPOIbI ¥ MOASIPHOCTH, a TAKKe MOIXOISIIEro pac-
TBOPUTEJISI, KOHTAKTUPYIOIIEro ¢ o6pasuom [14,34,41].

2.4. Teepdoasnas mukposxcmpaxyus (SPME)

IpencrasisieT co060ii MUHMATIOPHBIN, HEOOPOTOJi, TTPOCTO
¥ OBICTPBIN B McrioNHeHMM BapuaHT SPE mjis1 usBiieueHus je-
TY4YMX BEIeCTB U3 Mpo6bl. [JaHHBI MeTom 06JafaeT XOpoIei
BOCIIPOU3BOAMMOCTBIO, JIETKO TOAJAeTCsI AaBTOMaTU3aluu,
obecreunBaeT BBICOKYIO UYyBCTBUTENbHOCTb IOCIEIYIOLIETO
oIpeiesieHVs 1ieJIeBbIX BellleCTB U MCIIONb3yeT MUHMMAaJIbHbIE
KOJMuecTBa pactBoputeneit u ob6pasuos [41]. Metom SPME
TIOAXOINT JAJ1sT 06pas3iioB, KOTOPbIE COMEPIKAT COeNVHEH NS, UyB-
CTBUTENbHbIE K TEePMUUYECKOMY pPa3j0KeHUI0 U OKUCIEeHUIO,
M TIofipa3yMeBaeT B3aMMOAENCTBYe 0bpasiia C MOBEPXHOCTHIO,
TIOKPBITON COPOMPYIONIMM MaTepuaaoM. ITocieIHMit MpeaCcTaB-
JISIeT co60 MOKCH]T, KPeMHYs C TOKpbITHeM. K mpumepy, MeTof,
SPME c ycriexoM GbUT UCIIONb30BaH MPY aHAIN3€ ONMTUUYECKUX
M30MEPOB apoMaTOOpPa3yIOMMX KOMIIOHEHTOB aKOTOIbHOIA
nponyKuyu. B pa6ore [42] onpeaesnsiii COOTHOIIEHNS ONITIYe-
CKUX M30MEepOB HEKOTOPBIX JIeTyUMX XUPAIbHbIX COeIVHEHMUI
B Pa3/JIMUHbBIX QPYKTOBBIX (TJIOIOBBIX) AUCTUIIIATAX, B TOM UM-
cjle U3 CauB, aBpPUKOCOB, KUCIO ¥ CJIAKOV BUINHU. JIaHHbIE
COOTHONIEHUSI OTIPeJie/IeHbl METOIOM I'a30BO XpoMaTorpadum
C MCMOJb30BaHMeM TBepaodasHoi MuKposkcTpakuum (SPME).
[TomyyeHHbIe XpoMaTorpaMmbl cogepskann oT 50 1o 102 nuxos
B 3aBMCMMOCTM OT Tuma (PpyKTOBOTO AMCTWLIATA. Hanpumep,
B OUCTWIATAX U3 BUIIHM 6bUIO uaeHTUdUIMpoBaHO 48-51
COeIMHEeHN, B AUCTUIIIATAX U3abpukoca — 40—56, U3 CIUBBI —
38-54. COOTHOIIIEHMST ONTUUECKUX M30MEPOB OTHAETbHBIX apo-
MaTo6pa3yoUMX KOMIIOHEHTOB IJIOIOBBIX BOAOK M3 KOCTOYKO-
BOTO ChIpbsI NIpUBeeHbI B Tabmuiie 1.

Bei10 mMOKa3aHO, UTO IMMOHEH BCTPeYascsl B HepalueMuye-
CKMX, ONITUYECKY aKTUBHBIX, CMECSIX C M30BITKOM R-3HAHTHO-
Mepa HajJ S-2HAaHTMOMEPOM B IUCTUJUISITaX U3 uepeliHu. [Ipy-
roit TeprieHoup (B-UMTPOHE/UION) BO (DPYKTOBBIX OpeHIOM U3
abGPMKOCOB ¥ UepelHy 06HapyKeH TOMbKO B Bue unctoro (R)-
9HaHTMOMepa. MeXy TeM, TaHHbIi apoMaTo6Pa3yoNIii KOM-
TIOHEeHT B APYTUX BUAAX IJIOJOBBIX BOAOK (M3 CJIMBBI M BUIIHN)
TIpe/ICTaB/sIeT CO60i MPAaKTUUECKM palleMUYeCKyI0, OTITUYECKU
HEaKTMBHYIO cMeCh 130MepoB R u S. B-unurponerion npencras-
JisieT co60¥t MpuMep BelllecTBa ¢ PasaMYHbIMM OpPraHOIenTIIe-
CKMMM CBOWCTBaMM 3HAHTMOMEPHBIX GopM. (R)-1uUTpoHEIOoN
TaxHeT LIUTPOHEIIJION (IIPSIHBIV IMMOHHBIN apoMar), B TO BpeMst

Kak (S)-crepeousomep obsamaeT 3amaxom repaHu. ONTUYecKu
aKTUBHbIE M30MePbl OKCUAO0B IMC- U TPAHC-IMHAJI00JIa BbIsSBIe-
HBI TOJIBKO B 06pa3iiax IJIOMOBbIX BOJOK 13 a6puKOCOB. M3ome-
DBl y-IOfeKaJaKTOHA He BBISBIEHBI BO (PPYKTOBBIX GpeHAN U3
yepelHi, B TO BpeMs Kak B 06pasiiax 13 APYrux BUOOB IIOJ0-
BOTO ChIPbSI JaHHOE BEIeCTBO TpeCTaBIeHO UCKIIOUUTETbHO
B Buae R-msomepa.

Ta6auua 1. COOTHOIIEHNSI ONITUYECKIX M30MepPOB
OTAEIbHBIX APOMATOGPA3YIOIMX KOMIIOHEHTOB IIOAOBBIX
BOJOK "3 KOCTOYKOBOTO ChIPbSI

Table 1. Ratio of optic isomers of certain aroma-forming components
of fruit vodkas from stone raw materials

E TIpoeHTHOE COOTHOLIEHNE
HaumeHoBaHue ¢ 3 M30MEpPOB B apOMaTo6pasyiomem
apomaroGpasyiomero ¥ &' KOMIIOHeHTe, %
KOMIIOHEHTa B g
5 €  Yepemns A6pukoc CimBa Bumns
R 47 40 51 47
JIMHAIOON
S 53 60 49 53
2R, 5R - 21 - -
OKCHUJL TPAHCIMHAIO0 A
28,58 - 79 - -
2R, 58 - 19 - -
OKCUJL UCTTMHAIO0A
2S, 5R - 81 - -
R 70 47 - 51
JIMMOHEH
S 30 53 - 49
R 35 41 - 40
O.-TePIIMHEO
S 65 59 - 60
R 47 46 44 47
Heponupon
S 53 54 56 53
5 R 100 100 51 51
-IUTPOHEIION
e S 0 0 49 49
R 100 93 69 93
Y-IeKaIaKTOH
S 0 7 31 7
R - 100 100 100
-IOLEKaNaKkTOH
1R S - 0 0 0

TakuM 06pa3oM, aBTOPbI PAGOTHI MPUIUIMA K 3aKTIOYEHUIO,
UTO OIleHKa COOTHOILIEeHMUS] ONTUYeCKM aKTUBHBIX M30MeEpOB
OTHENbHbIX apOMaTo6pa3yIoIMX BEeleCTB B IUIOLOBBIX BOIKAX
MOJXXET ObITh MCITOb30BaHA AJIST MAeHTUbUKAIY BUAA GPYKTO-
BOT'0O KOCTOYKOBOTO ChIPbSI.

IpyruM BapMaHTOM TBepHOoda3HOl MUKPOIKCTpPALUU SIB-
JISIeTCSl MeTO, TOHKOIIEHOUHOM MUKposkeTpakuum (TF-SPME).
[Ipumenenne TF-SPME K mIMpPOKOMY CIIEKTPy MaTpwuli, TaKuUX
KakK TPOMBIIIVIEHHbIEe MaTepuasbl, BOAA, MPOLYKThI MUTAHUS
M HANUTKY, TOKA3aJ0 ero pacliMpeHHble BO3MOXHOCTU IO
cpaBHeHUIO ¢ kinaccuyeckori SPME. B naHHOM MeTone MOXKHO
ONTUMMM3UPOBATH MPOIECC IKCTPAKINM 32 CUET 0OecreyeHus
BBICOKOTO OTHOIIIEHNS TUIOIIAM TOBEPXHOCTHU K 06beMY ITPOObI.
TO MO3BOJISIET COKPATUThH BpeMsl, HEOOXOAMMOe /ISl MOCTIKe-
HUSI paBHOBeCHSI, TIPU 3TOM YBeJIMUMBAsI MOLHOCTb 3KCTPAKIIM-
OHHOTO yCTPOJiCcTBA [43].

Cnemyer OTMeTUTb, YTO 06a BapuaHTa TBepHodasHOl MMu-
KPOSKCTPAKIMM (KIACCUYECKU ¥ TOHKOIUIEHOYHBI) MOYKHO
UCIIOMb30BaTh KakK [IJIsI MPSIMOIA SKCTPaKLMM COeAMHEeHNI, HaXo-
ISIIMXCS B KMUOKOM (ase 06pasiia, B KOTOPbI HEITOCPEACTBEHHO
TIOTPY>KAI0T COPOMpPYIOIiee MMKPOBOIOKHO, TaK ¥ JJIsl TBepaodas-
HOI MMKPO3KCTpakuumu u3 raposoii daser (HS-SPME), B koTo-
pyI0 TIpeABapUTEIbHO MePeBOAsIT Iie/ieBble apoMaTobpasyolye
KOMITOHeHTbl. HS-SPME — oniyH 13 caMbIX paclpoCTpaHeHHbBIX
COBpPEMEHHBIX METOAOB ITPOOOITOATOTOBKM /IS JAIbHENIIEro ra-
30XpoMaTorpaduueckoro aHaaM3a JeTyunx apoMaTo6pasyommx
COeMHeHMIT B MJIOMOBBIX BOAKAX ((DPYKTOBBIX OpeH/IN), OH GbIT
MCTIONb30BaH BO MHOTMX paborax [14,34,41,44-48]. Hampumep,
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aBTOPBI pabOThHI [45], U3ydyast XUMUUIECKUIT cOCTaB (PYKTOBBIX
IUCTUJUISITOB, M3TOTOBJIEHHBIX M3 Pa3jIMYHbIX BUIOB (PYKTOB,
JIOGWINCH OTpefieleHHBbIX YCIIeXOB B pa3paboTke uaeHTUdU-
KallM'OHHBIX KpUTepueB OJid YCTAHOBJIEHUS UX aYTEHTUYHOCTMU.
JIBa1iaTh yeThipe 06pasiia ceMu BUAO0B (DPYKTOBBIX TIUCTU/IITOB
(CTMBOBBIA, SIGIOYHBIN, TPYLIEBbIi, BUIIHEBbI, MUPAOETbHbIN,
abPUKOCOBBIi ¥ MaJMHOBBIN) ObLIM TPOAHATU3UPOBAHBI [IJIST
u3ydeHust Ux Xpomarorpaduueckux mpodueit. Mcnonb3oBaH-
HBII MeTO[, TPOOGOTIOATOTOBKY TIO3BOJIV/I BBIIEIUTH M YCTAHOBUTH
KOHLIEHTPaLMU OTAEIbHbIX CECKBUTEPIIEHOB, UTO IIO3BOJIUIIO
pasnnyaTh PPYKTOBbIE OUCTWIISITHI M3 CEMEUYKOBBIX U KOCTOUKO-
BBbIX TUIOMOB. Tak, B MpoGuiIsiX GPYyKTOBBIX (TIJIOAOBBIX) AVCTUII-
JISITOB U3 CEMEUKOBBIX (PPYKTOB GbIJIO OIIPENe/IeHO OTHOCUTETbHO
Bbicokoe comepxkanue (E, E)-o-dapHe3eHa, a Takke MPUCYTCT-
BMe a-3uHTMGepeHa u (E)-o-61caboneHa. ToMbKO B CIIMpPTaxX U3
KOCTOYKOBBIX (PPYKTOB OOHApPY’KEHbI MPOMMWILEKAHOAT U ITUII-
canuuuiat. YCTaHOBJIEHO TaKXke, YTO HEKOTOpPbIE IPYyTHe Coemy-
HeHMsI ObUTM XapaKTePHbI Ui OTAETbHBIX BUIOB aHAIU3UPYe-
MbIX (PYKTOBBIX IUCTUIUIITOB, HAIIPUMeD, Y-IeKaJaKTOH — JIJIsT
abpMKOCOBbIX, (E)-B-hapHeseH — nst si610UHBIX, (Z)-9-TeTpase-
1LIeH- 1-0J1 — 11 IUCTUIUISITOB M3 MUpPabeny, a HEKOTOpbIe aroka-
POTMHOWIBI — JIJIST MaIVHOBBIX. DTa paboTa MOTEHIMATIBHO MO-
5KeT GbITb OCHOBOJ [IJIsI TPOBEPKYM (DPYKTOBOTO MPOVCXOKIEHMS
JIUCTUIUISITOB MM TUTOOBBIX BOZIOK.

[TapaMeTpamMu, KOTOpble MMEIOT pelllaoliee 3HaUeHMEe TTPU
ucronb3oBanuyu SPME, aBsiioTcst BBIGOp cop6eHTa (ero moisip-
HOCTb ¥ TOJIIMHA CJI0S), BpeMsI M TeMIlepaTypa 3KCTPaKIuM,
JlobaBieHMe pacTBOPUMBIX COJielt (XJIopuz, HaTpusl, TUIpoKap-
6oHaT HaTpus, KapOoHAT Kaiusl), rmepeMelnivBaHue o6Gpasiia
¥ KOHIIEHTpalusl aHaauTa B oopasiie. [Ipu mpoBeneHne Kak SPE,
tak 1 SPME apomarto6pasyiomuiye jeTyune coeayHeHus Gpyk-
TOBBIX (IUVIOOBBIX) AUCTUIUISITOB OOBIYHO M3BIEKAIOT C MUCIIONb-
30BaH}EM KOMILIEKCHBIX COPOEHTOB, B COCTAB KOTOPBIX BXOISIT
nuBuHWI6eH3on (DVB), kap6okcen (CAR) M MOMMAMMETUII-
cunokcad (PDMS), B Teuenne 20-30 MUHYT IIpM TeMIiepaType
B AMamnasoHe oT 35 mo 45 °C [34,41-42,49]. Haubomnee BaXXHbIMU
rapaMeTpaMy IIpu BbIGOpe COpOEHTA SIBJISIOTCSI TOMIMHA €ero
CJI0S1 U TIOJISIPHOCTD, 3aBUCSIASl OT COOTHOIIEHUS BXOMASIIVX
B €r0 COCTaB KOMITOHEHTOB. BOJIOKHA, TTOKPBIThIE GOJIee TOICTOI
TIJIEHKO, TPe6YIOT 60J1ee MPOAOIKUTETLHOTO BpeMeH! ISl 10-
CTUKEHUS PAaBHOBECUS SKCTPAKIMM, HO MOTYT 006eCITeunTh BbI-
COKYIO UyBCTBUTETHHOCTH M3-3a GOJIbINEli MacChl M3BJIEKAEMbIX
1IeJIeBBbIX KOMITOHEHTOB. Kpome TOro, nmpusHaHO, YTO Jierkosie-
Tyuue COeqUMHEHMs TPeBYIOT TOJICTOTO MOKPBITHS, a IJisT MeHee
JIeTYyYnx coequHeHMit 6osee 3hGEKTUBHO TOHKOE TMOKDBITHE
[41]. HexkoTopble aBTOpPHBI [34] peKOMEHIYIOT IIpeNBapUTEIbHO
KOHIUIIMOHMPOBATH BOJMIOKHO A1t HS-SPME B TeueHue 5 MUHYT
repe[; IepBbIM eXXeJJHEBHbIM aHAIM30M TP TeMIIepaType HIDKe
MaKCUMalbHO JOMYCTUMOJ TPOMU3BOLUTEIEM.

B pa6ote [50] mpoTecTMpoBau TPU TUIIA COPOUPYIOLIUX ITO-
KPBITUIT pasHO¥ MOSIPHOCTY ¥ ToMMHbL: 100 MKkM PDMS, 65 MKM
PDMS/DVB n 75 mxm CAR/PDMS. X coBMecTHOe IIpMMeHeHe
mpu MPOGOIOATOTOBKE 00PAsI[OB MO3BOMWIO UAEHTUDUIMPO-
BaTh 148 yeTyunx coemuHeHuit. KaskmpIii TUI COpOUPYIOIIEro
TIOKPBITHSI ObUT CrielMbUYeH K OIpeAesIeHHOMY KJIacCy apoMar-
o6pasyronyx Berects. Harmpumep, Ha 100 Mkm PDMS addexTns-
HO BBIIENSUIOCh OOBIIMHCTBO JeTyUMX COeOVHEeHM MCXOLHOTOo
(bpyKTOBOTO CHIpPBSI, BKIHOUAST aIbAerUbl, (UPbI, KETOHbI, JaK-
TOHBI, TePIIeHbI. [/ BbIeNeHMs TOMSIPHBIX COeNMHEHMI, TaKuX
KaK CIMPTHI, JeTy4ye KUCIOThI, (GeHOMbHbIE BEIeCTBA, aBTOPBI
MICTIONB30BaIM [BA APYTUMX TUIIA COPOUPYIOIIMX TTOKPbITHiA. OT-
JleNibHbIe BeIleCTBa, HapuMep, NeHTaJeKaHOBYI0 KUCIOTY, Tek-
CUJICATUIIVIIAT, YIAIOCh BBIIEIUTh TOIbKO Ha 75 MKM CAR/PDMS.

B pa6ore [51] ¢ 1enbi0 ONTUMMU3AIUU TTPOGOTIOATOTOBKYI
MeTomoM TBepaodasHoii mukpoakcrpakiuu (SPME) mepen,
NIpoBeJleHNeM razoxpomaTorpaduueckoro aHaan3a paBHOBeC-

HOVi 1MapoBoii (Ga3sl UCCIeNOBAIN BAUSHME HA KOHIEHTPAIUIO
1IeJIEBBIX JIETYUYMX KOMIIOHEHTOB pas3in4HbIX (pakropos. Cpemu
HUX pasbaBjieHMe MCXOMHBIX 06pasiioB BOMOYHON MPOAYKIIVU
pacTBopoM cyibdaTa aMMOHMS KOHIleHTpauueit 4,05 M; mpo-
IOJDKUTENIBHOCTb ITIPOIlecca 3KCTParupoBaHMsI; TeMIlepaTypa
TEpPMOCTAaTUPOBAaHMS. BbIIO YCTaHOBJIEHO, YTO KOHIIEHTPALIMS
GOJTBIIMHCTBA OIPENENIEMbIX JIETYYUMX MUKPOKOMIIOHEHTOB
B MapoBOii ¢a3e 3aBUCUT OT CTelleHM pas3baBiieHMs1 oOpaslia.
B cpegHem Hawtyulive pe3ylbTaThl, TO €CTb MaKCHMMasbHbIe
paBHOBECHbIE KOHIIEHTpAIMM IeJIeBbIX KOMIIOHEHTOB B Iapo-
BOJi (hase, JOCTUTAINUCh TPpU pa36aBIeHUIM UCXOIHBIX 06pa3IoB
B 5 pa3s u TepmocratupoBaHuu npu 65 °C B Teuenne 10 MUHYT.

B npyroii pa6ote [41] ucnonb3oBauue metoma ['X-MC B coue-
taHuu ¢ HS-SPME no3BOIMIIO ONIpeAeIUTh JIETyUMe COeIVTHEHNST
cepbl BO (PpyKTOBBIX GpeHIM, BAUSIONIME HA apoMaTUYeCKUit
npodwib HAMMUTKOB, B KpaiiHe HMU3KUX KOHIEHTPAIMSIX — OT
0,001 mo 0,183 MKr/am3. ABTOpaM yKa3aHHOJ paboThI yoanoch
pa3feNnTh U KOTMYECTBEHHO OMpeneauThb 19 JeTyunx coequHe-
HMI cepbl B IUIOOBBIX BOJKAX M3 CJIUB, I'PYII 1 16510K. [ToKa3aHo,
yto Haubosee 3¢PeKTUBHAST COPOIMS 1eeBbIX KOMIIOHEHTOB
TIPOVCXOIUT Ha COpOGEeHTe, ComepsKalleM B CBOEM COCTaBe M-
BUHWIOGEH30J1, KapOoKceH U ronuaumMeruacuiokcad (DVB/CAR/
PDMS), mpu Temnepatype 35 °C B TeueHue 30 MUH. YCTaHOBIIe-
HO, UTO CHYDKEHME KPerocTy 06pasiioB ¢ McxoaHbix 40-45% o00.,
XapaKTepPHbIX IS TUIOAOBBIX BOJOK, 10 2,5% 06. myTeM pa3das-
JIeHVsI BOOHBIM pacTBOPOM, KOTOPbIi cogepskut 20% NaCl 1 1%
STUIEHIMaMMUHTETPAYKCyCHOM KMUCIoThl (D[TA), 3HaUMTENbHO
TIOBBILIAET YYBCTBUTEIbHOCTb METOJA B LIETIOM.

CriemyeT OTMETUTb, YTO TPAOUIIMOHHBIE Tipouenypbl SPME
BCerja BKIIOYAIOT HarpeBaHue ¥/uiu repeMelMBaHue MaTpu-
IIbI 00pasiia, YTO MOXKET YBEJMUUTh CKOPOCTh MacCOoIepeHoca.
s eme GOMBIIETO YCKOPEHMS] KMHETUKU SKCTPAKIUU TIPe -
JlaraeTcsl UCIOMIb30BaTh pa3/iMuHble BCIIOMOTATeIbHbIe TEXHO-
JIOTUY, KOTOPbIE TO3BOJISIIOT TAKKe MOBBICUTDH 3G GERTUBHOCTD
n cneuuduuHOCTh 9KeTpakumu [52]. Tak, CyIiecTBYIOT MeTo-
VKM, BKIIOUAIOIINe MUCIOMb30BaHNe BakyyMa [53], yIbTpasBy-
KOBBIX BOJIH [54], MukpoBomH [55], 9[C [56], marHeTusma [57],
¥ HEKOTOPbIe PyTHe CMHepreTuYecKue MoaX0obl.

B mocienHme HECKONBKO IEeCSITUIETUI TIPU UCCIeTOBAaHUMN
apoMaTob6pa3syoIMX KOMIOHEHTOB IJIOOBBIX BOJOK HAXOHUT
TpMMEHEeHNe MEeTOH, COPOYUOHHOU IKCMmpaxkyuu Ha meuldnke
(SBSE) [58,59]. laHHbBIIT METO/, TAK K€, KaK U KJIaCCUIECKUIT Me-
Tox, TBepHodasHoit Mukpoakcrpakiuuu (SPME), pocT B mipu-
MeHeHUM, He TpebyeT MOMOTHUTENbHBIX CTaAU KOHLIEHTPU-
poBaHusI, 6e3BpefieH IJIs1 OKpYsKaloleii cpeasl (He TpebyTcs
OpraHnYecKux pacTBOPUTEJIEI), HO IPU 3TOM OH CYIIECTBEHHO
6bicTpee, yem SPME. B Bblllleyka3aHHbIX paboTax MOKa3aHo,
YTO UCIO/Ib30BaHue MeTona SBSE mo3BosisieT mOBBICUTD UYBCT-
BUTENbHOCTD MOYTH B 1000 pa3 no CpaBHEHMIO C KJIACCUYECKUM
meTogom SPME, OCKOIBbKY MarHUTHBIN SKOPb MelllaJKu MMe-
€T 3HAUMTETbHO OOJBIIYIO IIONAb TOBEPXHOCTH, Ha KOTOPYIO
MOXXHO HaHecTu Oosibliiee KolIMuecTBO copbeHTa. Crenosa-
TeJIbHO, TaKOli 06beM COpOEHTA MO3BOJISIET U3BJAEKATh M KOH-
LIEHTPUPOBATH IieJiIeBble KOMITOHEHTHI M3 Topasfno 6osbIlIero
o6bema mpobbl. Meiranka 15t SBSE BBINISAUT, KaK 0ObIUHAS
MarHMTHas Mellajka, HO MMeeT MarHMTHBIN SIKOPb C HAHEeCeH-
HBIM Ha HEro COpOoMpPYIOUIMM IMOKPBITMEM, OOBIYHO HAa OCHOBE
PDMS. JlaHHBIiI MeTOH, MPO6OIOATOTOBKY TEXHUUYECKY MTO3BO-
JISeT OJHOBPEMEHHO 3KCTParMpoBaTh lieJieBble KOMIIOHEHTBI
13 HECKOJIbKUX 06pasIi[oB, UTO 06ecreuBaeT BbICOKYIO TTPOM3-
BOJUTEIBHOCTH U MPOITYCKHYIO CITOCOOHOCTh aHa/IN3a B LIEJIOM.
AHaIUTBI 06BIYHO IeCOPOUPYIOTCS C MAarHUTHOTO SIKOPSI C T10-
MOIIBIO TePMUYECKOi mecop6imu. JKUIKOCTHYIO 1ecopOIInio
C VMCIIOJIb30BAaHMEM PaCTBOPUTENS B (Jiydae aHa/M3a TUIOHO-
BBIX BOJIOK ITPOBOZSIT, KOT/Ia OT/Ie/IbHbBIE 11eJIeBbIe KOMITOHEHTbI
TepMUYeCKy HeYyCTONUMBDI.
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Oco6eHHOCTb COPOUPYIOIIEro MOKPLITUSI HA ocHOBe PDMS
3aK/II0YAeTCs B €ro HM3KOM CPOJICTBE K CIIMPTaM, UTO MO3BOJSIET
oIpefie/iaTh MMHODHbIE KOHLEHTPALMM JIETyUYMX KOMIIOHEHTOB
B aJIKOTOJIbHBIX HanMUTKax. C Ipyroi CTOPOHBI, TOAUINMETUIICHU-
nokcanoBast (PDMS) dasa nmeeT HM3KOE CPOMCTBO U K APYTUM
COeIMHEHMAM CpefHeli 1 BbIcoKoii nonaproctu (log K /W < 3),
HanpuMep, K CIMPTaM, CIOXKHBIM 3GUpPam, KOTOpbIe SIBISIIOTCS
LleJIeBBIMM IIPY @HA/IM3e IUION0BbIX BOLOK. DTO HECKOJIBKO Orpa-
HMYMBAeT IpUMeHeHVe TaHHOTO MeToa MTPOOOTIOATOTOBKY JJIsI
omnpefiesleHNs TaKUX COeVIHeHUIA.

Hanpotus, meton npo6onoaroroBku TF-SPME 3a cuet uc-
MTOJIb30BaHMSI Pa3JIMUYHBIX a6COPOUPYIOIIMX TOKPBITUI C BBICO-
KVM CPOZACTBOM K IIOJISIPHBIM COeIVHEHMSM I03BOJISIeT U3BIe-
KaTb Gosee IIMPOKUII CIIEKTP apoMaToOpasyIoUX BeIIeCcTB
[59], HO IpM 3TOM yCTyIIaeT [0 YyBCTBUTENbHOCTU MeTony SBSE.

ABTOpBI paboThl [59] mpoBenu cpaBHEHME PA3HBIX IKCTPAK-
LIMOHHBIX METOOB M YCTAaHOBMUJIM, UTO MeTof SBSE 6bL1 mmpoie
B BBIIIOJIHEHVY 110 CPAaBHEHMIO C I PYTMMU, 3aHMMaJl 110 BpeMeH!
MeHee JIBYX YaCcOB ¥ ;eMOHCTPMPOBAJ CaMyl0 BBICOKYIO BOCIIPO-
U3BOIUMOCTh. Cpeay UCIBITAHHBIX METOLOB IMPOOGOTIOATOTOBKM
TOJIbKO MeTof, SBSE 1o3BoIMI UAEHTUPUIIMPOBATH B IJIOIOBBIX
BOAKaX H-IOfEKaHOBYIO, H-TeTPaJeKaHOBYI0, H-IIeHTaJeKaHO-
BYIO U H-TEKCa[€KaHOBYIO KMCJIOThI M OKa3ajcs Haubosee ag-
(bexTUBHBIM /151 M3BIEUEHMS TaKMX apoOMaTOOPa3yIOIIKUX Coe-
JIVIHEeHWU, KaK, HallpyMep, HOOTKATOH.

B 1estom, MeTOLIbI TPOOGOIIOATOTOBKY, OCHOBaHHbIE Ha TBEP-
noda3Hoi 3KCTpaKLUMM, XapaKTepU3yIoTCsl MPOCTOTOM MCIOIN-
HeHMs, He3HaUMTeIbHbIMYM BPEMEHHBbIMM 3aTpaTaMu, XOpouie

BOCITPOM3BOAMMOCTbIO, HU3KUMU TIpeenamMu OOHAPYKEHUS
¥ BO3MOXXHOCTBIO aBTOMatu3anyu. K HemocraTkam sTHUX MeTO-
JIOB SKCTPAKIMM MOXKHO OTHECTY HEeO06XOAMMOCTDb MCITOb30Ba-
HUST JOTIOJTHUTEBHOTO JOPOTOCTOSIIIETO almapaTypHOTO OCHA-
HIeHNUS.

3. BbIiBOABI
AHanu3 IuTepaTypHbIX MCTOUHUKOB ITO3BOJIII CAEIaTh Cie-

JIYIOII/i€ BHIBOJIbI:

1. CymiectByeT 60/bIII0€ Pa3HOOOPa3Me METOOB IMPOOOTIOATO-
TOBKM [JIST MCCIIENOBAHMUS COCTaBa (PPYKTOBBIX (TJIOJOBBIX)
IUCTWIISITOB M TJIOOBBIX BOJOK. BhIOGOP MeToma mpo6oIos -
TOTOBKM 3aBMCUT OT: pelraemMoii 3aaum, HaIMIus COOTBET-
CTBYIOIIETO 060PYJOBAHMS Y YUUTHIBAET COIEPKaHMe B aHa-
JIU3UPYEMbBIX 06pa3ijaX pa3HbIX KIaCCOB BENECTB, MUMEIONUX
Pa3IMYHYIO MTOJIIPHOCTD ¥ KOHII@HTPAIINIO.

2. HWcmonb3yemblit BuJ, MPOGOIOATOTOBKY [JIsS OMpemeaeHus
KaueCTBEHHOTO M KOJIMYECTBEHHOTO COCTaBa JIETYYMX Be-
IIECTB B IIOZOBBIX BOJKAX BIMSIET HA BOCIIPOM3BOAVMOCTD
¥ YyBCTBUTEIBHOCTb METO/IA B I[€JIOM, UTO OCOGEHHO BaXKHO
TIpY OTpeiesieHn i MUMHOPHBIX COeIMHEeHUIA.

3. Cpeoy pacCMOTPEHHBIX METOIOB ITPOOGOIIOATOTOBKM OTHUM
13 Haubosiee MePCeKTUBHBIX MpK pa3paboTke uaeHTUDU-
KaIlMOHHBIX KPUTEPUEB IIOAOBBIX BOMOK MOKHO CUMTATh
TBepHodasHyo 3KCTpakiuio u3 naposoit dasel (HS-SPME)
3a CYeT BBICOKOI 3(DPEKTUBHOCTY W3BJIEUEHUS II€IEBBIX
KOMITOHEHTOB, B TOM UMCJIe MUHODHBIX.
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ABSTRACT

The purpose of this review work is to consider the impact of socio-ethical problems on the acceptance of new food
products by potential consumers and the issues of manufacturers of these products when introducing innovative
technologies. The causes of neophobia of innovative technologies in the food industry are considered on specific
examples of the use of nanotechnology, genetic modification technologies, ionization and processing by electro-
magnetic fields, as well as 3D food printing. It is noted that the public is little aware of innovative food technolo-
gies, while its attitude depends on how these technologies are used and promoted. Proper public information is
critical to the long-term success of introducing and developing innovative technologies in the food industry. It
is shown that the modern intensive development of information technologies, together with a synergistic set of
innovative food technologies, allows making a gradual transition to the production of personalized digital food
systems that have functionality, good taste, and safety with minimal negative impact on the environment.
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AHHOTALINA

Llesb 3TOI 0630pHOI pabOThI COCTOUT B PACCMOTPEHNY BIMSIHUST COLIMAIbHO-3TUUECKMX MTPO6IeM Ha IPUHSITHE
MTOTEHIVATbHBIMN TIOTPEOUTEISIMM HOBBIX MUILEBBIX MPOAYKTOB U MTPOGIEM MPOU3BOAUTEINEI STUX TTPOAYKTOB
[IpY BHEAPEHUY MHHOBAIMOHHBIX TEXHOJIOIMI. PacCMOTPEHbI IIPUYMHBI BOSHUKHOBEHMST Heoh06Mii MHHOBAIIM-
OHHBIX TEXHOJIOTUI MUIIEBOI TPOMBIIUIEHHOCTY Ha KOHKPETHBIX MpUMepax UCII0Ab30BaHUsI HAHOTeXHOIOTUIA,
TEXHOJIOTUI TeHHOI MomuduKauym, 06paboTKY MOHUSUPYIOUIMM U3TydeHMeM U 3JeKTPOMAarHUTHBIMU TOJIsI-
MH, a Takke nuineBoit 3D-meuatn. OTMEUYEHO, UYTO OOIEeCTBEHHOCTh, MaI0 OCBeLOMIeHa 06 MHHOBAIIMOHHBIX
MUIIEBbIX TEXHOJIOTUSX, B TO BpeMs KaK €€ OTHOIIEHMEe 3aBUCUT OT TOTO, KaK 3TU TEXHOJOTUU VUCIIONb3YIOTCS
¥ mipornarauaupyorcs. Hamneskaiee nHGopMupoBaHe 06IIecTBa MMeeT pellalilee 3HaUeHne [IJIs OIT0CPoY-
HOTO ycIiexa BHeIPEeHMS ¥ Pa3BUTHSI MHHOBALIMOHHBIX TEXHOIOTUIA B TUIEBOIi IIPOMBIIUIEHHOCTH. [TOKa3aHOo uTO
COBpeMeHHOe MHTeHCUBHOEe pa3BuUTHe MHGOPMAIMOHHBIX TEXHOIOTMII COBMECTHO C CMHEPreTUYeCcKOi COBOKYTI-
HOCTbIO MHHOBAIIMOHHBIX MUIIEBbIX TEXHOJIOTMI, TIO3BOJISIET COBEPIUINTD IOCTETeHHbII TTepexo[] K TPOU3BOACTBY
TepPCOHAIM3MPOBAHHBIX M(POBBIX MUIIEBBIX CUCTEM, 061aHa0IMX DYHKIMOHATHHOCTBIO, XOPOIIMM BKYCOM,
6€301aCHOCTHIO ITPY MUHMMAIbHOM OTPUIIATEILHOM BO3IEMCTBUYM Ha OKPYKAIOIYIO CPeLy.

OUVHAHCHPOBAHUE: CraTbsl IOATOTOBIEHA B paMKax BBIIIOTHEHMS MCCIeOBaHuIi 110 rocynapcTseHHOMy 3ananyio N2 FNEN-2019-0010 dene-
paJIbHOTO HAYYHOTO I[eHTpa MuieBbIX cucteM M. B. M. Topb6aToBa Poccuiickoii akajgeMun Hayk.

1. Introduction

The development and commercial use of innovative technol-
ogies in industry always encounters various kinds of problems
and is constantly accompanied by them. There are objective
problems: technical, technological, economic, etc., but there are
also subjective problems — socio-ethical, and neophobia, first of
all, belongs to them.

Neophobia, by definition, is the fear of everything new, un-
usual. This feeling, sometimes developing into a problem, is in-

FOR CITATION: Smykov, LT. (2022). Neophobia: socio-ethical problems
of innovative technologies of the food industry. Food Systems, 5(4), 308-318.
https://doi.org/10.21323/2618-9771-2022-5-4-308-318

herent in any person to some extent. The consumer, having seen
a new product, doubts its safety, quality and the need to purchase,
and this creates problems for the manufacturer, who needs a good
sale of the product. In turn, the manufacturer of a new product
or when switching to a new production technology also develops
neophobia at a certain stage, due to the uncertainty of the success
of mastering a new technology or marketing a new product.

New food technologies are essential for food security and
sustainable development. However, manufacturers and consum-

OJIA HUTUPOBAHUA: CmbikoB, U.T. (2022). Heobobus: cormanbHO-3ITUUECKIE
po6/IEMbl MHHOBALMOHHBIX TEXHOIOTMI MUIIEBOV TPOMbBILIIEHHOCTH. [Tutyesbie
cucmembl, 5(4), 308-318. https://doi.org/10.21323/2618-9771-2022-5-4-308-318
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ers are often hesitant to accept them. Review paper [1] describes
how heuristics and individual differences among consumers
affect the adoption of agrifood technologies. The associations
evoked by food technology, its perceived naturalness, and the
credibility of the industry using it affect consumer acceptance.
Food neophobia, disgust sensitivity, and cultural values are cru-
cial personality factors to explain individual differences. Using
gene technologies, nanotechnology, cultured meat, and food
irradiation as examples, the authors explore factors that may
explain consumer acceptance or rejection of these technologies.

The food neophobia also influence the commercialization
of innovative food technologies. People differ in the degree of
their food neophobia — this is an unwillingness to try and con-
sume new foods [2]. Some people take great pleasure in eating
new foods, while others show a strong aversion to them. Food
neophobia is considered a kind of defense mechanism to pre-
vent the consumption of potentially hazardous foods [3] because
the toxicological nature of the hazard, the probability of impact,
and the risk to consumers from some new food technologies are
largely unknown.

For consumers, food production is increasingly becoming a
black box. The prevalence of highly processed foods and declin-
ing cooking skills further alienate many consumers from how
food is produced and how meals are prepared. If a technology
is seen as unnatural, terrible, and uncontrollable, and if people
don’t voluntarily become familiar with it, its acceptance tends to
be low. Factors associated with a particular personality further
influence the perception of technology. However, the factors
that are most important for food unacceptability vary depend-
ing on the food technology used. In many developed countries,
natural food is highly valued because food safety is considered
guaranteed. The “natural is better” heuristic is particularly rel-
evant to people’s acceptance of new food technologies and their
appreciation of food products.

Moving towards a more sustainable, more reliable and saf-
er food system is hard to imagine without more and more new
food technologies. Thus, general skepticism about innovative
food technologies will remain a long-term problem. The main
question is for what purpose the technology is applied, and not
whether the innovative technology is used. Society needs to
move towards healthier eating, but food technology needs to be
part of this trend, not seen as a barrier.

The goal of the food industry today is to produce safer, more
nutritious and tastier foods, and to extend their shelf-life. Con-
sumers are suspicious of food production, preparation and pro-
cessing methods, especially those with potential contaminants
or chemical residues from production. Frequently, food manu-
facturers are not considered reliable sources. Partially, this may
be due to the reluctance of manufacturers to share all informa-
tion about the manufacture of products and protect intellectual
property through patents and thus maintain a competitive ad-
vantage. To increase confidence, it is necessary to better inform
the consumer about what procedures the ingredients involved
are subjected to and why.

Innovative food processing technologies face implementation
challenges, and factors affecting consumer and other stakeholder
acceptance must be considered in the decision-making process
when introducing these technologies. It should be borne in mind
that the perception of risks by consumers differs from the risk as-
sessments made by experts. Consumer fears about the introduc-
tion of more and more new technologies are causing the industry
to be cautious, bordering on neophobia, even if these technologies
produce higher quality products with less environmental impact.

The sophistication of food processing enhances consumer
convenience, expands diet choices, and offers a variety of organ-
oleptic properties to meet consumer desires and needs. However,

consumer confidence in the food industry remains extremely
low, which, according to some authors [4], is due to a lack of
transparency regarding how food is prepared and processed. The
introduction of technologies where, due to a lack of knowledge,
consumers cannot weigh the risks versus the benefits (e. g. ex-
posure to radiation) undermines the credibility of the food in-
dustry, contributing to the positioning of consumers of “over-
processed” foods as unhealthy. Any claim that the use of food
processing and/or improvement of palatability through the ap-
plication of innovative technologies raises consumer concerns
about food safety. Such claims must be scientifically proven, and
food manufacturers must make efforts to ensure that consumers
know how their products are processed within the facility.

Work [5] considers the influence level of neophobia of food
technologies, socio-economic variables, information about new
food products and applied technologies on the attitude of con-
sumers to the use of food products in relation to the positive im-
pact on the environment and consumer health. It is emphasized
that education and, above all, neophobia of food technologies
and information are critical factors hindering the widespread in-
troduction of new food technologies and preventing the failure
of innovations in marketing strategies.

Important determinants of risk perception associated with
new foods are dichotomous assessments of potential hazards:
technological or natural origin; acute or chronic manifestation
[6]. This paper presents an analysis of the results of a case study
that examines how hazard ratings affect people’s perceptions
of risks and benefits, as well as related attitudes and behaviors.
Analysis of acute and chronic cases shows that quantifying the
relationship between risk perception and consequences is im-
portant for both acute and chronic food safety. Technologies
used in food production tend to be potentially associated with
a higher level of risk perception connected with its perception
as unnatural. However, for some risks (such as those associated
with biological irreversibility), moral or ethical considerations
may be more important determinants of consumer response
than the perception of risk or benefit.

The main purpose of this review paper is to study the socio-
ethical problems and resulting neophobia on specific examples
of innovative food processing technologies that may be more
important for consumer acceptance of new foods.

2. Innovative technologies
2.1. Nanotechnologies

Food nanotechnology is developing as a rapidly growing in-
dustry with its wide application from primary food production at
the agricultural level, to food production, packaging and trans-
portation of finished products [7,8]. Nanotechnology is constant-
ly evolving as a broad area of research in the efficient processing
of raw materials, the development of functional products, food
preservation, packaging and storage. Food producers, with the
proper use of advances in nanotechnology, can gain a competi-
tive position in the markets.

Trends in the field of nanotechnology are discussed in [9],
as well as challenges and promising opportunities in the food
industry, identified in recent studies. The toxicological basis and
risk assessment of the use of nanomaterials in new food prod-
ucts are discussed. The potential prospect of using biosynthe-
sized and bioinspired nanomaterials for the sustainable devel-
opment of the industry is emphasized.

Various forms of nanoengineering structures used in food
nanotechnologies to regulate the characteristics of ingredients
and finished products and their application are considered in
[10]. It is noted that purposefully created nanostructures im-
prove the solubility of food ingredients in vivo, as well as in-
crease their bioavailability and controlled release at the target
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site. Such nanostructures can also serve as anti-caking agents,
nutraceutical delivery systems, etc.

The characteristics of modern food nanotechnologies, as
well as their existing and possible future applications, are high-
lighted in a review paper [11]. It is stated that as research in the
field of food nanotechnologies develops, public concern about
the safety of such products intended for human consumption
and use is increasing. As a result, before the commercialization
of products made using nanotechnology, a careful assessment
of potential risks to human health and the environment is re-
quired.

Work [12] briefly outlines the features of “green” nanoma-
terials, their impact on the environment, legal issues, health
and safety issues, and their purpose in the agricultural sector.
Socio-ethical and environmental concerns, health and safety
risks, issues related to obtaining goods through intermediate
consumers, and market demands may prevail in the production
and creation of green nanomaterials.

Review [13] examines the current applications of nanotech-
nologies for packaging, processing and improving the nutrition-
al value and shelf-life of food products. Recent advances in nan-
otechnology are designed to provide innovative applications in
the food industry. These nanomaterial devices play an important
role in the food industry, including food packaging, processing
and storage. Nanomaterials also increase the shelf-life of foods
by protecting them from moisture, gases and lipids. Nanotech-
nology still has great potential and new applications are being
explored in various areas of the food industry. It is clear that
security issues are emerging and will need to be carefully con-
sidered and addressed in the future.

Paper [14] discusses the issues of understanding and sup-
porting efforts aimed at the implementation of “responsible
innovations”. It is noted that “responsible innovation” is char-
acterized by four integrated aspects: anticipation, reflexivity,
inclusion and response.

The general concern of researchers regarding the potential
negative consequences of the use of food nanotechnologies for
human health and the environment [15] attracts public atten-
tion. Publications related to such research have led to media
sensational reports about the possible negative health effects of
nanotechnologies and, as a result, their negative perception by
potential consumers. It is obvious that this social problem must
be solved before the commercial operation of the planned food
nanotechnology and the market entry of finished products.

Indeed, the negative impact of nanomaterials can be harmful
to the product manufacturer, its consumer and the environment
and may increase potential risks. For this reason, it is necessary
to assess the potential risks arising from the interaction of nano-
materials with biological systems, people, and the environment
[16,17,18].

The use of nanofertilizers and nanopesticides in agricul-
tural production can provide targeted and controlled release
of agrochemicals to achieve their maximum biological effec-
tiveness without overdosing. However, this is of concern to
agricultural workers who may be exposed to such xenobiotics
during their work. The limited knowledge of workers about the
biosafety of nanomaterials, adverse effects, their fate, acquired
biological reactivity after dissemination in the environment
does not provide the necessary protection, and requires a care-
ful assessment of possible nanoagricultural risks. Therefore,
the determination of the danger of nanomaterials and the lev-
els of their impact is necessary throughout the entire life cycle
of products, as well as the assessment of those physicochemi-
cal characteristics that affect the toxicity of nanomaterials and
possible interactions with accompanying agents of agricultural
systems [19,20].

Food nanotechnologies can allow the modification of many
food characteristics such as appearance, taste, aroma, texture,
color fastness, processability and shelf-life stability, leading to
the creation of a large number of new food products. Nanotech-
nology can also improve the water solubility of product, ther-
mal stability, and oral bioavailability of various functional com-
pounds [21,22,23,24]. Realizing the potential of nanotechnology,
the world’s leading food companies are increasingly interested in
research and development in the field of nanotechnology, which
is realized through their large investments in nanotechnology.

At the same time, there is growing concern that the use of
nanomaterials in the food industry may lead to nanoparticles
gaining access to tissues in the human body, leading to the ac-
cumulation of toxic contaminants and therefore adversely af-
fecting human health [25]. In the production of food of animal
origin, there are several possibilities for the use of nanotechnol-
ogy — in animal husbandry, processing of animal products, and
manufacture of food products, their packaging and storage. The
direct use of nanomaterials in various stages of food produc-
tion, as well as uptake from the environment, can lead to the
presence of such nanomaterials in the final product. Aerosol
nanomaterials can enter the human body through the lungs, and
nanomaterials in the form of liquids and gels can enter the body
through the skin and mucous membranes, which represent pos-
sible long-term risks to the health of consumers and workers in
occupational situations.

As long as the nanoparticles remain bound, their impact is
limited or very low. However, the migration of nanoparticles in-
cluded in the food material is a high risk for humans. Studies
have shown that nanoparticles, characterized by increased reac-
tivity and greater ability to cross membrane barriers and capil-
laries, can lead to various toxicokinetic and toxicodynamic dis-
orders. Some nanoparticles interact with proteins and enzymes,
which leads to the destruction of mitochondria and induces
apoptosis after the introduction of nanoparticles [26]. Interme-
diates formed in the dynamic process of transformation of nano-
materials increase the complexity of assessing their toxicity [27].

Research [28] attempts to link the level of food neophobia,
a personality trait by which people can be divided in terms of
their propensity to accept or avoid new foods, to the acceptance
of nanotechnologies applied to food production. It is noted that
consumers show a certain reluctance to buy products made using
nanotechnology. Food nanotechnologies are extremely complex
and, with indecisive consumers, this may be enough to prevent
their benefits from being realized [29,30].

Although the proposed applications of nanotechnologies are
wide and varied, all developments are met with some caution,
while progress in the use of nanotechnologies can be hampered
by a lack of effective management and potential risks [31]. In this
regard, to assess the risks of producers and consumers, analyti-
cal methods for the detection and characterization of nanoma-
terials in complex food matrices and their toxicological data are
needed [32].

The problem of the methodology for assessing the safety of
nanomaterials is in the focus of attention of many international
and national organizations, including the Commission of the
European Union. At the end of 2018, the European Food Safety
Authority developed a new “Guidelines for Risk Assessment of
Nanoscience and Nanotechnology in the Food and Feed Chains:
Part 1, Human and Animal Health” [33]. This guide takes into
account new developments that have occurred since the publica-
tion of the previous guide in 2011.

The risk assessment of the use of nanomaterials and nano-
technologies contains four main components: hazard identifi-
cation, hazard characterization, exposure assessments and risk
characterization. A nanomaterial can be extremely hazardous
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but have a small potential risk at low exposure, and the risk can
be large when the nanomaterial has limited hazard but high
exposure.

The risks of nanotechnology commercialization in the food
industry are not limited to risks to human health and the envi-
ronment. Equally important are the socio-cultural and historical
conditions that determine the attitude of people to new tech-
nologies and their applications and are important determinants
of the successful implementation and commercialization of
nanotechnologies [34]. It is important to pay attention to public
opinion regarding nanotechnologies in the food business at the
stage of product development in order to avoid some of the pit-
falls that occurred during the development of the technology of
gene modification of organisms [35,36].

Only careful consideration of the implications of their use
in each specific case at the development stage before products
are placed on the market can provide a basis for assessing the
conceptual risks, including socio-ethical ones, when using nano-
materials and nanotechnologies in food production.

The widespread use of nanotechnologies and nanomateri-
als in the food industry should be viewed as the development
of modern technologies with further significant growth. It is ex-
pected that food products and their packaging obtained using
nanotechnology will be increasingly available and in demand by
consumers around the world in the coming years.

2.2. Technologies of genetic modification

The food industry is increasingly using agricultural products,
raw materials and various ingredients obtained using genetic
modification technologies. The use of such technologies in Rus-
sia is regulated by federal law No. 86-FZ!, 1996 “On state regu-
lation in the field of genetic engineering activities”, adopted in
1996. However, at present, gene editing technologies that are not
regulated by this law are becoming more widespread.

Genome editing technology is rapidly spreading and revolu-
tionizing the fields of agriculture and the food industry. Unlike
traditional GM technology, which adds foreign DNA to the re-
cipient’s body, genome editing replaces mutated or otherwise
unwanted DNA bases, thereby altering the overall suitability, pro-
ductivity, quality, and utility of the recipient as necessary. At the
same time, it is almost impossible to determine whether the DNA
of a plant or an animal has been edited, because the changes that
occur are indistinguishable from natural mutations.

Various regulatory authorities declare these “edited” organ-
isms and foods safe, and they are exempt from testing and label-
ing requirements. However, opponents of GM technologies speak
out against these forms of genetic modification. Review [37] dis-
cusses the current data on the global and European introduction
of GE crops, as well as the potential impact of a new wave of crop
development on agriculture. It assesses how the European Union
(EU) views GM crops and looks at the future of both genetic modi-
fication (GM) and genome editing (GE) in the EU.

Genome editing technologies can help address the challeng-
es of sustainable development, global food security and climate
change. However, despite their potential, the adoption of these
new technologies has been slowed down by the uncertainty sur-
rounding the regulation of genome edited crops. Misleading
online articles questioning the safety and ethics of these “new”
biotechnological foods can also lead consumers to be reluctant
to take them. Consequently, Europe’s ambivalent attitude to-
wards biotechnological crops may hinder their adoption by po-
tential growers who could benefit greatly from the technology.

! Federal law No. 86-FZ, 1996 “On state regulation in the field of ge-
netic engineering activities”, Retrieved from https://fsvps.gov.ru/ru/fsvps/
laws/4311.html Accessed September 15, 2022.
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Article [38] analyzes the grounds and consequences of the
decision of the Court of Justice of the European Union. The
Council of State of France has asked the Court of Justice of the
European Union to determine, in substance, whether organisms
obtained by mutagenesis (that is, gene editing) are genetically
modified organisms (GMOs). The Court held that the existing
Directive also applied to organisms produced by mutagenesis
techniques that appeared after its adoption.

However, in response to the Court’s decision, the US Secre-
tary of Agriculture issued a statement criticizing the decision. The
statement, in particular, says, that “public policy should encour-
age scientific innovation without creating unnecessary barriers or
unduly stigmatizing new technologies. Unfortunately, this deci-
sion of the Court is a failure in this regard, as it narrowly views new
genome editing techniques as subject to regressive and outdated
European Union rules governing genetically modified organisms.”

Papers [39,40] provide an overview of the complexity of the
study and interpretation of global public opinion about GM
foods, in which the authors noted a negative attitude towards
genetically modified foods in Europe. Surveys conducted in re-
cent years have found that the percentage of respondents op-
posed to GM foods was on the rise, and significant efforts were
needed to reverse this trend.

Paper [41] presents the results of a sociological study of the
perception by the Chinese population of the use of genetic mod-
ification of a wide range of agricultural crops in food production.
As a result of the survey, 11.9% of respondents gave a positive
answer, 41.4% — neutral one and 46.7% have a negative attitude
towards genetically modified foods. 13.8% of respondents con-
sidered GM technologies to be a form of bioterrorism directed
against China. A minority of respondents (11.7%) stated that
they understood the basic principles of GM technology, while
the majority of them were either “neutral” or “unfamiliar with
GM technology”. The percentage of respondents who trust the
government and scientists was only 11.7% and 23.2%, respec-
tively. It is noted that until public doubts about GM foods are
addressed in a balanced and evidence-based manner, it will be
difficult for China to develop sound policies and programs that
will benefit the agribusiness and consumers.

The use of enzyme preparations (EP) in the food industry is
constantly growing. These EPs are mainly obtained by microbial
fermentation, for which both wild-type and genetically modified
strains are used. The yield of EP production can be increased by
optimizing the fermentation process, either using genetically
modified strains of microorganisms, or through the production
of recombinant enzymes. Work [42] provides a general overview
of the various methods used for the EP production and how the
use of GM can increase production yield. The need to develop
appropriate methods for detecting and identifying the presence
of a gene modification in enzyme preparations that are used in
food production is emphasized.

Study [43] was conducted to examine the factors of the con-
ceptual model that influence the perception of social risks of
acquiring GM foods by consumers. Confirmatory factor analysis
and reliability tests (Cronbach’s alpha test) were used to identify
the most cost-effective models that are best suited for social risk
perception of GM foods. It is noted that the psychological attri-
butes of risk, the perception of social benefits, attitudes towards
the use of technology, the level of religiosity and moral and ethi-
cal beliefs were the most powerful predictors of the perception
of social risk. The perception of social benefit also had an indi-
rect impact on the social risk assessment of GM foods [44].

Only time will tell if GM foods or genome-edited organisms
are the best solution to achieving food safety, security and sus-
tainability. At least for GM foods, the absence of any credible,
documented side effects is reassuring.
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2.3. Non-thermal technologies for inactivation

of microorganisms

Thermal processing technologies have historically been the
most common microorganism inactivation method used in the
food industry to ensure food safety and extend shelf-life. Tradi-
tional thermal food decontamination technologies have certain
limitations and disadvantages, such as changing product quality,
environmental impact, carcinogenicity, potential and/or lower
consumer acceptance. However, due to the increased consumer
demand for more natural and healthier food products, the possi-
bilities of using non-thermal processing technologies are being
intensively explored.

The most common non-thermal food processing technolo-
gies for the purpose of inactivation of microorganisms usually
include [45] the following methods: high hydrostatic pressure,
pulsed electric fields, high-intensity ultrasound, cold atmo-
spheric plasma, ultraviolet radiation, pulsed light, ionizing ra-
diation and oscillating magnetic fields, which have the ability
to inactivate microorganisms to varying degrees. These innova-
tive technologies have recently become industrial methods for
pasteurizing meat products and semi-finished products, fish and
seafood, dairy and vegetable products, as well as ready meals.

The studies, the results of which are given in [46], show that
among non-thermal methods of pasteurization of products, the
use of high hydrostatic pressure in the USA is 35.6%, pulsating
electric field — 20%, cold atmospheric plasma — 14.1%, oscillat-
ing magnetic fields — 14.0%. There are also technologies that are
still under development and are currently being applied to ex-
tend the shelf-life of certain foods while preserving their natural
nutrients.

Work [47] considers the recent use of non-thermal disinfec-
tion technologies in the food industry, as well as the mechanism
of their action. In addition, it analyzes the potential prospects
for a combination of non-thermal processings used in the food
industry, which can not only overcome the disadvantage of one
technology, but also provide processing efficiency at a lower in-
tensity.

2.3.1. High hydrostatic pressure processing

The use of high hydrostatic pressure in food production
technologies was proposed a long time ago, at the end of the
19th century [48]. Even then, it was noted that milk processing
at a pressure of 670 MPa for 10 minutes at room temperature
sharply reduces its bacterial contamination. Moreover, in meat
processed at a pressure of 530 MPa for 1 hour, there was a slight
increase in the number of microorganisms only after three
weeks. Despite the positive results obtained, interest in this
technology faded for almost a hundred years, mainly due to the
lack of suitable equipment until that time and the very high cost
of its development, manufacture and operation. The general de-
velopment of mechanical engineering and electronic technology
has made it possible to develop and introduce into commercial
operation various types of specialized equipment for processing
food products with high hydrostatic pressure (HHP). However,
its wide distribution is still delayed, more studies of the mecha-
nism of action (HHP) on foods are being carried out.

Initially, it was noted that high (HHP) is detrimental to mi-
croorganisms, and therefore the focus of the study was to use this
effect for non-thermal pasteurization and/or sterilization of prod-
ucts. Similar studies, but in finer detail, continue today. Work [49]
is devoted to the analysis of the impact of this innovative non-
thermal processing technology on the quality of food products.
It is shown that this technology is currently the most popular, as it
allows one to simultaneously preserve the nutritional and organ-
oleptic characteristics of products and inactivate microorganisms
in them, thereby extending the shelf-life of products.
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Article [50] reviewed recent research results on the use of
HHP to improve food safety by non-thermal inactivation of Sal-
monella spp. It is noted that there are certain limitations when
using this technology. The composition and condition of food
significantly affect the effectiveness of HHP. A reduced exposure
effect has been observed for some foods high in fat, protein and
sugar. In addition to ensuring the microbiological safety of food
products, HHP technology can also be used to improve their
techno-functional properties. A review study [51] considers the
prospects for the use of HHP in the development and manufac-
ture of products for a healthy diet. It has been shown that HHP
promotes the biosynthesis of g-aminobutyric acid in food mate-
rials, preserves immunoglobulin components in dairy products,
increases the content of resistant starch in cereals and reduces
the glycemic index. Because HHP causes physical damage to the
structure of foods, it can also be used as a synergistic extraction
technology to improve the extraction efficiency of functional
components, thereby reducing their extraction time. Potential
synergistic effects of the use of HHP for the processing of vari-
ous foods are also reported in [52]. The ability to use three pa-
rameters at the same time: pressure, temperature and time can
be optimized for the development of food products with special
properties.

The focus of [53] is on the use of HHP for gelling, high-pres-
sure infusion, and high-pressure impregnation, methods with
great potential for improving food quality. High pressure pro-
cessing still has many unexplored opportunities for improving
food quality. As noted in [54], one of the reasons for the lack of
widespread use of HHP for the processing of liquid dairy prod-
ucts may be that this processing adversely affects many com-
ponents of milk, especially protein and mineral balance, and
causes changes in the functional properties of such products. At
the same time, HHP processing is a potential technology in the
dairy industry for cheese production due to its positive impact
on rennet coagulation time, cheese yield, ripening characteris-
tics, cheese shelf-life, cheese functionality and development of
new textures. In some cases, such as for air-cured meat products,
HHP is the only possible pasteurization process that has mini-
mal impact on appearance, taste, texture, and nutritional value.

The current commercial success of HHP processing can
mainly be attributed [55] to the ability to provide food products
with superior organoleptic quality, high nutritional value and
biofunctional properties with extended shelf-life compared to
corresponding thermally processed food products. In general, it
was noted that HHP — food processing technology has a signifi-
cant impact on the environment, its implementation in the pro-
duction process can lead to significant water and energy savings,
efficient use of packaging material and can significantly reduce
food waste due to the increased shelf-life of processed products.

2.3.2. Electromagnetic processing

Pulsed electric fields (PEFs) are a new and promising non-
thermal food processing technology that is evolving from lab-
oratory and pilot plant levels to industrial levels. As work [56]
shows, the use of PEFs for food pasteurization is an attractive
and effective non-thermal technology that can increase the
functionality and efficiency of microorganism inactivation.

Work [57] provides a systematic review of PEF-based tech-
nologies used in China for food processing. It has been shown
that PEF effect on products in isolation or in combination with
other methods allows not only inactivating microorganisms and
promoting the extraction of active components, but also modi-
fying biomacromolecules, enhancing chemical reactions and
accelerating the maturation of fermented foods. The effect of
an electric field is manifested mainly in the permeabilization
of biomembranes, the occurrence of electrochemical and elec-
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trolytic reactions, the polarization and rearrangement of mol-
ecules, as well as a decrease in the activation energy of chemical
reactions. It is noted that there are conflicting results using this
technology, in particular when acting on enzymes.

The use of PEFs in the manufacture of food products attracts
considerable attention as an environmentally friendly technol-
ogy for improving the technofunctional properties of dairy and
vegetable proteins. Work [58] discusses the effect of PEF pro-
cessing on the structure of milk and vegetable proteins, as well
as protein-polysaccharide complexes, and changes in their tech-
nofunctional properties (solubility, gelation, emulsification, and
foaming). This paper also presents the main problems and pos-
sible trends in the use of PEFs in the food industry.

Work [59] reviewed the use of PEFs for the processing of pro-
teins and bioactive peptides in foods, including protein extrac-
tion, hydrolysis, inactivation or activation of enzymes, and en-
hancement of the biological activity of peptides. It is noted that
the effect of PEFs on proteins is mainly associated with changes
in their secondary and tertiary structures.

Study [60] is aimed at evaluating the effect of preprocess-
ing with a pulsed electric field on mass transfer, microstructure,
and palatability of beef during marinating. It is shown that such
processing allowed reducing the pickling time by 33% while im-
proving the tenderness of the finished product.

At the same time, the rejection of traditional thermal meth-
ods of food processing and their replacement with innovative
technologies leads to consumer distrust in the quality of the
finished product and the product compliance with expectations.
In addition, PEF technologies require the development, creation
and qualified maintenance of complex and high-tech equipment
using very high electrical voltage.

Many researchers carry out the study of the mechanisms of
PEF action on food products and the results of such studies are
increasingly used in the food industry. Much less work is devoted
to studying the effect of a pulsed magnetic field on food prod-
ucts. As work [61] shows, the bactericidal ability of a pulsed mag-
netic field is provided by the effects of electromagnetic induc-
tion, the effects of Lorentz forces, and the effects of ionization.
Compared to the use of PEFs, this technology is less dangerous
for personnel.

Electromagnetic food processing methods can be part of
other, more complex, combined methods. Work [62] critically re-
views and summarizes research on decontamination of dry food
surfaces using cold atmospheric plasma excited by an electric
field and low-energy electron beam irradiation of foods, which
have demonstrated the potential to solve certain processing
problems.

Of greatest interest is irradiation with an electron beam with
an energy of more than 10 MeV, as well as bremsstrahlung gen-
erated by electron accelerators with an energy of not more than
5 MeV. Electron accelerators also have advantages over other
methods. This is a short exposure time (a few seconds compared
to minutes and even hours in some cases). Higher efficiency,
which, depending on the material being irradiated, is 40-80%. In
addition, they are more economical and are subject to less strin-
gent requirements for radiation protection of service personnel
[63]. Furthermore, microorganism inactivation mechanisms us-
ing these technologies, product-process interactions, current
limitations and scaling-up potentials are proposed, and research
trends and needs for both technologies are discussed.

2.3.3. Irradiation technologies

The use of various types of radiation for the disinfection of
products has been known for a long time and, apparently, goes
back to the use of direct sunlight for these purposes. Ultraviolet
(UV) radiation is still widely used in the food industry to inac-
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tivate microorganisms. This is an effective method of inactivat-
ing microorganisms in food products, damaging their DNA and/
or disrupting the activity of cellular enzymes and the integrity
of the cytoplasmic membrane. Along with the use and improve-
ment of known methods of UV processing of products, new
methods are being developed. The development of new meth-
ods is aimed at eliminating the main drawback of the use of UV
processing — the change and often deterioration of the physi-
cochemical and organoleptic properties of products. However,
research in this direction continues. Work [64] shows that the
processing efficiency depends on the process parameters (expo-
sure time, UV dose, wavelength), product type (chemical com-
position, viscosity, turbidity, opacity and roughness), equipment
(shape and geometry) and characteristics microorganisms (spe-
cies, strain, growth phase and recovery conditions). Under op-
timal conditions, UV processing has minimal effect on product
properties. The use of UV processing of products in most cases
does not cause negative emotions in the consumer due to its
wide distribution, but when using it in production, caution and
careful observance of safety regulations are required.

However, UV radiation is not able to penetrate deeply into
the product and inactivate microorganisms inside the product;
most often, only its surface is treated. Therefore, as numerous
studies conducted over many years show [65], the use of other
types of radiation is more effective both in terms of inactivation
of microorganisms in products and in terms of production ef-
ficiency. These types include irradiation processes using ®°Co or
157Cs radionuclides, as well as electron and X-ray beam genera-
tors (GOST ISO 14470-20142).

One of the first works on the use of ionizing radiation in the
food industry was published in 1950 [66] and already in the Sovi-
et Union in 1958, and the use of ionizing radiation to prevent the
sprouting of potatoes was officially allowed in Canada in 1959.

Work [67] emphasizes that any new food processing that in-
cludes the procedure of irradiation presents a serious problem
in the response of potential buyers. To increase the acceptability
of these technologies by consumers, not only strong scientific
evidence demonstrating the safety of irradiated food is needed,
but also information, labeling and explanation of this particular
technology. New marketing strategies based on positive reports
of food irradiation may encourage consumers to be more recep-
tive to safety-oriented high-quality irradiated products.

A review article [68] discusses the various implications of
food irradiation in terms of nutritional value, shelf-life exten-
sion, toxicological aspects, food irradiation legislation and glob-
al acceptability. It is noted that not all food products are suitable
for irradiation. Certain food components, such as vitamins and
enzymes, are affected by radiation exposure. Therefore, recent
trends in food irradiation research show an increase in work on
radiolytic products formed after food irradiation.

Numerous studies contribute significantly to the under-
standing of the complex nature of irradiated foods, the growing
importance and conflicting opinions of consumers. Thus, study
[69] extends the theory of prerequisites for planned behavior to
analyze independent determinants and the impact of risk and
trust on consumer perception of irradiated products using the
example of Australia. This study as a whole made a significant
contribution to the identification of areas of preference for ir-
radiated foods. It is one of the first to assert and show the impor-
tance of such inputs as risk and trust. It also defines the mod-
erating role of concerns about the need to disclose information

2 GOST ISO 14470-2014 “Food irradiation. Requirements for the de-
velopment, validation and routine control of the process of irradiation us-
ing ionizing radiation for the treatment of food”. Moscow: Standartinform,
2015. — 22 c.
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that is key to making informed decisions about irradiated food.

Work [70] noted that consumers often exhibit a strong aver-
sion to highly processed foods and unfamiliar and artificial-
sounding innovative food technologies. This study highlights
the importance of terminology when communicating with
consumers about the use of innovative food decontamination
strategies. Therefore, food irradiation is a prime example of how
important it is to take into account the consumer’s perspective
before implementing a particular food processing technology,
in addition to evaluating cost-effectiveness and efficiency. This
study also highlights the importance of consulting social scien-
tists before implementing innovative food technology.

Another problem with irradiation technologies is the cur-
rent lack of an analytical method that can be used to control all
types of food and detect the use of irradiation. It is noted in [71]
that the determination of the difference between irradiated and
non-irradiated food products remains an unsolved analytical
problem. In fact, most chemical compounds resulting from ir-
radiation processing are not unique products of radiolysis and
therefore are not adequate markers for detecting ionizing radia-
tion applications. The possibility of detecting food products ir-
radiated with low doses is still doubtful, and research efforts can
be directed to the detection of ingredients irradiated at doses
below 1 kGy and included in non-irradiated foods.

The aim of the papers [72,73] was to investigate the willing-
ness of consumers to accept irradiated food and to identify the
main factors associated with both socio-ethical characteristics
and the perceived risk of consumers in relation to food processed
using irradiation technologies. As a result of these studies, it was
determined that the acceptability of irradiated foods for con-
sumers depends mainly on the perceived health risk resulting
from their consumption. Equally important are socio-economic
factors such as age, monthly income of consumers and the geo-
graphic area in which they live. These studies present some in-
teresting proposals for both policy makers and managers. First
of all, it is the need for an effective advertising campaign aimed
at educating consumers about the principles, goals and benefits
of irradiation technology, as a new method of food processing,
offering consumers greater guarantees in terms of food safety
and food safety. It is also proposed to replace the term “food irra-
diation” with “cold pasteurization”. Being the same technology,
it could change consumer attitudes towards processed foods, in-
creasing the propensity to accept or buy irradiated foods. (Simi-
lar to the replacement in medicine of the term “X-ray tomogra-
phy” with the term “Computed tomography”.)

Most ordinary consumers still consider irradiation to be a
dangerous method of food processing. People associate ionizing
radiation with cancer and consider irradiated food no less dan-
gerous. This is a delusion that must be eradicated by proper edu-
cation. All international agencies such as the WHO and the IAEA
have endorsed food irradiation as a safe and effective method
of ensuring food safety. In addition, the use of this technology
can help to solve the ethical problem associated with food waste,
which can be eliminated by processing with ionizing radiation.
In fact, food waste is an issue of great importance for global food
security and natural resource use that is directly connected to
environmental, economic and social impacts.

2.4. Additive technologies

Additive technologies are methods of layer-by-layer addi-
tion of materials during the manufacturing process of a product,
which make it possible to create different types of layers with
different compositions, properties, and topologies. Additive
technologies are increasingly used in the industrial manufacture
of food products and this is due, primarily, to the general digita-
lization of technological equipment. Different combinations of
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ingredients and the design of the food layers used can impart
new tastes, aromas and textures not found in conventional food
preparation processes. At the same time, one of the main goals
of using additive technologies in the food industry is not just
a new industrial processing, but adaptation to the concept of
personalized nutrition in accordance with the needs of various
consumer groups.

The most rapidly developing and promising additive tech-
nology for the food industry is 3D food printing. A food prod-
uct made using 3D printing is a random (at the choice of the
product designer) food system created from discrete elementary
miniportions of various fats, proteins, carbohydrates, and other
components arranged in the order established by the designer.
At its core, the use of 3D printing in the food industry marks its
gradual transition to the development and production of digital
food systems. Understanding this transition stimulates funda-
mental and applied research in this direction.

The state of science in the field of applied methods of addi-
tive technology for food production is considered in work [74].
It was noted that the main task for the coming years would be
use of 3D printing for the manufacture of meat products or
products containing alternative protein sources that retain the
desired structure without the need for additives. It also con-
siders the use of alternative protein sources, such as animal
by-products, to address food sustainability and industry sus-
tainability issues.

In addition, the possibilities of 3D printing technology for
meat products are considered in works [75, 76]. These reviews
assess the potential of 3D printing for meat processing and the
elementary aspects that affect the printability and post-pro-
cessing capability of 3D printed meat products. It is noted that
the combination of nutrient-balanced ingredients and internal
structures allows the creation of three-dimensional products
from several components that meet the individual characteris-
tics of consumers, such as difficulties with chewing and swal-
lowing.

An important factor in consumer acceptability, in addition
to appearance and taste, is the texture of foods. A review article
[77] studied the existing work on 3D printing of food products
and discussed developments related to the design of food tex-
tures. The advantages and limitations of 3D printing in the food
industry, the possibilities of printing from various materials and
textures based on mathematical models, as well as future trends
in 3D printing, including numerical simulation, are discussed.
The key issues for the mass adoption of 3D printing are also dis-
cussed in detail. It is emphasized that existing studies of con-
sumer perception and sensory analysis of printed food products
give conflicting results. Resistance has been reported by many
consumers of 3D printed food products due to their appearance,
the source of the food material, the visually perceived sensory
characteristics, and the perceived unnatural origin of the printed
structures. Most study participants showed better susceptibility
to familiar foods. The authors noticed a positive change in opin-
ion with the increase in the amount of information provided to
consumers of these products. An exception was observed in peo-
ple who already had a prejudice against 3D printing and suffered
from food neophobia, where communication was ineffective and
even strengthened their opinion.

Review articles [78,79] deal with the results of 3D food
printing and recent developments in food texture design. The
advantages and limitations of 3D printing in the food industry
are discussed, as well as trends in 3D printing, including cook-
ing technologies with food printers. It also discusses in detail
the key problems hindering the mass adoption of 3D printing.
It is noted that the acceptance of 3D printing by the widest con-
sumer depends on people’s awareness of this technology and its
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benefits. Further information dissemination about the potential
of 3D printing could help increase consumer acceptance of this
new technology.

Paper [80] provides an overview of the properties of consum-
ables for 3D printing and their impact on printing processes. It
also highlights the wide range of applications of 3D printing in
the food industry and some of the challenges that arise when
implementing into production. A specific feature of the use of
3D printing is noted — this is the possibility of piracy of digi-
tal recipes and computer control programs, which will become a
problem as the technology and its applications expand. 3D food
printing could become as disruptive as the personal computer
and the Internet.

A wide variety of options for 3D printing, preparation of ini-
tial components, composition and shape of the finished product
are considered. Thus, in work [81], the focus is on the relation-
ship between the properties of starch-containing food materials
and 3D printing by hot extrusion. It also discusses the influence
of material properties (rheology, adhesiveness, thermal proper-
ties, microstructure and component interaction) on printability.
In addition, the influence of additives (hydrocolloids, lipids, fi-
ber, protein, salt, etc.), processing methods and process param-
eters on printing is considered.

A brief critical assessment of methods for improving the
characteristics of 3D printed products is presented in review
[82]. It also provides recommendations for future research and
development in the processing of 3D printed products, includ-
ing their post-processing, such as drying, frying, baking, cooling,
sterilization, etc., which is critical for wider industrial applica-
tions of this rapidly developing technology.

In work [83], it is noted that 3D food printing technology, as
a new intelligent technology, due to its built-in capabilities, can
support a sustainable supply chain. At the same time, stakehold-
ers need technical know-how regarding 3D printing technology,
well-supported by the legal framework for clear ownership of
intellectual property rights. In addition, manufacturers must
have focused and clear strategic planning in a sustainable sup-
ply chain.

The possibilities of using components with a high protein
content and biological value, a good amino acid profile and
functionality based on algae, insects, plants, fungi, and micro-
bial proteins in 3D food printing technologies are being actively
explored [84]. It is noted that the use of 3D printing of food prod-
ucts and artificial intelligence in combination allows the devel-
opment and manufacture of personalized products with high
nutritional value and a wide demand potential.

Various technologies used in food 3D printing are discussed
in work [85] from a commercial point of view, i. e. their use, avail-
ability and reliability should be considered from a business point
of view. In addition, 3D printed food products, their position in
the market, demand for them, as well as supply in the conditions
of large-scale and medium-scale production are considered.

People’s attitudes towards new technology, critical factors
influencing consumer behavior, and, finally, the impact of 3D
printing on social, economic and environmental changes are
constantly in the field of research. 3D food printing technology
is fundamentally redesigning food production, thereby influenc-
ing many areas of everyday life. Study [86] attempts to deter-
mine the behavior of people in relation to 3D printing technol-
ogy, to assess their awareness and how familiar they are with
this new technological innovation. According to the authors, in
the near future, a desktop 3D printer will be necessary for every
home and office.

With the development of additive technologies, 3D printing
is gradually transforming into 4D/5D/6D food printing technolo-
gies. In essence, 4D printing adds a temporal dimension to 3D
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printing due to the programmed change in the properties of a
food product over time or under the influence of initiating ex-
ternal factors. 4D printed products undergo some programmed
structural changes over time. Usually, some environmental fac-
tors are required to trigger this transformation. For example,
moistening or heating, some products may change shape, others
may change texture, and some products may allow consumers to
customize them to their liking [87]. This paper critically discuss-
es aspects of the recombination of various food materials and
the reasons for the change in color, shape, taste, and nutritional
properties through 4D food printing. The key to the success of
4D food printing and various solutions to related problems are
identified and analyzed. 4D food printing is fully consistent with
the concept of “flat packaging”, i. e. in production, an initially
heavily deformed product is printed and packaged, which, after
removing the packaging and some processing, and takes the de-
sired form. This 4D printing capability reduces shipping costs
and storage space.

In recent years, there has been a significant increase in re-
search in the field of 4D, as well as 5D and 6D printing of food
products [88 56]. The current applications, advantages, limita-
tions and challenges of 4D food printing are reviewed and sum-
marized. In addition, the principles, current and potential ap-
plications of the latest additive manufacturing technologies
(5D and 6D printing) are reviewed and discussed. Moreover, it is
noted that 5D and 6D printing can in principle print very com-
plex structures with increased strength and less material than
3D and 4D printing. In the future, these new technologies are
expected to lead to significant innovations in all areas, including
the manufacture of high-quality food products that cannot be
made using existing processing technologies.

Recent advances in the field of 2D/3D/4D/5D printing with
rheologically stable components for food products, including
food decoration, food personalization, and food analytics, are
summarized [89]. In addition, perspectives (such as 6D printing)
and key issues (rheology with interdisciplinary integration) for
printing with food components for creative food production are
proposed and solved.

The perception of new food technologies is fluid. Future re-
search should explore how consumers perceive different innova-
tive technologies and what aspects of these technologies most
strongly influence their adoption. The final step will be to gain
consumer acceptance of food products that are complex digital
food systems printed using multidimensional printing. If con-
sumers are properly informed about the methods used and the
benefits offered, then we see no real barriers to wider acceptance
of these technologies, especially among future generations.

When food products begin to enter the market using innova-
tive technologies in their manufacture, the media actively begin
to discuss their benefits and potential dangers. This has been the
case with the use of ionizing radiation, nanotechnology, genetic
modification, 3D printing, etc. At the same time, mass consum-
ers mainly rely on cognitive sensations or heuristics, rather than
scientific knowledge, to understand problems on which they
have a low level of knowledge. This heuristic may include pre-
disposing factors such as ideological beliefs or value systems,
as well as short-term reference points provided by the media or
other sources of information. Religious filters are also an im-
portant heuristic for food nanotechnologies — this is the level
of personal perception of new scientific achievements directly
related to the consumer, associated with the level of his/her re-
ligiosity. The positive attitude towards innovative technologies
among less religious respondents is higher than for religious
consumers. Such moral views are directly correlated with the
levels of religiosity in each country. Thus, when commercializing
innovative food technologies, it is necessary to consider the risks
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associated with the socio-cultural and historical characteristics
of the potential market [90].

The commercialization of innovative food technologies is
also complicated by dynamic sociocultural shifts in societal val-
ues. For example, emerging consumer preferences for environ-
mentally friendly production systems [91], localized foods [92],
or improved animal welfare standards [93]. All this makes it dif-
ficult to create a long-term commercialization program for in-
novative food technologies.

The future of innovative food technologies largely depends on
the opinion of consumers. This is due to the fact that if consumers
do not accept the proposed food product using a particular tech-
nology, then it ceases to be used in manufacture after some time.
It is obvious that consumer expectations are not only in terms of
safety and health benefits, but also in such requirements as im-
proved taste of the product, consistency, appearance, aroma, etc.
Consumers have many expectations, but in general they are main-
ly expected to be fully sustainable not only with respect to human
health, the environment or production methods, but also with
regard to animal welfare. For this reason, companies or products
that will win in the food industry in the future are likely to come
close to these requirements or expectations.

3. Conclusion

While developments in innovative food technologies are
breaking new ground every day, there are still many challenges
and opportunities to improve existing technologies, as well as
concerns about the potential impacts of new technologies. The
more global, dynamic and complex food systems become, the
more innovative technologies are used in the production of food,
the more various problems arise that need to be addressed to

allay consumer fears. Even with the advent of new food tech-
nologies, the challenges of creating a healthy and sustainable
food sector remain. Transparency of safety and environmental
impact issues should be a priority when developing and using
innovative technologies in the production of food systems, so
mandatory testing of new products before they are released to
the market is of the critical importance.

The public is often less aware of innovative food technolo-
gies, while attitudes change depending on how these technolo-
gies are used and promoted. The conflict seems to be that the
public wants to be informed about the status of food technolo-
gies being used (especially the development of related new prod-
ucts); while food manufacturers prefer the opposite, as their
technology is confidential. Proper public information is critical
to the long-term success of introducing and developing innova-
tive technologies in the food industry. Not only the development
of innovative technologies and the release of new products are
important, but also the legislative regulation at the state level
of the use of these technologies, which ensures food safety with
minimal environmental impact.

It is to be hoped that the intensive development of informa-
tion technologies, together with a synergistic set of innovative
food technologies, some of which are considered in this paper,
will allow making a gradual transition to the production of per-
sonalized digital food systems that have functionality, good
taste, and safety with minimal negative impact on the environ-
ment.

Future research should aim to quantify the links between the
economic impacts of innovative technologies and health and en-
vironmental risk factors, considering the preferences of different
consumer categories.

REFERENSES

1. Siegrist, M., Hartmann, C. (2020). Consumer acceptance of novel food
technologies. Nature Food, 1(6), 343-350. https://doi.org/10.1038/
s43016-020-0094-x

2. Pliner, P., Hobden, K. (1992). Development of a scale to measure the
trait of food neophobia in humans. Appetite, 19(2), 105—120. https://doi.
0rg/10.1016/0195-6663(92)90014-W

3. Cooke, L.], Haworth, C. M. A., Wardle, J. (2007). Genetic and environmen-
tal influences on children’s food neophobia, American Journal of Clinical
Nutrition, 86(2), 428-433. https://doi.org/10.1093/ajcn/86.2.428

4. Meijer, G. W., Lahteenmaki, L., Stadler, R. H., Weiss, J. (2020). Issues sur-
rounding consumer trust and acceptance of existing and emerging food
processing technologies. Critical Reviews in Food Science and Nutrition,
61(1),97-115. https://doi.org/10.1080/10408398.2020.1718597

5. Cattaneo, C., Lavelli, V., Proserpio, C., Laureati, M., Pagliarini, E. (2018).
Consumers’ attitude towards food by-products: the influence of food tech-
nology neophobia, education and information. International Journal of Food
Science and Technology, 54(3), 679-687. https://doi.org/10.1111/ijfs.13978

6. Kaptan, G., Fischer, A. R. H., Frewer, L. J. (2017). Extrapolating under-
standing of food risk perceptions to emerging food safety cases. Journal
of Risk Research, 21(8), 996—-1018. https://doi.org/10.1080/13669877.201
7.1281330

7. Lamba, A., Garg, V. (2018). Nanotechnology approach in food science: A
review. International Journal of Food Sciences and Nutrition, 3(2), 183-186.

8. Ramkumar, C., Vishwanatha, A., Saini, R. (2019). Regulatory Aspects
of Nanotechnology for Food Industry. Chapter in a book: Nanotech-
nology Applications in Dairy Science: Packaging, Processing, and
Preservation, Dasarahally-Huligowda, L. K., Goyal M. R., Suleria H. A.
R (Eds.) pp. 168-184. Apple Academic Press, New York. https://doi.
org/10.1201/9780429425370

9. He, X., Deng, H., Hwang, H.-M. (2019). The current application of nano-
technology in food and agriculture. Journal of Food and Drug Analysis,
27(1), 1-21. https://doi.org/10.1016/j.jfda.2018.12.002

10. Sahani, S., Sharma, Y. C. (2020). Advancements in applications of nano-
technology in global food industry. Food Chemistry, 342, Article 128318.
https://doi.org/10.1016/j.foodchem.2020.128318

11. Rizvi, S. S. H., Moraru, C. I., Bouwmeester, H., Kampers, F. W. H., Cheng,
Y. (2022). Nanotechnology and food safety, pp. 325-340. Chapter in book:
Ensuring Global Food Safety, A. Martinovi¢, S. Oh, H. Lelieveld (Eds.),
Academic Press, P. 541. https://doi.org/10.1016/B978-0-12-816011-
4.00016-1

12. Chelliah, R., Madar, I. H., Sultan, G., Begum, M., Pahi, B., Tayubi, I. A. et
al. (2023). Risk assessment and regulatory decision-making for nanoma-
terial use in agriculture. Chapter in a book: Engineered Nanomaterials
for Sustainable Agricultural Production, Soil Improvement and Stress
Management: Plant Biology, sustainability and climate change, A. Hu-
sen (Ed.), Academic Press, pp. 413-430. https://doi.org/10.1016/B978-
0-323-91933-3.00009-X

13. Shafig, M., Anjum, S., Hano, C., Anjum, I., Abbasi, B. H. (2020). An over-
view of the applications of nanomaterials and nanodevices in the food
industry. Foods, 9(2), Article 148. https://doi.org/10.3390/foods9020148

14. Stilgoe, J., Owen, R., Macnaghten, P. (2020). Developing a framework for
responsible innovation. Chapter in a book: The Ethics of Nanotechnolo-
gy, Geoengineering and Clean Energy, A. Maynard, ]. Stilgoe (Eds.). Rout-
ledge, London, P. 544. https://doi.org/10.4324/9781003075028

15. Smykov, I. T. (2020). Nanotechnology in the Dairy Industry: Benefits and
Risks, pp. 277-332. Chapter in a book: The ELSI Handbook of Nanotech-
nology: Risk, Safety, ELSI and Commercialization, Hussain C. M. (Ed.)
Scrivener Publishing LLC. https://doi.org/10.1002/9781119592990.ch11

16. Sadeghi, R., Rodriguez, R.]., Yao, Y., Kokini, J. L. (2017). Advances in nan-
otechnology as they pertain to food and agriculture: Benefits and risks.
Annual Review of Food Science and Technology, 8, 467-492. https://doi.
org/10.1146/annurev-food-041715-033338

17. Augustin, M. A., Riley, M., Stockmann, R., Bennett, L., Kahl, A., Lockett, T.
et al. (2016). Role of food processing in food and nutrition security. Trends
in Food Science and Technology, 56, 115-125. https://doi.org/10.1016/j.
tifs.2016.08.005

18. Martirosyan, A., Schneider, Y.-]. (2014). Engineered nanomaterials in
food: implications for food safety and consumer health. International
Journal of Environmental Research and Public Health, 11(6), 5720-5750.
https://doi.org/10.3390/ijerph110605720

19. lIavicoli, I., Leso, V., Beezhold, D. H., Shvedova, A. A. (2017). Nanotech-
nology in agriculture: opportunities, toxicological implications, and
occupational risks. Toxicology and Applied Pharmacology, 329, 96-111.
https://doi.org/10.1016/j.taap.2017.05.025

20. Berekaa, M. M. (2015). Nanotechnology in food industry; advances in
food processing, packaging and food safety. International Journal of Cur-
rent Microbiology and Applied Sciences, 4(5), 345-357.

21. Radha, K., Thomas, A., Sathian, C. T. (2014). Application of nanotech-
nology in dairy industry: prospects and challenges — A Review. Indian
Journal of Dairy Science, 67(5), 367-374.

316



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Cwmbikos U. T. | MALLEBDBIE CUCTEMDbI | Tom 5 No 4 | 2022 | C. 308-318

Huang, Q., Yu, H., Ru, Q. (2010). Bioavailability and delivery of nutra-
ceuticals using nanotechnology. Journal of Food Sciences, 75(1), R50-R57.
https://doi.org/10.1111/j.1750-3841.2009.01457.x

McClements, D. J., Decker, E. A., Weiss, . (2007). Emulsion-based deliv-
ery systems for lipophilic bioactive components. Journal of Food Sciences,
72(8), R109-R124. https://doi.org/10.1111/j.1750-3841.2007.00507.x
McClements, D. J., Decker, E. A., Park, Y., Weiss, J. (2009). Structural de-
sign principles for delivery of bioactive components in nutraceuticals
and functional foods. Critical Reviews in Food Science and Nutrition, 49(6),
577-606. https://doi.org/10.1080/10408390902841529

Chau, C. —F., Wu, S.-H., Yen, G.-C. (2007). The development of regula-
tions for food nanotechnology. Trends in Food Science and Technology,
18(5), 269-280, https://doi.org/10.1016/].TIFS.2007.01.007

Hajipour, M. J., Fromm, K. M., Akbar Ashkarran, A., Jimenez de Aberas-
turi, D, de Larramendi, I. R., Rojo, T. et al. (2012). Antibacterial properties
of nanoparticles. Trends in Biotechnology, 30(10), 499-511. https://doi.
org/10.1016/j.tibtech.2012.06.004

He, X., Fu, P., Aker, W. G., Hwang, H.-M. (2018). Toxicity of engineered
nanomaterials mediated by nano-bio-eco interactions. Journal of Envi-
ronmental Science and Health, Part C Environmental Carcinogenesis and
Ecotoxicology Reviews, 36(1), 21-42. https://doi.org/10.1080/10590501.2
017.1418793

Sodano, V., Gorgitano, M. T., Verneau, F. (2016). Consumer acceptance
of food nanotechnology in Italy. British Food Journal, 118(3), 714-733.
https://doi.org/10.1108/BF]-06—-2015-0226

Schnettler, B., Criséstomo, G., Septlveda, ]., Mora, M., Lobos, G., Miranda
H. et al. (2013). Food neophobia, nanotechnology and satisfaction with
life. Appetite, 69, 71-79. https://doi.org/10.1016/j.appet.2013.05.014
Damsbo-Svendsen, M., BomFrgst, M., Olsen, A. (2017). Development of
novel tools to measure food neophobia in children. Appetite, 113, 255—
263. https://doi.org/10.1016/j.appet.2017.02.035

Cushen, M., Kerry, J., Morris, M., Cruz-Romero, M., Cummins, E. (2012).
Nanotechnologies in the food industry — Recent developments, risks
and regulation. Trends in Food Science and Technology, 24(1), 30-46.
https://doi.org/10.1016/j.tifs.2011.10.006

Gallocchio, F., Belluco, S., Ricci, A. (2015). Nanotechnology and food:
Brief overview of the current scenario. Procedia Food Science, 5, 85-88.
https://doi.org/10.1016/j.profoo.2015.09.022

More, S., Bampidis, V., Benford, D., Bragard, C., Halldorsson, T., Hernan-
dez-Jerez, A. (2021). Guidance on risk assessment of the application
of nanoscience and nanotechnologies in the food and feed chain: Hu-
man and animal health. EFSA Journal, 19(8), Article e06768. https://doi.
org/10.2903/j.efsa.2021.6768

Frewer, L. J., Gupta, N., George, S., Fischer, A. R. H., Giles, E. L., Coles,
D. (2014). Consumer attitudes towards nanotechnologies applied to
food production. Trends in Food Science and Technology, 40(2), 211-225.
https://doi.org/10.1016/j.tifs.2014.06.005

Gupta, N., Fischer, A. R. H., George, S., Frewer, L. J. (2013). Expert views
on societal responses to different applications of nanotechnology: a
comparative analysis of experts in countries with different economic and
regulatory environments. Journal of Nanoparticle Research, 15(8), Article
1838. https://doi.org/10.1007/s11051-013-1838-4

Lopez-Vazquez, E., Brunner, T. A., Siegrist, M. (2012). Perceived risks
and benefits of nanotechnology applied to the food and packaging
sector in Mexico. British Food Journal, 114(2), 197-205. https://doi.
org/10.1108/00070701211202386

Hundleby, P. A. C., Harwood, W. A. (2019). Impacts of the EU GMO regula-
tory framework for plant genome editing. Food and Energy Security, 8(2),
Article e00161. https://doi.org/10.1002/fes3.161

Carreno, I., Dolle, T. (2019). The Court of justice of the European Union’s
Judgment on mutagenesis and international trade: A Case of GMO, muta-
genesis and international trade. Global Trade and Customs Journal, 14(3),
91-101. https://doi.org/10.54648/gtcj2019010

Van Eenennaam, A.L., Young, A.E. (2018). Public Perception of Ani-
mal Biotechnology. Chapter in a book: Animal Biotechnology. Niemann,
H., Wrenzycki, C. (Eds.), pp. 275-303. Springer, Cham. https://doi.
org/10.1007/978-3-319-92348-2_13

Van Eenennaam, A. L., Young, A. E. (2018). Gene editing in livestock:
promise, prospects and policy. CAB Reviews: Perspectives in Agricul-
ture, Veterinary Science, Nutrition and Natural Resources, 13, Article 027.
https://doi.org/10.1079/PAVSNNR201813027

Cui, K., Shoemaker, S. P. (2018). Public perception of genetically-modified
(GM) food: A nationwide Chinese consumer study. npj Science of Food,
2(1), 3-12. https://doi.org/10.1038/s41538-018-0018-4

Deckers, M., Deforce, D., Fraiture, M.-A., Roosens, N. H. C. (2020). Ge-
netically modified micro-organisms for industrial food enzyme pro-
duction: An overview. Foods, 9(3), Article 326. https://doi.org/10.3390/
foods9030326

Brookes, G., Barfoot, P. (2020). Environmental impacts of genetically
modified (GM) Crop use 1996-2016: Impacts on pesticide use and carbon
emissions. GM Crops & Food, 11(4), 215-241. https://doi.org/10.1080/21
645698.2018.147679

. Ghasemi, S., Ahmadvand, M., Karami, E., Karami, A. (2020). Social risk

perceptions of genetically modified foods of engineers in training: Ap-
plication of a comprehensive risk model. Science and Engineering Ethics,
26, 641-665. https://doi.org/10.1007/s11948-019-00110-6

317

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

45.Sunil, Chauhan, N., Singh, J., Chandra, S., Chaudhary, V., Kumar, V.
(2018). Non-thermal techniques: Application in food industries. A re-
view. Journal of Pharmacognosy and Phytochemistry, 7(5), 1507-1518.
Khouryieh, H. (2020). Novel and emerging technologies used by the U.S.
food processing industry. Innovative Food Science and Emerging Technolo-
gies, 67, Article 102559. https://doi.org/10.1016/j.ifset.2020.102559
Zhang, Z.-H., Wang, L.-H., Zeng, X.-A., Han, Z., Brennan, C. S. (2018).
Non-thermal technologies and its current and future application in the
food industry: a review. International Journal of Food Science and Technol-
ogy, 54(1), 1-13. https://doi.org/10.1111/ijfs.13903

Hite, B. H. (1899). The effect of high pressure in the preservation of milk.
West Virginia Agricultural Experimental Station Bulletin, 58, 15-35.

Fam, S. N., Khosravi-Darani, K., Massoud, R., Massoud, A. (2021). High-
pressure processing in food, Biointerface Research in Applied Chemistry,
11(4), 11553-11561. https://doi.org/10.33263/BRIAC114.1155311561
Agregan, R., Munekata, P. E. S., Zhang, W., Zhang, |., Pérez-Santaesco-
lastica, C., Lorenzo, ]. M. (2021). High-pressure processing in inactivation
of Salmonella spp. in food products. Trends in Food Science and Technol-
0gy, 107, 31-37. https://doi.org/10.1016/j.tifs.2020.11.025

Huang, H.-W., Hsu, C.-P., Wang, C.-Y. (2020). Healthy expectations of
high hydrostatic pressure treatment in food processing industry. Jour-
nal of Food and Drug Analysis, 28(1), 1-13. https://doi.org/10.1016/j.
jfda.2019.10.002

Jolvis Pou, K. R. (2021). Applications of high pressure technology in food
processing. International Journal of Food Studies, 10, 248—-281. https://doi.
org/10.7455/ijfs/10.1.2021.a10

Balakrishna, A.K., Abdul Wazed, M., Farid, M. (2020). A review on the ef-
fect of high pressure processing (HPP) on gelatinization and infusion of
nutrients. Molecules, 25(10), Article 2369. https://doi.org/10.3390/mol-
ecules25102369

Khan, S., Keshavalu, Ghosh, S., Amaresh, Maurya, R. P., Badhautiya, S. et
al. (2017). High pressure processing in food industry. Bulletin of Environ-
ment, Pharmacology and Life Sciences, 6(11), 28-31.

Tsevdou, M., Gogou, E., Taoukis, P. (2019). High hydrostatic pressure pro-
cessing of foods. Chapter in a book: Green Food Processing Techniques:
Preservation, Transformation and Extraction, 87-137. Academic Press,
2019. https://doi.org/10.1016/b978-0-12-815353-6.00004-5

Arshad, R. N., Abdul-Malek, Z., Munir, A., Buntat, Z., Ahmad, M. H.,
Jusoh, Y. M. M. et al. (2020). Electrical systems for pulsed electric field
applications in the food industry: An engineering perspective. Trends
in Food Science and Technology, 104, 1-13. https://doi.org/10.1016/j.
tifs.2020.07.008

Niu, D., Zeng, X.-A., Ren, E.-F., Xu, F.-Y., Li, ]., Wang, M.-S. et al. (2020).
Review of the application of pulsed electric fields (PEF) technology
for food processing in China. Food Research International, 137, Article
109715. https://doi.org/10.1016/j.foodres.2020.109715

Taha, A., Casanova, F., Simonis, P., Stankevi¢, V., Gomaa, M.A.E., Stirke,
A. (2022). Pulsed electric field: Fundamentals and effects on the struc-
tural and techno-functional properties of dairy and plant proteins. Foods,
11, Article 1556. https://doi.org/10.3390/foods11111556

Zhang, S., Sun, L., Ju, H., Bao, Z., Zeng, X.-A., Lin, S. (2021). Research ad-
vances and application of pulsed electric field on proteins and peptides
in food. Food Research International, 139, Article 109914. https://doi.
org/10.1016/j.foodres.2020.109914

Zhang, Y., Wang, R., Wen, Q.-H., Rahaman, A., Zeng, X.-A. (2022). Effects
of pulsed electric field pretreatment on mass transfer and quality of beef
during marination process. Innovative Food Science and Emerging Tech-
nologies, 80, Article 103061. https://doi.org/10.1016/j.ifset.2022.103061
Guo, L., Azam, S. M. R., Guo, Y., Liu, D., Ma, H. (2021). Germicidal efficacy
of the pulsed magnetic field against pathogens and spoilage microor-
ganisms in food processing: An overview. Food Control, 136(1), Article
108496. https://doi.org/10.1016/j.foodcont.2021.108496

Hertwig, C., Meneses, N., Mathys, A. (2018). Cold atmospheric pres-
sure plasma and low energy electron beam as alternative nonthermal
decontamination technologies for dry food surfaces: A review. Trends
in Food Science and Technology, 77, 131-142. https://doi.org/10.1016/j.
tifs.2018.05.011

Report from the commission to the European parliament and the coun-
cil on food and food ingredients treated with ionizing radiation for the
year 2018-2019, European Commission, Brussels, 24.2.2021 COM (2021)
79 final. Retrieved from https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=CELEX%3A52021DC0079 Accessed September 20, 2022.
Delorme, M. M., Guimaraes, J. T., Coutinho, N. M., Balthazar, C. F., Ro-
cha, R. S., Silva, R.et al. (2020). Ultraviolet radiation: An interesting tech-
nology to preserve quality and safety of milk and dairy foods. Trends in
Food Science and Technology, 102, 146—154. https://doi.org/10.1016/j.
tifs.2020.06.001

Josephson, E. S., Peterson, M. S. (Eds.). (1982). Preservation of food
by ionizing radiation: VolumelI (1st ed.). CRC Press. https://doi.
org/10.1201/9781351076005

Sparrow, A. H., Christensen, E. (1950). Effects of X-ray, neutron and
chronic gamma irradiation on growth and yield of potatoes. American
Journal of Botany, 37, 667.

Nishihira, J. (2020). Safety of irradiated food. Chapter in book: Genetically
Modified and Irradiated Food, V. Andersen (Ed.), Academic Press, Vienna.
pp. 259-267. https://doi.org/10.1016/b978-0-12-817240-7.00016-4



SmykovI. T. | FOOD SYSTEMS | Volume 5 No 4 | 2022 | pp. 308-318

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Ravindran, R., Jaiswal, A. K. (2019). Wholesomeness and safety aspects of
irradiated foods. Food Chemistry, 285, 363-368. https://doi.org/10.1016/j.
foodchem.2019.02.002

D’Souza, C., Apaolaza, V., Hartmann, P., Brouwer, A. R., Nguyen, N.
(2021). Consumer acceptance of irradiated food and information disclo-
sure — A retail imperative. Journal of Retailing and Consumer Services, 63,
Article 102699. https://doi.org/10.1016/j.jretconser.2021.102699

Bearth, A., Siegrist, M. (2019). “As long as it is not irradiated” — In-
fluencing factors of US consumers’ acceptance of food irradiation.
Food Quality and Preference, 71, 141-148. https://doi.org/10.1016/j.
foodqual.2018.06.015

Zanardi, E., Caligiani, A., Novelli, E. (2017). New insights to detect ir-
radiated food: An overview. Food Analytical Methods, 11(1), 224-235.
https://doi.org/10.1007/s12161-017-0992-1

Galati, A., Moavero, P., Crescimanno, M. (2019). Consumer awareness
and acceptance of irradiated foods: the case of Italian consumers. Brit-
ish Food Journal, 121(6), 1398-1412. https://doi.org/10.1108/bfj-05-
2018-0336

Galati, A., Tulone, A., Moavero, P., Crescimanno, M. (2019). Consumer
interest in information regarding novel food technologies in Italy: The
case of irradiated foods. Food Research International, 119, 291-296.
https://doi.org/10.1016/j.foodres.2019.01.065

Portanguen, S., Tournayre, P., Sicard, J., Astruc, T., Mirade, P.-S. (2019).
Toward the design of functional foods and biobased products by 3D
printing: A review. Trends in Food Science and Technology, 86, 188-198.
https://doi.org/10.1016/j.tifs.2019.02.023

Dick, A., Bhandari, B., Prakash, S. (2019). 3-D printing of meat. Meat Sci-
ence, 153, 35-44. https://doi.org/10.1016/j.meatsci.2019.03.005
Gorbunova, N.A. (2020). Possibilities of additive technologies in the meat
industry. A review. Theory and Practice of Meat Processing, 5(1), 9-16.
https://doi.org/10.21323/2414-438X-2020-5-1-9-16

Pereira, T., Barroso, S., Gil, M. M. (2021). Food texture design by 3D
printing: A review. Foods, 10(2), Article 320. https://doi.org/10.3390/
foods10020320

Ulrikh, E.V., Verkhoturov, V.V. (2022). Features of food design on
a 3D printer. A review. Food Systems, 5(2), 100-106. https://doi.
0rg/10.21323/2618-9771-2022-5-2-100-106 (In Russian)
Kornienko, V. Yu., Minaev, M. Yu. (2022). Trends in the development of 3d
food printing. Food Systems, 5(1), 23-29. https://doi.org/10.21323/2618-
9771-2022-5-1-23-29 (In Russian)

Nachal, N., Moses, J. A., Karthik, P., Anandharamakrishnan, C. (2019). Ap-
plications of 3D printing in food processing. Food Engineering Reviews,
11(3), 123-141. https://doi.org/10.1007/s12393-019-09199-8

Zhang, J., Li, Y., Cai, Y., Ahmad, I., Zhang, A., Ding, Y. et al. (2022). Hot
extrusion 3D printing technologies based on starchy food: A review. Car-
bohydrate Polymers, 294, Article 119763. https://doi.org/10.1016/j.carb-
pol.2022.119763

AUTHOR INFORMATION
Affiliation

Igor T. Smykov, Doctor of Technical Sciences, Chief Researcher, Department

of Physical Chemisry, All-Russian Scientific Research Institute of Butter- and Y4Hblif cOTpyaHUK, OTaen Gpusudeckoii xumun, Bcepoceuiickuii HayuHo-1c-
C1eJ0BaTEeIbCKMAIN MHCTUTYT MACIOMENsI Y ChIPOTeIst

Cheesemaking

19, Krasnoarmeysky Boulevard, Uglich, 152613, Yaroslavl Region, Russia
Tel.: +7-48532-9-81-21

E-mail: i_smykov@mail.ru

ORCID: https://orcid.org/0000-0002-5663-3662

Contribution
Completely prepared the manuscript and is responsible for plagiarism.

Conflict of interest

The author declares no conflict of interest.

318

82.

83.

84.

85.

86.

87.

88.

89.

91.

92.

93.

Demei, K., Zhang, M., Phuhongsung, P., Mujumdar, A. S. (2022). 3D food
printing: Controlling characteristics and improving technological effect
during food processing. Food Research International, 156, Article 111120.
https://doi.org/10.1016/j.foodres.2022.111120

Panghal, A., Vern, P., Mor, R. S., Panghal, D., Sindhu, S., Dahiya, S. (2022).
A study on adoption enablers of 3D printing technology for sustainable
food supply chain. Management of Environmental Quality. https://doi.
org/10.1108/MEQ-03-2022-0056 (unpublished data)

Bedoya, M. G., Montoya, D.R., Tabilo-Munizaga, G., Pérez-Won, M., Le-
mus-Mondaca, R. (2022). Promising perspectives on novel protein food
sources combining artificial intelligence and 3D food printing for food
industry. Trends in Food Science and Technology, 128, 38-52. https://doi.
org/10.1016/j.tifs.2022.05.013

Singh, H., Kour, R. (2022). Commercial market of food printing technolo-
gies. Chapter in a book: Food Printing: 3D Printing in Food Industry,
Sandhu, K., Singh, S. (Eds). Springer, Singapore, pp. 155-176. https://doi.
org/10.1007/978-981-16-8121-9 9

Mavri, M., Fronimaki, E., Kadrefi, A. (2021). Survey analysis for the
adoption of 3D printing technology: consumers’ perspective. Journal
of Science and Technology Policy Management. https://doi.org/10.1108/
JSTPM-02-2020-0023 (unpublished data)

Teng, X., Zhang, M., Mujumdar, A. S. (2021). 4D printing: Recent advances
and proposals in the food sector. Trends in Food Science and Technology,
110, 349-363. https://doi.org/10.1016/j.tifs.2021.01.076

Ghazal, A. F, Zhang, M., Mujumdar A. S., Ghamry, M. (2022). Progress in
4D/5D/6D printing of foods: applications and R&D opportunities. Critical
Reviews in Food Science and Nutrition. https://doi.org/10.1080/10408398.2
022.2045896 (unpublished data)

Cheng, Y., Fu, Y., Ma, L., Yap, P. L., Losic, D., Wang, H. et al. (2022). Rhe-
ology of edible food inks from 2D/3D/4D printing, and its role in fu-
ture 5D/6D printing. Food Hydrocolloids, 32, Article 107855. https://doi.
0rg/10.1016/j.foodhyd.2022.107855

. Scheufele, D. A., Corley, E.A., Shih, T. -]., Dalrymple, K. E., Ho, S.S. (2009).

Religious beliefs and public attitudes toward nanotechnology in Europe
and the United States. Nature Nanotechnology, 4(2), 91-94. https://doi.
org/10.1038/nnano.2008.361

Kriwy, P., Mecking, R.-A. (2012). Health and environmental conscious-
ness, costs of behaviour and the purchase of organic food. International
Journal of Consumer Studies, 36(1), 30-37. http://doi.org/10.1111/j.1470-
6431.2011.01004.x

Hingley, M., Mikkola, M., Canavari, M., Asioli, D. (2012). Local and sus-
tainable food supply: The role of European retail consumer cooperatives.
International Journal on Food System Dynamics, 2(4), 340-347. http://doi.
org/10.18461/ijfsd.v2i4.241

Harvey, D., Hubbard, C. (2013). Reconsidering the political economy of
farm animal welfare: An anatomy of market failure. Food Policy, 38(1),
105-114. https://doi.org/10.1016/j.foodpol.2012.11.006

CBEJJEHUS OB ABTOPAX

HpI/IHaI[I[e)KHOCTb K opraHmsauumn

CmbIKOB Urops TumodeeBry — JOKTOP TEXHMUECKMX HAYK, [IaBHbI Ha-

152613, SIpociaBckast o6nactb, Yoy, KpacHoapmeiickuii 6ynbBap, 19
Ten.: +7-48532-9-81-21

E-mail: i_smykov@mail.ru

ORCID: https://orcid.org/0000-0002-5663-3662

Kputepun aBropcTBa

ABTOp CaMOCTOSITE/IbHO ITOATOTOBMII PYKOIIMCH
¥ HeCeT OTBETCTBEHHOCTD 3a Ijiarmar.

KoudnukT nnrepecon

ABTOp 3asBisIeT 06 OTCYTCTBUM KOHGIIMKTA MHTEPECOB.



MUALLEBbIE CUCTEMbI | Tom S No 4 | 2022 FOOD SYSTEMS | Volume 5 No 4 | 2022

DOI: https://doi.org/10.21323/2618-9771-2022-5-4-319-326

INoctynmiaa 18.10.2022 https://www.fsjour.com/jour
IToctynmia nmocie penensuposanus 08.11.2022 HayuHas CTaThs
IIpunsTa B neuaTts 14.11.2022

© A6pamosa JI. C. Kosus A. B., T'yceBa E. C., 2022

IIPOBJIEMA ®AJIBCUPUKAILIVU 3EPHUCTOM UKPHI
JIOCOCEBBIX PbIb U IIYTHU PEIHLIEHN S

Abpamosa JI. C., Kosun A. B.,* I'yceBa E. C.

Bcepoccuiickuit HayUHO-MCCIeI0BATeNbCKMIT MHCTUTYT PHIGHOTO X03s1/icTBa 1 OKeaHorpadmu, MockBa, Poccust

Open access

K/JIIOYEBBIE CJIOBA: AHHOTAL KA

UMUMUPOBAHHAS NPOOYKYUS, B craTbe paccMoTpeHa mpobiaema danbcuGuKayy MUIeBoi PbIGHON MPOAYKIMY, KOTOPast 6€CIIOKOUT MPOM3-
nuwesas yeHHocmo, 0eJoK, BoJMTENeN 1 oTpebuTeneit BO BceM Mupe. @anbcuduKanys MUILEBbIX TPOAYKTOB Yallle BCEr0 OCYIIeCTBISIeTCS
opzaHosenmuueckuli aHanus, MyTeM MpUAAHKS MTPOAYKTaM OTAENbHBIX Hanbosee TUMIMYHBIX MPU3HAKOB — HANpUMep, BHEITHEero Buaa mpu
mecm Ha 8apky 0611eM yXyIIIeHUY WM yTPaTe OCTAIbHBIX HauboIee 3HaUMMbIX CBOVCTB MUILEBOI IIEHHOCTH, B TOM 4nciie 6e3-

OIMacHOCTH. AHaJIM3 PhIHKA ITOKA3aJl, YTO HAG/IIOAAeTCs TEHAECHIMS IIOAMEHbI HATyPaIbHO MKPbI UMUTUPOBAH-
HOJI TIyTeM peanns3anuy ee B METAUIMYECKUX U CTEK/ISTHHBIX GaHKaX C yKasaHueM azpeca JanibHEeBOCTOYHOTO
MIPOMU3BOAMTENS. YCTaHOBJIEHO, YTO TP IIPOMU3BOACTBE UMUTUPOBAHHO MKPBI IO COBPEMEHHBIM TEXHOIOTUIM
comepkaHe 6eka He MPeBbINIaeT OAHOrOo MPoLeHTa. [l yCTaHOBIEHMST TIOMIMHHOCTY ITPOAYKIMY paspaboTa-
Ha METOZIMKA M3MEePEeHMii MacCoBOi 10/ 6e/iKa B 3€PHUCTOI MKPE JI0COCEeBBIX PbI6 MeTonom Kbenbaass. IIpen-
CTaB/IeHa METPOJIOTMYeCcKasl XapaKTepyucTuKa pa3spaboTaHHO METOAMKM B TpeX OMana3’oHax KOHIIEHTPaIVii.
VCrionb30BaHHbIe 3HAYEHVISI MOTYT CIYKUTb Ui MAEHTUGOUKALMYA 3asBJIEHHBIX CBOVICTB C YCTAHOBJIEHHBIMM
MOKAa3aTeIsIMU TOUHOCTH, TIPABUIbHOCTH, TOBTOPSIEMOCTH ¥ BOCIIPOM3BOAMMOCTH. B JOMONHEHUM K METOIUKE
MIPEIJIO’KEHbI OPTaHOJIENTUUECKIE TTOKA3aTeN IPOAYKIIMY, BKIIOUAOII/e OI[eHKY BHEIHEro BU/a, KOHCVCTEH-
111, BKYCa, 3araxa, a Takske 0COOeHHOCTH MPO6BI Ha BAPKY, KOTOPBIE MOTYT CIYKUTh B KAUECTBE OTMUUTEIbHBIX
MIPU3HAKOB U YUMTHIBATHCS TPV TPOBENEHNM MIEHTUOUKAIVM UKPBI 3€PHVICTON JIOCOCEBBIX BULOB PhIO.
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imitated products, nutritional The paper examines the problem of falsification of edible fish products, which concerns producers and consumers
value, protein, organoleptic worldwide. Food products are most often falsified by imparting them some of the most typical features, for example
analysis, cooking test appearance, upon the overall worsening or losing the other most significant properties of nutritional value, includ-

ing safety. Market analysis shows that there is a tendency of replacing natural roe with imitated roe by its selling in
metal and glass jars with indication of the address of the Far Eastern producer. It has been established that the pro-
tein content is not higher than one percent upon imitated roe production using modern technologies. To establish
product authenticity, a methodology for measuring the protein mass fraction in grained salmonid roe by the Kjeldahl
method was developed. The metrological characteristic of the developed methodology in three concentration ranges
is presented. The used values can serve for identification of claimed properties with the specified indicators of ac-
curacy, trueness, repeatability and reproducibility. In addition to the methodology, product organoleptic indicators
are proposed, including assessment of appearance, consistency, taste, odor, as well as specific features of the cooking
test that can serve as distinctive features and are taken into consideration in identification of grained salmonid roe.
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1. BBegenmne cudmKaIys, Tak Kak B IMIMPOKOM CMbIC/IE OHa MOKET paccMa-

OpHO¥ 13 Hanboee BaXKHBIX MPOGJIEM SIBJISIETCST obecrieye- TPUBATbLCS KaK JAeiCTBIS, HaTIpaBieHHbIe Ha YXYAIIeHe ToTpe-
HIe TTOTpeouTe st 6€30IacHO MPOAYKIVEeH rapaHTUPOBAHHOTO  GUTENIbCKUX CBOWCTB MUINEBOM MPoAyKuyyu. CaMbIM OOIbIIMM
KauvecTBa. He mociemHIO0 POJib B 3TOM BOMIPOCe MUrpaet daib- pucKaM ¥3-3a TIPUMEHEHMSI TAKOi MPOMYKIIVHU TTOABEPTAIOTCS
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B [ePBYI0 OUepeb MOTPeOUTeNN: HeKaueCTBEHHbIN danbcudu-
LIMPOBAHHBIN MPOAYKT MOXKET TMPEeACTaBISITb YTPO3y AJIsl 3[0-
DOBBSI UesioBeKa.

HeonHoKpaTHbIe MCCAeAOBaHMS I1OKa3bIBAlOT, YTO ITOBBI-
IIIeHHO€e BHMMaHMe CIeyeT YIeIUTb TpobaeMe OlleHKe KavecT-
Ba ¥ MOAJIMHHOCTY MKPBI PHIO ceMeiicTBa JI0COCEBBIX KaK JOPO-
TOCTOSIIEro NMpoayKra [1-3].

Inst peureHus] TPo6IEMbl MONIENbIBAHMS MUIEBON TIPO-
nykuyn B @enepanbHoM 3akoHe oT 01.03.2020 N2 47-®3 maHo
ornpepeneHue: «panbcbUIVPOBAHHbBIE TMUIIEBbIE TTPOIYKTHI,
MaTepuaabl U U3OENUss — MUIIeBble MPOLYKThI, MaTepUasIbl
n nsnennd, KOTopble SABJISIOTCS YMBIIIJIEHHO M3MEHEHHbIMU
(TopmenbHbIMM) U (M) UMEKOT CKPBIThIE CBOMCTBA M Ka4eCTBO
u (i) nHGOPMALUS O KOTOPBIX SIBJISIETCS 3aBeJOMO HEeIOIHOM
u (MnM) HeJOCTOBEPHOI» [4]. [IniieBble TPOAYKTHI, B OTHOLIE-
HMM KOTODPBIX yCTaHOBJIEH QakT dambcuduKranmum, Mpu3HaTCS
HeKauyeCTBEHHBbIMU U TIOJJIeKaT 3KCIIepTu3e, YTUIU3auun Uim
YHUUTOXKEHUIO B TIOPSIIKE, YCTAaHABAMBAEMOM ITPAaBUTEIbCTBOM
Poccuiickoit ®epepanyn.

Ocoboe MecTo cpeiy MUILEBOI MPOSYKIMY 3aHMMAaeT UMMU-
TUPOBAHHAS MTPOAYKIIMSI, KOTOPAsI MOKeT OMUIMAIBHO IMPOU3-
BOAUTBHCS COTJIACHO OIIPeNle/IeHNI0, TaHHOMY B TEeXHUYECKOM
pernamenTe EBpasmiickoro 3KOHOMMUecKoro corsa «O 6e3-
OMAaCcHOCTY PbIOBI U pbIOGHOI TTpomyKimu» (TP EADC 040/2016):
«MMUTUPOBAHHAS TMIIEBAst PHIOHAST TTPOLYKIMS» — IMUIIEeBast
pBIGHAST TIPOAYKIMSI, BOCIIPOM3BOMASINAS OpPraHONEeNTUYeCKMe
roKasaTeay 3aJaHHOTO0 MMUTUPYEMOTO MPOAYKTa (Harpumep,
«@HAJIOTU MKPbI», <U3AENUsT CTPYKTYPUPOBAHHbIE», «KpabOBbIe
nanouykm») [5]. Torga BCTaeT BOIIPOC: MOKET JIM 3Ta TTPOLYKITUS
SIBJISITHCST DaTbCHGUIIMPOBAHHO, KOTA OHA 10 OPraHOJIENTH-
YeCcKMM IMoKa3aTeNsIM O/13Ka K HaTypalabHOI, HO T10 MUIIEBOi
¥ OMOIOTMYECKOl IIeHHOCT! B GOJBbIIMHCTBE CIyyaeB He COOT-
BETCTBYET OXMUIAHUSAM MoTpedurens? Hampumep, kpaboBbie
MaJIOUKY BBICOKOTO KayecTBa MOTYT CO3/1aBaTh OlIyIIeHMe Kpa-
60BOr0O Msica, HO TO COfEepPKaHUIO OGeaKa OHM OTIUYAIOTCS OT
opuruHana B 2—-3 pasa, He TOBOPSI yske 0 MUKPO- ¥ MaKpoaJe-
MeHTHOM cocTaBe. Ellle cepbe3Hee BBIIIIUT MpobieMa ¢ MUMMU-
TUPOBAHHOI MKpOii. CylecTBYIOLIAsl Ha PbIHKE MKPA, 38 UCKJIII0-
YyeHreM BHEIHero BMJIA, 10 TI0Ka3aTessiM MUILEeBO eHHOCTU
He COOTBETCTBYeT HaTypaibHOW MKpe. Kpome TOTrO, B Mocien-
Hee BpeMsI HAOMIOmAETCS] TeHIEHILMSI YIIaKOBKM MCKYCCTBEH-
HOJt MKPBI B META/UTMUECKME U CTEK/ISTHHbIe OGaHKM, Ha KOTOPBIX
HaHeceHa MapKUPOBKa C aApecoM Ipou3BOAMUTeNsT lanbHero
Bocroka. BetaeT Bompoc 0 1es1ecoo6pasHOCTM CYIeCTBOBAHMS
TIOHSITUSI «UMUTUPOBAHHASI UKPA» MJIM «@HAJIOT UKPbI» KaK 00b-
eKTa TexHu4ueckoro perynuposanust TP EADC 040/2016 [5], Tak
KaK 3TO TOHSTME [aeT BO3MOKHOCTb BBINTYCKa TOAJeTaHHOM
TIPOAYKIIVY, KOTOPasi BBOAUT B 3a6/TyKI€HI€e TTOTPEOUTES U 110
cofiepykaHuI0 HYTPUEHTOB He MOsKeT ObITh OTHeCeHa K MUIIeBOii
PBIGHOI TTPOAYKIIMMA.

Iyist 60pb6bI ¢ GambcUUIMPOBAHHOI TPOAYKLVE He06X0-
VMBI COBpEMEHHbIE U NOCTYITHbIE MEeTOMAbl MAeHTUhUKALNMA,
yUMTBIBaIOIMe crielnuKy aHaau3upyeMoit MuieBoil IpPoLyK-
LMK, B OCOOEHHOCTYM MKOPHOIA, KOTOpasi CTAHOBUTCS Bce Gonee
JIOCTYITHOM CpeHeMY IOTpe6uTenio [6].

B Hacrosiiee BpeMs MPOIOJIKAIOT COBEPIIEHCTBOBATHCS
MeTonbl MAeHTUdUKALMM, OCHOBAHHbIE HAa MOPGOIOrMUeCcKux
npusHakax [7], ¢ ucnonb3osanuem aHanusa JHK [8,9], a Tak-
Ke Ha aHa/ln3e KMPHOKMCJIOTHOTO COCTaBa M Ha ColepkKaHUM
TOKCUYHBIX 3JIEMEHTOB C MCIIOJIb30BaHMEM XeMOMEeTPUUECKUX
MeTOIOB 06PaGOTKM TMOMYUeHHBIX JaHHBIX. Y UCCIeTOBAaHHBIX
006pa31oB MKPbI HAGMIOAIACh TEHAEHIMS K KIacTepHOil Kiac-
cuduKauy B COOTBETCTBUM C PEIPOLYKTUBHBIMU OCOOEHHO-
CTSIMM BUZIOB PBIO U cpenoit ux obutanus [10-12].

[Tpo6reme obecrieueHust MOJIVMHHOCTY UKOPHBIX MTPOAYKTOB
yhenseTcs 60/bllioe BHUMaHMe, 0 YeM CBUETeNbCTBYIOT Hay4-

HO 00OCHOBaHHbIE Pa3IMYHbIE METOMOJOTMYECKNE TTOAXOMbI,
KOTOpbIE IIMPOKO OCBELIEHbI B COBPEMEHHbIX 0030pax [13-15].
Inst upeHTUdUKAIMM UKOPHOI MPOSYKIMY UCIIONb3YIOTCS, KaK
MpaBUIIO, JOPOTOCTOSIII /e TeHeTUYeCKe VCCIel0BaHMs, [T03TO-
My pa3paboTKa MPOCTHIX B UCIIOHEHUY U TOCTYITHBIX METOOB
orpeiesIeHUs TIOJIMHHOCTY VIKPBI SIBJISIETCS] BAYKHOI MTpaKTuie-
CKOJ1 3a/1a4ueii.

Hammu npoBefieH aHanIu3 TEXHOJIOTUM M3TOTOBJIEHUS] UMMU-
TUPOBAHHOW MPOIYKIIMU [IJISI BBISIBJIEHUSI MApKePOB 3€PHUCTOM
MKPBI JIOCOCEBBIX PbI6G U CIeaH BbIBO, UTO comepkaHue 6Geyka
B 3€PHMCTOI MKPE JIOCOCEBBIX PbI6 MOSKET SIBJIATHCSI OCHOBHBIM
ToKasaTesieM Py CIMYEHNY TTPU3HAKOB UCCIeNyeMOT0 00beKTa
C permaMeHTMPOBAaHHBIMY XapaKTepUCTUKAMM TToKa3aTeseit Ha-
TypaJIbHOI MKPBI TOPOYILIN, KeThbl, HEpKM U KIKy4a [16]. B cBsI31
C 3TUM LIeJIbI0 paboThl 6BIII0 060CHOBaHME U pa3paboTKa METO-
IVKU M3MEpeHUi MacCcoBOi Moy 6e/ika B 3€pHUCTOM UKPE JIO-
COCeBBIX pbI6 MeTOmOM Kbenmbaass u UCIoab30BaHNe 3TUX 3HA-
yeHu 17151 MAeHTUGUKALMY 3asTBIEHHBIX CBOVICTB.

2 Marepuaibl M METOAbL
Ilpu paspaboTKe METOAMKM M3MEpPeHMii MacCOBO IO

6esKa B 3epHICTOI MKpE JIOCOCEBBIX PbI6 MeTOomoM Kbenbmass

U UCIIONIb30BAHMM STUX 3HAYEHUIA /11 MOEeHTUDUKALUYU 3as1B-

JIEHHBIX CBOJCTB 3a OCHOBY B3STa MeTOJAMKA OIpe/e/leHus CO-

IepkaHus Genka metomoMm Kbesboans (masee — METOOMKA),

cornacHo ®P.1.31.2020.38483 [17,18]. B kauecTBe cpencrsa u3-

MepeHUit comepskaHust a30Ta U, COOTBETCTBEHHO, GeJTKa MCIIONb-

30BaiM AHanm3aTop asorta Kjeltec System 2300 (Foss Analytical

AB, llIBenus).

MeTposoTMUecKyIo aTTecTaluio MEeTOOUKU OCYIeCTBIISIN
B COOTBETCTBUM C TPeGOBAHUSIMM TIPOTPAMMBbI TTPOBEIEHUS UC-
CyleloBaHMii, pa3paboTaHHO! B paMKax TOTOBOpa € YPaTbCKUM
HayYHO-UCCIeN0BATENbCKMM MHCTUTYTOM MeTpoyioruu — u-
muanom demepasbHOTO TOCYAAPCTBEHHOTO YHUTAPHOTO IIpe-
npusitus «Bcepoccuiicknii HAayqYHO-UCCAeA,0BaTeNbCKMIT UHCTHU-
TYT MeTposoruu um. 1. I. Menpeneesa» (YHUUM — dunmanom
OI'VIT «BHUUM um. [I. . MenpaeneeBar). [ljs1 aTTecTauum me-
TOOVKM M3MePEeHMI MaccoBojii monu 6elka B Ipobax 3epHUCTOl
MKPBI JIOCOCEBBIX PhIO M 3€PHUCTOM MKPbI UMUTUPOBAHHOI Me-
togomM Kbenbmansi 610 pa3paboTaHO TexHMYecKoe 3afaHue.
OHO yCTaHaBIMBAJAO MCXOLHbIE NaHHbIe IJIS1 TIPOBEAEHMUS UC-
TIBITAHUIA, TT0 Pe3y/bTaTaM KOTOPbIX OTPeessiuCh U OLleHMBa-
JIVCh TIOKA3aTeau TOYHOCTY METOIVKM U3MePEeHUIT ¥ HOpMAaTUB
KOHTPOJIS:

U cpenHee KBaipaTHMUeCcKoe OTKJIOHEHME U MpeJies TOBTopsie-
MOCTH;

O cpengHee KBaipaTHUeCKoe OTKJIOHEHME U TIpees BOCIIPOU3-
BOJMMOCTH;

a I'paHUIIbI HEeMCKIIUEeHHOM cucTeMaTuecKoit IOrpenrHoCT
(TmokasaTenb MPaBMJIbHOCTU) MPU JOBEPUTENbHON BEPOSIT-
Hoctu P =0,95;

U rpaHuilbl MOTPEIIHOCTY M3MEepeHWUil TpU [TOBEepPUTETbHO
BeposiTHOCTHU P = 0,95;

U HOpMAaTMB KOHTPOJISI TOUHOCTU IIPU OTIEPATMBHOM KOHTpOJIE
TpOLeNyPhI M3MEPEHMUIA.

DKCIepyMMeHTabHble MCCIeIOBaHMUSI IO OlleHKe IToKasa-
Tejiell TOUHOCTM MPOBOAVIINCH B XOJ€e MeXIabopaTopHOro uc-
c/IegoBaHMsI B COOTBETCTBUM C ToyokeHusmu PMIT 61-2010 o
1. 10 c mpumMeHeHNeM MeTOoha BapbMpoOBaHMs HaBecku [19].

It viccieMOBaHMIt MCITOb30BaM 06Pa3Ilbl TPOMYKIINH, TIe-
peveHb KOTOPBIX MpuBefeH B Tabiuie 1.

[IpoBepKy cuCTeMaTUYECKON COCTaBJSIONIEl IOrpPelHo-
CTY OCYIIECTBJISUIM TI0 CTAaHAAPTHOMY 06pasIly YTBEPKIEHHOTO
THUIIa, KOTOPbIi GbIT pa3paboTaH, YTBEPXKIEH U MPeIOCTaB/IeH
st uccnepoBaumii YHUUM — unuanom OT'VIT «BHUNM nm.
. U. MenneneeBa». CtanmaptHblii o6paser; I'CO 10272-2013
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TIpe/ICTaBJIST CO60¥ aMUHOYKCYCHYIO KMCIOTY C MacCOBOJA 0OJIeii
OCHOBHOTO BeliecTBa He MmeHee 99,0% B Buze 6e0ro MopoIiKa
(Tabmuua 2).

Tabauia 1. XapakTepmucTuka 06pasioB MKPbI
JIOCOCEBBIX PHIO 3€PHMUCTON ¥ UMUTUPOBAHHOI

Table 1. Characteristics of the samples of grained salmonid
roe and imitated roe

o
o8
g g XapaxkTepucTuka oopasua IIpoucxokaeHue UKPbI
Sv©
T o
1 Vikpa UMUTHPOBaHHAsI KondnckoBanHast 6e3 MapKUPOBKM
danbcuduIMpoBaHHAS
1-2 Vkpa uMUTHMpPOBaHHAS KoHdbuckoBaHHast 6e3 MapKUPOBKM
1-2a @anbcuduIMpoBaHHAS
2 Ukpa rop6ynm 3epHuUCTast HarypanbHas
9a AcTepusOBaHHas
3 Vkpa HepKu 3epHUCTas HartypanbHas
5, ACTEPM3OBAHHAS
4 VKpa KeTbl 3epHMUCTas HarypanbHasg
rnacTepu3oBaHHas
4a
5  HUkpa ropbymuim @anbcuduLMpoBaHHAS
6  Vxpa mococeBast @anbcubuUIMpoBaHHAS
7  Vkpa keTbl 3epHUCTAS HartypanpHas
8  NkpaococeBas danpcnduIpoBaHHAS
9  UkpanococeBast danpcnbuIIpOBaHHAS
10 Vikpa rop6yiiv 3epHuCTast HarypanbHasi pazBecHast
11  Vkpa KeTbl 3epHUCTAs HarypanbHas pa3BecHast
12 Vikpa KeTbl 3epHUCTAs, HartypanbHas

T8.6.TII/I].IH 2. MeTpOJIOI'I/I‘IECKMe XapaKTepUCTUKU CTAHAAPTHOIO
o6pasua yrBepskaeHHoro tuia I'CO 10272-2013
Table 2. Metrological characteristics of the reference
material of the approved type SRM 10272-2013

3HaueHue I'paHUIIBI OTHOCUTEIIB-
ArTectyemast aTTecTyeMoit HO¥ IIOTPeNIHOCTY aTTe-
XapaKTepUCTUKa XapaKTepUCTUKM  CTOBAaHHOIO 3HAYEHUS
CO*, % CO npu P = 0,95,%
MaccoBas gosnst a3ora 18,50 +0,6
M Bas 51
accosasi 1,01 99,14 £0,6

OCHOBHOTO BelleCTBa
* B pacueTe Ha MaTepual, BbicyleHHbIH pu (105 £5) °C B TeyeHMe 2-X 4aCOB.

3. PesynabTaThl M OOCYKAEHUE

71 HAyYHOTO OOOCHOBAHMSI METOAMKM B 06pasiax MKpPbI
JIOCOCEBBIX PbIO 3€PHUCTON ¥ MMUTUPOBAHHOM, NTPUBEIEHHbIX
B Tabnuie 1, onpexmeneHO cOomep)KaHMe a30Ta UM PACCUUTAHO
comepykaHue 6ejika B COOTBETCTBUM C TPeGOBaHUSIMU ITPOTrpaM-
MbI METPOJIOTMYECKO aTTeCTallMM B YCIOBUSIX TTIOBTOPSIEMOCTM
(mapasineibHbIe OTIpeie/IeHNs), C U3MEHSIIOIIMMICS] HAaBeCKaMU,
B pasJiMuHbIe THU U Pa3HBIMU OrepaTopamu. ITosyuyeHHbIe pe-
3yJIbTAThI IIpeCTaBieHbl Ha PucyHKax 1 1 2, MCX0Ast U3 KOTOPbIX
BUJIHO, YTO B MMUTUPOBAHHOM MKpe cofepskaHue 6Genka Koje-
6metcst B uHTepBase ot 0 7o 0,5%, B TO BpeMs Kak B HaTypalb-
HOI1 MKpe ero KOJMUeCcTBO COCTaBsieT 27-34%.

B cBsI3M ¢ TeM, UTO BO3MOSKHBI CIyyau CMeIlleHus o6pas-
1IOB VIKPbI HATYPAIbHON Y UMUTUPOBAHHO, TIPUHSITO PEIleHMe
060CHOBATb METPOJIOTYECKIME TIOKA3aTeNN ISl BCero MHTepBa-
J1a BO3MOXKHOTO comepykaHus 6enka ot 0 go 34%. C 3T0ii 1e/bio
6bUIM PUTOTOBJIEHBI MOZEIbHbIE CMeCH, CofepsKalle OKoIo 4,
10, 15 n 20% 6Genka myTeM CMEIIMBAHUSI PACCUYMTAHHOTO KOJM-
YyecTBa MKPbI TOPOYIIY MMUTUPOBAHHOM C comepskaHueM Genka
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PucyHok 1. CopmepskaHue 6elKa B 00pasiax MMUTHPOBAaHHOI MKPbI. Homepa 06pa3inoB cooTBeTcTBYIOT Tadmuie 1
Figure 1. Protein content in the samples of imitated roe. Numbers of the samples correspond to Table 1
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PucyHok 2. CopepskaHue Geska B MKpe jiococeBoii. Homepa o6pasiioB cooTBeTcTByIOT Tabnuie 1
Figure 2. Protein content in the samples of salmonid roe. Numbers of the samples correspond to Table 1

0,05% (ob6paser; N2 5) 1 MKpbI KeTbl 3€PHUCTOI HATYpaJbHOI,
comepxkamieii 33,95% Oenka (o6pasern; N2 12). B MomenbHbIX
06pasIiax ompenesii cofepskaHye a30Ta M pacCUUThIBAINA KO-
mudectBo 6enka (PUCYHOK 3).

IlaHHbBIE O comepskaHMM Oeka B CMecsx ObUIM CTaTUCTHUUe-
CKM 06paboTaHbl, ¥ CpefHMEe 3HAUEHMS] UCIIONb30BAINUCh IJIs
TIOCTPOEHMST KPUBOW 3aBUCUMOCTYU COAEepsKaHus 6enlKa OT Co-
OTHOIIEHUSI MKPbI TOPOYIIY 3€pHUCTOV HATYPATbHOI B CMeCK
C MMMTMPOBAHHO MKpoil (PucyHOK 4). YcTaHOBIEHA NPSIMO-
JIVHeJHas 3aBUCUMOCTb, KOTOpasi peKoOMeH4,0BaHa /11 orpeze-
JIeHMSI KOJIMYeCTBEHHOTO COAep>KaHMsl MKPbI JIOCOCEBOI HaTy-
pajbHOI B CMeCH C MUMUTUPOBAHHOM. AHaIOTMYHO MOXET ObITh
ITOCTPOeHa TpsiMasl 3aBUCUMOCTH IJIsI CMeCU UMUTUPOBAHHOM
MKPBI U JIOCOCEBOI HATYypaJIbHOM C APYTUM UCXOLHBIM COJlepsKa-
HueM 6eska.

11 IpOBEPKU CUCTEMATUYECKOJM COCTABJISIIONIEN MOrpen-
HOCTY METO/a OTpeeNsuii CoepyKaHyue a30Ta B CTAaHZAPTHOM
o6pasiie. JlaHHbIe MCCTeAOBaHNi, MpMBeaeHHbIe B Tabnuiie 3,
CBUJIETEJICTBYIOT O XOPOlIeli BOCIIPOU3BOAMMOCTM MeXAy Ia-
pasuieTbHbIMM OTIpe/le/IeHUSIMMU.

Tab6nuiia 3. Pe3y/ibTaThl OIpee/IeHIsI COAep;KaHMs a30Ta
B cTaHAapTHOM o6Gpasue I'CO 10272-2013

Table 3. Results of measuring the nitrogen content in the reference
material SRM 10272-2013

Ne CopepskaHue asorta, % HaBecka, r

n/n X, X, m, m,
1 18,45 18,66 0,0706 0,1036
2 18,57 18,57 0,0586 0,1112
3 18,75 18,63 0,0959 0,1200
4 18,58 0,1193

B cooTBeTCTBMM C MPOrpaMMOii UCCIeIOBaHN BbITIOTHEHbI
MexiabopaTOpHbIE CIMUMUTEIbHBIE UCITBITAHNUST 06Pa31[0B MKPbI
KeTbI 3epHUCTO (06paser; N2 12) B ueThIpex jabopaTopusix. Pe-
3yJIbTATHI ICCIeOBaHMIT pecTaBieHbl B Tabmuiie 4.

Tabnuia 4. Pe3y/bTaThl MeX/I1a60PaTOPHBIX CIUMYUTETbHBIX
MICIIBITAHUI IO U3MEpPEHUI0 MaccoBOJ¥ A0/INn 6enka
B MIKpe KeTbl 3epHUCTOI
Table 4. Results of the interlaboratory comparison tests for measuring
the protein mass fraction in grained salmon roe

Ne MaccoBas
HaumenoBaHue 1a6opaTopum i) ¥
/o 9
6enka, %
1 Ortnen kKauecTBa MuUIEeBot ppIGHOIT Tpopykuyy GTBHY 33.95
«BHUPO» s
2 JlabopaTopHblii eHTp «ATianHTHVIPO» 33,80
HayuHo-1ccne10BaTenbCKMii UCIIBITATe/IbHbIN LIEHTP
3  OI'BHY «®HI] nuieBsIX cucTem um. B. M. Top6aToBa» 33,48
PAH (HUULI)
4 OTen KOpMOB ¥ KOPMOBBIX KOMITOHEHTOB 33,81

JlentaprameHTa akBakyabTypbl ®T'BHY «BHUPO»

IaHHbIe MO COAepsKaHMI0 6eska OGbUIM IONyYEHbI B YCJIO-
BUSIX TIOBTOPSIEMOCTM TMPU IIPOBEPKEe CUCTEeMATUYeCcKOi COo-
CTaBJSIONIE) TOrPEeNIHOCTY MeTOoAa U MeXKIabopaTOPHBIX
CIMYUTETbHBIX MUCHbITaHUA. OHM MCIOAb30BAINCH IJIST pac-
yeTa M OOOCHOBAaHUSI METPOJOTUYECKMX I1apaMeTpPOB MeTO-
ouky crenmanucramu YHUUM — dunmana OI'YVII «BHUUM
um. [I. I. MeHe/ieeBa» B COOTBETCTBMUM C HOPMATUBHBIMU J0-
kymeHTamu: PMI' 61-2010 u PMTI' 76-2014 [19,20]. Inana3oHbl
U3MepeHunit, 3HaueHus IloKas3aTejaell TOYHOCTU, MPaBUIbHO-
CTH, TIOBTOPSIEMOCTY ¥ BOCIIPOM3BOAMMOCTY METONVIKU TIPU-
BemeHbl B Tabnuiie 5.
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PucyHok 3. CogepskaHue 6eika B MOAEe/IbHbIX CMeCSX, IPUrOTOBIEeHHbIX U3 (hanbcudunupoBaHHoil MKpbI N2 5

¥ 3epHMCTOI HaTypanbHoii N2 12. Homepa o6pa3moB cooTBeTcTBYIOT Tab6auie 1
Figure 3. Protein content in the model mixtures prepared from falsified roe No. 5 and grained natural roe No.12.
Numbers of the samples correspond to Table 1

Tabnuua 5. Juana3oHbl M3MepPeHUii, 3HAYeHUS
MoKasaTeJieil TOUHOCTHU, IIPaBMIbHOCTH, ITIOBTOPSI€MOCTH

Equation y=a+b*x
,n?ercept 0,04077 £ 0,09636 Y1 BOCIIPOM3BOAMMOCTM (B IPOLI€HTAX)
35 Slope 0,33762 + 0,00185 Table 5. Measurement ranges, values of accuracy, trueness,
Residual Sum of Squ 0,09083 repeatability and reproducibility (in %)
Pearson's r 0,99994 ° °
304 |R-Square (COD) 0,99988 > E E oy 4
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PucyHok 4. I3MeHeHue cofepskaHus 6ejika B MOJe/IbHO
cMecH, MPUTOTOBIEHHOI U3 PanbcuUIIMPOBAHHOM MKPBI
Ne 5 u 3epHucTOIt HaTypanbHoii N2 12. Homepa o6pa3nos
cooTBeTcTBYIOT Tabauie 1.

[Ipy BBITIONHEHUM METOOUKU OTIpeNesieHNs COepKaHis
6enKka HEOOXOAMMO TPOBOLUTH ITPOBEPKY MPUEMIEMOCTH pe-
3y/IbTATOB NapajlIeJIbHbIX ONpeZesieHNnit. 3a pe3y/ibTaT aHanu3a

Figure 4. Change in the protein content in the model mixture prepared NPMHUMAIOT CpefiHee apupMeTHyeckoe pes3yabTaToB ABYX Ma-
from falsified roe No. 5 and grained natural roe No.12. pasiieibHbIX OTpee/ieHNi, pacxoXkaeHle MeXTy KOTOPbIMU He
Numbers of the samples correspond to Table 1 IO/DKHO TIPEeBBIIIATH ITPejieNa MOBTOPSIeMOCTI:
. X -X|<r (1),
Ilo pes3yjabTaTaM IIPOBEOEHHBIX MCCIE€OOBAHMM M pacye- e

TOB METPOJIOTUYECKIMX ITapaMeTpPOB ITOJIy4YeHO CBI/I,E[ETEJIbCTBO Xl’ XZ — pesynbTaThl MapaleNbHbIX OHpeﬂeHeHMﬁ, %:;

06 arTecTauyuy MeTOAMKM (MeTona) usMepenuii N2 241.0085/ r — 3HaueHMe Ipe/iena MOBTOPSIEMOCTH, TIpuBeneHHoe B TabmuIie 6;
RA.RU.311866/2022 ot 15.08.2022 T. npyu sTom r=2,8 - ..
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Ta6muia 6. Ipemensl IOBTOPSAEMOCTH U BOCIIPOU3BOAMMOCTH
IpU JOBEePUTEIbHOI BepossTHOCTH P = 0,95 (B mpoleHTax)

Table 6. Limits of repeatability and reproducibility at the confidence
probability P = 0.95 (in %)

IIpenmen Ipenen
TIOBTOPSIEMOCTH BOCIIPOU3BOAVIMOCTH
HaYEeHN Ka-
Juana3oH (3HaueHMe abCoTIOT- gwgr:aaceoﬁ?o?:o:o
u3MepeHui HOTrO0 JOITyCKaeMoro ACXOXKIMCHIA MEX
MaccoBOJi J0mn pacxoxAeHus MeXAY pB ST DEe3VIIBTAT aM]S/;
Genka JABYMS pe3yabTaTaMu nuﬁme pensvlm HOMY-
napaJuieJIbHbIX OIIpe- p > Yy
nenenii), r YeHHBIX B Pa3HbIX
? sadoparopusix), R
ot 0,20 mo 3,00 BKIIOU. 0,14 0,28
cB. 3,0 mo 27,0 BKJIIOY. 0,3 0,6
cB. 27,0 mo 40,0 BKIIOY. 0,8 1,1

[Tpu HeBbINMOMHeHMM YCIOBYS (1) BBISICHSIIOT IIPUYMHBI IIpe-
BBILIEHMSI TTPe/iesia ITOBTOPSIEMOCTH, YCTPAHSIIOT X Y BHOBb BbI-
TTOJTHSIIOT aHa/IN3.

PaspaboTaHHble MeTOLMUYECKMEe TOIXOMIbI TO3BOJSIOT JO-
CTOBEPHO OMpPeJeNsITh ColepKaHue 6eKa M UCIOIb30BaTh 3TU
3HAUYEeHMS] B KauecTBE KOJIMYECTBEHHOTO MapKepa MAeHTUGM-
KAl 3epHUCTOI MKPBI JIOCOCEBBIX BUOOB Pbi6. Kpome TorO,
JIOTIOJTHUTEIbHO HEOOXOAMMO YUYUTHIBATH OPraHOJNENTUYECKME
rokasaTeay MpoayKI MM, BKIOUalolll/e OlleHKY BHEIIIHETo BU/Ia,
KOHCHUCTEHIINY, BKyCa, 3aI1axa, a Takske 0COOeHHOCTE MPo6bI Ha
Bapky. [IpenyioxkeHHbIE OTINYNTENIbHBIE IPU3HAKM PEKOMEH0-
BaHbI /1] BHECEHUS B METOAMKY UAeHTUDUKAINM UKPBI 3€pHU-
CTO¥1 JIOCOCEBBIX BUIOB PBIO.

[pouiemypa uaeHTUGOUKAIMY 3aKITIOYAETCS B CIAMYEHUN
TIPM3HAKOB MCCIEMyeMOro 00beKTa C XapaKTepUCTUKaMU I10-
Kasareseii, MpUBeLeHHBIX B OMpenenuTenbHoi Tabnuie 7 mjis
VIKPBI JIOCOCEBOI 3ePHUCTOA.

VimeHTu@UKAIMIO UKPBI IOCOCEBOI 3€PHUCTON IO OpraHo-
JIETITUYEeCKMM TIpMU3HaKaM (BHEIIHUI BUJ, KOHCUCTEHLINSI, BKYC
” 3amnax) nposondr B coorBercTBuu ¢ 'OCT 7631-2008 [21].

ITpo6a Ha BapKy OCYIIECTBJISIETCS ITyTEM IOTPYKEHUS UKPbI
B FOPSIYYIO BOAY C TeMmepaTypoit okono 60 °C 1 BbIaep>KMBaHUS
B TeueHMe 2—-3 MUHYT. Y HATYpaJIbHOIM MKPHI HAabII0OmaeTcst 06-
pa3oBaHue 6e10T0 HajeTa Ha MOBEPXHOCTH, IOMYTHEHME BOJIbI
BCJIEICTBYE AeHATypalun 6enka.

PesynbraThl naeHTUGUKALIN TPOO 06PA3I0B COMOCTABISIOT
C XapaKTepucCTUKaMu IToKasaTesieil, mpuBeaeHHbIX B Tabulie 7,
¥ 0OPMIISIFOT IMTPOTOKOJIBI B YCTAHOBJIEHHOM TTOPSI/IKE.

Ha ocHOBaHMM MeTPOJOrMYECKON SKCIePTU3bl yTBepXKIeHa
B ycTaHOBJIeHHOM mopsiake ®P.1.31.2022.44107. MU 005-2022
«MeTomuKa M3MepeHuii MaccoBOii monu 6Gejka B 3e€pHUCTOI
MKpe JIOCOCEBBIX PbI6 MeTomoM Kbenbmasis M MCIOTb30BaHMe
STUX 3HAYEHUI IJ1s1 UAeHTUDUKAIMM 3asIBJIEHHBIX CBOVICTBY.

Ta6muia 7. XapaKTepucTHKa MOKasaTelei, X onpeaeaTeHnin
¥ 3HAYEHMI /11 UAeHTUDUKAIUU VKPBI I0COCEBOI
3epPHUCTON
Table 7. Characteristics of indicators, their definitions and values for
identification of grained salmonid roe

HaumenoBaHue
oKasareJist

XapakTepucTHKa IoKa3saTesst
¥ ero 3HaYeHue

Vkpa omHOro Buia pbi6. IKPUHKYM UYUCThIE, LiENIbIe,
OJHOPOJIHBIE TI0 IIBETY, 6€3 CI'yCTKOB KPOBM U TIJIEHOK.
JIOMyCKalOTCSI MKPUHKM HEOJHOPOJHOTO I1IBETa;
HE3HAYNTENbHOE KOMMYECTBO O0GOIOUeK MKPUHOK-
JIOTIAHLIA U OTCTOSI.

BHemHmii Bup,

VIKpUHKM yIIpyT1e, C BIAXKHOM TOBEPXHOCTbIO, OTAE-
JISTIOLMeCs] OfHA OT IPYTOit.

IlomyckatoTcsl  caabble  MKPUHKM, BSI3KOCTb VKPbI
B IIpeJiesiaX COXPaHeHUsI 3ePHUCTOM CTPYKTYPBI.

KoHcucrennus

CBOJiCTBEHHbIE [TaHHOMY BMIYy TIPOAYKTa, 6e3
IMOCTOPOHHMX TIPMBKyca ¥ 3amaxa. JomyckaeTcs
c1a6blit IPUBKYC TOpeuy AJIsl MKPbI HePKM (KpacHOI)
U KIDKyYa.

I[eHaTypauM;{ 6enka Ha IIOBEPXHOCTU WMKPUHOK

Bxyc 1 3amax

TIpo6a Ha Ba
p PRy ¢ o6pa3oBaHyeM 6e10r0 Ha/leTa Ha TIOBePXHOCTH.
MaccoBast monst 270
6eska, %, He MeHee ’
Hanmnune
ITOCTOPOHHUX He nomnyckaercs
npumeceit

4. 3axkiI0ueHue

PaspaboTaHbl MeTogMUYeCKME TIOIXOMAbl K UAEHTUDUKALIUU
MKPBI JIOCOCEBBIX PbIO, KOTOPbIE OCHOBAHBI HA KOMMYECTBEHHOM
ompeneneHun 6eyka B 00pasliie ¥ Ha CIMYEHUM TIPU3HAKOB UC-
CIelyeMoro 0o0beKTa C XapaKTepUCTMKaMM TIoKasaTeseit mjis
MKPBI JIOCOCEBOI 3€PHUCTON 10 OPTaHOJIENTUYECKUM IIPU3HA-
KaM. K HMM OTHOCSTCSI BHEIIHUIT BU, KOHCUCTEHIMSI, BKYC U 3a-
Iax, mpo6a Ha BapKy ¥ MaccoBasi IoJsl 6eka.

HayuHO 060CHOBaHBI METPOJIOTMUYECKME TTOKA3ATEeN METO-
VKM M3MEepeHMUi MacCcoBO Koy 6e/Kka B 3€pHUCTOM UKpe JIO-
coceBbIx pbi6 MeTomom Kwenbpains. [TonyuyeHO CBUIETENbCTBO
06 aTTecrauyuy MeTOOMKM (MeToja) uaMmepenmii N2 241.0085/
RA.RU.311866/2022 ot 15.08.2022 1.

Ha ocHOBaHMM MeTPOJOrMYECKON SKCIIEePTU3BI YTBEPXKIEHA
B ycTaHOBJIIeHHOM mopsiike ®P.1.31.2022.44107. MU 005-2022
«MeTomuKa M3MepeHMii MaccoBOi monu 6Genka B 3e€pHUCTON
MKpe JIOCOCEBBIX PbIO MeToaoM Kbenbmasis M MCIOoTb30BaHMe
9TUX 3HAUEHUI 7151 MAEHTU(UKALMY 3asBIIeHHBIX CBOVICTBY.

PesynbTaThl M3MepeHuit comepkaHust 6enKa B UCCIeAyeMbIX
00beKTax, ToMydeHHbIe TI0 MeTony Kbenbass, mokasan 10cTa-
TOYHO BBICOKYIO BOCITPOM3BOIMMOCTb ¥ IIPaBUJIBHOCTb METOIMUKMA.
T[TpeIoskKeHHBI TTOAXO], aHATUTUUECKOTO KOHTPOJIST 06pasIoB Mo
paspaboTaHHO} MeTOIMKe II03BOJIsIeT OLIeHUTh 0Opasel], 1aTh 3a-
K/II0YeHMe O ero IMOJJIMHHOCTY U JajIbHelIeM UCTI0Nb30BaHUN.
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URBAN AGRICULTURAL ACTIVITIES,
A FOOD SYSTEM RESILIENCE STRATEGY
DURING COVID-19 IN HAITI
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ABSTRACT

The COVID-19 crisis is impacting the reconfiguration of food systems at different scales. In poor countries where
food insecurity had already been a major problem, the urban population under the lockdown often had to cope alone
with shortages of food and access to it. In the poorest country in the Americas, the urban population adapted the food
system by intensifying the practice of urban agricultural activities. In this exploratory research, using a sample in-
cluding urban dwellers that were engaged in urban agriculture and those who were not, we investigated the following
question: Did urban agriculture linked to COVID-19 represent an appropriate and innovative strategy for the urban
food system resilience? Our results confirm that the Haitian urban population used urban agriculture as an innovative
and appropriate food resilience strategy. They produced varieties chosen for their very rapid production character and
were able to cope successfully with the crisis, and also have lessons to share with other actors and countries.
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T'OPO/ICKAS CEJIbCKOXO3SICTBEHHASA AEATEJIBHOCTD —
CTPATEIUSA JKUSBHECIIOCOBHOCTMU ITNIIEBON CUCTEMBbI
BO BPEMS COVID-19 BTAUTU

ITonw, B.12

!'Vuusepcuret Kuckeiis, [Topt-o-Ilpenc, Fautu
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Open access

?VYuusepcuteT MoHnenbe, MoHumenbe, ®panims

KJIDYEBKBIE CJIOBA:
20p00CKOe cenbCKoe X0351icmeo,
JHCU3HECNOCOOHOCMb NULYE8OL
cucmemst, COVID-19, nokdayH,
T'aumu

AHHOTAL A

Boi3BanHbIii COVID-19 Kpu3uc okas3bIBaeT BIMsHME Ha PEKOHGUTYPALMIO TUIIEBBIX CUCTEM PA3IMYHOTO Mac-
mraba. B 6emHBIX CTpaHax, e OTCYTCTBME MPOLOBOIbCTBEHHON 6€30MacHOCTY YXKe SIBJISZIOCh GOJBIION Mpo-
6/1eMOi1, TOpOJCKOe HacesleHe B YCIOBMSIX JTOKIAYHA YacTo AOJKHO GbUIO CaMO CIIPABJISIThCSI C HEXBATKOM MPO-
JIOBOJIBCTBUSI M JIOCTyIA K HeMy. B GenHeiimeit crpane CeBepHoii 1 HOKHOV AMepuky, ropofckoe HaceleHue
aZarnTMPOBAJIO TIUIIEBYIO CUCTEMY ITyTeM MHTeHCU(UKAIMY TPAKTUKY TOPOJICKOH CeTbCKOX03SIICTBEHHOI Jies-
TeJIbHOCTY. B JaHHOM MOMCKOBOM UCC/IEIOBAHUM C MCIIOTb30BAHMEM BbIGOPKM, BKIIIOUAIOLIEH TOPOICKUX SKUTe-
JIeii, KOTOPbIe OCYIIEeCTBIISUIM 3TY esITeIbHOCTD, M Te€X, KOTOPbIE ee He OCYIIeCTBISUIA, Mbl U3y4Ya/Iu CJIeYIOIINIA
BOTIPOC: SIBJISIETCSI JIM TOPOACKOE CeNbCKoe XO0351CTBO, cBI3aHHOe ¢ COVID-19, npurogHoil 1 MHHOBALIMOHHON
cTpaTteruei s SKu3HeCIIoCOOHOCTY TOPOICKOI MUIeBOi cucteMbl? Halm pesynbTaThl MOATBEPKAAOT, UTO TO-
poJicKoe HaceneHue I'anTy, UCIIONIb30BANIO TOPOJCKOE CeTbCKOe XO3SI/ICTBO KaK MHHOBAIMOHHYIO ¥ IIPUTOSHYIO
CTpATeruio KM3HeCII0COOHOCTY UILEBOIi cucTeMbl. OHM BBIPALIVBAIN KY/IbTYPbI, BHIOPAHHbIE M3-3a UX BBICOKOIA
MPOAYKTUBHOCTH, ¥ GBI CIIOCOGHBI YCIIENTHO CIPABJSTHCS C KPMU3UCOM, & TAKXKe M3BJIEKIN YPOKU, KOTOPBIMM
OHM MOTYT ITOJI@MUTHCS C APYTUMU CYGBeKTaMM U CTPAaHAMMU.

BJIATOZIAPHOCTU: ABTop x0Tes 651 BbipasuTh 6narogapHocts Claudel Mombeuil 1 Ludovic Temple 3a mosie3Hbie 3aMmedanust 110 II€PBOii peaKiinn
IAHHOM CTaTbU.

1. Introduction

Agricultural activities in urban areas are attracting greater
attention in poor countries. In many poor countries, agriculture
remains a rural activity. This is particularly the case in countries
where urbanization is growing fast. But with rural migration to
cities, it should not be surprising to find even limited agricul-
tural activities in urban or suburban areas where there are new

FOR CITATION: Paul, B. (2022). Urban agricultural activities, a food system
resilience strategy during COVID-19 in Haiti. Food Systems, 5(4), 327-336. https://
doi.org/10.21323/2618-9771-2022-5-4-327-336

urban settlements. While urban agriculture plays an important
role in addressing food security issues in different geographical
contexts [1,2,3], it has not received much attention as either a
political or major research issue.

In 2020, COVID-19 came as a particular shock that not only
created loss of members in many families but also, through the
lockdown and mobility restrictions, implied a shortage in na-

OIS TUTUPOBAHNS: MTons, B. (2022). Toponckast cebCKOX03SI/ICTBEeHHAs esi-
TeJIbHOCTH — CTPATErMsI JKM3HECIIOCOOGHOCT M INIIEBOI CUCTEMBI BO BpeMst covid-19
B T'aurtu. ITuwessie cucmemet, 5(4), 327-336. https://doi.org/10.21323/2618-9771-
2022-5-4-327-336
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tional economies and local food systems [4]. In Low & Middle In-
come Countries (LMIC), the majority of the rural and urban poor
population relies on these local food systems to feed themselves
[4]. They are reputed to buy mainly on open-air and informal
wet markets. With the government COVID-19 related restric-
tions, the purchasing power of the poor decreased and many of
those markets were forced to close. The poor had to depend on
more distant and possibly more expensive supermarkets. These
impacts of COVID-19 on local food systems and the poor still
receive very little formal analysis, although they were recently
observed by Christophe Béné from the Consultative Group on
International Agricultural Research (CGIAR). His literature re-
view shows works on the macro or national level on food system
resilience in times of crisis. He focused on “local food system
resilience” and recommended specific strategies that actors can
be engaged in to strengthen their actual resilience [4].

At another level in terms of “global health”, the resilience
of the food system is also an element of the population’s resil-
ience to COVID-19. Indeed, the impact of the pandemic is much
greater for malnourished populations. To our knowledge, no
field research has been undertaken to analyze such strategies at
a micro-level of the actors, as a response to the COVID-19 shock,
apart from [5] for the case of France. The present exploratory
research intends to contribute to fill this gap, particularly for the
south country, by analyzing a particular strategy implemented
by the urban population in Haiti, during this crisis. Actors’ strat-
egies are important alternatives when the government is un-
able to address living issues. For example, taking into account
that COVID-19 and its economic fallout were spreading in the
poorest parts of the world, Laborde et al. [6] anticipated the in-
creased number of poor and food-insecure people and estimated
in a scenario analysis that globally, in the absence of interven-
tions, over 140 million people could fall into extreme poverty in
2020 — a 20% increase from the levels of the beginning of 2020.

In Haiti, America’s economically poorest country, the situ-
ation is compelling. The food security system is characterized
by chronic food insecurity that becomes endemic and is regu-
larly exacerbated mostly by political crises and natural disasters.
Those disruptions lead to limited rural agricultural production
to feed the whole population. The urban population mostly re-
lies on imported food. It should be noted that import increases
as long as cities are growing, and the prospects are difficult [7,8].
When in March 2020, the formal markets were protected from
COVID-19 by the related restrictions, urban people in Haiti had
to face more severely the disruption of the local food systems
caused by COVID-19 because of their poverty. In this context,
people living in peri-urban areas were literally disconnected
from the food market.

In this particularly vulnerable food system, shocks and crises
often have sound effects [9]. From the mid of 2018 to the end of
2019, Haiti faced a continued political crisis. Just after a two-
month break, at the beginning of 2020, it had to face a severe
and unprecedented shortage. On March 19, the government an-
nounced a complete lockdown after the first two reported CO-
VID-19 cases. In the context of poverty, urban people are more
exposed to food shortages resulting from the obstruction of the
flow of both rural and international products to the urban areas
[10]. Both rural and urban Haitian population faced more severe
food insecurity due to a continuous increase in the food basket
price [11] following the recent political crisis and the COVID-19
pandemic. The aforesaid implies that, the COVID-19 in particu-
lar offers the opportunity to examine how urban and peri-urban
people faced the necessity to innovate by practicing agricultur-
al activities for food and medication as an important research
objective. Then, it also offers us an exceptional opportunity to
study the following research question: Did urban agricultural

activities represent an appropriate strategy for a food resilience
system? This research question is worth studying as the poor-
est urban households across the globe spend between 60 and
80% of their income on food [12]. In Haiti, where we realized this
exploratory research, the COVID-19 crisis raised food prices for
at least 4% in April [11] and more than 10% as of August 2020,
when the government released the COVID-19 restrictions. In the
continuation of the literature on the innovation process in the
food system [13], we made the following hypothesis: urban agri-
culture is an appropriate strategy to cope with shortages in food
systems in poor countries.

To study the above question and test our hypothesis, we col-
lected primary data in Haitian cities, while respecting social
distancing rules, and analyzed them in light of the analytical
framework offered by the food system resilience approach. In the
following sections, we briefly review the literature on the food
system and food system resilience, and then we present the Hai-
tian context, before developing the methodology that guides to
the discussed results.

2. Background literature
2.1. Food system resilience approach

In this paper, we have applied the “food system resilience ap-
proach”. This approach was adapted and used in relation with
various methodological propositions and different situations
[14,15,16,17]. In this framework, a food system is defined as the
network of activities connecting people to their food [16]. Au-
thors like J.-L. Rastoin and G. Ghersi [18], define a food system in
a more systemic and functional view: A food system is an inter-
dependent network of actors (enterprises, financial institutions,
public and private agencies) located in a defined geographical
area (region, state, multinational region), who participate di-
rectly or indirectly in the creation of goods and services which
are oriented to the satisfaction of the food needs for one or sev-
eral consumer groups in or outside the area [18]. A food system
includes both demand and supply sides of the food value chain.
For Goodman [19], the food system operates within and is in-
fluenced by the social, political, economic and environmental
context. And, in our view, it is also regulated and shaped by in-
stitutional factors of this context. The food system approach is
broader than the value chain approach, because it concerns the
set of means, institutions, practices and actors, through which
every society organizes its food supply [20].

Many international agencies (United Nations, for instance)
and other organizations have embraced the food systems as an
appropriate target for their interventions in developing coun-
tries. In fact, according to J.-L. Rastoin’s view, a food system can
be a territorialized system [21].

The concept of resilience is used to address challenges like
rapid population growth, crisis, among other changing factors.
Resilience, broadly defined, is the capacity to absorb, adapt, and
transform in response to a disruption [22], but also it is an active
process of the structural change in the food system [23]. Several
fields, such as psychology, engineering, ecology, socio-econom-
ics use the concept. In food security, the concept of resilience is
strategic.

According to [17], food system resilience is the “capacity
overtime of a food system and its units at multiple levels, to pro-
vide sufficient, appropriate and accessible food to all, in the face
of various and even unforeseen disturbances”. For [14], a resil-
ient food system provides a reliable source of nutritious, safe,
accessible food despite disturbances. We also consider a food
system needs to be appropriate in its capacity to cope with par-
ticular food chain disruption.

Coping strategies are important for food system resilience.
In countries where actors of the food systems are not working in
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aregulated and stable socioeconomic context, disturbances may
be frequent. These disturbances can be generated by other ac-
tors. They may also have natural or climatic causes. Poor popu-
lations which rely on the food system on a day-by-day basis are
particularly vulnerable to the disturbance.

In 2020, the largest disturbance of food security was caused
by the effects of the COVID-19 sanitary crisis. As pointed out
by [24], this crisis had systemic effects on the food value chain.
As the food systems are under increasing pressure to produce
sufficient food for the population, particularly in the time of
crises, the food system resilience approach is a useful analyti-
cal framework to study the urban agricultural response to the
COVID-19 food crisis in the world’s poorest economies. In poor
countries, where food security is chronically an issue, food sys-
tem resilience is even a more useful approach. Cities in those
countries often rely on food aids to face disruption in times
of crisis. But, COVID-19 broke the international and local food
systems. And there were places for alternative food system ini-
tiatives [25].

2.2. Food system resilience innovation in time of crisis

Although it is a nascent field, food system resilience is con-
sidered as a useful strategy in urban areas, particularly for urban
planners [26]. It has been used in developed countries to analyze
the adaptation capacity of food systems to different crisis. In
cities like Baltimore, a food-insecure community already exists,
according to the collaborative research [26]. Cities in poor coun-
tries like Haiti appeared to be less food-insecure than rural areas,
according to official observations [11], partly because they could
rely on both local and international food supply. But global cri-
sis like COVID-19 created an obligation for them to innovate or
perish. Planning was not possible at all, and innovation needed
to be adaptive and/or alternative. Here, the approach proposed
by Lallau [27] appears to be useful to analyze the adaptability of
vulnerable food systems to crisis.

Indeed, research conducted in Africa [27] and in Europe
[28,29] determined the main characteristics for effective food
system resilience. These were: energy and nutrient sovereignty,
transparency and dialogue in the food chain, continuous innova-
tiveness and evidence-based learning, proximities of stakehold-
ers in the short chain.... Himanen et al. [29] propose a codesign
approach that supposes a possibility of anticipation and, at the
same time, clearly sheds light on innovations in the existing
food system.

Recently published work from the France experience under
COVID-19 showed that food system shortage created an oppor-
tunity for adaptation of local food systems. Darrot et al. [5] found
that innovation niches were used by individual and collective
adaptive strategies including change in food consumption be-
haviors. Based on their online survey study, they concluded with
the following question: will this change be sustainable? In our
study on the Haitian context, we help provide a first step answer
to this question, through a similar methodology research, with
specific questions to this issue.

The population in poor cities like Haitian ones was literally
forced to innovate food supply during the lockdown. Innovations
had to be individual or family-based, since there was no urban
proximity like in France. We analyzed Haitian urban agriculture
experiences, considering this new phenomenon as an innovation
for food security. In the continuation of C. Béné’s [4] arguments,
acknowledging that the COVID-19 outbreak created a severe
shortage of food systems, particularly in poor and developing
countries, we collected data at a micro-level to test the follow-
ing hypothesis: The urban agricultural activity observed in Haiti
during the COVID-19 related lockdown was used as household
innovation to counter food insecurity.

2.2.1. Food systems strategy

Urban agriculture is defined by Charvet and Laureau [30] as
agricultural activities implemented in both urban and peri-ur-
ban areas. It is also considered as a strategy of community led
food self-sufficiency and food system resilience [31]. It mobilizes
different kinds of mediums to grow plants, including rooftops.
Urban agriculture is sometimes associated with urban food sys-
tem management. In countries where agricultural production is
locally important as rural activity, developing urban agriculture
is an alternative strategy for urban food system resilience. This
strategy may be particularly appropriate in times of food system
shortages.

In developing countries, where food security is an issue, ur-
ban agriculture appears as a strategy for food system resilience.
Food system resilience is defined by Tendall et al. [17] as the “ca-
pacity over time of a food system and its units at multiple lev-
els, to provide sufficient, appropriate and accessible food to all,
in the face of various and even unforeseen disturbances”. This
well-known definition clearly indicates that resilience in a food
system relates to the capacity to provide food security over time
and despite disturbances. When a food system faces transporta-
tion issues, local production and territorial food system organi-
zation appear as adaptive strategies to reduce food insecurity.
It may be the same for countries relying mainly on importation
of food. For instance, in times of crisis like under the COVID-19
lockdown, food importation was reduced, which severely affect-
ed such countries. In such a situation, urban agriculture is mobi-
lized as a food security strategy for urban households.

Martin-Moreau and Menascé [32] divided the different ur-
ban agriculture models into two families: outdoor, which is
open-air urban agriculture, and indoor or agriculture in a con-
trolled environment. The latter draws on aeroponic, hydro-
ponic and aquaponic techniques. It actually implies high cost,
which makes it difficult for developing economies to access.
Outdoor urban agriculture is more accessible, using roofs, con-
tainers and yards.

Urban agriculture may have limited impacts on food sys-
tems when they are functioning normally and under market
rules. It offers adapted alternatives to cities in times of crisis or
in search of more eco-friendly agriculture with regard to both
natural resources and consumer health. Martin-Moreau and
Menascé [32] state for instance that “the ambition for urban
agriculture is not so much to feed the world as to feed cities in
a different way”.

3. The Haitian food system and the urban agriculture

In many cities, urban agriculture is a growing phenomenon.
It is not necessarily the case in poor countries like Haiti. Urban
agriculture, as studied here, is both an answer to food insecurity
and the whole agricultural decline.

De Bon et al. [33] summarized controversial debates on the
role of urban agriculture in food systems. The authors cite a
challenging paper in which Ellis and Sumberg [34] provided a
number of reasons why scarce public resources should not target
urban agriculture, because of the high cost of land in urban ar-
eas and the pollution it can attract and generate. Nevertheless,
more and more data are becoming available to demonstrate the
unique advantages of urban agriculture that advocate for well-
targeted public support. De Bon et al [33] argue that urban ag-
riculture is a source of food for urban dwellers particularly in
terms of self-consumption. This might be more important in the
context of poverty and in times of crisis.

In contrast to Ellis and Sumberg [34], authors like Hurriot
[35], in application of the von Thiinen model, suppose that the
most profitable and intensive land use by unit area, and com-
modities with high value relative to transport costs are found
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near the city center. There is research measuring land produc-
tivity [36] that supports the idea that jaden lakou types of urban
agriculture practices may be more profitable than extensive farm
production.

3.1. A chronically vulnerable food systems

Haiti faces the incapacity to feed the population through ei-
ther production or importation. After the structural adjustment
policies in the 1980s and 1990s, the Haitian agriculture was
left to poor peasants to feed a rapidly growing population (with
a 1.25% growth rate, as of 2019). Since the economy could not
grow, in a context of institutional weakness, political instability
and frequent natural disasters, the agricultural sector continu-
ously declined from 16.58% of the GDP, as of 2020.

As this rural occupation became less and less interesting, a
migration phenomenon took place. Migrants moved to cities and
other regions (mostly to the Caribbean, Latin and North Amer-
ica). As a result, with lower local production, and with a poor
capacity to import high quality food, the national food systems
are really vulnerable. Additionally, in cities, with more and more
dwellers (the urban population growth rate was 2.89% in 2019),
waste management represents both an issue and an opportunity
for agricultural activities.

In this context, people rely on remittances for food con-
sumption, on a regular basis of an average of 150% per month,
per household [37,38]. Cities are growing with more extensive
slums while reducing the agricultural areas. Tertiary and infor-
mal activities — mostly informal commerce [39] — become the
main part of the economy. To feed themselves, the people have
adapted their consumption to imported ultra-processed and in-
expensive food. The food systems became even worse in terms of
their quality. Regularly, the National Coordination of Food Secu-
rity (NCFS) rings the food insecurity bells.

3.2. Recent issues in the Haitian food systems

In recent years, more and more Haitians are becoming food
insecure (4.4 million from a total of 12 million Haitians) accord-
ing to NCFS. At the same time, the Haitian already weak food
systems were often broken by socio-political unrest, violence,
among the more important shocks. From July 2018 to 2020, the
country never experienced a six month of rest. Many violent
armed groups were operating on the main roads on which prod-
ucts were shipped. When in March 2020, the first COVID-19 case
was reported, the government had no choice but to lock down
the country. This suddenly break was also a food system lock-
down. In this particularly difficult context, rural population was
at least more prepared to continue living, even with no access to
appropriate medical services.

In urban and peri-urban areas, people were prisoned with-
out sufficient access to food. The government, which had been
facing socio-political unrest for four years, was unable to de-
sign any appropriate food resilience strategy. Urban and peri-
urban population could have count on remittances from family
abroad. However, many migrants lost their jobs and could not
send remittance to Haiti. The families who were able to receive
remittances could not access market freely to buy foods. Lo-
cally, many people also lost their job. In this context, urban
and peri-urban households had to develop adaptive individual
strategies to cope with both the sanitary and nutritional needs.
Urban agriculture was an opportunity for many people who had
or not previous experience in that type of the agricultural pro-
duction form.

In fact, Haiti has a tradition of “jaden lakou”, a type of house-
hold agriculture in the same piece of land where people live. This
type of agriculture has been historically common in rural areas.
Jaden lakou is documented for its economic and environmental

performance [40], on a circular economy basis. In Haitian cities,
land prices are high, peri-urban areas are often slums, and there
are limited possibilities to develop jaden lakou. But, whenever
possible, some urban households try to grow medicinal and oth-
er plants or livestock, generally for their personal consumption.
These practices were reinforced, and maybe created a new step
for Haitian agricultural transformation, due to the shock caused
by the COVID-19 related lockdown.

4. Materials and methods

In this exploratory research, we studied the experiences in
urban agriculture (gardening or breeding, during the COVID-19
lockdown period). After some qualitative analysis, we conduct-
ed a formal analysis, using econometric estimation. We col-
lected data from different categories in the most representa-
tive cities in Haiti.

4.1. The data

The data analyzed in this research are first hand fieldwork
ones. We used the most appropriate tool to get information
during lockdown. We developed an online questionnaire in the
Google form, for the survey, while respecting social distance.
The questionnaire was distributed through different networks
in order to touch different socioeconomic profiles. Most Hai-
tians, from all profiles, are connected in Facebook. We used
this social network, through an account of more than 4,600
connections, to invite participants to take the survey. We also
used professional networks such as LinkedIn, Haitian universi-
ties platform and mailing lists, Unions and other profession-
als Whatsapp groups, including agronomists. The survey took
place from July 3 to August 31, 2020 (the official ending period
of COVID-19 lockdown in Haiti). It consisted of 30 questions,
both closed and open. The questionnaire was previously tested
among faculty members and other agronomists, before the sur-
vey. In order to maximize and diversify participation, we made
a weekly recall to take the survey, during the data collection
period, through social media and group emails. Although the
invitation to take the survey was public and largely diffused,
only people living in Haitian cities could participate. The sur-
vey was anonymous and participants were able to see basic
summary statistics after submission.

The collected data were downloaded from Google sheet and
processed with Excel, before analysis through SPSS, after ap-
propriate transformation of the variables. Data contained infor-
mation on the urban agricultural experience and participants’
characteristics. Their willingness to continue urban agricultural
activities was also surveyed, as well as the precedent contact
with agriculture. More specifically, the questionnaire started to
ask the respondents whether they had or not urban agricultural
experience during the lockdown. If the answer to this question
was “yes”, the rest of the questionnaire was focused on more de-
tailed information (type of production and justification, its es-
timate value, its use and satisfaction, the container type, etc.)
about the experience. The last part of the questionnaire was
focused on respondents’ socioeconomic characteristics (educa-
tion, age, gender, income, family charge, and city).

A total of 208 respondents participated in the survey, but 203
questionnaires were consistent. The last ones were from more
than 25 different cities, including all the metropolitan cities of
Haiti. Two groups of participants answered the questionnaire:
one group of 122 (60.1%) persons living in an urban setting who
were engaged in urban agricultural activities during the lock-
down, and another group of 81 (39.9%) respondents who were
not engaged in these activities during the lockdown period. The
presence of these two groups of responses allowed building a
probability-based econometric model.
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4.2. The models

The main model we used to analyze and compare differ-
ent characteristics between urban agriculture experiencers and
other participants assumes that each participant finally had two
alternatives: carry out urban agricultural activities during the
COVID-19 lockdown period, or not.

We considered that a participant i (where i=1, 2...I) earned
a utility for doing urban agricultural activities. This utility was
not necessarily observable as it was a latent variable. However, it
determined the choice for carrying out urban agricultural activi-
ties or not. We assumed that a participant i carried out the urban
agricultural activities only if his/her utility for doing so was su-
perior to a threshold 8, whereas he/she did not carry out these
activities if his/her utility was inferior or equal to this threshold.
The Utility function U* can be explained by a deterministic part
which was a vector X, of observable characteristics and an error
term (g). For the participant i, this utility function can be writ-
ten as follow:

UF=a+BX tg, 1)

The error term was supposed to be independent and identi-
cally distributed, as follow: &,~N(0,1). The rule of decision, for
each participant i, was to make the choice that maximized its
utility function. To study the personal characteristics of the par-
ticipants that explained their choice to carry out urban agricul-
tural activities or not, we first defined a binary variable y. that
measured their choice, as follows:

y={L,ifUr
>3 (the participant i carried out urban agricultural activities) 0
<3 (the participant i did not carry out urban agricultural activities)

Although the utility of carrying out the urban agricultural
activities was not observable, this was not the case for the choice
of a participant. We can observe the choice of the participant to
carry out the urban agricultural activities. This choice, measured
by y, as defined below, cannot be estimated by a linear model
since this endogenous variable can have only two values: 0 or
1. The variable Y, took the value 1, if the participant carried out
urban agricultural activities during the COVID-19 lockdown, and
0 if he/she did not. In this case, the endogenous variable of the
model was dichotomous. The linear multiple regression stan-
dard models can be written as:

Y=a+pX te, 2)
Estimating this binary model implies to be certain that the
predictions will fall into the interval (0, 1). And, as the number
of observations (203) was sufficiently high, we confidently as-
sumed that the data were distributed normally after appropriate
logarithm transformation which allowed us to opt for a Probit
model. The form of the equation to be estimated is then:

P(Y,=1) = F(m+X,) 3)

In this relation, F is a cumulative density function given by

m+pX) 1

€))

F(m+BXi,.)=S N Von

The parameters m and B of the model were estimated using
methods for numerical maximization of the logarithm of the
likelihood function, which is written as follows:

In[(L,Y,)|= 5., [¥,In [Fom+BX)| [+ (1=Y) In[1~Fm+BX,)| 5)

e’ dz

The vector of explanatory variables includes characteristics
related to respondents’ profiles. It also includes variables related
to their socioeconomic conditions.

Respondents’ profile included the following demographic
and socioeconomic characteristics: age, gender, education, per-
sonal and family agricultural background or experience, and
education in the agricultural field, family charge, and monthly
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income. The environmental variables were selected in order to
test our hypothesis, which is: the urban agricultural activity
observed in Haiti was used as household innovation to coun-
ter food insecurity. The main variable in this category was the
participant’s access to an existing container where to practice
urban agriculture. In Haitian cities, access to a dedicated place
for urban agriculture is not constant. Most of the time, urban
agricultural containers were taken from the recycling process of
imported food containers. Table 1 describes the exogenous vari-
ables.

Table 1. Description of the Variables

Variable name Variable description Exls)iegc;ed
Lockdown Urban agricultural activities of the Dependent
UrbAeExperience respondent during the COVID-19 Vapriable
SEXP lockdown, 1 if yes, 0 if not
Gender of the respondent, B
Gender 1 if masculine, 0 if not */
Age Logarithm of age +/-
Status of the respondent in the household,
HeadHousehold  where 1 denotes a head of the household, +
0 if not
. Precedent urban agricultural experience
UrbAgExperience of the respondent, 1 if yes, 0 if not *
. Family background in agriculture,
FamAgExperience 1if yes, 0 if not +
. Personal background in agriculture,
PersoAgExperience 1ifyes, 0 if not +
. Respondent’s education in agriculture,
AgEducation 1 if university level, 0 if not *
Log of the number of dependents
FamilyCharge who count on the respondent for food +
and other expenses
Log of respondent’s monthly income B
Income (evaluated in US dollars)
Existence of a container near or in the
Container house where the respondent was living +
during the lockdown
ContainerAccess Respondent’s access to the existing +

container near or in the house
Source: The author

We also analyzed the auto-evaluated financial value of a
product of urban agricultural activities. This variable averaged
554.5 US dollars (with a high standard deviation of 1,493). Most
of the continuous variables such as age, income, urban produc-
tion and family charge, were not normally distributed. However,
their transformation into the logarithm resolved this distribu-
tion issue.

5. Results and discussion

First of all, we answer the following basic question: who were
the participants in the survey? Our surveyed sample was rep-
resented, as an average, by a man earning a monthly income of
1,280 US dollars, head of the household, aged 40, and having at
least 3 dependents who count on him for food. Participants in
the survey mostly lived in large cities, and mostly the Metro-
politan area (Figure 1), lodging in a house or apartment with ac-
cess to a yard. They mostly had university education in different
fields, but very seldom in agriculture. Most of them were men,
although the women represented 34% of the sample.

Data collected from the survey shows that in the mid of 2020,
under COVID-19 lockdown, from 203 respondents, 60% were en-
gaged in urban agriculture. Among the latter, 47% declared they
practiced urban agriculture because of the lockdown, although
among those respondents who related their experience to the
lockdown, 69% reported that it was not their first experience in
urban agriculture.
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Ml vetropolitan city
M Large province city
[OLittle province city

Figure 1. Cities concerned in the survey

In the group of the participants who practiced urban agricul-
ture for the first time (31%), all persons were satisfied with their
experience. Some 86% of these new urban agriculture experienc-
ers did that because of the lockdown, particularly for medicine,
food, time killing, and money. Fifty seven percent of them did
not even have this in mind before the lockdown. These people
mostly lived in the Metropolitan area of Port-au-Prince and
cannot practice jaden lakou. On the contrary, they grew plants
in yards or containers (placed in yards or roofs). Although they
faced land access, they took advantage of the way rooftops are
built (horizontally) in Port-au-Prince. This contrasts with ur-
ban agriculture experiencers in province cities who could access
jaden lakou or yard.

5.1. Variables description

The following Table 2 contains average or frequency (and
standard deviation) for the variables used in the estimated
model.

Table 2. Variables’ statistics

Variables Experiencers Non-Experiencers
Gender 0.647 (0.479) 0.687 (0.466)
Age 42.08 (11.64) 37.58 (11.18)
Education 0.975 (0.155) 1.000 (0.000)
HeadHousehold 0.737 (0.441) 0.605 (0.491)
UrbAgExperience 0.884 (0.321) 0.543 (0.501)
FamAgExperience 0.614 (0.488) 0.543 (0.501)
PersoAgExperience 0.721 (0.450) 0.716 (0.453)
AgEducation 0.368 (0.484) 0.358 (0.482)
FamilyCharge 3.689 (2.666) 3.086 (2.186)
Income 1253 (1357) 1310 (1896)
ContainerExistence 0.934 (0.248) 0.963 (0.190)
ContainerAccess 0.815 (0.389) 0.617 (0.489)
UrbanAgProduct 554.5 (1493) 0
N 122 81

As preliminary observations, the analysis from the 122 ex-
periencers shows that 107 (88.43%) had previous experience in
urban agriculture. This means that the experiences were a kind
of innovative strategy only for the remaining 11.57%. In fact,
before this special need for urban agricultural products, most

= Money

u Food = Medicine

m Pastime  m Other

Figure 2. Specific motivations of COVID-19 urban
agricultural experiences

of experiencers had been growing plants for leisure purposes.
But COVID-19 brought two new reasons: medicine and food.
Although the rate of new experiencers appears pretty low, it in-
dicates a promising step, considering the fairly high willingness
to continue (50% for the first-time experiencers and 75.36% for
all the experiencers). However, one of the most important re-
sults is that 39 (31.97%) participants declared that they did ur-
ban agricultural activities because of the lockdown following the
COVID-19. Most of the 115 (94.26%) participants lived in large
cities (Metropolitan or Department capitals) and already had in
mind a project to do urban agricultural activities. In this case,
the COVID-19 lockdown might have had some positive effects
on urban people’s activities and behaviors.

Food production accounted for an important share (44.26%)
of urban agricultural activities. This result brings a first part of
confirmation to our research hypothesis. The other purposes
were time-killing, money, medicines, and others (including edu-
cation and research), as shown in Figure 2.

As a food resilience strategy, urban agricultural experienc-
ers produced specific agricultural products, including 1) market
garden crops, 2) meats and eggs, 3) medicinal plants, etc. Figure
3 shows details about the urban agricultural production under
the COVID-19 lockdown in Haiti. The reason for those choices
was mainly the rapid growth and short production cycle (55%) as
a food shortage was sudden and severe.

Participants who did urban agriculture activities explained
their satisfaction by 1) the socioeconomic output, 2) health ben-
efits, 3) environmental or social advantage, and 4) education and
recreation. A respondent who talked about socioeconomic bene-
fits of his experience said: “I get healthy products while reducing
expenses and being occupied”, when another stated: “the expe-
rience allowed me to take care of my family”. In fact, during the
lockdown, the urban population looked to find the home activity
and food, as two basic needs. As a health benefit, a respondent
to the survey stated: “I got healthy products and had the oppor-
tunity to take care of myself at home”. In Haiti, access to health
services has always been an issue. This was reinforced during the
lockdown, and vaccines were not available. A respondent who
considered environmental benefits said: “the experience helped
me transform the kitchen wastes into high quality products”,
while another explained: “the experience provided me with
a sense of autonomy, and an opportunity to socialize with my
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Figure 3. Group of products retrieved from COVID-19
urban agricultural experiences

neighborhood”. The respondents who considered recreation and
education affirmed: “it was an opportunity to do a handy-craft
activity at home, reducing stress and letting the children learn”.
Stress was an issue not only for adults, because all the schools
were closed and access to online education was limited, parents
were busy finding alternative occupations for their children.

As for the statement that urban agriculture helps value little
space, a respondent declared: “this experience made me learn
how possible it was to produce the needed food with limited
pieces of land”. Those using containers as support in their expe-
rience were also happy to grow vegetables or medicinal plants.

Experiencers who lived in metropolitan areas or large prov-
ince cities either used containers (flowerpots) or their court-
yard. In contrast, those living in little province cities or peri-
urban areas where access to a piece of land was possible used
jaden lakou as support for the urban agriculture activities. Both
of the categories were able to value waste while producing or-
ganic food, such as market garden crops and animals, as shown
in Figure 3.

Market garden crops, including tomato, cabbage, beans, etc.,
were the most important varieties produced. This is consistent
with the previous observation done by [33] according to the fact
that cultivation of short-cycle leafy vegetables was most com-
mon in tropical urban agriculture.

The experiencers who used containers mostly focused on
medicinal plants such as Wormwood (Artemisia), Aloe vera, Cit-
ronella, Melissa, Mint, Ginger, etc. Few of them grew tomatoes,
pepper, black pepper. Those who had a courtyard grew maize,
beans, cherry, banana, and poultry. Finally, those who could
access a jaden lakou produced cabbage, maize, beans, banana,
poultry and rabbits. The last had the opportunity both to value
waste and practice integrated agriculture.

The respondents who did not practice urban agriculture were
not necessarily constrained in terms of access to the courtyard.
Many of them declared having access to a space where they could
practice urban agriculture. According to Table 2, they had more
or less the same profile as experiencers.

Additional statistical comparison between experiencers and
non-experiencers shows no significant difference in terms of
income. In fact, experiencers with or without enough income
suddenly turned to be in a similar situation regarding the food
system shortage during the lockdown. In terms of strategies, two

differences could be noticed: those who had access to remit-
tance from the family or relatives living abroad could smooth
their food consumption under the condition that they had a pro-
vider in their neighborhood; and the others who could not enjoy
this kind of financial solidarity, were obliged to reduce their food
consumption. In both cases, access to a medium for agricultural
production was an opportunistic strategy. In reality, remittances
were reduced during the lockdown, because COVID-19 affected
migrants’ sources of income as well.

Urban people engaged in agriculture, as we modeled the phe-
nomenon, made their choice based on both observable and un-
observable determinants. When we run the econometric analysis
to test the significant determinants, the model estimates showed
both expected and unexpected results regarding people’s experi-
ence in urban agriculture (Table 3).

Table 3. The model estimates

Binary Probit estimates for the experience (across groups)
as the dependent variable

Variables Coefficient gigilflils ;:lr;g
Intercept -3.27867 0.0648*
Gender -0.303544 0.3224
Log of Age 0.843950 0.0999*
HeadHousehold 0.349719 0.2779
UrbAgExperience 1.22040 <0.0001%**
FamAgExperience 0.482808 0.0489**
PersoAgExperience -0.347237 0.2420
AgEducation 0.176937 0.4835
Log of FamilyCharge -0.145784 0.4643
Log of Income 0.0451824 0.6609
ContainerExistence -1.10289 0.1178
ContainerAccess 0.404740 0.1131
N 160
Log-likelihood —-85.79772
McFadden R-squared 0.200121

Significance threshold: * significant at 10%, ** significant at 5%,
and *** significant at 1%.

First, we have analyzed the quality of the estimated model.
According to the test for normality of residuals, we have found,
after appropriate transformation in the model, that the statisti-
cal test for the null hypothesis (the error is normally distributed)
is as follows: Chi-square = 5.14695, with p-value = 0.0762702.
The McFadden R-squared equals 0.200, the Akaike criterion
equals 195.5954, and Schwarz criterion equals 232.497. With
these results, the model is suitable enough since prediction re-
turned is 119 cases, in other words 74.4%.

As shown in Table 3, the respondent’s education level was
not a discriminant characteristic. Most of the respondents had a
university level. Likewise, the respondent’s gender and the vari-
ables such as existence of a container near the house and access
to this container did not play a significant role in the probability
of carrying out or not carrying out urban agricultural activities.
In fact, people living near an appropriate container for urban ag-
riculture did not necessarily have access to it. And some people
who did not carry out the urban agricultural activities had access
to containers.

Instead, urban agricultural antecedent, urban agricultural
experience, and age were significant explanatory factors for the
probability of carrying out urban agricultural activities. Also,
the estimated coefficient for these factors has the expected sign.
This result is consistent with Davies and Garrett [41] who argued
that the next generation of urban producers would not necessar-
ily have grown up on a farm.
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Curiously, agricultural education, income, and family charge
were not significant determinants. In fact, in Haiti, few agricul-
ture graduates were involved directly in agricultural production.
On the contrary, the respondent’s income and family charge are
in contradiction with our expectations, both for significance and
sign. One of the explanations for this observation can be found
in the low sample size and the high dispersion of the data for
these variables (see Table 2).

As additional in-depth analysis, we estimated a second mod-
el where the dependent variable was the willingness to continue
the experience after the COVID-19 lockdown. With the same
method (binary Probit), we found that it correlated significantly
with agricultural education (positively), income level (negative-
ly), and access to a container (positively). This is consistent with
the assumed sustainability of this innovative strategy to create
food system resilience in urban areas. But, a deeper analysis of
the urban agricultural production shows correlation (according
to OLS estimates) with a city size (Metropolitan or Department
capital =1 / other =0). In fact, food systems function differently
in cities with different sizes. And, for experiencers, the average
(554%) urban agricultural production represented 44% of their
monthly income (1253%), which confirms the first hypothesis
since this monthly income level is not enough to feed daily the
households with 3 to 4 members. As such household generated
food helps smooth consumption, these results are consistent
with the previous research that showed evidence for households
resilience in the context of food security crisis [4,42].

This study contributes to filling the gap noticed in the re-
cent literature [4] on food system resilience by providing field
evidence from a micro-level study. Using the exceptional context
created by the COVID-19 lockdown and related food shortage,
we analyzed urban actors’ strategies to face the food crisis. While
the government tried to use cash transfer to people during the
lockdown, our results show urban people were able to create rap-
id and appropriate home-made production through urban agri-
culture with higher value (an average of 554.5$, which is more
than a monthly wage in many cities) than the 3,000 gourdes
(less than 30 dollars) transferred by the government program.
In Haiti, urban agriculture is an innovation, since it is a new ag-
ricultural activity for many urban people with a significant eco-
nomic value. Its adoption was forced by COVID-19, according to
our survey.

In response to a question raised by Darrot et al. [5] in their
French experience, our results announce a sustainable impact
on local or urban food system resilience, since three out of every
four urban Haitians who carried out urban agricultural activities
declared that they were willing to continue this practice. They
might need a governance of this new part of the food system,
while the latter became less critical after the lockdown and the
reopening of the traditional food supply. However, this innova-
tive strategy can be governed as a pillar of the cities’ food system
resilience, particularly because they are used to facing regular
crises. This is consistent with Charvet and Laureau [30], who
consider that urban agriculture is intimately linked to the choice
of food governance in metropolitan areas.

The result also supports the claim for introducing urban ag-
riculture into agricultural studies, both technical and scientific.
Actually, from more than twenty agricultural faculties in the
country, a very limited number has been teaching urban agricul-
ture in their curriculum.

Urban agricultural experiencers did not only produce food.
They also tried to face income disruption because economic
activities were impossible. And overall, one of the aspects of
resilience during the lockdown was a possibility of caring for
the urban households. We observed that more than 8% of the
experiencers were motivated by the necessity to have natural

medicines, while around 30% were motivated by pastime which
was also psychologically important in time of lockdown. Natural
medicine specialists, both Haitian [43] and foreign researchers
[44] acknowledge the importance of natural medicine. And ur-
ban agriculture was that innovative strategy, for which our study
demonstrates usefulness with regard to food system resilience,
not only in the case of Haiti, but for other developing countries,
where the food system is vulnerable.

In the case of Haiti, the government could have a great inter-
est in the spread of urban agriculture as an innovative strategy
developed by the actors to face the crisis. If COVID-19 is an ex-
ceptional crisis, political and natural crises are common in Haiti
as in many other developing countries. Haiti faced unofficial
lockdown in 2019 due to a political crisis. More regularly, natu-
ral disasters such as hurricanes create disruption in food distri-
bution in different cities. Urban agriculture could be supported
both as a strategy to reduce food insecurity in times of crisis, and
an urban transforming strategy.

In some other countries, urban agriculture is a kind of gov-
ernment-supported program. In LMIC, urban agriculture ap-
pears as an appropriate strategy to create food system resilience,
as suggested by Béné [4]. In this connection, the implication of
this exploratory research goes beyond the COVID-19 response
to shed light on actors’ level research streams in the field of food
system resilience analysis and intervention.

6. Conclusion

In this exploratory research, we surveyed different urban cit-
ies in the poorest country of Americas (Haiti) during the excep-
tional period of the COVID-19 lockdown. The collected informa-
tion (203 responses) allowed comparative analysis of the urban
agricultural strategy developed by households living in different
cities of Haiti. The results provide evidence that people living in
cities in Haiti developed appropriate and innovative strategies
to cope with a food shortage during the COVID-19 related lock-
down. By doing urban agricultural activities, particularly those
that produced food and medication in the very short run, urban
households in Haiti were able to face “the monster” as noticed by
Rouzier et al. [43]. Although the government faced a budget defi-
cit and therefore was unable to help the population, people liv-
ing in different cities across Haiti showed interesting resilience.

Urban participants who were engaged in urban agriculture,
for the first time or not, were highly satisfied. They were also
more likely to feed themselves during the lockdown, using ap-
propriate crops to produce food. As good news, they were also
willing to continue urban agriculture after the crisis. This result
brings an answer to Darrot et al. [5] who questioned the sustain-
ability of COVID-19 new food behaviors, albeit they are rooted
in different contexts. Although public health analysts argue that
such urban agriculture experiences also created health resilience
in the face of COVID-19 [44], a new issue to be addressed is the
possible sanitary limits of urban agriculture in relation to the
supports, on which it is practiced. This is particularly the case in
peri-urban slum areas where sanitary conditions are very bad in
developing countries. This raises concerns about how authori-
ties will manage such a food system resilience strategy to keep it
alive and safe for consumption.

The results of this exploratory research provide important
insights for researchers, urban policy-makers, and food system
strategists. For researchers, there is a need to deepen the subject
by enlarging the sample and try to track the evolution of the ur-
ban agriculture phenomenon across different regions, particu-
larly in the urban areas of the world’s poorest economies. There
is also a place for research on natural medicines in poor coun-
tries where access to pharmaceuticals is limited, even in times of
sanitary crisis. For food system resilience strategists, the results
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provide interesting insights on innovative strategies that can
be prioritized when the public sector is weak and participation
of the civil society, professionals, and population is crucial. For
instance, urban agriculture is an important innovative strategy
to help create food system resilience in cities, particularly in a
time of acute crisis such as the case of the COVID-19 lockdown.
For urban policy-makers and urban planners, urban agriculture
appears not only a food system resilience strategy but also an
innovative strategy for greening cities, improving quality of life,
time saving and urban community cohesion. In our explorato-
ry works, people were particularly satisfied because of making
plants grow, producing high quality foods, etc. One of the appro-
priate public interventions can be to support the observed in-
novative strategies and behaviors. For that, as argued by Aubert
et al. [45] in the case of Mayotte, adapted institutions are needed

to support urban agriculture in the Haitian context where agri-
cultural lands are being used for construction. Public sector has
interest in urban agricultural practices which use composting
[46,47] in order to help manage waste.

As an exploratory research, our work suffers some limita-
tions. Some of them are related to the context of the study im-
plementation. In fact, the survey was conducted during the lock-
down, and therefore was administered online. The sample size
is limited, although it is geographically well distributed in more
than 25 Haitian cities. Haiti is a small country with a high pov-
erty rate; research from it limits the likelihood for reasonable
generalization. However, the discussed food system resilience
strategy can be tested again in other countries. Also, our results
can be useful to inform policies in poor countries, particularly
when they are regularly facing food crises.
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Bcepoccuiickuit Hay4HO-MCCIeA0BaTeNIbCKMI MHCTUTYT MOJIOYHOV IPOMBILIZIEHHOCTY, MocKkBa, Poccus

Hayunas ctaTbs

KJIDYEBKBIE CJIOBA: AHHOTALINA

2J1yMamuoH, 2JIUYUH, Bronornyeckas cucreMa aHTUMOKCUAAHTHOM 3aIUThl MUKPOOPTAaHM3MOB SIBJISIETCSI CYOBEKTOM OIpee/IeHHOTO
CUMOU03 MUKPOOP2AHU3MOB, YPOBHS (DM3UOTOTMUECKOTO OKUCIIUTETBHOTO ITpotiecca. [Ijist TpeoTBpalleH s OKMCIEHNS B KJIeTKaxX HaKaIIuBa-
AHMUOKCUOAHMHASL AKMUBHOCMY,  €TCSI PETYISITOP BHYTPUKIETOUHOTO MeTaboMM3Ma — TPUIIENITHU/L, [ITyTaTUOH, MMEIOIIMI GOMbIIoe 3HAUeHVe /IS
ModuduuuposanHas OCYIIIeCTBJIEHNST AHTMOKCUIAHTHOTO OTBETA U TOAAepyKaHMsI BHYTPUKIETOUHOTO peoKC-ToTeHmana. Ero poib
numamensHas cpeoa, B psifie MeTaboIMUYeCcKNX afanTalMOHHBIX IIPOIECCOB CMMOMO30B MUKPOOPTaHM3MOB JPOXKKe ¥ MOTOYHOKMC-
OKUC/IUMEIbHO- JIBIX GAKTEPMI OCTAeTCS He O KOHLIA BhISICHEHHON 1 IIPeACTAaBIISIeT HAyYHbIN 1 IIPAaKTUYeCKMii MHTepec. Komro-
80CCMAHOBUMEIbHBLE HEHTOM TOJUIIENTUAHOI LENM U BelecTB, GOPMUPYIOLINX MEPBUUHYIO0 CTPYKTYPY IIyTaTUOHA, SIBJISETCS TJIN-
npoyeccst uyH. Llesb JaHHOTO MCCTeNOBAHMST — OIpeAesieHNe BAUSHUS OKMCTUTETbHO-BOCCTAHOBUTEIBHBIX ITPOIIECCOB HA

AHTUMOKCUIAHTHYIO aKTUBHOCTD Uepe3 peryarpoBaHye YPOBHS IIyTaTMOHCOCTaBIISIIONIEr0 KOMIIOHEHTa IUIMHA
B MTATATEIBHO Cpefie ISl TTOMyYeHnsT 6¥0Macchl MUKPOOPTaHM3MOB MHOTOKOMITOHEHTHO 3aKBacKu. B pe3yib-
TaTe MPOBeIeHHbIX UCCIeOBaHNIt ONpeaeneHa MpsiMasl 3aBMCUMOCTb MEXKIY aHTMOKCUAAHTHOV aKTMBHOCTBIO,
PacCYMTaHHOM KyJIOHOMETPUYECKMM METOJOM, ¥ KOHIIEHTpallMeli BBOAMMOrO B MUTATEIbHYIO Cpely MIMIIMHA.
YcraHOBJIeHO, uTO BBegeHue raunyuHa 0,2-0,8% NpuBOAUT K MOHMKEHNIO OKUCINTETbHO-BOCCTAHOBUTEIBHOTO
MOTeHIMana. Pe3yabTaThl, OTpaskeHHbIe B JAHHOV MyOIMKaluu, MOKasauan, YTO MPOIECC PasBUTUSI adPOOHBIX
MMKPOOPraHM3MOB B IPUCYTCTBUM PeSYLUMPYIOMINX BEIIEeCTB UIET NOCTaTOYHO aKTUBHO. KomaecTBO Iposokeit
yBenmuuBaetcs ot 1,6-10* mo 3,6-10° KOE/r B mipoiiecce 24-4acOBOTO KY/IbTMBUPOBaHMs. YBenmnuenne ot 0,5 mo
0,8% rnuiyHa ycuauBaet o6pa3oBaHye Kak aHa9pOOHBIX, TaK U a9POOHBIX MUKPOOPTaHM3MOB. YCTAaHOBJIEHO, UTO
yBeuueHne KoHIeHTpauuy rmumHa ot 0,8% mo 1,5% cmermaer mpoiece B CTOPOHY OKUCIUTENbHOTO MeTabo-
JIN3Ma, KOJIMYeCTBO BOCCTAHOBAEHHOTO IMTyTaTUOHA B KY/IbTYPaJIbHOM KMAKOCTU BO3pACTaeT MPAKTUUECKU B IBa
pasa, mpu 3TOM cofepskaHue OKMUCIEHHOTO IMIyTaTKOHA B OMBITHONM Mpo6e HaxomuTcs B MHTepBaje ot 0 mo 5%.
9TO TIO3BOJISIET paCCMaTPUBATDh INTYTATUOH KakK HOTGHLII/I&JH)HI)IVI pPeryyisiTop OKMCIUTE/IbHO-BOCCTAHOBUTEIbHBIX
MPOILECCOB ¥ aHTMOKCUIAHTHOI aKTUBHOCTM 6MOMAaCcChl MOJIOUHOKMCIBIX OAKTEPUIL U JPOSKKeA.

OVHAHCHUPOBAHUE: CraTbsl IOATrOTOB/IEHA B paMKaxX BBIIIOJIHEHMS MCCIeNOBaHMI 10 rocygapcTBeHHoMy 3ajaHmio N2 FNSS-2022-0004 Bce-
POCCUIICKOTO HAYYHO-MCCIeA0BATeNbCKOTO MHCTUTYTA MOJIOUHO MPOMBIIIJIEHHOCTH!.
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glutathione, glycine, symbiosis The biological system of the microbial antioxidant protection is a subject of a certain level of the physiological
of microorganisms, antioxidant oxidative process. To prevent oxidation, a regulator of intracellular metabolism, tripeptide glutathione, is ac-
activity, modified nutrient medium, cumulated in cells. Glutathione is very important for the antioxidant response and maintenance of intracellular
redox processes redox potential. Its role in several metabolic adaptive symbiotic processes of yeasts and lactic acid bacteria is not

completely elucidated and is of scientific and practical interest. Glycine is a component of the polypeptide chain
and substances that form the primary structure of glutathione. The aim of this study was to determine an effect
of the redox processes on the antioxidant activity through regulation of the level of the glutathione constituent,
glycine, in a nutrient medium to obtain the microbial biomass of the multicomponent starter culture. As a result
of the performed investigations, a direct dependence between the antioxidant activity calculated by the coulo-
metric method and concentration of glycine introduced into the nutrient medium was determined. It has been
established that addition of 0.2-0.8% of glycine leads to a decrease in the redox potential. The results reflected in
this publication show that the process of the development of aerobic microorganisms in the presence of reducing
substances occurs quite actively. The number of yeasts increased from 1.6-10* to 3.6-10° CFU/g during 24-hour
incubation. An increase in glycine from 0.5 to 0.8% enhanced the development of both anaerobic and aerobic
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microorganisms. It has been found that an increase in the glycine concentration from 0.8% to 1.5% shifted the
process toward the oxidative metabolism; an amount of reduced glutathione in the culture liquid increased prac-
tically twofold, while the concentration of oxidized glutathione in the test sample was in a range of 0 to 5%. This
allows regarding glutathione as a potential regulator of the redox processes and antioxidant activity of biomass

of lactic acid bacteria and yeasts.

FUNDING: The article was published as part of the research topic No. FNSS-2022-0004 of the state assignment of the All-Russian Research Institute

of Dairy Industry.

1. BBegenue

AHTMOKCUIAHTHASI aKTMBHOCTh MUKPOOPTaHU3MOB 3aBU-
CUT OT ONpefe/ieHHbIX YCJIOBUIL BHEIIHEel Cpelibl, K KOTOPhIM
OTHOCSTCSI: COCTaB, aKTMBHAS KUCIOTHOCTb, OKMCIUTEbHO-
BOCCTaHOBUTEJbHbIN MOTEHIIMAJ, a3pUPOBaHMe, TeMIlepaTypa
UT. O.[1-6]. Peakuyum OKMCI€HUSI-BOCCTAHOBJIEHUS SIBIISIIOTCSI
LIeHTpaJIbHBIMK B 06MeHe BeutecTs [5]. [To muenuto JI. U. Pa-
60THOBOII [3] 1 Ap. [1-2], OHU SIBJASIIOTCSI OMHUMM U3 BaKHBIX
daxTopoB, BIUSIOMMX Ha 6GUOXMMUYECKYIO aKTUBHOCTb MUKPO-
OpraHu3MoB. VI3MeHsIsI OKMCAUTEbHO-BOCCTAHOBUTEIbHBIN
MOTeHL A IyTeM a’spaly uin BBeJeHeM B Cpely BelleCTB
C BOCCTAHOBUTEIbHBIMU UJIN OKUCIUTETbHBIMU CBOCTBAMMU,
MOYKHO PerympoBaTh MUKPOGMOIOTMYECKYE TIPOIIECCHI U Me-
Tabonusm 6aktepuit [2-7].

CoracHO aHAJIMTUYECKUM AAHHbBIM, CYIIeCTBYIOT TPaHUIIbI
MHJIEKCA OKUCTATETbHO-BOCCTAHOBUTEIBHOTO MOTeHIMana ri,
(OBII), oTpaxkarlero CyMMapHoO€e KMCI0OPOLHO-BOLOPOAHOE
paBHOBecue. OBII xapakTepu3yeT TakKe CTeIeH a3pOOHOCTH
cpenbl, B Tpeesiax KOTOPBIX pa3BUBAIOTCS OAKTepuu: aHa-
3p0o6sl — oT 0 1o 13; a3pobsl — oT 7 mo 23 [3]. YeMm MeHbliIe
rH,, TeMm 60/1bIIe BOCCTAHOBUTE/IbHAS CIOCOGHOCTD PacTBOPA.
B HachIeHHO KMCIOPOAOM MOAMMUIIMPOBAHHO Cpefie C OKMC-
nutenbHbIMU cBovictBamu OBII = 41. [Tpy fOMMHMPOBaHUMU
BOCCTAaHOBUTENbHBIX CBOVCTB CpeAbl ¥ HACBIIIEHUY BOLOPOIOM
rH, 61130K K HYJTIO [3].

CnemyiomumM BaskHbIM (aKTOPOM, PETYIUPYIONIMM Pa3BUTHE
7 00MeH BelllecTB MUKPOOPTaHM3MOB, CUMTAETCST aKTUBHAS KUC-
JIOTHOCTb, M3MeHeHust rH, v pH cpefibl IPUBOIAT K 3HAYMUTETbHBIM
CIBUTAM B COOTHOIIEHUY MTPOLYKTOB OPOSKEHMUS NP KYJIbTUBU-
poBaHMM GaKTePUATbHBIX KOHIIEHTPATOB [5-6].

KynbTuBMpOBaHMe a3pO6GHBIX ¥ aHAIPOOHBIX MUKPOOPTAHM3-
MOB TIPOMCXOAUT B YCITOBUSIX HEM3OEXKHOTO COIMPUKOCHOBEHMS
cpefnbl C BO3AYyXOM. ECiv mpu 3TOM B MUTATENbHO Cpefe eCTh
BOCCTAaHOBUTEJM, TO HaJIM4UMe KUCTOPOAA He MelllaeT KyJIbTUBUPO-
BaHMIO aHa3p060B. Ho NPy HATMUMU OKMUCTUTENEN, SIBIISTIONIXCS
aKIeNnTopaMy BOAOPO/ia, B HEil MOXKHO KYJTbTMBUPOBATh a3POObI
6e3 mocTyra Bo3ayxa. Takum 06pa3om, UccaesoBaHMe OKUCIN-
TeJIbHO-BOCCTAHOBUTEIbHBIX CUCTEM B MOAMMUIIMPOBAHHBIX
cpepax siBysieTcst GakTopom, 06yCIOBIMBAOIMM BO3MOXKXHOCTD
pasBuUTKUS CUMOM03a a3POOHBIX U aHA3POOHBIX MUKPOOPTaHU3-
MOB, a TAK)Ke M3MEHEeHMs MeTaboMM3Ma B HAaIIpaBJIeHUM CUHTEe3a
AHTUOKUCINTENEN.

Bo Bcex aspo6HBIX MUKPOOPraHM3Max Mpyu OTpeIesIeHHbIX
YCIIOBUSIX TIPOMCXOASIT OKMUCINTEIbHO-BOCCTAHOBUTENbHbIE TTPO-
1eccol [1,7]. O6pasyoriyecst MPOMesKYTOYHbIE TTPOAYKTHI, TAKME
Kak CYIepoKCU, MOH KMUCI0POia, IepeKnch BOLOPOaa, MOTYT
CTaTh IPUYMHOI PE3KOr0 POCTa MePeKNUCHOTO OKMUCIeHUST TUTIN -
IIOB, UTO MPUBEAET K MOBpeXIeHI0 KaeTKN. [IpegoTBpaiieHne
Pa3BUTHSI OKUCJIUTETHHOTO MPOIecca POossKaMy 06yCIOBIEHO
BOCCTaHOBJIEHHBIM IJTyTATMOHOM, YPOBEHBb KOTOPOT'O 3aBUCUT
OT KOIMYeCTBa IMUILMHA. [JIyTaTUOH Npu y4acTuu Se-3aBUCUMOI
IJIyTaTUOHIIEpPOKCKUIa3bl BoccTaHaBauBaeT OH panukan. Ilpu
9TOM 06pa3yeTcst OKMCIEHHBIN IJTyTaTUOH, KOTOPBIH C ITOMOIIIbHIO
HUKOTMHAMUAaaeHMHAHYKIeotuabocdhaTsaBucumoit (NADPH)
penyKTasbl U IMIUIMHA TIEPEXOIUT B BOCCTAHOBJIEHHYIO (hOpPMY
[8-11], o6ycnaBnuBasi GyHKUMOHMPOBAHME B KIeTKaX OMOIOTH-
YeCcKOJ CUCTeMbI aHTMOKCUAAHTHO 31 ThI.

[myTaTuOH N0 CTPOEHMUIO SIBJISIeTCS] TPUIIENTUAO0M L-y-riy-
TaMwi-L-uycTeHHWI-MuuHoM. Hammume cynbbrugpmuibHOM
TPYIITbI B GOKOBO 1IeNM LMCTeMHA Y MaJIblii pa3Mep MOJIEKY/IbI
06ecreunBaioT ero yuacTue B0 MHOXKECTBE GMIOXMMUYECKUX pe-
aKIuit, HarpaB/IeHHbIX Ha MTPelOTBpallleHM e IeViCTBUS aKTUBHbIX
dopm xkucmopoma (AOK) Ha HeMTpanM3anmnio TOKCUYHBIX COeIM-
HeHwuiit. [Ipy perynmpoBaHu CBO60THOPAIMKATbHBIX TIPOIECCOB
BOCCTAHOBJIEHHBI! TIYTATUOH OIOKMPYET U yaisieT CBOOOSHbIE
panukaibl. OH MOAIEPKUBAET TUOTOBBIN CTATYC GEIKOB, MO/ -
PYeT UX aKTUBHOCTb Yepe3 MOCTTPAHCISIIMOHHYIO MOAV(BUKAIIO
[11]m peuenTopbl HelipOTpaHCAUTTEPOB [12].

[yTaTUOH SABSIETCSI OLGHMUM U3 BaXKHENIINX KOMIIOHEHTOB
aHTUOKCUJIAHTHOM CUCTEMBI, UTO JIeJIaeT ero r’1aBeHCTBYIIUM
ISl IOAAepyKaHysI BHYTPUKIIETOUHOTO pefoKc-noTeHnmana [9,10].
ITog ero Bo3zericTBMEM IPOUCXOAUT S-TIyTaTMOHUIMPOBAHNE
6€e/1KOB B LIMTO3071€, Grarogapst 06paTumoii Mmoauduramun cyabd-
ruapuabHbIX rpyni [13]. ITo nanseiM Ku beiiom JIn, ctumysnsnmst
pocra KynbTyp Lactobacillus MoskeT 6bITh 06YCJIOBIIEHA TEM, UTO
TPUTIETITULL, TTYTATUOH CJTYSKUT SHAOTEHHBIM MCTOYHMKOM aMM-
HOKUIOT [13], B KOTOPBIX HYXKAAKOTCS OPOACKM IIPU COBMECTHOM
KYJAbTUBUPOBAHUY C TAKTOOAKTEPUSIMMA.

CeMeHuxuHOIt B. @. u Ip. ycTaHOBJIEHO, UTO A06aBIeHME
IPOSKKEBOTO 9KCTPAKTa K MOJIOKY CIIOCOGCTBOBAJIO Pa3BUTUIO
¥ HaKOTUIEHUIO KJIeTOK L. reuteri LR1, 4TO CBUAETETbCTBYET O 1ie-
71eCO06Pa3HOCTH UCITOb30BAHMSI SKCTPAKTA AJIST IIPUTOTOBIEHMSI
MMPOM3BOACTBEHHO 3aKBACKM MM ITPOAYKTA HA OCHOBE UMCTOM
KyJIBTYpHI [14]. 9T nccienoBaHMs KOCBEHHO IOATBEPXKIAIOT I10-
JIOXKUTENIbHOE BIMSHME IPOXOKei Ha TIOBbILIEHNE alallTallIOHHBIX
CBOJACTB aHa3POOHBIX (HOPM MTPY COBMECTHOM KYJIbTUBUPOBAHUM
€ a9pO6HBIMMA. [IPOSKIKEBOI SKCTPAKT COMEPKUT aMUHOKVUCTOTDI
¥ KOMIUIEKC BUTAMWHOB, SIBJISTFOIMXCSI POCTOBBIMM (paKTOpamu
MOJIOUHOKUC/TBIX OAKTEPUit, 3TV IIUTATETbHbIE BellleCTBa OKa3bIBa-
10T CTUMYJTMPYIOIIee BO3JeCTBIE HAa MOJTOYHOKMCITbIE GaKTEPUM
M UTPAIOT PEllaloIyi0 POIb B IMOAIEePKaHUY aKTUBHOCTY KyMbIC-
HBIX ¥ KyPYHTOBBIX CUMOMOTHUECKUX 3aKBACOK.

InMuuuH BAMsSeT Ha BHYTPUKJIETOUYHBIV CUHTE3 TPUIIENTHA
IJTyTATUOHA, OH SIBJSIETCST 06513aTeTbHBIM KOMITOHEHTOM ITOJTH-
TIENITUAHOV LIeNM U BeIecTB, GOPMUPYIOMMX TIEPBUYHYIO CTPYK-
Typy 6eKOB KIeTKM U hochonunuaos, 06pasyroimux MeMOpaHbl.
OH perynmupyeT poLecChl OKUCIUTENBHOTO hochopmUIpoBaHNs
¥ 6MO9HEPTeTUKY KIETKM B 11e7IoM [15], 3HaUMTEeTbHO BN Ha
OKMC/TUTEIbHO-BOCCTAaHOBUTEIbHbIE TTPOIECCHI B ITUTATENIbHOM
cpere.

OKUCIUTENTbHO-BOCCTAHOBUTENbHBIE MTPoLiecchl Ha MoudM-
IIMPOBAHHBIX CpeJax C 106aBIeHMeM IMIMHA ITPU COBMECTHOM
KYJbTUBUPOBAHUY JPOKSKEN ¥ MOJTOYHOKMCIBIX GaKTepuii ere
HEeIOCTAaTOYHO M3yUeHbl. Yalle BCero MeTabonmuecKuit xapakrep
B3a¥MOOTHOLIEHMI MEXTy STUMU MUKPOOPTaHU3MaMM OCHOBaH
Ha CITOCOOGHOCTHM MCITOIb30BATh MPOAYKTHI OOMeHa YT APYTa.
HakormieHne 6akTepusiMmu MOJIOUHOI KMcaoTeI 1o pH 5,0-5,5
110JIe3HO JI51 POXOKeT, a TPOLYKThI aBTOIN3a APOXOKEN Clly-
>kaT MUTaHMeM AJis 6akTepuii [16]. MorouHOKMCIbIe 6GaKTePUM
00/1a1aI0T OMOCHMHTETUYECKO HeJOCTaTOYHOCThIO, 10 MHEHIIO
Psi61ieBoit C. A. M ip., TO3TOMY /ISl X KYJIbTUBUPOBAHMS HEOO-
XOIMMBI 6eKOBbIe TUAPoau3aThl [17]. CHOCOGHOCTH MOJIOYHO-
KMUCIIBIX 6akTepuii cHYSKaTh pH cpenbl MMeeT GyHIaMeHTaabHOe
3HauyeHue 111 aKTUBHOCTY OPOXIKeli 1 3alUThI OT CTpecca, HO 10
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OIlpefiesIeHHOTO Tpeaesna. IIpyu moHmskeHnn pH Hike 4,5 aKTUB-
HOCTb APOSKKElt CHUKaeTcs. IposkKM CO31at0T 6IaronpusiTHbIe
YCI0BUMSI IJ1s1 pa3BUTHSI PaKyIbTaTMBHO aHAIPOOHBIX MOIOYHO-
KUCJIBIX GaKTepuii, MOTpeOIsist paCTBOPEHHBIN B Cpejie KUCIOPO],
M CMHTE3UPYsI BUTAMUHBI rpymiel B [6,15].

HecmoTps Ha TO, YTO M3YUYEHUIO POJIM TITYTATUOHA B KU3-
HeJesATeTbHOCTY 3aKBACOYHBIX MMKPOOPTaHM3MOB ITOCBSIIEHO
MHOKEeCTBO paboT, ero 3HaUYMMOCTb B psifie MeTaboaMuIeCcKmux
aJarnTalyOHHbBIX ITPOIIECCOB B CMMOMOTUYECKUX 3aKBACKAX MO-
JIOUHOKMCIIBIX OaKTEPUit U IPOSKIKEI, B TOM UMC/Ie OKUCTUTENbHO-
BOCCTaHOBUTEbHbIX, OCTAETCS IO KOHI[A HEBBISICHEHHOIA. B CBsI3U
C 3TUM 11e/Ibl0 JAHHOTO UCC/IeJOBaHMSI SIBJISIETCS OTIpefielieHNe
BIIVSTHUSI OKVICTTUTETbHO-BOCCTAHOBUTEIBHBIX ITPOI[ECCOB TTOTyYe-
HIsT 6110MAacChl MOJIOUHOKMC/IBIX GaKTePMit U IPOSKKEit Ha CUHTE3
BOCCTaHOBJIEHHO 1 OKMC/IEHHO (HOpM TTyTaTMOHA C TTIOMOIIIbIO
peryaupoBaHys YPOBHSI INTyTaTMOHCOCTABJISIONEr0 KOMITIOHEHTa
IMIMHA B MOAMUIIMPOBAHHON MUTATENIBHON Cpejie, MHOKYII-
POBAaHHOI CMMOMOTUYECKOI 3aKBACKOIA.

2. OOGBEKTHI M MEeTOIbI

O6BbeKTaMM UCCIeNO0BAHNS SIBJISIMCh MOAVMMDUITMPOBAHHAS
nuTaTeabHas cpefia Ha OCHOBEe TMAPOAN30BAHHOTO MOJIOKA,
KapTodelbHOro OTBapa M MIMLIMHA; CUMOMOTHYECKasl 3aKBacKa,
cocrosiiast u3 Lactobacillus acidophilus, Lactobacillus bulgaricus,
Lactobacillus plantarum, Saccharomyces lactis, B COOTHOIIEHUY
kynbTyp 0,2:0,2:0,5:1 151 IOSTyUYeHUST KYMBICHOTO TTPOYKTA U3
KOpPOBBbETro MOJIOKA.

TUTpyeMYI0 KUCIOTHOCTD onpenensii 1o TOCT P 54669—
2011, KoTMUEeCTBO MOJIOUHOKMC/IBIX MUKPOOPTaHM3MOB — IT0
T'OCT 33951-20162, konmuuectBo aposxokeit — 1o TOCT 33566-20153,
MHJEKC OKMCIUTENbHO-BOCCTAHOBUTEIBHOTO ITOTEeHIIMajIa paccum-
ThiBa/y 110 hopmyie: rH, = Eh/0,03 + 2pH; akTUBHYIO KUCJIOTHOCTD
(pH) 1 OKUCIIUTEIbHO-BOCCTAaHOBUTENbHBIN nmoTeHIMasa (OBIT)
onpepeinsiu Ha pH-MeTpe — nonomepe «3xkcnept — 001» («3Ta-
JIOHTIpUOOP», Poccust). AHTMOKCUAAHTHYIO aKTVMBHOCTD OTIPEIeNISIIN
KYJIOHOMETPUYECKMM METOLOM C UCIIOIb30BaHMeM MMpubopa
«dxkcrept-006» («DTanoHnpubop», Poccust). MeTon 0CHOBaH Ha
CIIOCOGHOCTY 6GpOMa BCTYIIATh B payiKaabHbIe ¥ OKUCIUTEIbHO-
BOCCTaHOBUTEJIbHbIE PEAKIUM TEKTPOPUIBHOTO 3aMelleHMsT
Y TIPUCOeIVIHEeHUSI 110 KpaTHBIM CBs135M [18]. KoHuleHTpanuo
IJIyTaTMOHA OTIpeaeisuii MeTomoM [19], B KoTopom 06 YpOBHE
cBo6onHbIx SH-rpynm ryratuoHa (G-SH) cynmmu o Konmu4ecTy
ToIIeIIero Ha TUTPOBaHMe pacTBOpa MOAHOBATUCTOKUCIOTO
Kanusi. OKMCIIeHHbIN ITTyTaTUOH MePeBOAVIN B BOCCTAHOBJIEH-
HY10 (OPMY C TOMOIIIBIO IIMHKOBOJ MbIIY ¥ BHOBb OTTUTPOBBI-
Basi SH-TpyMITbI, TOyYast KOJMYECTBO O6Iero ryTaTMoHa.
OKMC/IeHHBIV TTyTaTUOH OTIPeesuIu 110 Pa3HUIe MeXIY 00IMM
¥ BOCCTAHOBJIEHHBIM ITTyTaTMOHOM. KOHLIeHTpaLyio IyTaTHOHa
(A) onipemensny o Gopmye:

A=1x100/3,26 mr/%, 1)
Ine:

I — xonnuectso 0,001N pacTBopa 10GHOBATUCTOTO Kalusl B MJI, U3-

PacXoaO0BaHHOI'O HA TUTPOBaHUE Hp06b1;

3,26 — UMCJI0, COOTBETCTBYIOIIEe 00beMY IOHOBATUCTOTO Kajusi

(M), Moyuero Ha TUTpoBaHue 1 MJI IVIyTaTUOHA;

100 — koadduiment nepecuera Ha 100 M MHOKYIMPOBAHHOM Cpembl.

KynmbTypbl BoccTaHaBIMBAIM Ha CTEPMIM30BAHHOM 00€3XKNU-
PEeHHOM MOJIOKe, CMeIl/B/IM B YCTAHOBJIEHHOM COOTHOLIEHUN
u BeIAepkuBany B repmocrare (TC-80, «<Menrexnukar», Poccus)

' TOCT P 54669-2011 «Mo/I0KO ¥ HPOAYKTHI MepepaboTKM MooKa. Me-
TOJIbI OTIPeIeJIEHNUST KUCTOTHOCTI». MockBa: CranmaptuHdopm, 2019. — 12 c.

> TOCT 33951-2016 «MoJI0KO 1 TIPOAYKThI IIepepaboTKy Mooka. MeTo-
IIbI OTIpEe/Ie/IeHNST MOJIOYHOKMCIIBIX» MUKPOOPraHn3MoB». MockBa: CTaHaap-
tuHdopm, 2016. — 13 c.

* TOCT 33566-2015 «MoI0KO ¥ MOJIOUHasi IpoAyKuus. Ornpepenenye
TIPOSKOKelt 1 IecHeBbIX rpuboB». Mocksa: Ctanmaptudopm, 2019. — 16 c.

nipu Temiiepatype 30 °C B TedueHue 24 4 17151 TOTyYeHMS MHOKYJISTA.
TMIpoMM30BaHHOE MOJIOKO TOTOBMIIU IO CIIOCOGY, TIPeJII0KeHHO-
My B. M. BornaHoBbIM, KOTOPBIN IIpelycMaTpUBaeT pa3BeleHne
00e3XK1PeHHOTO [TacTep30BaHHOTO MOJIOKA BOAOIIPOBOLHOI
Bomoii (1:2), kunsiueHue, oxaaxkmeHue no 45 °C, yctaHOBIeHMe
axkTuBHOM KucnotHoctu (pH) 8,0-9,0 1 npoBeneHne ruaponmusa
nankpeatnHoM (0,05%) B Teuenue 24 u [4]. KaprodenbHblit OT-
Bap roToBuau no Mmetoauke banuukosoit JI. A, niist atoro 200 r
OUMIIIEHHOTO M M3MeJIbueHHOTo KapTodess 3anuBaior 1000 M
IVICTU/UTMPOBAHHOI BOJbI, KUIIATST B TeueHMe 60 MuH, GuabTpy-
0T ¥ IOBOZSIT [I0 IEPBOHAYAIBHOTO 06beMa CTEPUIIBHOI BOAOIA.
B mccinenoBaHmsx UCIOMb30BaIN NIMIVH B ITIOPOILKe, TPOU3Be-
JIeHHBIJ HayYHO-IIPOM3BOACTBEHHBIM KOMIIJIEKCOM «BMOTUKI»,
cepruduratr GMP-0080-000354/19. THOKYJIST C cogep>kaHueM
KJIETOK BHOCUJTM B MOAUGDUIIMPOBAHHYIO MUTATEIbHYIO CPELy
B Ko/muuecTBe 5%.

KomyuecTBO OnbITOB COCTaBIISIIO N0 6 pa3. MaTeMaTUUeCcKyo
06pabOoTKy JaHHBIX TPOU3BOIUIN C PACUETOM CpeqHero apud-
METMYEeCKOro 3HaUeHNsI ABYX MapaJljie/IbHbIX ONlpefiesieHuii Ipu
YCIIOBUM MX NIPMEMJIEMOCTH, a TAKKe C PaCY4eTOM CpeHeKBaapa-
TUYHOTO OTKJIOHEHMS.

3. Pe3ynbTaTsl M 00CYKIAEHUE

HccnenoBaHms aHTMOKCHUIAHTHBIX CBOMCTB CMMOMMO30B 6aK-
TePWUit, X CTIOCOOHOCTY HAKATUIMBATH TTYTATHOH U OCYIECTBIISITh
CBOEBpEMEHHbII aHTMOKCUIAHTHBIN OTBET, BJIMSIS HA afarnTa-
LIMOHHbIEe MeXaHM3Mbl KOHEUHOTO ITPOAYKTA, TIO3BOJISIIOT MU IeH-
TUGUIMPOBATH BellecTBa, GopMupyoie aHTMOKCUIAHTHBIN
TIOTeHIMaI 6aKTepuit ¥ cO3aBaTh MPOAYKThI GYHKIIVOHAJb-
HOIt HampaBieHHoCTH [1, 2, 5, 10]. MexaHM3MbI CAaMOperyJsiLum
1 GOPMMPOBAHMUS AaHTMOKCUIAHTHOTO OTBETA 3aKBACOYHbBIX
CMMOMO30B KYMbICa, KYPYHTU U IPYTUX reTepodepMeHTaTUB-
HBIX IPOAYKTOB, B HACTOSsIII[ee BpeMsI He IOCTaTOYHO M3yUeHbl.
VI3BeCTHO, UTO MHOTOKOMITOHEHTHbBIE 3aKBACKM OCYIIECTBIISIIOT
60J1ee BbIpaskeHHbBI aHTUOKCUIAHTHBIN OTBET, BO MHOTOM OH
3aBUCUT OT OKUCIUTETbHO-BOCCTAHOBUTEIbHBIX YCIOBUI K-
TaTe/JIbHO cpenbl. JJaHHBI 3KCIIEPUMEHT IOCBSIIIEH OlleHKe
BJIVMISIHUSI OKMCIIUTETbHO-BOCCTAHOBUTEIbHBIX MTPOIECCOB HA
AHTMOKCUJAHTHYIO aKTUBHOCTb CMOM03a MHOTOKOMITOHEHTHO
CMMOMOTHUUECKOI 3aKBaCKM, 611oMacca KOTOpOii Obl1a IoyyeHa
paHee Ha MOOUUIMPOBAHHOI IIUTATEIbHOI Cpeie C BBICOKUM
6MOaHTUOKCUAAHTHBIM OTBETOM. [IJIs1 pelie st TOCTaBIeHHbIX
3a7au OblIa Mpou3BeaeHa MOOU(PUKALS MUTATETbHOI Cpebl
IyTeB BBeJeHMsI Pa3HbIX KOJIMYECTB MIULIVHA, SIBJSIOLErocs
MpelIeCTBEHHVKOM ITyTaTHOHA, a fjajiee 6bII0 TPOaHATU3UPO-
BAaHO BIMSHME V3MEHEeHUS OKUCIUTEIbHO-BOCCTAHOBUTETLHOTO
nortenuyana (OBII muau Eh) Ha aHTMOKCUIAHTHYIO aKTUBHOCTh
KJIETOK U KOJIM4eCTBO rinyrtatuoHa. OBII HellMHeHO, HO CBSI-
3aH ¢ pH 61oMacchl uepe3 MHAEKC OKUCIUTEIbHO-BOCCTAHOBM-
TEeJIbHOTO MOTeHLMasa no ypapuenuio: rH, = Eh /0,029 + 2pH,
B CBSI3M C MCIIOJIb30BaHMEM MHeKca AJIsI XapaKTepUCTUKHU yC-
JIOBUIT KyAbTUBUPOBAHUSI MUKPOOPTAHM3MOB Jajee ObLI pac-
CYMTAH 3TOT MTOKa3aTesib B 3aBUCUMOCTH OT JI03bl BHECEHHOTO
IJIMLIMHA.

B MoauuIMpoBaHHY MUTATEIbHYIO CPEYy Ha OCHOBE TU-
JIPOIM30BaHHOI'O MOJIOKA ¥ KapTodeabHOro OTBapa BHOCUIIN
VHOKYJISAT CUMOMOTUYECKO 3aKBACKY ¥ Pa3IMUHbIe 03Bl IUIVHA
¢ KoHneHTtpaiueit ot 0,2 1o 0,8%. [Is moayueHms 61MoMacch
MUTATENbHYIO CPELly C MHOKY/ISITOM KyJIbTUBUPOBAIN B TeUeHME
24 4 ripu Temnepatype 30 °C ¢ IByXKpaTHbIM PaCKUCIEHUEM 10
pH 6,3-6,5 exn. 1 exxeuacHBIM IepeMeIBaHueM. Jlaiee onpeme-
N5 GUBUKO-XMMUYECKIMe ITOKa3aTeay MHOKYJIMPOBAHHOM Cpelbl
B KOHTpoOJIe (6e3 IMIMHA) M B OMBITHBIX 00pa3iiax ¢ pa3HbIM
KOJIMUECTBOM IMIMLIMHA. B Tabnuiax 1-2 rnpeacrabiieHbl PU3NKO-
XUMMUYECKYe IT0Ka3aTeln TIOTyYeHHOM KyabTyPaabHOM XKUIKOCTH
ocJIe KyJabTUBUPOBAHMS.

339



Donskaya G. A. et al. | FOOD SYSTEMS | Volume 5 No 4 | 2022 | pp. 337-343

Ta6nuiia 1. IsMeHeHMs aKTUBHOV KUCJIOTHOCTU CPeIbl
B 3aBUCUMOCTHY OT KOHIEHTpauuy INIMIHA

Table 1. Changes in the active acidity of the medium depending
on the glycine concentration

KOH].leHTpaIlel IMaHa AKTUBHast KNCIOTHOCTD,

B IUTaTeIbHOM cpene, % pH, ex.
0 (KOHTPOJIb) 5,016%0,015
0,2 5,08+0,018
0,4 5,14%0,011
0,6 5,21%+0,019
0,8 5,27+0,021

VI3 maHHbIX, IpeICTaBJIeHHBIX B Tabuiax 1 u 2, ciemyer, 4To
BBeJleHMe B TUTATebHYIO Cpelly IMIUMLIMHA C KOHIIeHTpaluei oT
0,2 no 0,8% npUBOANUT K U3MEHEHMSIM OKUCIUTETbHO-BOCCTAHO-
BUTEIbHBIX ITpo1ieccoB. [Ipu coiepskaHUM IMULIVHA B KOJIMUECTBe
0,2-0,8 r Ha 100 MJ1 TUTATENBHO Cpebl aKTUBHAS KUCTIOTHOCTD
BO3pacTaeT OTHOCUTEIbHO KOHTPOJS (6€3 IIUIMHA) B CpeHEM
Ha 5%, a OKUCTUTETbHO-BOCCTAaHOBUTEIbHBIN MOTEHITMAT YMEHb-
1aeTcs 10 6,4%.

Ta6auua 2. Iuaamuka OBII (Eh) B KyibTypanbHOi
SKUIKOCTY ¢ Gromaccoit

Table 2. Dynamics of redox potential (Eh) in the culture
liquid with biomass

KoHueHTpauus raumnmuHa OBII (Eh),
B IIUTaTEILHOM cpene, % MB

0 (KOHTpPOJIB) 201,7+¥13,4

0,2 241,5+14,3

0,4 231,5+17,2

0,6 225,6+15,6

0,8 214,7+14,9

[IUITVH SIBJISIETCS] TIPOMEXYTOUYHBIM 3BEHOM B MeTabonmn3me
6eJIKOB U MENTHUIOB, OH AEeCTBYeT B Cpe/ie KaK aHTUOKCUIAHT
Y OJVIH U3 TPeIIeCTBEHHUKOB ITyTaTOHAa. Ho M36bITOK aHTM-
OKCUJIAHTOB MOKET IIPUBECTU K BOCCTAHOBUTEIBHOMY CTPECCY,
KOTOPBIii MOTEHIIMAJIbHO MOKET HETaTMBHO CKa3aThCs Ha pas-
BUTHE 6aKTepuu. B cBsI3u ¢ 3TUM, aHaIM3 O6asaHca OKMCIeHUST
¥ BOCCTAHOBJIEHMSI MeeT Ba)KHOe 3HaUeHMe JIJisT OTpeeeHus
ONTUMAJTbHBIX (DU3MOJIOTMYECKUX ANATA30HOB Pa3BUTUSI KOM-
TJIEKCHOJ KMBOW CUCTEMBI, XapaKTEPU3YIOLIEei B TOM UNCIIE ee
BOCITPOM3BOIMMOCTb, KakK IToKasal psif uccaemosanmii [20,21].

IaHHble MccemoBaHmii mokasamu, uto OBII cHIKaeTcs, a 3Ha-
YUT BO3paCTaeT NPy BHECEHUM TIIUIMHA BOCCTAHOBUTEIbHAS
CII0COGHOCTH PACTBOPA, KOTOPAst M3HAYAJIbHO XapaKTepy130Bajach
GOJTBIIMM MTPOIIEHTOM OKMCIUTETBHBIX IPOIIECCOB. MaKCMMaTbHbIe
BOCCTaHOBUTEJIbHbIE CBOJICTBA CPE/IbI PV HACBIIIEHVV BOMOPOIOM
u rH, 61M3KUM K HYJIIO [3].

CoracHO aHAIMTUYECKMM JaHHBIM, BO3OYIMUTEIN MOJIOUHOKMC-
JI0TO GPOSKEHVIST OTHOCSITCS K IpyTITie haKyIbTaTUBHBIX aHA9POOOB
[1,4]. B mpo1iecce cBOero pa3BUTHUSI OHU 3HAUUTENIBHO CHYDKAIOT
OKMCIUTETbHO-BOCCTAHOBUTEIbHBIN MOTEHIMAJ CPEIbl 32 CUET
BBIZIEJISIEMbBIX MM PEOYLMPYIOIIMX BEIIECTB HEYTOYHEHHOI MTPy-
popbl. TUTpyemast KUCJIOTHOCTD CPeZbl CHVKAETCS OTHOCUTENTLHO
KOHTPOJISI Ha 3,4-6,7%. [laHHble IipeacTaBieHbl B Tabnuiie 3.

Tabnuia 3. ®U3UKO-XMMUYECKIe IMoKa3aTean
KYJIbTYPaJIbHOM KUAKOCTYU MOCIE 24 4 KyJIbTUBUPOBAHUS

Table 3. Physico-chemical indicators of the cultural liquid
after 24-hour incubation

IToka- 0,2% 0,4% 0,6% 0,8%

3aTenu Kourpors INIMIMHA IMOVHA = [NMIOWHA — IIMOMHA
rH, 16,75%2,22 16,76%2,64 16,72+3,24 16,66*+2,83 16,61+2,45
Kucnor- + + + +
HOCTD, °T 90+4,13 87+3,51 86%6,15 85%4,61 845,60

VHIeKC OKUCIUTEIbHO-BOCCTAaHOBUTEILHOIO ITOTEeHIaIa
rH,, oTIpe/ie/IleHHbII paCUeTHBIM ITyTeM, IPU UCCIeyeMbIX 03aX
IJIMIIMHA He3HAUUTEIbHO CHIKaeTcst. COryIacHO MCCae0BaHMSIM
JI. V1. Pab0THOBOI4, aHa3pO6bI pa3BUBAIOTCS IIPY 3HAYeHMSX rH, OT
0 o 13; aspobbr — oT 7 1o 23. Ho pe3ynbTaThl JAHHBIX MCCIE0BA-
HMIT TI0OKa3aJIM, YTO MHIEKC OKUCIUTETbHO-BOCCTAHOBUTEIHHOTO
IMOTeH1IMaj1a, He3aBUCHUMO OT J03bI BHECEHMS ITIUIIVIHA, MEHSIETCS
He 3HAUMTEeJIbHO U HaXOAUTCS B Ipenenax 16,61-16,76. YoenbHas
MIPOU3BOAUTEIbHOCTD OIpPeIeIeHHbIX METAaO0IUTOB MUKPOOpra-
HM3MOB HAIIPSIMYIO 3aBUCUT OT 3HAUEHMIT OKUCTUTEIbHO-BOCCTA-
HOBUTEJIBHOTO TIOTEHI[MaJ1a, OMHUM 13 Haubosee 3 PeKTUBHBIX
CITIOCOGOB PEryIMpoBaHMs OKUCIATEIbHO-BOCCTAHOBUTETbHOTO
TOTeHLMana SIBasieTcs aspauus [22, 23]. MOXXHO peanonoKNUTh,
YTO B JAHHOV MOAUGMUIIMPOBAHHON Cpefe IMIULVH, PEryIupyst
OKMUCJINTE/IbHO-BOCCTAHOBUTEIbHBI MIPOLIecC, oA IepXXBaeT
OITMMAaJIbHOE COOTHOIIIEHE BOCCTAHOBJIEHHOT'O 1 OKMCIEHHOT'O
IJIyTaTMOHA B CPeJie, UTO MO3BOJISIET PAa3BMBATHCS aHAIPOOHBIM
MMKDPOOPraHM3MaM Ipy 3HaYeHuu rH, Bbiie 13, 10 cpaBHEHMIO
C paHee MMPOBeNEeHHbIMU UCCIeNOBAHMUSIMMU.

VismMeHeHe MUKPOQUIOPBI TTOC/IEe 24 4 KYTIbTUBMPOBAHMS B TN~
TaTeIbHOI cpeje IoKasaHbl B Tabuiie 4.

Ta6auia 4. MURpoGMOIorMYecKye mokasaTeian
MHOKY/JIMPOBAHHOV NMUTATETbHOM Cpelbl
Table 4. Microbiological indicators of the inoculated nutrient medium

2 o,
g = KoHuenTpauus rmuuuHa, %
Copepsxanue KOE/r B E ’é‘

=

g @ § 0,2 0,4 0,6 0,8
O611ee KOIMYECTBO
MOJIOUHOKMCJTBIX 1,2-10% 0,84-10° 0,96-10% 8,9-10% 9,2-108
6axTepuit
Obimee KomriecTso 1,6-10* 0,5-10* 0,6-10* 1,6-10° 3,6-10°

IPOSKOKeT

CpenHeKBaIpaTUYHOE OTKJIOHEHMeE 110 MOJIOYHOKUCITBIX GaKTe-
pusim cocrasiisieT cocrasisieT 0,078 KOE/T, o gpoxokaM coCTaBiisieT
cocrasser 0,043 KOE/r

W3 maHHbIX Tabauiel 4 CJIeyeT, YTO BBeJ€HNE B MUTATEb-
Hy1o cpeny 0,2-0,4% rauiinHa BefeT K MOHVDKeHUIO0 3HaUeHU s
MOJIOYHOKMCIIOV KOJIOHMeoOpasytoleit Mukpodiopsl. Ho ¢ yBe-
JinyeHueM n03bl ruiyHa 10 0,6—0,8% KonmMuecTBO MOJTOUHOKNC-
JIBIX OaKTepuit moBbiiiaeTcs. I1o Beceit BUAMMOCTH, STO CBSI3aHO
C OKUCIUTETbHO-BOCCTAHOBUTEIBHO CIIOCOOHOCTHIO IMTUIIVHA.
OKRMCAUTENbHO-BOCCTAHOBUTEIbHBIE CBOICTBA, KaK MOKa3aau
MCCIIeNOBaHMsI, OTIPEMIEISIIOT CIIOCOOHOCTD JTI0007 KaTaIuTUUeCKoi
CUCTEeMbI, KOTOpasi 3aBUCUT OT pH, pacTBopuTes, KOHIIeHTpaLunu
KaTanMsaTopa OT BuLa cybcTpaTta U TemMIepaTypsl [24].

ITo nanHbpiM PaboTHOBOI [3], BBeieHNe B Cpedy penylUpyIoInX
BEIIeCTB, CIIOCOGHBIX TIPUHMMATh Ha Ce0sl KUCIOPO], CTUMYIIUPYET
pasBuUTIE aHAPOOHBIX GaKTepuii 1 momasseT aspooHbie. Ho pe-
3y/IbTAThI, TOTYYeHHbIe SKCIIePYMEeHTAIbHbIM ITyTeM U ITPeJiCTaB-
neHHble B Tabuiie 4, MOKa3aim, 9To MPOLECC pa3BUTHSI a9POOHbIX
JIPOKKEBBIX MUKPOOPTaHM3MOB yBeuumBaeTcs 1o 3,6+ 10° KOE/r
B Ipo1iecce 24 4 Ky/lIbTUBMPOBaHMsI. TaKUM 00pa3oM, IIPOBeIeHHbIe
UCcaeIoBaHMs TTOKa3ain, UTO BBeeHle B IUTATeIbHYIO Cpely
0,6-0,8% rnuiuyHa ycuamMBaeT o6pa3oBaHMe Kak aHaIPOOHbBIX
MOJIOUYHOKMCITBIX, TAK ¥ a3POOHBIX APOKKE.

PesynbraTsel onpeneneHs aHTUOKCUIAHTHOM aKTUBHOCTHU
MHOKY/IMPOBAHHO MUTATENIbHOI Cpelbl ITOC/Ie KYIbTUBUPOBAHUS
KYJIOHOMEeTpUYeCKM MeTOHoM IpefcTaBaeHbl Ha PucyHke 1.

[TonyyeHHbIE JaHHBIE JOCTOBEPHO ITOKA3ajl, YTO BBEAEeHME
ruiyHa ot 0,4% B MATATENbHYIO CPely CITIOCOOCTBYET KaTalu-
3MPOBAHUIO BOCCTAHOBUTEJIbHBIX MIPOLIECCOB. B pesynbTaTe mpo-
TEKaIoIIMX OMOXMMUYECKMX peaKinii 00pasyeTcsl psifi BEIecTB,
061aaloIIX aHTMOKCUAAHTHOM aKTUBHOCTbIO. IHTEHCUBHOCTD
nmocrturaet 480+ 12 mr/100 r. BoisiB/ieHa 3aKOHOMEPHOCTh 3MeHe-
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PucyHoK 1. [IMHAMMKAa aHTMOKCUAAHTHOI aKTUBHOCTU
KYJIBTYPAJIbHOM JXUIKOCTU B 3aBUCHMOCTU

OT KOHLEHTPpAI BHECEHHOI'O INIMIIMHA
Figure 1. Dynamics of the antioxidant activity of the cultural liquid
depending on the concentration of introduced glycine

HMSI aHTMOKCUIAHTHOM aKTMBHOCTY OT KOHILIEHTPAL BBOIMMOI'O
B ITUTATEIbHYIO CPeLly INIULIMHA. YCTAHOBIEHO, UTO C TIOBBILIEHMEM
KOHLleHTpauuu mmuyHa go 0,6—-0,8% yBenmnunBaeTcst aHTUOKCU -
IaHTHas aKTUBHOCTb CPeMbl.

Ha cnemytomem sTare mMccieq0BaHU KOHIEHTPAIVS ITTUIVHA
Obl1a yBenmmueHa 10 1,5%. DKcrepyMeHTaIbHbIe TaHHbIe TTOKA3aIM,
YTO KOJIMYECTBO IIMIMHA 10 1,5% He OKa3bIBaeT 3HAUUTEIHHOIO
BIMSIHMS Ha M3MeHeHne nHpekca OBII, cooTHONIeHMe KyabTyp
B CMMOMO3€e COXPaHSeTCsI, HO IIPU 9TOM 3HAYMUTETbHO ITOBbIIIA-
€TCST aHTMOKCUIAHTHASI aKTMBHOCTb. B Tabmuile 5 nmpencraBieHbl
JIaHHbIe 10 UCC/IeOBaHNIO Colep>KaHMs IyTaTMOHA, B TOM UlC/ie
ero OKMCJIeHHOI ¥ BOCCTAaHOBJIEHHO (opMmbl. IIpoBeeHHbIE
3KCIIepUMeHTAabHbIEe VCC/IeIOBAHMS 10 OTIpefeNeHUIO Ty Ta-
THOHA B MHOKY/JIMPOBAHHO MUTATE/bHOI Cpefie MoKasain, YTo
BBeJIeHMe IIMLIMHA B IUTATEIbHYIO CPeNy B KOHIIEHTpaLyy 6oee
0,8% (1,0-1,5%) 3HAUNUTETHHO M3MEHSIET KOJIMUYECTBO BOCCTAHOB-
JIEHHOTO IJTyTaTMOHA, yYaCTBYIOLIETo IMTPaKTUUECKM BO BCexX 610-
XUMUYECKUX PeaKklysIX, B TOM UKCIe B peakuusax 610KMPOBaHMS
136bITKA CBOOOAHBIX PAMKaAIOB, TPEPHIBAHNS OKUCIUTEIBHO-
BOCCTaHOBUTEBHYIO MTepejauyl CUTHAIOB OT MUTOXOH/IPUIA K TeTy
KJIeTKM [23-25].

Tabnuua 5. ComeplkaHMe IIYyTaTMOHA B KYJIbTYPaJIbHOM
SKUIKOCTY C 6M10Maccoi
Table 5. Glutathione content in the culture liquid with biomass

KoHueHTpauys riMuymHa
B IMTATEJIbHOI cpene, %

0,8 1,0 1,5
39,87+2,61 47,75%4,62 46,01+7,62 56,75%4,64
58,28+2,33 58,70+5,63 49,50+8,23 57,93%5,2
18,41+141 10,95%1,64 349+0,61 1,18%0,53

I'nyraTuoH, Mmr% KonTpons

BoccTaHOBJIEHHBIN
OO6 it

OKMCIeHHBIN

OJKCcIepuMeHTaIbHbIe MCCIeIOBAaHNMSI TIOKA3asy, UTO BBeIeHNe
IJIAIMHA U3MEHSIET COOTHOIIEH)Ee BOCCTAHOBIEHHOTO U OKMC-
JIEHHOTO IJTyTaTKOHA B 6110Macce ¢ Ky/IbTyPalbHO KUAKOCTBHIO.
OKMCAUTENbHO-BOCCTAHOBUTEbHBII OTEHIMAI SIBISETCS O -
HUM 13 HauboJiee CJIOKHBIX MoKasaTesei Gu31oaI0rnueckoro
COCTOSTHUST MUKPOGHBIX KYJIBTYP, ¥ €T0 M3MepeHne MOKeT GbITh
MOJIe3HBIM MHCTPYMEHTOM JJI51 KaUeCTBEHHOTO U KOJIMYeCTBeH-
HOTO OIpefeeHyss MUKPOOHOTO 3arpss3HeHus [21]. [IpoBeneH-
HbIe MCCIeq0BaHMs TTOKa3ain, YTO, CHMKAsI KOHIIeHTPaI o
OKMCJIEHHOTO TJTyTaTUOHA, TJIUIIVH BIUSIET Ha OKUCIUTETbHO-
BOCCTAHOBUTEJIbHbBIE MPOLIECChI B KJIeTKe MUKPOOPTaHM3MOB, HO
B konmmuectBe 0,2-0,8% He HapylIlaeT OKUCIUTENbHO-BOCCTAHO-
BUTEJIbHOTO PABHOBECHS, TIOJABJISIONIETO Pa3BUTIE CUMOM03a
6akTepuit. B KOHTPONIBHOM 06pasiie MPu OTCYTCTBUM TIUIMHA
COOTHOIIIeHVe BOCCTAHOBJIEHHOTO ¥ OKUCJIEHHOI0 TIyTaTUOHA
COOTBETCTBYET 3HaUeHMIO 2,16, YTO HAMHOI'O MEeHbIIIe OTHOCHU-
TeJIbHO KYJIbTYPaJbHO XXUAKOCTU C KOHII@HTpaLyeii IUIMHa
0,8-1,5%.

3aKkioyeHue

1. OmpepneneHa mpsiMasi 3aBUCUMOCTb MEXIY aHTUOKCUIAHT-
HOJV aKTMBHOCTBIO KYJIbTYPaJbHOM KUAKOCTY Y KOHIIEHTPa-
111eii BBOAMMOTO B MUTATEIbHYIO Cpely IIUIMHA.
[MonyyeHHble 3HAUYEHUSI OKUCIUTEIHHO-BOCCTAHOBUTEb-
HOTO NOTEeHIIMaJla, OKa3bIBAIONIET0 BAMSIHME Ha MHTEHCUB-
HOCTb IIPOTEKAHMST GMIOXMMMUUYECKUX IIPOLIECCOB, ITO3BOJISIOT
KJIaccuUIMPOBaTh MHOKYJIMPOBAHHYIO TTUTATEbHYIO Cpe-
Iy KaK Cpeay €O ¢J1ab0-BOCCTAHOBUTEIbHBIMM CBOVICTBAMM.
VYBenuueHne KOHIEHTpaluyu BBoaumoro rauiyuiHa go 0,8%
CMeIaeT TMPOoIecc B CTOPOHY PasBUTUSI OKMUCIUTETbHBIX
npoieccoB. [Ipy 3TOM He3HAUMUTETbHO YBEeIUUYMBAETCS aK-
TUBHASI KUCIOTHOCTb Cpeibl, YMEHbIIIAeTCSI OKUCIUTENbHO-
BOCCTAHOBUTEJIbHBIN IMOTEHI[MAT U TTIOHMKAETCS TUTPyeMast
KUCJIOTHOCTb; OTMEYeH POCT MOJIOYHOKMUCIBIX OGakTepuit
U B 3HAUUTEJIbHOI CTeIleHU JPOXCKeN.

AHTMOKCUIAHTHASI aKTUBHOCTb MHOKYJIMPOBAHHON MNUTa-
TEJIbHOM Cpelibl ¢ KOHIeHTpalueil mmiuHa 0,6—0,8% mpe-
BBIIIA€T AHTMOKCUAAHTHYIO AKTMBHOCTb KOHTpOJsl (6e3
IJIUIVHA), YTO MOYKET ObITh 0GYCIOBJIEHO MOBBILIEHNEM CO-
JlepskaHus BOCCTAaHOBJIEHHOTO ITyTaTMOHA.

YcTaHOB/IEHO, UTO BBEIEHME ITIMIMHA KaK ITOTeHIMaJIbHOIO
KOMITOHEHTA TPUIENTHUAA [TyTaTMOHA CIIOCOGCTBYET MHM-
LIMMPOBAHUIO BOCCTAHOBUTENbHBIX MPOLIECCOB B MHOKYIU-
POBaHHOI UTATENLHO Cpefe.

[TokazaHO, UTO C yBeJIMUYEHMEM KOHIEHTpaluuy MNIUILMHA
BO3pacTaeT KOJIMYeCTBO BOCCTAHOBIEHHOTO IMTyTaTUOHA, Pe-
TYJUPYIONIEro GONMBIIMHCTBO MeTaboaMuYecKux IpPOIeccoB,
B TOM UYMCJIe OKUCIUTEIbHO-BOCCTAHOBUTE/IbHbBIX.
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MCCJIEJOBAHUE COCTABA OCTATOUYHOM
MUKPO®DJIIOPBI MOJIOKA ITOCJIE ITACTEPU3AILINN

Csupupgenxko I. M.,* Komaposa T. B., YckoBa E. E.

Bcepoccuiickuii Hay4HO-UCCIeN0BaTeNbCKNUIA MHCTUTYT MacJIOfe/INs U CbIpOfenns,
VYriny, SIpociaaBckast 06s1acTh, Poccust

Open access

K/IIFOYEBBIE CJIOBA: AHHOTALINA

MOJI0KO CbIpOE, B crarbe mpezcTaBieHbl Pe3ylbTaThl UCCIENOBaHMII COCTaBa OCTATOYHOV MUKPOQIIOPHI MACTePU30BAHHOTO
HU3KomemnepamypHas MOJIOKa B 3aBMCUMMOCTHM OT GaKTepuaabHOro Ieii3aska M MCXOLHOV 06CeMEeHeHHOCTH ChIPOro Mosioka. M3yue-
nacmepusayus, Ha TePMOCTAaOMIBHOCTh TECT-KY/JAbTYP MUKPOOPTaHM3MOB, 3HAUMMO BJIMSIIOIIMX HA KAaUueCTBO M XPaHMMOCIIO-
8blCOKOMeMNnepamypHast COOHOCTh (hepPMEHTUPYEMBIX MOJIOUHBIX MPOAYKTOB. [IJis MCC/IeA0BaHUS COCTaBa OCTATOYHOIN MUKPODIOPHI
nacmepusayusi, mecm-KyJlbmypbl, — MOJIOKA TOCJIe MacTepusaluu CTePUIbHOE MOJIOKO 3apaskajiM TeCT-KyJAbTypaMy MUKPOOPTAHM3MOB B [03aX
ocmamouHas Mmukpogiopa ot 10' KOE/cm® mo 107 KOE/cm®. Tlocie 3apaskeHUsI MOJIOKO TacTepu3oBanyu Ipu Temiepartypax (72*1) °C

u (80%1) °C c Boigepkkoit 10-20 cexyHn. BoisiBneHMue u moacyeT MUKPOOPTaHM3MOB OCYILECTBIISIIA CTaH-
IapTU30BaHHBIMU MMKPOOMONOTMYECKUMU MeTonamu. VnmeHTuduKanmo MMUKPOOPraHM3MOB IPOBOAVIIU
BU3YaJIbHOM OIEHKO TOCIMOMICTBYIOIMX KOJIOHMIT 1 MOPQOIOTMM KIETOK B MUKpOIpenaparax. McciemoBaHa
TePMOCTAaOMIbHOCTh MUKPOOPTAHM3MOB, 3HAUMMBbIX /IS MOJIOYHBIX MPOAYKTOB, B YaCTHOCTYU ChIPOB, UCTOY-
HMKOM KOTODBIX SIBJISIETCSI ChIPO€ MOJIOKO. YCTaHOBJIEHO, UTO M3 KOKKOBBIX (JOPM HambObIIMe PUCKM CBSI3AHBI
¢ 3HTepOoKOKKaMu. KuimeuHast majouxa rmpu go3ax 3apaskenus Boimre 10° KOE/cm® yacTUUHO COXpaHsIeT XU3He-
CIIOCOOHOCTD KakK IMPY HU3KOTEMITepATYPHOIA, TaK U IPY BBICOKOTEMITepATYPHOI nactepusauyy. Ha criopoBbie
MaJOYKY TeMIIepaTypbl MacTepusaluy He OKa3bIBAIOT JIETAJbHOTO HEeVCTBUS, UX KOJIUYECTBO B MaCTEPU30-
BaHHOM MOJIOKe He CHMKAeTCsl, He3aBUCUMO OT MCXOMHOI 103bl 3apaskeHus. HuskoTeMIiepaTypHasi nacrepu-
3alMs aKTUBU3UPYET MPOLIECC MPOPACTaHUS CIOP KIOCTpuanii. CHOCOGHOCTh K PeakTUBALMM KIETOK IOCTIe
TepMOIIOKa HAGIIONANAch Y KUIIEUHOM Malouky, cTadMI0KOKKa, ICeBIOMOHAT, U TJIECHEBBIX IPu6OB. TakuM
06pa3oMm, ocTaToyHasi MMKpodaopa MOIOKa, IO BePrHyTOr0 HU3KOTeMIIePaTypHOIi IacTepu3aluiu, NpecTas-
JIeHa YHTePOKOKKaMM, TepMOMUIbHBIM CTPEIITOKOKKOM, MUKPOKOKKAMH, CTadhMIOKOKKAMM, aCITIOPOTeHHbIMMU
MaJ04YKaMM ¥ CIIOPOBBIMM GakTepusiMu. BbllienepeuncieHHble MUKPOOPTAHM3MbI COCTABISIIOT OCTATOYHYIO
MUKPOGIOPY MacTepu30BaHHOTO MOJIOKA U YYACTBYIOT B ITPOLIECCAX CO3PEBAHMSI CHIPOB, OTIPEIEIsi UX KauecT-
BO 11 6€301aCHOCTD, BAMSIIOT HAa XPaHUMOCIIOCOGHOCTH TOTOBOTO MPOAYKTA.

OUVHAHCHPOBAHUE: CraThsl MOArOTOBIEHA B paMKaX BBIIIOJIHEHMS MCCAeLOBaHMII 1o rocymapctBeHHOMY 3amaHuio N2 FNEN-2019-0010 dene-
paJibHOTO HAYYHOTO IIeHTpa MUIEBbIX cucTteM M. B. M. Top6aToBa Poccmiickoit akageMuu HayK.
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STUDY OF THE COMPOSITION OF THE RESIDUAL
MICROFLORA OF MILK AFTER PASTEURIZATION

Galina M. Sviridenko,* Tatyana V. Komarova, Evgeniya E. Uskova
All-Russian Scientific Research Institute of Butter- and Cheesemaking, Uglich, Yaroslavl Region, Russia

Open access

KEY WORDS: ABSTRACT

raw milk, low-temperature The article presents the results of studies of the composition of the residual microflora of pasteurized milk, de-
pasteurization, high-temperature ~ pending on the bacterial landscape and the initial contamination of raw milk. The thermal stability of test cul-
pasteurization, test cultures, tures of microorganisms that significantly affect the quality and storage capacity of fermented dairy products
residual microflora has been studied. To study the composition of the residual microflora of milk after pasteurization, sterile milk

was infected with test cultures of microorganisms at doses from 10! CFU/cm3 to 107 CFU/cm?®. After infection,
the milk was pasteurized at temperatures of (72+1) °C and (80+1) °C with a holding time of 10-20 seconds.
The detection and enumeration of microorganisms was carried out by standardized microbiological methods.
Microorganisms were identified by visual assessment of dominant colonies and cell morphology in microprepa-
rations. The thermal stability of microorganisms important for dairy products, in particular cheeses, the source
of which is raw milk, has been studied. It has been established that of the coccal forms, the greatest risks are
associated with enterococci. Escherichia coli at infection doses above 10® CFU/cm? partially retains viability
both at low-temperature and at high-temperature pasteurization. Pasteurization temperatures do not have a
lethal effect on spore bacilli, their number in pasteurized milk does not decrease, regardless of the initial dose
of infection. Low-temperature pasteurization activates the process of clostridial spore germination. The ability
to reactivate cells after thermal shock was observed in Escherichia coli, Staphylococcus aureus, Pseudomonas,
and mold fungi. Thus, the residual microflora of milk subjected to low-temperature pasteurization is repre-
sented by enterococci, thermophilic streptococci, micrococci, staphylococci, asporogenous bacilli and spore

oIl HUTUPOBAHUS: CBupunenko, I. M.., Komaposa, T. B., Vckosa, E. E. FOR CITATION: Sviridenko, G. M.., Komarova, T. V., Uskova, E. E. (2022).
(2022). VccnenoBaHue cocTaBa OCTaTOYHOM MMKPODIOPHI MOJOKA ITOC/Ie T1acTe- Study of the composition of the residual microflora of milk after pasteurization.
pusauvin. [uwessle cucmemst, 5(4), 344-352. https://doi.org/10.21323/2618-9771- Food Systems, 5(4), 344-352. https://doi.org/10.21323/2618-9771-2022-5-4-344-352
2022-5-4-344-352
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bacteria. The above microorganisms constitute the residual microflora of pasteurized milk and are involved in
the maturation of cheeses, determining their quality and safety, [as well as] affecting the storage capacity of

the finished product.

FUNDING: The article was published as part of the research topic FNEN-2019-0010 of the state assignment of the V. M. Gorbatov Federal Research

Center for Food Systems of RAS.

1. BBepeHue

MOJIOKO ¥ MOJIOYHBIE ITPOAYKTHI SIBJISTFOTCST OJIarONPUSITHOM
CpeJoil il pacipoCTpaHeHusT BO36yauTeneil pa3Ho06pa3HbIX
6osie3Hel, a TaKkke MUKPOOPTAaHM3MOB, BbI3BIBAIOIINX IIOP-
Yy ¥ CHMKAIOMIMX XPaHMMOCIOCOGHOCTh MTPOAYKTOB MUTAHMS.
OpHM MMUKPOOPTraHM3Mbl PA3MHOKAIOTCSI B MOJIOKE, IPYTHe He
DPa3MHOKAIOTCS, HO JJINTETBbHO B HEM COXPaHSIOTCA. B moro-
KO MUKPOOPTaHM3MBbI TOIMAAI0T 60 OT GOMbHBIX KUBOTHBIX,
JIM6O OT JIIOMIeit, 3aHSTHIX B €T0 IIPOU3BOJCTBE, TMOO 13 OKpYKa-
I011Ieit cpenbl. VIcXomst U3 KOMITJIEKCHO OIL[@eHKM PUCKOB CHIMKe-
HMSI 6€30TIACHOCTY ¥ BO3MOXKHO¥ MTOPYY MUIIEBBIX, B TOM UMCIIe
MOJIOYHBIX MPOAYKTOB, CYIIECTBYIOT CAeAYIOIIMe IyTU CHUKe-
HMSI YPOBHST GaKTepuaabHOM 3arps3HEHHOCTH: MPenyIpeskie-
HMe 3arpsi3HeHUST MUILEBBIX MPOAYKTOB MUKPOOPraHM3MaMM;
CO3aHMe YCIOBU, OTPAHNIMBAIOIINX VX JKU3HEHEeSI TeIbHOCTD;
MCTIONIb30BAaHVE TEXHOJIOTMUYECKUX MPUEMOB, TYOUTENLHO M-
CTBYIOIIMX Ha BO30yOuTENeil MUIEBbIX MHOEKIMT M HA MMU-
kpoduopy nopuu. Ocoboe BHMMaHMe BOMPOCY 6e30MacHOCTU
C 9TUX TO3ULMUIT HEOOXOOMMO YIENSITh MPOU3BOICTBY ChIPOB,
TaK KaK TeXHOJIOTMYECKMUii IPOLecc UMX M3TOTOBJIEHUS Ipef-
cTaBiIsieT co60ii, C OMHOM CTOPOHBI, HU3KOTEMIIEPATyPHYIO Mac-
TepU3aIuio, a C IPYroii — IIUTETbHBIN MPOIeCcC TPOU3BOACTBA
" TIOC/enyolee co3peBaHue Mpu TemmepaTypax Bbiuie 10 °C.
Bce BblllleniepeuncieHHOE YBEeIMUMBAET PUCKM Pa3BUTUST MU-
KPOOPTaHM3MOB, COCTABJISIIOIINX OCTATOUHYI0 MUKPOQIIOPY MO-
JIoKa Tocie nacrepusauun [1-5].

B Poccuiickoit ®enepanyy MOIOYHAsI MPOAYKLUMS, B TOM
Yyucie ChIPbI, IJISI CHUKEHUS MMKPOOUMONOTMUYECKUX PUCKOB,
JIOJIKHBI BBIPA6ATHIBATHCST ICKTIOUMTETHHO U3 ITacTepM30BaH-
HOTO MOJIOKA. B chIpomenuu st COXpaHeHUsI ChIPOIIPUTOAHBIX
CBOMCTB MCIIONb3YyeTCs HU3KOTeMIlepaTypHasl macTepusamus
MOJIOKa B TeueHue ot 15 1o 25 cek npu remmneparype (72 +2) °C.
[Ipu BBICOKOM YPOBHE MUKPOGHOTO 06CeMeHeHMsT MOIOKa-ChI-
pPbsl BO3MOXHO TpOBeJleHNMe MacTepu3anyu rnpu Temieparype
(74 % 2) °C c TO71 e BbIIep>KKOJi 10 BpeMeHU. [Ipy Npon3BoaCT-
Be IPYTUX MOJIOUHBIX ITPOAYKTOB MCIIOIb3YETCSI BBICOKOTEMITE-
paTypHas nactepusauus B AuarnasoHe tremmepatyp ot 77 °C go
100 °C c pa3an4HOI BbIAEPKKOI, YTO 3aBUCUT OT KOHKPETHOTO
BU[A TIPOAYKTA M MCXOLHOI 06CEMEHEHHOCTU ChIPOTO MOJIO-
Ka. Pexxumpl TemIiiepaTypHoOii 06paboTKM, Ha3bIBaemble Iac-
Tepusalueii, JO/KHbI 06ecreunBaTh MoJyueHe MOJIOKa, 6e3-
OIacHOTO [JIs1 3M0POBbSI YeIoBeKa, T. €. CHU3UTh COMepsKaHue
IMAaTOTEHHbIX M YCJIOBHO ITATOT€HHBIX MMUKPOOPTaHM3MOB [0
rapaHTMpPOBAHHO 6e30MacHOro ypoBHs. HameXXHOCTh macTepu-
3alMM 3aBUCUT OT UCXOLHOIO KOJIMYECTBA MUKPOOPraHU3MOB,
MCTOUHMKOM KOTOPBIX CIYKUT GOJNIbBHOI CKOT, paboTaromuii
TepcoHasl, BOAA U OKpPY)Kalolasi cpefa, a Takke OT BUAOBOTO
M IITaMMOBOTO CBOiCTBa MUKPODIOPHI ChIpOTO Monoka. Kpo-
Me TOKa3aTessT MCXOJHOW 6GaKTepuasbHOii 06CEMEHEHHOCTH,
93(GeKTUBHOCTD MacTepu3alun 3aBUCUT OT COCTaBa MUKPOD-
JIOPBI CBIPOTO MOJIOKA, T. €. OT XapakTepa 6aKTepuaabHOTO Teji-
3aka. Tak, He3aBUCUMO OT CTENEH!U TIEPBUYHOTO 06CeMEeHEeH NS
MOJIOKA BEreTaTMBHBIMU KIeTKaMu Me30(bUIbHbIX U TICUXPO-
TPOGHBIX MATOT€HHBIX U YCIOBHO MATOT€HHBIX MUKPOOPTAHM3-
MOB, OHM JIOJIKHBI ObITh YHUUTOKEHBI TEMITEPATYPOIi MacTepu-
sauum [6-10].

Kak n3BeCTHO, «AMKME» IITaMMbI OaKTEepUil IO, AEHCTBYEM
M3MEHSIOIIMXCST YCJIOBUII BHEIIHEe) cpefbl, B JAHHOM Cy4yae
BBUY ITOCTOSTHHOTO BO3/I€JICTBUS BBICOKMX TeMIIepaTyp, Ipuo-

6peTaloT WM YCUIMBAIOT MPU3HAKYU TepMOCTOKoCcTU. CrienyeT
pasInyaTh MOHSATUS TePMOMDUIBHOI U TEPMOCTOITKOM MUKPOD-
sopbl. TepModuiibHbIE MMKPOOPTaHM3Mbl MMEIOT OINTUMYM
pasBUTHUS TIPU TeMmeparype Bbiie 37 °C, 0MHAKO MOTYT ObITh
He TepMOCTOMKMMU U TIOrubaTh npu nacrepusaiyuiu. CBOMCTBO
TEPMOCTOKOCTY BCerJa OTHOCUTENbHO U OIpelessieTcs] TeM-
rnepaTypoil BO3LENCTBMSI HA MMKPOOPTaHU3MBI ¥ BpeMeHeM
9KCIO3ULIUY TIPU TAHHON TemrepaType. [IJis OqHUX KJIEeTOK 3a-
JlaHHas TeMIiepaTypa racrepusalyin siBJseTcs JeTaabHOM, IS
IIPYTUX CyOIeTaabHOIA, T. €. KIIeTKM UCIIBIThIBAIOT TEPMOIIOK, HO
CIIOCOGHBI BOCCTAHOBUTD KM3HENESITETbHOCTb Yepe3 orpeje-
JIEHHO€ BpeMs, @ Ha Pa3BUTME CAMBIX TEPMOCTOMNKIX MUKPOOP-
raHM3MOB, HallpUMep, CIIOPOBBIX, TeMIlepaTypa MacTepusanumn
He OKakeT CyILeCTBeHHOr o BausHus [11-13].

CocTaB 0CTaTOYHOI MMUKPOGIOPhI MOJIOKA ITOC/Ie MacTepu-
3alMM VMeeT pelllallee 3HaUeHMe B IIPoIecce CO3peBaHMS
CBIPOB, OTIpefesisis, HapsiAy € 3aKBAaCOYHOM MMUKPOGIOPOIt, Ha-
MIPaBIeHHOCTb Y MHTEHCUBHOCTh OMOXMMMUYECKUX IPOIIECCOB
Da3JIOKeHUsT COCTABHBIX YacTeii Mosyoka, GopMMUpoBaHUS Op-
TaHOJIENITUYECKUX CBOJCTB M XPaHMMOCIIOCOOHOCTh TOTOBOTO
mpopykra [14,15].

Kak B IOCTYIIHOJ OTeUYeCTBEHHOI, TaK U B 3apyOeXKHO JiK-
TepaType, HeJOCTATOYHO [aHHBIX O IMPOBENEHUM KOMIUIEKC-
HBIX UCC/IeA0BAaHMI COCTaBa OCTATOYHO MUKPO(IOPHI MOJIOKA,
MPOIIEIIEr0 HU3KOTEMITEPATYPHYIO U BBICOKOTEMITEPATYPHYIO
racTepusanmio, a Takke He xBaTaeT MHGOPMAIMM O TEPMOCTa-
O6WIIBHOCTM MUKPOOPTaHM3MOB TIOPYM, MCTOYHMKOM KOTOPBIX
MOKeT ObITb ChIPO€ MOJIOKO.

Llenpio McCCAeNOBaHMIA, pe3yIbTaT KOTOPBIX IpeCcTaBieH
B IaHHOJA CTaTbe, SIBJI/IaCh KOMILJIEKCHAS OLleHKa COCTaBa OCTa-
TOYHOY MUKPO(IOPBI MOJIOKA TTOC/Ie HU3KOTEMITIepaTypHOi a-
cTepusauuu sl ocienyolieit oleHKM CTelleHU PUCKOB CHU-
SKeHMST KauecTBa M XPaHMMOCITIOCOGHOCTHM ChIPOB.

B 3amaun ucciegoBaHuit BXOAWIIO U3yUeHe TepMOCTaOMIIb-
HOCTY MMKDPOOPTraHM3MOB, 3HAUMMBIX [IJISl CBIDOZENNS, a TakKe
BAMSIIONIVX HA MPOIECChI CO3peBaHus 1 HOPMUPOBaHME IMOTpe-
OGUTETbCKUX CBOYICTB MPOAYKTOB ChIPOEINSI, C ICTTONb30BaHMEM
COOTBETCTBYIOIIMX TeCT-KyJAbTYp. Takke Liebl0 MCCIefOBaHNUS
SIBJISIOCH M3Y4YeHMe TepMOCTaOMIbHOCTY «IUKOI» MUKPOQIIO-
PBI CBIPOTO MOJIOKA.

2. Marepuaabl U METOIbI

st usyuenus: aphekTMBHOCTM BO3MEICTBUSI HU3KOTEMITE-
paTypHOJ U BBICOKOTEMIIepAaTYpPHOi MacTepu3anyy MojaoKa Ha
pasaMYHble TPYIIIbl MUKPOOPTaHM3MOB, UCTOUHMKOM KOTOPBIX
SIBJISIETCS CbIPO@ MOJIOKO ¥ KOTOpbIe MOTYT OKa3aTh BAMSIHIE Ha
KauyeCcTBO MOJIOUHBIX IIPOJYKTOB, B TOM UMC/IE CHIPOB, ObLIA MTPO-
BeJleHa cepusl IKCIIepUMEHTOB.

[Ipy BbITIOIHEHMM MCCIeAOBaHUII Ha MEepPBOM 3Talle B Ka-
yecTBe 0OBEKTOB CIYKUIO cTepuabHoe 10% BOCCTaHOBIEHHOE
MOJIOKO, & TaKXXe TeCT-KYJIbTypbl 3HAUMMBIX [JIsI ChIPOMENHUS
IPYIIIT MUKPOOPTaHM3MOB, Takue Kak: Lactococcus lactis subsp.
lactis, Lactococcus lactis subsp. diacetilactis, Lactococcus lactis
subsp. cremoris, Lactobacillus plantarum PKMB-207, Lactobacillus
acidophilus PKMB-20T, Streptococcus termophilus PKMB-859,
Escherichia coli BKM 125, Staphylococcus aureus ATCC 6538P
(FDA 209P), Enterococcus faecalis, Pseudomonas aeruginosa
ATCC10145, Clostridium tyrobutiricum T'1, Bacillus subtilis M-71,
Saccharomyces lactis CK-22, Penicillium roqueforti.
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B crepunbHoe 10% BOCCTaHOBJIEHHOE MOJIOKO BHOCUJIN
TEeCT-KYJbTYPbl MUKPOOPTAHM3MOB, MCTOUHMKOM KOTOPBIX
SIBJIIETCS ChIPO€ MOJIOKO. 3apaskeHue MPOBOAWIM B 03aX OT
10! KOE/cm® mo 107 KOE/cm3. TTocsie 3apaskeHMsT MOJIOKO O[T~
Beprajgoch TeMIlepaTypHOil 06paboTke COOTBETCTBYIOMIEN pe-
KMMaM HU3KOTeMIIepaTypHOI 1 BBICOKOTEMITepAaTYPHOIL Tac-
tepusauuu (72*1) °Cu (80% 1) °C c Bbigepxkkoit 10-20 cekyH[,
C UCIIOJb30BaHMEM CTepuiausaTopa mapoBoro BK-75 CUTU
(000 «CUTU», Poccus)

IMoceBbl Ha cpeny KMA®AHM [ BBISIBJIEHUST a3pOGHBIX
" QaKynbTaTUBHO-aHAIPOOHBIX MMKPOOPTaHM3MOB, TPOXKIKei
M TUTECHEBBIX I'PMOOB IIPOBOIMIN M3 P06 3apaskeHHOTO MOIOKA
IO TTacTepu3alym; 13 Mpobd MOJIOKa IToC/Ie ITacTepu3alm 1 mpoo
MOJIOKa TTOC/Ie TTacTeprU3aluy ¢ TIOCTeIyI0IIeil BbIIepsKKOM Mpu
temmeparype (8+2) °C B TeueHue 24 4yacoB. BbIIEepKKY Mpo6
3apakeHHOT'O MOJIOKa, [T0BEPrHYTOTO IacTepusanum npu Hu3-
KUX TIOJIOKUTENbHBIX TEMIIEpATypax, MIPOBOAWIM B TepMOCTaTe
Bo3aymHoM XT-3/70 sl yCTaHOBJIEHMSI BO3MOXKHOCTV/HEBO3-
MOYKHOCTM KJIETOK OIIpe/leJIeHHOTO BMUAA MMKPOOPTaHM3MOB,
MOJIyYMBIIMX TEPMOILOK ITOC/Ie TTacTepu3aluy, K nocienyouei
peakTuBaIyy. [ToceBbl aHAIPOOHBIX MUKPOOPTAHN3MOB AeJIa/IN
Ha cpemy CIIA B BBICOKMIT CTONOMK. [TOCEBBI CIIOPOBBIX a9POOHBIX
¥ aHA9POOHBIX MUKPOOPTaHM3MOB ITPOBOAMIIM KaK C ITpeBapu-
TeJIbHBIM IIPOTPEBOM IIOCEBHOTO MaTepuasa IIpyu TeMIiepaType
(75+1) °C B Teuenue 20 MUHYT [JIS1 yOaJe€HUS] BETreTaTUBHBIX
KJIETOK ¥ IaJIbHEJIIEero BhISBIEHMS CIIOP, TaK U 6e3 mpeaBapu-
TeJIbHOTO MPOTpeBa IS IoficueTa 06IIero KoauuecTBa KIeTOK.

Bo BTOpO#t cepum OMBITOB B KauecTBe OOBEKTOB MCC/IENOBA-
HMSI MCTIONb30BaM 18 00pasIoB ChIpOro Mosyioka. KomuuecTBo
Me30(DUIbHBIX a9POOHBIX M (GaKyIbTaTUBHO-aHAIPOOHBIX, ITCUX-
poTpoHBIX ¥ TEPMOPWIbHBIX MUKPOOPTaHM3MOB OITpeeIsin
CTaHJAPTHBIM YHUGUIMPOBAHHBIM YallleYHbIM METOLOM Ha Cpe-
e KMA®AHM, n3MeHsIs1 yCI0BYS KyJAbTUBUPOBaHMS. ISl BbISIB-
JieHVsT Me30(MMIbHbIX MUKPOOPTaHM3MOB TTOCEBBI BbIIEPKMBAIN
ripu (30+2) °C B TeueHue 72 4acoB, 7SI BBISIBIEHMUS TICUXPOTPOD-
HBIX MMUKpOOpranmusMoB — pu (7+2) °C B TeueHnue 10 cyTOK, 1715
BbISIBJIEHUST TePMODUITBHBIX MUKPOOPTaHU3MOB — Tipu (43%2) °C
B TeueHue 72 yacoB. VIIeHTU(HUKALIVIO MMKPOOPTraHM3MOB ITPOBO-
AT BU3YaJIbHOV OLIEHKOV XapakTepa TOCIOACTBYIOIIMUX KOJO-
HMiA, Beipocinx Ha cpefe KMA®AHM c mocnenyoieil O1eHKOoi
mopdonornu kneTox B Mukporpernapatax (TOCT 9225-84! u MP
2.3.2.2327-08?%. MaTemaTtuueckasi 06paboTka 3KCIepUMeHTalb-
HBIX JJAHHBIX [TPOBOAMIACH C TIPUMeHeHMueM ITporpaMmmsbl Micro-
soft Excel meTogamu, IPUHSITBIMU [1JIs1 GMOJIOTUUECKUX CUCTEM.

3. PesyabTaThl M 06CYKAEHUE

Ha mepBom 3sTame ucciefoOBaHWU M3ydaau BAUSHIME TeM-
rmepatyp nactepusaluy Ha TEPMOCTAOMIbHOCTb TECT-KYIbTYD.
Pe3ynbTaThl MCCIENOBAHUS TEPMOCTAOMIIBHOCTM TECT-KYJIbTYD
MMKPOOPTaHM3MOB K MacTepusanyy Ipy pasInyHbIX TeMIepa-
TYPHBIX peskMMax IpeacTaBieHbl B Tadmuie 1.

JlakTOKOKM, OTHOCsSLMecs K TpeMm noasunam (Lactococcus
lactis subsp. lactis, Lactococcus lactis subsp. diacetilactis,
Lactococcus lactis subsp. cremoris), B yCIOBUSX 3KCIIEPUMEHTA
0Ka3aJI1Ch IMOTHOCThIO HE TEPMOCTOMKMUMM U TTOTEPSUIU CIIOCO6-
HOCTb K POCTY ¥ Pa3MHOKEHUIO TIOC/Ie MacTepuUsalni, He3aBu-
CUMO OT TeMITepaTypHOro pexxuma. Kpome Toro, onu He BoccTa-
HOBMJIY CITOCOOHOCTD K PA3BUTUIO TOC/IE BBIXOZA M3 TEPMOIIIOKA.

' TOCT 9225-84 «MO0JIOKO ¥ MOJIOUHbIE TPOAYKThI. MeTobl MUKPOOMO-
Joryyeckoro aHanmsa» M.: Crangaptuadopm, 2009. — 16 c.

2 MP 2.3.2.2327-08 «MeTtomndeckye peKoMeHJ ALy M0 OpraHu3anun
MPOM3BOICTBEHHOTO MUKPOGMOIOTUUECKOTO KOHTPOJSI Ha TPeANPUITUIX
MOJIOYHOJ NPOMBIIIJIEHHOCTY (C aT/IaCOM 3HauMMbIX MUKPOOPTaHM3MOB)».
VrBepkaeHsl PykoBoautenem denepanbHoii CIysk6bI IO Han30py B cdepe
3aIIMThI TPaB MOTpe6GuTeNneit u 61aromnosyyust yeaoBeka, [JIaBHBIA rocy-
IapCTBEHHBIV caHUTapHbIN Bpau Poccuiickoit @enepauum I'. I'. OHULIEHKO
7 despaist 2008 r.

AHaJOTMYHBII pe3ynbTaT 6bUT MTOMTYUEH MTPU UCCIeIOBAHUY TEP-
MOCTa6MIBHOCTY TECT-KYJIbTYPbl TePMOGUIbHOIM alua0puIb-
HOVi TTaJIOYKY, He3aBUCYMO OT MCXOIHO J03bl 3apaskeHMUs.

T TecT-KylabTypbl TEPMOQUIBHOTO CTPENTOKOKKA HMU3-
KOTeMIlepaTypHasl MmacTepusanysi oKas3ajach MOITHOCThIO 3(-
dbexkTuBHA MpU KOHIEHTpauuu KiaeTok mo 10° KOE/cm3. ITlpu
60J1ee BbICOKOJ 00CeMEeHEeHHOCTY MCXOLHOI0 MOJIOKA JAaHHBIMMU
MMKPOOPraHM3MaMy MOXKHO TOBOPUTb O BO3MOXHBIX pUCKax
COXpaHEHMUs e€OVHUYHBIX JKM3HECITOCOOHBIX KJIETOK, KOTOpbIE
MOTYT CTaTh COCTaBHOJ YacThI OCTATOYHON MUKPOQIOPHI
B rpoaykre. [Tpy 9TOM He HabGTI01aI0Ch YBEJIMUEHMST KOJIMUECT-
Ba KJIETOK IOCJIe BbIIePKKM [aCTePU30BaHHOI0 MOJIOKa, T. €. pe-
aKTUBAIUM KIETOK TeEPMO(IIBHOTO CTPENTOKOKKA IMPY HU3KUX
TIOJIOKUTEJIbHBIX TEMITepaTypax XpaHeH!s TocjIe epeHeceHHO-
ro TEepPMOIIOKA. BbICOKOTEMIIEpATYpHAs MacTepusalyus okasa-
nach 3¢ eKTUBHOI 151 BCeX UCTIBITAHHBIX KOHIIEHTPAINii Kite-
TOK TEeCT-KYJIbTYPbI TEPMOMDWILHOTO CTPENTOKOKKA, ITPU 3TOM
CIIOCOGHOCTY K PeaKTUBAIMM KIETOK TaKKe He BhISIBJIEHO.

Bonblioii MHTepec MpPeNCTaB/sIOT Pe3yabTaThl MCCAeLoBa-
HMi1 3G GHEKTUBHOCTM BO3AEMCTBUSI Pa3IMUHBIX PEKMMOB IacTe-
pusanum Ha TecT-KyabTypy Escherichia coli, Tak KaK OTCYTCTBUE
MPU3HAKOB POCTa KUIIeuHOo# nanouku B 10 cM® macrepusoBaH-
HOTO MOJIOKA SIBJISIETCSI GMOIOTMYEeCcKOi Mpoboit mpu MpoBepKe
acbderTMBHOCTM TmacTepusanyy. IlomyuyeHHbIe HaMM [AaHHbIE
CBUJIETENbCTBYIOT, YTO TPU KOHLIEHTPALMM KIETOK TeCT-Kysb-
TYPbI KUIIEYHON MaMOUKM B McxogHoM Monoke 1o 10° KOE/cm?®
3¢hdeKTUBHOI AB/ISETCS KaK HYM3KOTEMIIEPATypHasi, TaK U BbICO-
KoTeMIlepaTypHas macrepusanys. OmHako 1mpyu 6oee BbICOKMUX
KOHIIEHTPAMSX KM3HECTIOCOOHBIX KJIETOK B MCXOTHOM MOJIOKE
(10° KOE/cm® mpyu HM3KOTEMITEpATYPHBIX pPeXkMMax IacTepusa-
umm 1 10° KOE/cM® [71s1 BBICOKOTEMITepaTypHOIi MacTepus3aliuin)
B IMACTePM30BAHHOM MOJIOKE OCTAIOTCSI SKM3HECITOCOOHBIMM KITET-
KM KUIIEYHOVi TIaJIOYKH, CITOCOGHBbIE 0OPA30BbIBATh KOJIOHMU HA
cpene KMAD®AHM. TIpu mocnenyiomieii BbIAEpPKKe MacTepuso-
BAHHOTO MOJIOKA HAOTI0IAeTCsl peaKTUBAIMS KIETOK KULIEUHbIX
TTaJI0U€eK, TTOJTYUMBIIMX TEPMOIIOK, YTO (PUKCUPYETCS 110 He3Ha-
YUTETbHOMY YBETMYEHNIO X KOJIMYEeCTBa B IToceBax. Pe3ynbraTsl
MCCIeIOBaHN OOHO3HAUHO CBUAETENBCTBYIOT O TOM, UTO AaXKe
TeCT-KYJIbTypa KUIIEYHO ITaJlOYKM, He TOBOPS YKE O «IUKUX»
mTaMMax, o06JIamaeT OTHOCUTEIbHOI TepMOCTaOMIBHOCTBIO,
Y TIPU ONPEeAeNeHHbIX YCIOBYSIX HEKOTOPbIE KIETKY CIIOCOGHBI
COXPAHSTh ¥ BOCCTAHABAMBAThH CIIOCOGHOCTH K POCTY M Pa3MHO-
SKEeHUIO TIocye mactepusauyy. [TonmyueHHble AaHHbIE TOJTBEpP-
SKIAIOTCS PSIIOM MCCIe0BaHM, KacaloLIXCs TePMOCTaOMIBHO-
CTVM MUKPOOPraHn3MoB Buna Escherichia coli [16,17].

Ilns TecT-KynbTypbl Staphylococcus aureus BbICOKOTeMIIEpa-
TypHasl macTepusalus OKasajach JEeTATbHOM TP BCEX UCITbI-
TaHHBIX MCXOOHBbIX KOHLIEHTPAIMSIX KJIETOK CTaMIOKOKKA OT
10? KOE/cm® mo 10° KOE/cm® B Mosoke oo macrepusannu. [Ipu
cofiepskaHUM B MCXOIMHOM Mojioke 6osee 10° KOE/cm® TecT-Kyib-
TYpbl CTadUIOKOKKA HM3KOTEMIIepaTypHasl racrepusaius He
MpUBeIa K TOTHOMY YHUUTOKEHUIO SKM3HECTIOCOOHBIX KJIETOK.
TaKkke MPOCIEKUBAETCS CIIOCOOHOCTh K PeaKTUBALMM KIIETOK,
TTOJIyUMBIINX TEPMOIIOK, T. K. KOJIMYECTBO KJIETOK IMOC/Ie Tac-
Tepusaluy C Nocaenyioleil 24-4acoBoiil BbIEPXKKOI IIPU TeM-
neparype (8*2) °C npuBOOUT K YBETUUYEHUIO UX KOJTNYECTBA B 2
pa3sa. [laHHbIe BbIBOJIbI KpaiiHe BaskKHBI JJ151 OLIEHKM PUCKOB CHU-
SKeHMST YPOBHS 6€30TIaCHOCTY MOJIOKA ¥ MOJIOUHBIX TIPOIYKTOB,
o6cemeHeHHBIX Staphylococcus aureus [18,19].

st TecT-KynbTypbl Pseudomonas aeroginosa, 061agaoIiero
TICUXPOTPOMHBIMY CBOVICTBAMMY, BBISBIEHA HEKOTOPAsl TEPMO-
JaGUILHOCTD, UYTO XapaKTePU3yeTCs CIIOCOGHOCTbIO eIMHUYHbIX
KJIETOK Pa3MHOKAThCS MTOCTIe TePMUUECKOi 06paboTKM IPU BbI-
cokoit no3se 3apaxkenus (6onee 10° KOE/cm?). ITpy 5TOM HEKOTO-
pble KieTku Pseudomonas aeroginosa COXpaHSIOT CIIOCOOHOCTh
K peaKkTMBaIUA.
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Ta6nuia 1. TepMoCTaGMIBHOCTD TECT-KYJIBTYP MUKPOOPTAaHU3MOB K IMacTepU3aui Mpy PasjInIHbIX TEMIIEPATYPHBIX PeKMMAaxX
Table 1. Thermal stability of test cultures of microorganisms to pasteurization at different temperature conditions

KosnyecTBO BbISIBJIEHHBIX MMKPOOPraHu3MoB nocie nacrepusanuy, KOE/cm®*

By MMKpOOpPraHu3MOB oﬁceﬂgfliusnn, Pexumpl nacrepusamyu
rore 72°C nocie ng‘,ﬁomoxa 80°C nocie fgp:&omoxa
Lactococcus lactis subsp. lactis 7,0x 10! 0 0 0 0
Lactococcus lactis subsp. diacetilactis 4,8x10* 0 0 0 0
Lactococcus lactis subsp. cremoris 1,2x10°¢ 0 0 0 0
6,6 x 102 0 0 0 0
Lactobacillus plantarum PKMB-207 8,2x10° 0 0 0 0
4,5x107 0 0 0 0
1,1x10? 0 0 0 0
Lactobacillus acidophilus PKMB-20T 2,0x10* 0 0 0 0
1,9x10¢ 0 0 0 0
2,9%x10? 0 0 0 0
Streptococcus termophilus PKMB-859,
1,6x10° 9% 10° 10x10° 0 0
Streptococcus termophilus PKMB-859; 1,4x107 14x10° 13x10° 1x10° 0
7,6x10! 0 0 0 0
Escherichia coli BKM 125 2,9%x10* 0 0 0 0
3,4x10° 3,8x10! 4,2x 10! 2x10° 2,4x 10!
1,3x10? 0 0 0 0
Staphylococcus aureus ATCC 6538P (FDA 209P) 6,0x10* 0 0 0 0
6,0x10° 5x10° 10x10° 0 0
2,9x103 7,5x10? 7,0x10? 0 0
Enterococcus faecalis 2,9%10° 2,4x10* 2,4x10* 0 0
1,6x107 1,7x10¢ 2,5%10° 1,4x10? 1,5% 102
5,4x103 0 0 0 0
Pseudomonas aeruginosa ATCC10145 5,5x10° 0 0 0 0
4,8 x 107 4 1,2x10! 0 0
1,3x 102 1,1x10? 2,5x 102 7,0x 10 2,5x 10!

Clostridium tyrobutiricum I'l
(0b11ee KOJIMYECTBO, BKIIIOUAIOIee Kak 2,5x10* 1,1x10* 1,1x10* 1,1x10* 7,0x 103
BereTaTUBHbBIE KJIETKM, TAK U CIIOPbI)

1,1x107 1,1x10° 6,0x10° 1,3x10° 2,5x10°
2,5x 10! 7,0x 10! 2,5x10? 2,5x10! 7,0x 10!
Clostridium tyrobutiricum I'l 5 " " 5 .
(enopbl) 2,5%10 1,1x10 1,1x10 7,0x10 7,0x 10
1,1x10° 1,1x10° 7,0x10° 2,5x10° 2,5x10°
Bacillus subtilis M-71 2,3x10° 2,6x10° 1,9x 103 3,0x 103 2,3x 103
(0611iee KOMMYECTBO, BRIIOYAOIIee KaK
BereTaTuBHbIE KJI€TKM, TaK U CIIOPBI) 2,7x10° 2,2x10° 2,4%10° 2,4x10° 1,7x10°

Bacillus subtilis M-71
(ob11Iee KOMYECTBO, BKIIOUAIOIIEe Kak 2,6x107 3,6x107 2,2x107 2,6x107 2,1x107
BereTaTUBHbIE KJIETKY, TAK U CIIOPbI)

1,7x10° 1,6 x10° 1,5x10% 1,3x10° 1,3x10°
i“rf(';’éﬁ)s”bti’is M-71 2,0x10° 1,8%10° 1,7x10° 8,6x10" 1,1x10°
2,0x 107 2,2x 107 1,6 x107 1,9x 107 1,4x 107
1,3x10? 0 0 0 0
Saccharomyces lactis CK-22 1,6 x10* 0 0 0 0
1,7x10° 1,6x10! 1,7x10! 0 0
6,5x10? 0 0 0 0
Penicillium roqueforti 8,7x10* 2,4x10! 3,8x 10! 0 0
5,5x10° 2,7x10? 3,3x103 2,2x10° 1,2x10°

* B Tabnuiie mpesicTaB/IeHbI CpeJHIe 3HaUeHNs rokasaresneit KOE/cv?3, ommbka metoza noacdera KOE nmpu mmoceBe Ha TBEPAYIO MUTATEbHYIO CPEy COCTaB-
nstet 10% (TOCT 9225-84 «MoJIOKO ¥ MOJIOUHbIE IPOAYKTHI. MeToAbl MMKPOGMOIOIMYECKOT0 aHaIN3a»)
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Hau6ombiyio TepMOCTabMIBHOCTh M3 BCEX MCITBITAHHbIX
KOKKOBBIX (DOpPM TPOSIBJISIET SHTEPOKOKK, UTO COTJIACYETCS C Psi-
oM mccinenoBanmii [20,21]. TIpy HM3KOTEeMIIepaTypHOIi macTe-
pU3aIMU IPU BCEX UCXOTHBIX N03aX 3apaskeHNsT B MHTepBaJie OT
10% KOE/cm® mo 107 KOE/cM3 pe3ynpTaToM T€pMMUUECKOTO BO3-
IeliCTBMS ObUIO CHMSKEHME KOMMUYeCTBA KM3HECITOCOOHBIX Kile-
TOK TOJIbKO Ha OMH MOPSLOK. DPHeKTUBHOCTD MacTepu3alnum
OTHOCUTEJIbHO YHTEPOKOKKOB COCTaBJISIeT TOpsigKa 25% mpu
MCXOTHOM COMiepsKaHUM KU3HEeCIoCcoOHbIX KiaeTok 103 KOE/cm3
u niopsigka 10% nipu koHueHTpauun kietok 107 KOE/cm3. HTe-
pPEeCHBIM Pe3ylIbTaTOM MOKHO CUYMTATh OTCYTCTBME CYIECTBEH-
HOJi 3aBUCUMOCTY 3P GEKTUBHOCTY TEMITIEPATYPHOTO BO3IEICT-
BUSI OT MICXOLHO? 06CeMeHeHHOCTH. DHTEPOKOKKYM — TepBast U3
BBILIEOTIMCAHHBIX KYJIbTYP, [IJII KOTOPOJ MPOC/IEKMBAETCS BbI-
pakeHHasl 3aBUCUMMOCTb TEPMOCTOMKOCTY OT TeMIlepaTyphl Ia-
crepusauyn. Ecmm HM3KROTeMIIepaTypHas rmacTepusauysi JUITh
CHIKAeT YPOBEHb MCXOHOM 06CeEMEHEeHHOCTH, TO MPU BbICOKO-
TeMIIepaTypHOil IMacTepusanyuy HabomaeTcss HeBO3BPATUMOE
YHUUTOXEHME KJIETOK IPU UX UCXOIHOV KOHUeHTpaluu a0 10°
KOE/cm3. TIpu MCXOmHOV KOHIIEHTpAlUMM KIeTOK SHTEepPOKOKKa
107 KOE/cm® Ha6m0manoch CHYDKeHMe KOIM4YecTBa SKM3HeCIo-
COOHBIX KJIETOK Ha MSATh MOPSIAKOB, i OCTATOUHOE KOJTUYECTBO
MMKPOOPraHM3MOB TIOC/Ie TeMIIEPATypPHOTO BO3[AECTBUSI CO-
crasisger juib 10> KOE/cm® 6e3 BUOMMOIO BOCCTaHOBJIEHMS
SKM3HECIIOCOGHOCTH KIeTOK IOCIe TepMoIiioKka. Takum o6pasom,
IIpY BLICOKOTEMIIEPATYPHOI IMacTepusaim, He3aBUCUMO OT UC-
XomHOTo 06ceMeHeH s, yHuuToxkaetcst 1o 10° KOE/cm® sHTepo-
KOKKOB, U TIPM MEHbBILIMX KOJIMYECTBaxX KJIETOK B MCXOJHOM MO-
JIOKE MOXKHO OXKIIaTh, UYTO TepMuUeckast 06paboTKa MOTHOCThIO
s¢pdexTuBHAa.

CocraB crIopoBoit MUKPOGIOPBI MOJIOKA TMpeCTaBIeH CIo-
POBBIMM aHA3POOHBIMM Me30bMIbHBIMY OAKTEPUSIMU POZA
Clostridium v CTIOpOBbIMM a3pPOOHBIMU ¥ (PaKyIbTATUBHO aHa-
9POOHBIMM Me30(DUIBHBIMU MUKpOOpraHmM3Mamu pona Bacillus
[22-28]. CiopoBble MMKpPOOPTraHU3MBbI B KyJbType HaxOASTCS
KakK B BEreTaTUBHON ¢Gopme, Tak U Buae criop. [TosTromy roces
TECT-KYJIbTYp CIIOPOBBIX MMKPOOPTaHM3MOB ITPOBOAMIM Kak
6e3 MpeaBapUTEILHOTO ITPOTPeBa, TaK M IMOC/Ie MPOorpeBa Mpu
(76*+1) °C B Teuenue 30 MMHYT [Jj51 yIajleHUS] BereTaTMBHBIX
dbopm ¢ uenbio IampHeNIIero MUcCIeL0BaHNS MOBeHeHNsT CIIop
1ocJie TeMIIepaTypHOTo BO3/AeiCTBHUSI.

IMocre macrepusanuyM — KakK HMU3KOTeMIIepPaTypHON, Tak
¥ BBICOKOTEMIIEPATYPHO — B KYJbType KJIOCTPUAMI KOImde-
CTBO KM3HECIIOCOOHBIX KJIE€TOK He3HAUMTENbHO YMEHBIIAIO0Ch.
[IpocnexuBanach TMPsSIMO IIPOTNOPLUMOHA/TbHAS 3aBUCUMOCTD
3 PeKTUBHOCTY TepMMUUECKOii 06pabOTKM OT MCXOAHOI o6ce-
MeHeHHOCTH.) [Ipy 9TOM He3HauMTelIbHAs] CIIOCOGHOCTH K pe-
aKTHUBALMM BbISIBJIeHA TOJIBKO IPU YPOBHEe 06cemMeHeHHOCTH 102
KOE/cm® u B ciryuae HM3KOTEMIIEPATYPHO MacTepu3alnm, uTo,
BO3MOYKHO, CBSI3aHO C MHAYKILIMEN TTPoLiecca mpopacTaHus Criop.
KonmuecTBO crop KIOCTPUIMIA TTOCTE MAacTepu3aluy OCTaeTCs
HEM3MEHHBIM MM Hab/IofaeTcs HEeKOTopas TEHAEHIMST K UX
yBenuMUYeHM0. YCTAHOBJIEHO, YTO HM3KOTeMIlepaTypHasl rac-
Tepusanus OJHO3HAYHO CTUMYJIMPYET IPOIecC ITPOpacTaHms
CIIOP, UTO MPOSIBJISIETCS] B YBEIMUEHMM KOMMYECTBA KM3HECIO-
COOHBIX KJIETOK KIOCTPUIMIL TTOC/IEe TEMITEPATYPHOTO BO3IEICT-
Bus ipu (8+2) °C u nocnenyroueii Beigepkke 24 yaca.

CriopoBbie a3po6bl pofa Bacillus Kak B CMeIIaHHOM KYJIbTY-
pe (BereTaTMBHBIE KJIETKY U CIIOPbI), TaK U B CIIOPOBOI (popMme,
OKa3aJMcCh MOTHOCTHIO TEPMOCTOMKM TIPU 3aJaHHbIX TeMIlepa-
TYpPHBIX pexkuMax. Uto Kacaercst 3ddeKkTa yCKOpeHMs mpopa-
CTaHUSI CITOP JAHHOI TPYIIIIbI 6aKTepHii TIOC/Ie TEMIIEPATyPHOTO
BO3ECTBUS, TO, B OT/IMYME OT KJIOCTPUAMMA, NI MUKpPOOpra-
HU3MOB popa Bacillus naHHblii 3 @eKT He GbUT BbISIBJIEH.

TecT-KyabTYypa AposkKkeit Buma Saccharomyces lactis Tepsiet
SKM3HECITOCOOHOCTh TOC/Te HM3KO- UM BbICOKOTEMIIEPATYPHOI

racTepusanyy IpyY HAYaJIbHOM [03€e 3apaskeHUs] MCXOTHOTO
momoka go 10* KOE/cvs. [Ipu HavyasibHOI m03e 3apaxkenust 10°
KOE/cm® Hu3KOTEMIIEpaTypHas racrepusanyst He 3ddeKTrBHA
1 OCTATOYHOE KOJIMYECTBO APOXOKei cocTasisieT 10% OT mcxom-
HOTO KOJIMYECTBa, TPY STOM PeaKTUBAIMM KIETOK MOC/Ie TEPMO-
III0Ka He BBISBJIEHO.

TecT-Ky/nbTypa IIIECHEBBIX TrpuboB Buma Penicillium
roqueforti mokasaa 60JIbIIYI0 TEPMOCTAOMIBHOCTb, YEM KYJIbTY-
pa OpoXoKeii: HU3KOTeMITepaTypHasi mactepusalysl okas3aaach
TTOJTHOCTBIO 3¢ GEeKTUBHA TOMBKO MPU MCXOTHOM KOHIIEHTPALIUK
kietok 10! KOE/cMm3, a BbICOKOTeMIIepaTypHasi macTepusaums —
npu 10* KOE/cm®. ITocie HM3KOTEMIIEpaTypHOI MacTepm3aium
TIJIeCHEeBbIE TPUOBI COXPAHSIOT CIOCOGHOCTb K PeakTUBALUU
KJIETOK B TpefesaxX OMHOTO MOPSAKa, MOCie BbICOKOTEMIIepa-
TYPHOJi TTaCTEPU3ALMM TaKast CIOCOOHOCTD yTpayveHa.

MOKHO cieslaTh BBIBOJ, UTO OCTATOYHasi MMUKpodaopa mMo-
JIOKa, TIPOIIeIIero HU3KOTEMITepaTyPHYIO MacTepu3alnio, pas-
HOOGPasHa 1Mo cocTaBy. BakTepuaabHbIiT TIei3aK 3aBUCUT OT UC-
XOIHOTO COCTaBa MUKPOQIIOPHI CIPOTO MOJIOKA M OT KOJTMYECTBA
SKM3HECITOCOOHBIX KJIIETOK OT/IEeIbHbIX TPYIIIT MUKPOOPTaHM3MOB
[29]. OmHaKo 5KCIIepUMEHTBI, IPOBeAeHHbIe Ha TeCT-KYIbTypax,
He MOTYT B TOJTHOV Mepe OTPas3suTh PealbHyI0 KapTUHY, TaK KaKk
CBOJICTBA KY/IbTYP «IUKUX» IITAMMOB B PEATbHbBIX YCTOBUSIX MO-
T'YT CYIIECTBEHHO OTJIMYATHCS OT CBOVICTB TECT-KYJIbTYP aHaO-
TMYHBIX BUJIOB.

st v3yuyeHuss M3MEHEHUsS] TPYIIIOBOTO COCTaBa «IMUKOI»
MUKPOGMIOPhI MOJIOKA TOC/IE BO3JEICTBUSI HU3KOTEMITEPATYP-
HOJi IacTepus3aIym C 1eIbI0 OLIEHKY OCTATOYHO MUKPOQIIOPHI
C TIO3UIMIT 6€30TMaCHOCTY U KayecTBa BhIpabaThIBA€MbIX CHIPOB
OB ITPOBEIEH CIEeMYIOMINIT SKCITEPUMEHT.

[s1 aKCIepyMeHTa OT6Mpa MOJIOKO ChIpoe ¢ 6aKkTepuab-
HOJi 06cemMeHeHHOCTbIO opsaka 10° KOE/cm3. [Tocie HU3KOTEM-
TepaTypHOIi macrepusanyuy mpob monoka (72+2 °C, 15+5cek)
OTIpefeNisyi TPYIIIIOBOM COCTaB OCTATOUHOM MMKPODIOPHI.
CpenHue pe3ylbTaThl CEPUM SKCIIEPMMEHTOB U3 18 TTOBTOPHO-
CTeit rpescTaBaeHsl B Tabnuiie 2.

Tab6nuia 2. CpaBHUTEIbHBIN COCTaB MUKPOGIOPHI MOTOKa
IO ¥ TIOC/Ie TTacTepu3anumu

Table 2. Comparative composition of milk microflora
before and after pasteurization

ITacTepn3oBaH-
ITokasaTenu CpIpoe MOJIOKO HOE MOJIOKO
KMA®AEM (2,2+1,2)x10°  (2,4+1,4)x10°
CocraB TIpOXsKU (7,2%8,6)x 10>  He o6GHapy>keHbI
TOCITOZCTBYIOLIE
MUKPOGIOpBI InecHeBblie rpubbl  (4,5%6,7)x 10>  He o6Hapy>keHbI
CriopoBbie aspo6bl  (4,0+3,8) x 10% (2,1£3,1)x10?
CocraB
rocriofcTByioueii  Kokku (2,2%+2,1)x 10° (1,8%1,7)x 10°
MIUKPOGIIOPBI
BI'KII (3,0£3,5)x10*  He o6Hapy>keHbI
KTA®AHM (6,4+4,4)x10° (1,0+0,8)x10°
I posxoku He o6HapykeHbl He o6HapyKeHbI
[necuesble rpubsl  (3,0£1,3)x 10>  He o6HapyskeHbI
Cocras
rocriozicTBytomeit  CriopoBbie aspo6sl  (2,0+1,6) x 10* (1,1£0,9)x 10?
MUKPODIOPHI
Koxku (1,7£1,9)x 10° (8,6+7,5)x10*
BI'KII He obHapykeHb! He o6Hapy>keHbI
KITA®AHM (3,0£4,5)x10° He oGHapy>KeHbI
IIpOsKKM (5,0£7,9)x 10>  He oGHapy>KeHbI
[necuesbie rpubbl  (4,0£1,0)x 10>  He o6HapyskeHbI
CocraB
rocrioacTByoiieii  CriopoBbie a3po6bl He o6HapyskeHbl He 06Hapy>keHbl
MUKPODIOPHI
Kokku (4,3%5,9)x10°  He o6Hapy>KeHbI
BIKII (3,7£6,9)x10*  He o6HapyskeHbI
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Kak BugHO 13 NpefcTaBIeHHbIX JaHHBIX, IOTyYeHHbIX B pe-
3y/ibTaTe aHajaM3a COCTaBa TOCIOACTBYIOLIEN MUKPODIOPHI
B [I0CEBax MOJIOKA [0 MacTepusalyuy U IMOC/Ie Hee, MCXOLHOe
KOJIMYECTBO Me30(DWIbHBIX a3pOOHBIX U (aKyJbTaTUBHO-aHa-
9POOHBIX MUKPOOPTaHM3MOB B CPEIHEM CHIKAETCS TOTHKO Ha
TIOPSIIOK, TepMOGUIbHBIX — Ha TONMOPSIAKA, a KM3HECIoCo0-
HbI€ KJIETKU MCUXPOTPOPHBIX MUKPOOPTaHM3MOB B M1acTepPU30-
BaHHOM MOJIOKE He 0OGHAPYKMBAIOTCSI.

B macTtepu3oBaHHOM MOJIOKE M3MEHSIETCS KadyeCTBEHHBIN
cocTaB MUKPOQUIOPSI, T. €. 6GaKTepuaabHbIif Mmeii3axk. [Ipu macre-
pU3aLuy MOMHOCTBI0 OTCYTCTBYIOT IPU3HAKM POCTa MUKPOOP-
raHmsmoB, oTHOCSMXCsA K BI'KII, 4TO Cy>kUT OCHOBaHUEM ISt
KOHTPOJS 3PeKTUBHOCTY MacTepu3aLyu 1Mo OTCYTCTBUIO B IMa-
CTEepM30BAaHHOM MOJIOKE MPU3HAKOB POCTa MMEHHO 3TOM IpyT-
bl MMKPOOPTraHM3MoB. Kak BUIHO 13 JaHHbIX Tabauiel 2, cpe-
v BI'KII Bce BbIsIBIEHHbBIE B MOJIOKE CbIPOM MUKPOOPTaHU3MBbI,
OTHOCSIIMECS K TaHHO TpyIine, 06aaloT ICUXPOTPOGHBIMMI
cBoiicTBamu. IlosiBieHMe Yy Me30bMIbHBIX IHTEPOOAKTEepMii
CBIPOTO MOJIOKA YCTOMUMBOM CIIOCOGHOCTH MPOSIBISITH TICUXPO-
TpodHbIe CBOICTBA, T. €. PaCTU M Pa3MHOXKAThCS MPU TeMIIe-
patype Hmke 10 °C, CBUAETENbCTBYET O 3aKpeIVIEeHU JAHHOTO
TIpM3HAKa ¥ PUCKe CHYSKEHMST KaueCcTBa M XPAaHMMOCIIOCOOHOCTH
CBIPOB, CBSI3aHHOTO ¢ pa3Butuem bIKII npyu TemmiepaTypHbIX pe-
KMMax CO3peBaHMsl.

AHann3 KOKKOBBIX (popM B 06pa3iiax CbIpOTo MOJIOKa ITO3BO-
JISIET CHENIaTh BbIBO, YTO YACTh U3 HUX MPOSIBISIET TEPMODUITb-
HbIe CBOVICTBA, IPyTHe SIBISIOTCS rcuxporpodamu. [Ipu aTom 1o
90% KJIeTOK KOKKOBBIX Me30(DWIbHbIX U TepMOGUIbHBIX OaK-
Tepuii TepMOCTOVIKM IIPU BO3[ENCTBUM HU3KOTeMIIepaTypHOIL
rnacrepusain.

VccnepoBaHme cocrtaBa KOKKOBOM MUKPOGUIOPHI MOJIOKA 10
1 I10C/Ie TacTepu3aLyy 110 XapaKTepy ¥ BHEIIHEMY BUIY KOJIOHUI
Ha cpege KMA®AHM no3BossieT cAenaTh BbIBOZ, UTO IIPU COLep-
skaHMM B 06pasiiax MojioKa cTadmIoKoKKoB 10 103 KOE/cm® mo-
CJle TacTepusaluy UX KOJTOHUY B IOCeBax He OOHAPYKMBAIOTCS.
B ywI0BMSIX SKCIIEPUMMEHTA MICXOIHOTO MOJIOKA ¢ 60Jiee BhICOKOI
KOHIIEHTpAIIMeli KU3HECTTOCOOHBIX KJIETOK CTAhMIOKOKKOB, YeM
10° KOE/cM3, He BbISIBJIEHO, IO3TOMY YCTAHOBUTH MOPOT 3 dek-
TUBHOCTY TeMIIepaTypHOTO BO3/1eiCTBMS B 3aBUCUMOCTH OT KOH-
LIEHTPaLY KJIETOK «IUKOI» CTa(UIOKOKKOBOI MUKPO]IOpBI HE
yaanoch. B pamkax skcrepumeHTa TepMOoGuIbHasT MUKpodiopa
MOJIOKAa B CBOEM GOJIbIIMHCTBE OKa3bIBAETCSI YACTUUHO TEPMO-
CTOIKOI K HM3KOTeMIIepaTypHoit mactepusanuu. K repmodnib-
HBIM KOKKOBBIM (DOPMaM OTHOCSITCSI SHTEPOKOKKY U TEPMOPUITb-
HbIN cTpenTOKOKK. [Ipy 3ToM Ha cpefe KMADAHM ripu (43%2) °C
B [TOCEBAX MCXOMHOTO U MACTePMU30BAHHOTO MOJIOKA BbISIBJISTIOTCST
MPeMMYIIECTBEHHO KOJIOHMM cpefgHero pasmepa (1,5-2,0) mm
C POBHBIM KpaeM ¥ 6JecTsIeli MOBePXHOCTbIO UM MeJKKe I0-
BEPXHOCTHbBIE ¥ TIIYOVHHbBIE KOJIOHWM TEMHOJ OKPaCcKu. AHAIN3
COOTBETCTBYIOIIMX MUKPOIIPEapaToB IMO3BOISIET OTHECTU MU-
KpPOOpraHu3Mbl U3 KOJIOHMII TepPBOr0 TUIA K SHTEPOKOKKaM,
a BTOPOTO — K TepMOMWIbHBIM CTPEIITOKOKKAM.

B ocraTouHoii MUKpoQope IacTepu30BaHHOTO MOJIOKa,
B CPaBHEHMM C MCXOIHBIM ChIPBIM MOJIOKOM, KOJTMYECTBO KOK-
KOBBIX (DOPM 3HAUMUTENBHO BO3pPAaCTAaeT OTHOCUTEIBHO Taioy-
KOBBIX acroporeHHbIX GopM. Cpeny KOKKOBOI TepMOGUIbHOI
MMKPOGIOPBI CIPOTO MOJIOKA, KOTOpasi CoCcTaBsiia 68% ot 06-
IIIero KoInyecTBa TepModuIoB B MccIeqyeMbIX 06pasiiax, mpeo-
61amaeT TepMoDUIbHBIA CTPENTOKOKK (10 70%), 3HaUMTeIbHAS
OISl IPUHALJIEXXUT SHTePOKOKKaM (okoso 20%). B mactepuso-
BaHHOM MOJIOKE B paMKax 3KCIIepMMeHTa OISl KOKKOB OT 00-
1Iero KOJIMYeCcTBa TEPMOCTOMKNUX MUKPOOPTAaHM3MOB OCTalach
Ha TOM ke ypoBHe (65%), HO HaGTI0JaeTcs yBeauyeHe SHTepo-
KOKKOB 3a CYeT CHMKeHMSI KOTMYecTBa TepMOGUIbHOTO CTper-
TOKOKKa ¥ MMKPOKOKKOB, KOTOpPbIe B CBOEM OOJBIIMHCTBE He
BBIIEPXKMBAIOT TeMIIepaTypy nacTepusaiuin.

B oTamume OT KOKKOBBIX (opM, TepModuabHbie (GOpMBbI
TIJIECHEBBIX I'PMOOB He MepeHew M IMacTepu3anyio U He Jaiu
BUAVMOIO POCTa B COOTBETCTBYIOIIMX ITOCEBAX MOJIOKA IOC/Ie
rnmacrepusanyu. I[Ipy 3TOM B MCXOZHOM MOJIOKE BBISIBIEHO
(3,0%+1,3)-10* KOE/ cm® TepmModuIbHbIX GOPM IIJIECHEBBIX I'PU-
60B, uTo cocTtasjsieT 80-90% OT ux O6IIEro KOJIMYeCTBa, JaB-
mmx poct npu (30+2) °C. Cpeny IpOsoKeil IpU MCXOOHOM 06-
cemeHeHHOCTH (7,2+8,6) - 103 KOE/cM® TepmodubHbie GopMBbl
He o6HapyXeHbl. OTCYTCTBYE TepMODUIbLHBIX GOPM TPOXKKei
¥ TEPMOCTOMKOCTM Y TUTECHEBBIX TPUGOB MOSKET GbITh CBSI3aHO
C TeM, UTO B MCXOZHOM MOJIOKE MIPUCYTCTBOBAIM TOIHKO Bereta-
TUBHDbIE KJIE€TKU OAHHbBIX 3YKAPMOTUUECKUX MUKPOOPTraHM3MOB,
a He X CIopbl. IIpakTUYeCKu BCe BbISIBIEHHbIE (OPMBI IPO3K-
Keil ¥ TJIeCHeBBbIX TPUGOB MPOSIBSIIOT CBOMCTBO MCUXPOTPO(d-
HOCTHM, YTO TOTHOCTBIO COOTBETCTBYeT TaKCOHOMMYECKOi Xa-
PaKTepUCTMKE JAHHBIX IPYIITbl MUKPOOPTraHM3MOB.

Cpeny CrIOpOBBIX a3p06OB He 06HAPYKEHO MCUXPOTPOGHBIX
dhopm, B TO ke BpeMsI IIPAKTUUECKY BCE BbISIBIIEHHbIE MUKPOOP-
TaHMU3Mbl SIBJITIOTCS TEPMOMWJIBHBIMU U TEPMOYCTONUMBBIMU
B YCTIOBMSIX HU3KOTEMIIePaTypHOI MMacTepu3anym.

BrllienepeuncieHHble MUKPOOPTaHM3Mbl He IIpe/CTaBlisI-
10T TIPOGJIEMBI C TOUKY 3peHMsT 6e30TIaCHOCTH, XOTSI OTHOCSITCS
K TeXHUYECKM BPEIHBIM MMUKPOOPTAHU3MaM, CITIOCOOHBIM IO-
BJIMSITh HAa KAUeCTBO ChIPOB, BbI3bIBAsSl T€ WJIM MHBbIE OpraHO-
JIeTITUYecKye MOPOKY NP MPEBBILIEHUY TOMYyCTUMBIX HOPM UX
comepykaHusl. BospIast 4acTh OCTATOUHOV MUKPOMIOPHI SIBJISI-
eTcss MUKpPOQUIOpOii, obecreunBarolieil mpoIecchl CO3peBaHMs
CBIPOB COBMECTHO C 3aKBACOUYHBIMM MUKPOOPTaHU3MaMU.

KoHTposnb nacTepn30BaHHOTO MOJIOKA Ha HaJMUMe CalbMO-
HEJIT He TTPeyCMOTPEH, ¥ HOPMbI 6€30IaCHOCTH IO OTCYTCTBUIO
JIAHHBIX TIATOTEHOB B TOM MY MHOM OGbeMe MacTepu30BaH-
HOTO MOJIOKA He OIlpefienieHbl, OfHaKO MOAPa3yMeBaeTcsl, UTo
OHU JO/DKHBI TapaHTMPOBAHHO OTCYTCTBOBATh. KOHTPOIH MM-
KpOOMOIOTMYeCKOl 6e3011acHOCTM TacTePM30BAHHOTO MOJIOKA
nposoauTcst mo oTcyTcTBuio BI'KIT kKak OCHOBHOV CaHUTapHO-
rokasaTesnbHOit MuKpodsopel B 10 ¢cM® MOIOKa, MPOIIeIIero
racrepu3aluio.

Yro KacaeTcss CTaWIOKOKKOB KaK YCJIOBHO IaTOTeHHBIX
MMUKPOOPTaHU3MOB, TO PEXMMBI ITacTepU3alyy MOJOKA B ChI-
pomenuu He 06eCTIeunBAIOT MTOTHOTO UX YHUUTOKEHMS TIPY BbI-
COKOJ1 TIePBUYHOI 06CeMeHEeHHOCTM MOJIOKa. [103TOMY YPOBEHb
COIep>KaHusI 3TOM TPYIIITBI MUKPOOPTaHM3MOB B CBIDOM MOJIOKE
He JTOJKEH TPEBBIIIATh YCIOBHbIE TPAHUIIbI 6€30TIaCHOCTH, T. €.
10° KOE/cm®.

Bce mcuxporpodHbie GOpMbI He TEPMOCTOIKM, MOITOMY
B MACTePU30BaHHOM MOJIOKE JAaHHbIE MUKPOOPTAaHU3MbI OTCYT-
CTBYIOT 6€30THOCUTENBHO K X BUI,0BOI TPUHAIIEKHOCTHU.

[TacTepm3auusi He CHMKAET KOIMYECTBO CIIOP a3POOHBIX
¥ aHa3pOOHBIX MMUKPOOPraHU3MOB B MoJjioKe. TepMmoduabHast
MuKpodsiopa B CBOeM OOJNBIIMHCTBE OKAa3bIBAETCS U TEPMO-
CTOJIKOI1, T03TOMY TepMOGUIbHBIE TTAJIOUKY U TEPMODUIbHbIE
KOKKM OCTAIOTCSI B MOJIOKE TIOC/Ie TTacTepu3aluy U MOTYT CTaTh
MCTOYHMKOM TaKMX MOPOKOB ChIpa, KaK KUCIbI ITyCTOM BKYC,
U3JUIIHee ra3oo6pa3oBaHne, rpybas, KpOILIMBasi KOHCUCTEH-
LUWSI U T. 0.

4. 3akjouyeHue
TakuM 06pa3oMm, B pe3y/ibTaTe MPOBEIEHHOI cepun KCIe-
PMMEHTOB M aHa/I3a MOMYyYeHHbIX MaTep1aioB MOXKHO Ce/IaTh
ctenyoliye o6Iye BIBOIBI 110 TEPMOCTAOMIIBHOCTY TECT-KYITb-
TYp MUKPOOPTaHM3MOB, 3HAUMMBbIX JIJIs1 06ecleueHust KauecTBa
¥ 6e30IacHOCTM MOJIOUHBIX IMPOAYKTOB, B YaCTHOCTM CBhIPOB,
MCTOYHUKOM KOTOPBIX SIBJISIETCSI ChIPO€ MOJIOKO:
O u3 KOKKOBBIX (hOPM IOJIHOCTBIO HE TEPMOCTAOMITbHBI JTAKTO-
KOKKM, YaCTUYHO TePMOCTAOWIIbHBI ITPY HU3KOTEMITEPATYP-
HOJ IacTepu3alyy ¥ BbICOKOI MCXOLHO 103€e 06ceMeHeHMsT
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10.

11.

12.

13.

14.

15.

TepMO(UIbHBIA CTPEIITOKOKK U CTa(hMUIOKOKKM, HaMOOIb-
11t TepMOoCTabUIAbHOCThIO 06/1a1al0T SHTEPOKOKKIA;

13 BEreTaTMBHBIX [TAJIOUEK JIAKTOOALIMIUTbI OKa3a/ICh HE TEPMO-
CTOVKUMM, TICEBAOMOHAbI YaCTUYHO TEPMOCTOIKM MPU BBICO-
KMX 103aX 3apakeHus M HU3KOTeMITepaTypHOit macTepu3alnmn,
a KuIIIeyHast TTaJIoyKa TPy BBICOKMX JJ03aX 3apaskeHNsI YaCTUIHO
COXpaHSIeT KM3HECTIOCOOHOCTh KaK Py HU3KOTEMIIepaTypHOIA,
TaK U MPY BbICOKOTEMITepaTypHOIi ITacTepm3alini;

LIS CTIOPOBBIX Me30(MWIIbHBIX MAJI0UYeK TEMITEPATYPHI ITacTe-
pU3anuy He OKa3bIBAIOT JIETATBbHOTO NEMCTBUS, U UX KO-
YeCTBO B MaCTepU30BaHHOM MOJIOKe He CHUKAeTCsl, He3aBU-
CMO OT MCXOJIHO¥ T03bI 3apaskeHys ; HU3KOTeMIlepaTypHast
rnacrepusanysl aKTUBU3MPYET IIPOLECC MPOpacTaHus CIIop
KJIOCTPULNIA;

TIJIeCHeBble TPMOBI 00/1aal0T GOJIbINeli TePMOCTOMKOCTbIO,
yeM JAPOXKKH;

a

CITOCOGHOCTD K peaKkTUBalMM KJIETOK ITOC/Ie TePMOIIIOKA Ha-
6mo;1anac1> TOJIBKO Y T€CT-KYJIbTYD KUIIIEeYHO MaJIouKu, CTa-
d)MJ'IOKOKKa, IICeBOOMOHA/ " IIJIECHEBBIX I'pI/I6OB.

YCTaHOBJIEHO, UYTO OCTaTOYHAas MI/IKpO(l)I[Opa MOJIOKa,

MOJBEPTHYTOTO HM3KOTEMIIePATYPHON MacTepusalnu, npes-
CTaB/ieHa KOKKOBbIMM (OopMamMu, UAEHTUDUIUPYEMbIMU KaK
9HTEPOKOKKM, TepMOGMUIbHbBIN CTPENTOKOKK, MUKPOKOKKU
" cTaMIOKOKKY; ITaIOUKOBBIMM aCIIOPOTEHHBIMM (popMamu,
UIEHTUGUUIMPYEMBIMY KaK TepMOQUIbHbIE JaKTOOALNII-
JIl M KOpMHEGaKTepuu; CIOPOBbIMYU GaKkTepusiMu. Boiirerne-

peuncieHHble MMKpPOOPTaHM3MbI

COCTaBJIAIOT OCTAaTOYHYIO

MMUKPOQJIOPY MacTepPU30BAaHHOTO MOJIOKA M MapasiebHO
C 3aKBACOYHBIMM MMKPOOPTaHM3MaMM YUaCTBYIOT B IIPOILIEC-
cax CO3peBaHMsI CbIpa, OMpeAessis ero KauecTBo M Ge3omnac-
HOCTh, @ TaKXe BAMSIIOT HA XPaHMMOCIOCOGHOCTh TOTOBOTO
MPOJYKTA.
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ITPAKTUKA ITPUMEHEHHUSA 1 OCOBEHHOCTU KOHTPOJIA
OJIMTOCAXAPHNAOB B ITPOU3BOACTBE ITPOAYKTOB
CIIEHMAJIN3UPOBAHHOI'O IINTAHUSA. OB30P

OpoBa E. A., AHanbeBa H. B.*

Bcepoccuiickuit Hay4HO-MCCIeA0BaTeNIbCKMI MHCTUTYT MOJIOYHOV IPOMBILIZIEHHOCTY, MocKkBa, Poccus

Open access

K/JIIOYEBBIE CJIOBA: AHHOTALUMA

yHKYuOHanbHble onueocaxapudsl, K GyHKIMOHAIBHBIM OJIMTOCAXapUIaM OTHOCSITCS Pas/IUHble TPYIIIbI YIIEBOMOB, 06/IafalommX 610I0rMIecKoit
aHanumuuieckue memodsl, aKTMBHOCTBIO — CITIOCOGHOCTHIO MOAY/IMPOBATh KUIIEUHYI0 MUKPOGMOTY 3a CUeT MpebuoTUYeCcKOro, aHTUare-
(pykmo- u eanakmo- 3MBHOTO M IPOTMBOBOCIAJIUTENBHOTO HEeACTBMIt. YHUKAIbHBIMU CBOVICTBAMM OJIMTOCAXapUIOB OGDBSICHSIETCS
onueocaxapuosl, IIVPOKMIA CIIEKTP UX MPUMEHEHMSI B MOJIOUHOJ MTPOMBILIIEHHOCTHM: OT IUILEBbIX MHTPEIMEHTOB JJIS1 UMUTALUA
8bICOK0I(pekmusHas MPe6MOTMIECKO aKTUBHOCTY OJIMTOCaXapuIoB IPYAHOTO MOJIOKA B IETCKUX CYXMX MOJIOUHBIX CMECSIX IO CTPYK-
JHUOKoCmHas xpomamozpagus, TYPUPYIOIIMX A06aBOK, 3aMeHuTeNei caxapa 1 kupa. IIpu BrIGOpe oMMrocaxapuioB sl BKIIOYEHMs B MOJIOY-

KonuuecmeeHHas udeHmu@ukayus  Hple TIPOLYKTHI OLEHUBAIOT UX GUOJIOTMYECKYIO aKTUBHOCTh M TEXHOJIOTMYECKME CBOICTBA, KOTOPBIE 3aBUCST OT
MCTOYHMKA U CI10co6a BBIENEHVS 3TUX coenuHeHmit. Haubonplee pacrpocTpaHeHue IOMyYIy GPyKTOOIUrO-
caxapuabl, TAIAKTOOIMTOCAXaPUIbl, KCYIIOOMUTOCAXapy bl Y OJIUTOCaxapuabl IEKTMHOBOTO psiia. PaspabaTsiBas
peLernTypsl IPOAYKTOB C 3asIBJIEHHOM 610/10rnueckoil 3G deKTUBHOCTDIO, HeNb3sl 3a0bIBaTh, UTO NOTpebIeHKe
GOJBIIMX KOJIMYECTB BEleCTB, 00/IaJal0NX TPe6MOTUUYEeCKUMI CBOVICTBAMY, MOKET IMPUBECTM K HAPYIIEHUSIM
Pa6OThI KeNTYIOYHO-KMIIEYHOTO TPAKTa, YTO TPpeGyeT BHEAPEHMS B IPAKTHUKY KOHTPOJISI KOMTMUECTBEHHOTO COLep-
JKaHVsI ONMIOCaxapyuioB B COCTaBe IMPOAYKTOB. Llenpio JaHHOTO 0630pa SIB/ISETCS aHaIU3 BO3MOKHOCTEN Ipu-
MeHEeHMsI OIUT0CaxapyuaoB B MPOM3BOLCTBE CIELMATM3MPOBAHHBIX IPOAYKTOB MUTAHNUS HA MOJIOYHON OCHOBE
¥ METOIOB KOHTPOJISI KauecTBa, 6e301acHOCTH, 3G GeKTUBHOCTY BKIIOUEHMS B PAL[VIOH IIUTaHVSI TaKOM IIPOAYK-
uuu. B 0630pe paccMaTpuUBAIOTCS CYIECTBYIOIIME METOAbI KOMMYeCTBEHHOM! MAeHTUGUKALMM OTUTOCAXaPUIOB,
BK/IIOYAeMbIX B COCTaB MOJIOYHBIX IIPOAYKTOB B KauecTBe QYHKIMOHAIbHBIX MHIPEIVEHTOB. BHMMaHNe aKLeH-
TUPYeTCSl HA OTPAaHMYEHMSIX BHeIpeHMs] pa3paboTaHHBIX aHATUTUYECKMX METOLOB aHa/IM3a B MOBCEIHEBHYIO
MPaKTUKY KOHTPOJISI OJIUTOCAXapUIOB, UTO CBSI3aHO CO CIOKHOCTBIO ¥ MHOTOKOMIIOHEHTHOCTBIO MCCIELyeMbIX
IyIeBbIX MaTpuil. [TokasaHa HeOGXOOVIMOCTh JalbHeJIIero cOBepluIeHCTBOBAHMSI METOIOB KOMMYeCTBEHHOMI
upeHTUGUKALMY GYHKIMOHATbHBIX OJIMTOCAXaPULOB B MUIIEBBIX TPOLYKTAX.
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THE PRACTICE OF APPLICATION AND FEATURES OF THE
CONTROL OF OLIGOSACCHARIDES IN THE PRODUCTION
OF SPECIALIZED FOOD PRODUCTS. A REVIEW

Elena A. Yurova, Natalia V. Ananyeva*
All-Russian Research Institute of Dairy Industry, Moscow, Russia

Open access
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functional oligosaccharides, Functional oligosaccharides include various groups of carbohydrates with the biological activity — an ability to
analytical methods, fructo- modulate gut microbiota due to the prebiotic, anti-adhesive and anti-inflammatory activities. The unique proper-
and galactooligosaccharides, ties of oligosaccharides explain a wide spectrum of their use in the dairy industry: from food ingredients for imita-
high performance liquid tion of the prebiotic activity of human milk oligosaccharides in infant dry milk mixtures to structuring additives,
chromatography, quantitative replacers of sugar and fat. When choosing oligosaccharides for inclusion into dairy products, their biological activity
identification and technological properties that depend on a source and method for extraction of these compounds are assessed.

Fructooligosaccharides, galactooligosaccharides, xylooligosaccharides and pectic oligosaccharides have been most
widely used. When developing recipes of products with stated biological effectiveness, it is necessary to remember
that consumption of large amounts of substances with prebiotic properties can lead to the gastrointestinal disor-
der, which requires introducing into practice the control of the oligosaccharide quantitative content in the product
composition. The aim of this review is analysis of possibilities of using oligosaccharides in production of special-
ized milk-based food products and methods for controlling quality, safety and effectiveness of inclusion of such
products into a diet. The review considers the existing methods for quantitative identification of oligosaccharides
included in the composition of dairy products as functional ingredients. The emphasis is made on the limitations of
the introduction of the developed analytical methods into routine practice of the oligosaccharide control, which is
linked with the complexity and multicomponent nature of the food matrix under study. The necessity of the further
improvement of methods for quantitative identification of functional oligosaccharides in foods is shown.
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1. BBegenmue

Onurocaxapunbl (OC) MpencTaBisiloT o060l reTeporeH-
HYI0O TPYIIy BEIeCTB, OTAMYAIOMINXCS CJIOKHOI CTPYKTYpOJt
¥ BapuabelbHOCThIO CTpPOeHMsI. PasHooGpasue OOBSICHSIETCS
NosokeHueM cBsi3biBaHMs OH-rpynmsl, mpupaimomen o- Wwin
B-KOH(DUTypanyo MOJIEKyJaM CaxapoB, a TAKKe KOJIMYeCTBOM
M TIONOXKeHMEeM MOHOCaxapuIoB, KOTOpble 00pasyioT JMHeli-
Hble WIN pa3BeTBIeHHbIE CTPYKTYPHI. B cocTaB onurocaxapmios
BXOOUT OT 3 1o 10 MOHOCaxXapuaHBIX OCTATKOB, OTIMYAIOIIXCS
CTEPEOXVMMUYECKM Y COeIVHEHHBIX T[TIMKO3UIHBIMU CBSI3SIMMA.
B kauecTBe MOHOCaxapuIHBIX eAVHMUI] OJIUrOCaxapuaoB pac-
cMaTpuBaoTcs GPyKTO3a, rajlakTo3a, IKo3a, Kemunosa. MHo-
>KeCTBEHHbIEe aCMMMeTPUYHbIE LIEHTPbI B MOJIEKY/IaX YITIEBOIOB
TT03BOJISIIOT 00Pa30BBIBATH PA3AMUHbBIE M30(GOPMbI, BKIIIOUAs
SHaHTMOMEpBI, I1acTepeonsomMepsl [1].

CtpyKkTypHbIe MOIM(UKALIMM MOIEKY/T OObSICHSIIOT Pa3INUS
B niposiBiisieMbIx OC CBOJCTBaX, KOTOpPbIe ONPeesIIoTCSI UCTOU-
HMKOM ¥ CITOCOGOM BBbIZIEJIEHMSI CaxapoB. B MHOTOUMCIEHHBIX
UCCIIeNOBaHUSX [2,3] aKIeHTUPYeTCs BHUMaHKe Ha G1oIornye-
cKoit dyHKUMOHaIbHOCTH OC, MOMTYyYeHHBIX U3 IPYLHOTO MOJIO-
Ka ¥ MOJIOKA MJIEKOMUTAIOMNX (KOPOBBETO, KO3bEro, BepoiIio-
Kbero). Hecmotpst Ha To, uTo comepskanme OC B KO3beM MOJIOKe
(0,25-0,3 r/m) B 4-15 pa3s Bolle, YeM B KopoBbeM (0,03-0,06 r/i1)
nnn oseubeM (0,02-0,04 r/m) [2], 3TUX KOIMYECTB HELOCTaTOY-
HO [J1s peanusauyiu npegjaraeMbiX TeXxHonorui Boigenenus OC
13 MOJIOYHOTO ChIPbSI B TPOMBINIZIEHHBIX MaciiTabax. CamMbIMu
60raThIMM U JOCTYITHBIMY MCTOUHMKAMM QYHKIMOHAMbHBIX OC
CUMTAIOTCST pacTeHus: U Bopopocin [4]. PaspaboTaHbl TeXHOO-
vy rionyderust OC myTeM MUKPOOMOIOTMUECKOTO U (hepMeHTa-
TMBHOTO CMHTe3a [5].

Ananus o6mnacteit mpumeHeHust OC mokasbIBaeT UX pacTyliee
3HaueHMe B MeauiuHe, hbapmaleBTHKe, MMIIeBOi TPOMBbIIIIEeH-
HOCTU U CeJIbCKOM XO03sJicTBe [6,7,8]. IIposiBiisieMblii CO CTOPOHBI
TIPOU3BOAUTEIIEl MUILEBBIX MPOJYKTOB MHTEPeC CBSI3aH C JBYMSI
acrniektamu. Bo-miepBbix, OC 061a1ai0T GYyHKIMOHAIbHOM aKTHUB-
HOCTBIO, B [IEPBYI0 OUepeb MPEGUOTUYECKUM AeiiCTBUEM, TI03TO-
MYy MX BKJTIOUAIOT B CITeLI /a3 pOBaHHbIe TPOLYKTHI, B TOM UMciie
B CyXMe JeTCKIe CMEeCH, COCTaB KOTOPBIX MaKCMMaTbHO MPUOIN-
SKeH K COCTaBY IPYOHOTO MOJIOKA. BO-BTOPBIX, TEXHOIOTMUECKIME
CBOJiCTBA, TaKMe KaK rejaeoOpasyiolias M BaaroyaepKuBaloiast
CTIOCOOHOCTbD, MOBBILIEHHAS] CTaJOCTh ¥ HU3Kasl KaTOPUITHOCTD,
MO3BOJISIIOT MCIIONb30BaTh 3TU caxapa JJIsl YIydlleHUs CeHCOp-
HBIX ¥ CTPYKTYPHBIX XapaKTEPUCTUK MMUIIEBBIX IIPOITYKTOB.

3-3a CJIOKHOCTM CTPOEHMSI, CTPYKTYPHOTO pasHOOOpasus,
Ha/lMuMsl COCYIIECTBYIOUIMX M30MeEPOB M MHOXeCTBa CaliTOB
CBSI3HOCTM TexXHonoruu uaeHtudukanum OC TpebyroT 0co60ro
nonxona. Tem Gosee, 3aTPyJHEHbI 3BJI€UEHVIE Y KOTNYECTBEH-
HOe OoIpeieJieHNe 3TOro KjIacca COeqUMHEeHMUI U3 CJIOKHBIX -
1IeBbIX MaTPUl] BCIEACTBYE X MHOTOKOMIIOHEHTHOIO COCTaBa
¥ BO3MOYXHOTO B3aMIMOJIENCTBUSI MHTPEOVEHTOB MEXIY COOOiA.
B wactHOCTH, TOKa3aHo, 4uTO OC MOTryT BCTyNaTh B pasjiMyHbIe
peaxIyy ¢ yuacTyieM 6eIKOB WM aMUHOKUCTIOT [9].

BO3MOXXHOCTb IMOJIHOLIEHHOTO KOHTPOJSI KOIMYEeCTBEHHOIO
copepskanust OC sIBIsIeTCS onpemesomum GakTopoM B obecrie-
yeHuu 6e30macHOCTH U 3G (HEKTUBHOCTH CIIeMaIN3YPOBAHHbIX
MPOAYKTOB NuTaHus. Kpome Toro, KonuecTBeHHas uaeHTUDM-
Kalusi urpaet 0cobyio posib MPY olpefesieHnM 1apaMeTPoB U3-
Biedennsi OC 13 IPUPOSHOTO ChIPBS, IPU pa3paboTKe perenTyp
MHHOBAIYIOHHBIX MUIIEBBIX MPOIYKTOB ¢ QYHKIMOHATBHOI aK-
TUBHOCTBIO, & TAKKE IMPY YCTAHOBJIEHUM XapaKTepa JeCTPyKIun
¥ MogudUKaIMM caxapoB B XO/e TEXHOJOTMYECKOTO Ipoliecca
Y B YCJIOBUSX JJIUTEIbHOTO XpaHeHMs IPOAYKTA.

Llenpio JAaHHOTO 0630pa SBJISIOTCS] M3yYeHMe CIIOCOO0B MTPK-
MeHeHMS ¥ aHaJIM3 METO/IOB KOMYECTBEHHOM uaeHTUGUKaAIMN
OJIUTOCaxapuAOB B COCTaBe CIEeIMaau3MPOBAHHBIX MPOIYKTOB
MIUTaHMS HAa MOJIOYHOJ OCHOBe.

2. OOG'BEKTHI M METOAbI

IanHoe ucciaemoBaHme MpeacTaBisieT 0630p, CUCTEMATU3-
pyromuit MHGopMaIMio 06 UCTOUHUKAX U TEXHOJIOTUSIX BbIIe-
nenust OC ¢ aKIIeHTOM Ha MeTOJbl X KOJIMYEeCTBEeHHOM UIeH-
TUGUKAIUY B COCTaBE MOJIOYHBIX TTPOAYKTOB. [IOMCK HAyUHOI
JIUTEPATYPhl OCYIIECTBSUICS B 6a3ax JaHHbIX Science Direct
u Scopus 1o 3amnpocam: (functional oligosaccharides AND milk
product), (quantity analysis AND functional oligosaccharides
AND milk product), ({quantity analysis functional oligosac-
charides}), (quantity analysis AND fructooligosaccharides AND
milk product), (quantity analysis AND galactooligosaccharides
AND milk product). PaccmaTpuBanuch myoaMKammm, HaXoms -
myecss B OTKPBITOM AOCTyIe U omy6nukoBaHHbIe ¢ 2002 110
2022 r. CKpMHMHT U U3BJIeueHMe AAHHbIX OCYIIeCTBISIIUCh U3
cTaTei, COOTBETCTBYIOIMX KPUTEPUSIM BKIIOUEHMS Y TEMATHUKE
MCCIeA0OBAHMSI: Pa3fiesieHMe M OUMCTKA, CMHTE3, aHAJIU3 CTPYK-
Typbl OC; 6MoakTuBHas GyHKIMsS OC, B YaCTHOCTY BAMSHME HA
KUIIEYHYI0O MUKPOOMOTY; UYBCTBUTEIBHOCTb M CTAGUIBHOCTH
OC K TeXHOJIOTMYECKM ITapaMeTpaM MPOU3BO/CTBA MUIIEBbIX
MpOAYKTOB; puMeHeHne OC Kak MHIpeiMeHTa [IJIsl Crielann-
3MPOBAHHBIX MUIIEBBIX MPOAYKTOB; KOJIMYECTBEeHHAS UAEHTH-
duxanus OC, B TOM UKcie B €CTeCTBEHHBIX MCTOUHMKAX (MO-
JIOKE MJIEKOTIMTAIOIIUX M PACTEHMSIX) M B TOTOBBIX MUIIEBbIX
IIPOAYKTaX.

3. IIpousBOACTBO M KOHTPOJIb KauecTBa
crnenyaau3upoBaHHON MPOLYKIIUN,

00OoraneHHOo 0JIMrocaxapusaMmmn
3.1. Onuzocaxapudsl Kaxk uHzpedueHmol

Cneyuanu3upo8aHHslx npodyKkmos numadust

CrabunbHocTb OC mpu BhICOKUX Temmepatypax (mo 100 °C)
M Pa3HbIX YPOBHSIX aKTMBHOI KUCIOTHOCTU (2,5-8,0) memaioT
BO3MOXXHBIM BKITIOUeHMe GyHKIMOHaIbHBIX OC B COCTaB MO-
JIOYHBIX MIPOAYKTOB, B TOM 4McIe KUCIOMONo4YHbIX [10,11]. Bria-
rofapsl MOBBIIIEHHOM BSI3KOCTM M BBICOKON BJIaroyiepsKuBalo-
meit crioco6HocTy OC BBIMTOMHSIIOT TEXHONOTMYeCKMe QyHKIUN
Y MOIYT MCIIOJIb30BaTbhCsS B KaueCTBe JKeNMPYIOMIMX areHTOB,
MOIM(GUKATOPOB BSI3KOCTH, CTAOMIN3aTOPOB MEHBI, 3aMeHNTe-
Jieit XXupa, a Taxke IJi IpefoTBpalieHNs] TassHUSI MOPOKeHOTo
u 1p. [12,13]. Bonee Toro, onurocaxapuabl MOXHO IPUMEHSTb
B KayecTBe 3aMeHuTeseil caxapo3bl, ITOCKOIbKY OHM MMEIOT
okono 30-60% cmamocTy caxapo3bl M HU3KYIO KaJOPUITHOCTD
(4,2-6,3 kIx/T) [14].

B crneuyanu3mMpoBaHHbIX MpopyKTax nutanuss OC HaIm
npuMeHeHMe 6marogapsi ux 6Guonmornveckoit akTuBHOCTU. OC
C TIPe6MOTMYECKVIMY CBOICTBaMM B HEM3MEHHOM BUJE IIPO-
XO[SIT yepe3 BepxHMe OTHebl JKeTyLOUHO-KUIIEUHOTO TpaKkTa
U U36UPATENbHO MeTabOMU3UPYIOTCS KUIIEUHO! MMKPOQIIO-
poii yesioBeKa, MOITOMY 00eCreunBaIOT Psif, MOIOKUTETbHBIX
BO3J€ICTBUIT HA opraHu3M. [IpoucxoauT HarpaB/ieHHOE M3Me-
HeHMe MUKPOOMOIleHO3a KUIIeUYHMKA: CTUMY/IMPOBaHMe POCTa
¥ MeTabonusMa Ioe3Hoit MMUKpodIOpsl, BKIOUas 6mbumo-
" TAaKTOGAKTepUH, IPU OLHOBPEMEHHOM TOLABIeHUN Pa3BUTHUS
Y IpUKpeIUIeHUs] K CIM3MUCTONM IaTOreHHBIX MMUKPOOPraHM3-
MOB [15]. Takske aKTUBU3UPYETCS paboTa MMMYHHOM CUCTEMBI,
yaydiaeTtcs: BcacbiBaHue ButaMmuHoB (D, E) M MuHepanbHbIX
BeleCcTB (KaablMsI, MarHus, skejie3a), CHUKaeTcsl YPOBeHb JIK-
MIOTIPOTENAOB B KPOBU. Bce 3Ty mporieccs! Croco6CTBYIOT ITPO-
SIBIIEHUIO TIPOTUBOAUAOETUIECKMX, ITPOTUBOBOCIATIUTENbHBIX,
NIPOTMUBOAJIIEPIMYEeCKUX [16], aHTMOKCUIAHTHBIX CBOVCTB [17].

Oco6oe 3HaueHre OC MMEIOT B ITPOU3BO/ICTBE JETCKUX MTPO-
IYKTOB. Tak, 1711 KOPPEKTUPOBKY COCTABA CYXMX MOJIOUHBIX CMe-
ceii MPUMEHSIIOT raJIaKTOONIUrocaxapu s, GpykToomrocaxapm-
ILbl, TONU@PYKTO3Y, onugeKcTpo3dy u uHynuH [18]. Kpome toro,
B KOMMepuecKkux ¢hopmysnax s HOBOPOKIAEHHBIX UCIIONb3YIOT
CUHTe3upoBaHHbIe aHanoru OC rpygHOTr0 MOJOKa.
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B 3aBMCUMOCTH OT CTPYKTYpHOI KoHDopmaluu, OC mo-pas-
HOMY YCBaMBaIOTCS B TOJICTON Kulike. Hampumep, BbICOKOMOJIe-
kynsipabie OC BCachbIBAIOTCSI B BEPXHUX OT[e/Iax, HU3KOMOJIEKY-
JISpHbIe — B HIMsKHUX. COBMECTHOE MCIT0/Ib30BaHMe Pa3/IMUHbIX
BuaoB OC B cocTaBe MUINEBBIX MTPOAYKTOB MMO3BOJISIET JOCTUUD
MaKCUMMAaJIbHOTO ITpebuoTudeckoro 3ddexra Ha Bceil IpPOTS-
SKEHHOCTY TOJICTOV KUIIKU. TakK, rajakTo- U (pyKTOOIMTOCcaxa-
PUIbI BKIIOYAIOT B COCTAB CYXUX CMeceit [JIsl IeTCKOTro MUTaHUs
B COOTHOLIeHUM 9:1, 4TO COOTBETCTBYET €CTECTBEHHOMY COOT-
HomeHnto OC B rpygHOM Mosioke. KimMHMYeECKM IOKa3aHHOM
9¢b(deKTUBHOCTbIO 06/1afaeT KOMIUIEKC KOPOTKO- M AJIMHHOIIEe-
noueyHbix OC B cooTHoureHuu 1:1 [19]. IToBbilIeHNe GyHKLIK-
OHAJIbHOM 3D (HEKTUBHOCTM MUIEBBIX MTPOAYKTOB 32 CYET COB-
MECTHOTO MpUMeHeHNus pasanuHbix BumoB OC o6opaunBaeTcst
YCIOKHEHMEM UX KOHTPOJIS, TaK Kak TpeGyeT pa3paboTku aud-
(epeHIMPOBaHHBIX MOAXOM0B K KOJMYECTBEHHON MaeHTUDU-
Kaiuyu KOHKpeTHbIX B1a0B OC.

3.2. Budul onuzocaxapudos

Hanbosnee 4acTo B MOJIOUHOI MPOMBIIITIEHHOCTU WCIIONb-
3yI0T GPYKTOOMMTOCAXapyabl M TalmaKTOONMUIocaxapuabl. B ka-
yecTBe IEePCIEeKTMBHBIX TakKke PacCMaTPUBAIOTCS KCUIIOOM-
rocaxapuabl u nexkrtuHosbsle OC [20,21,22]. OC pasnnyaroTcs
10 CcaxapuIHBIM OCTaTkaM (IJII0K03a, (DpyKTO3a, rasakrosa
¥ KCUJ03a), INMUKO3UAHBIM CBI3IM (B(1—2), B(1—3), B(1—>4),
B(1—6)) 1 cTeneHy reTepOreHHOCTH.

@pykmoonuzocaxapudsl (POC) cOCTOST M3 OCTaTKa caxapo-
36l U OCTAaTKOB d-PpyKkTO3bl, coenyHeHHbIX B(1—>2) CBA3AMMU.
Bricokoe copepkaHne ®OC oTMeuaeTcss B pacTeHMSIX (TONM-
HaMmOype, 6aHaHAX, YeCHOKE, CIIapKe, sTUYMeHe, KOpHe ITUKOPUSI,
apTUIIOKaX, MIIeHuIe, TyKe, 6060BbIX), a Taxke Mene. POC co
CTeTeHbI0 MOMMepU3ali OT 3 10 5 MOoMyJyaloT U3 CBeKJIOBUY-
HOTO caxapa C UCIoab3oBaHueM Gpykro3mirpaHcdepas u gpy-
r'Mx GepMeHTOB, CMHTEe3MPYeMbIX [UIeCHEBBIMY IPUOAMMU, TPO3K-
KamMy U GakTepusivMu. [IpUMeEHSIeTCS TEeXHOJIOTMS TOTydeHUs
@®OC B KOMOMHALUUM C OMUTO(PYKTO30it B pe3ynbTaTe IUIpO-
JM3a MHY/IMHA, COMlepsKallerocs: B KIYOHSIX pacTeHuit. OnuH m3
aJbTePHATUBHBIX CrI0c060B moayuyeHuss ®OC — pepMeHTaTUB-
HOe TpaHCHPYKTO3WIMPOBAHNME caxapo3bl B KAUECTBe CybcTpaTa
C UCIIONIb30BaHMeM GaKTepuanbHoii B-dpyKkTo3uaassl [23].

@OC HamwM MMPOKOe MpUMeHeHMe 6naromapsi mpebuo-
TUYECKOMY [EMCTBUIO, HU3KOJ KaJIOPUITHOCTM, BBICOKOW pac-
TBOPUMOCTM, TE€PMUUECKON U KUCIOTHON CTa6UIBHOCTH, Ie-
Jeobpasymwlleii CIOCOGHOCTY. B MUIEBOIl MPOMBINIIEHHOCTU
ucnosnb3ytoTcsi POC MHYIMHOBOTO TUIIA, TakuMe Kak 1-KecTo-
3a, HUCTO3a U (QPYKTOPYPAHO3MUIHMUCTO3a, CJIaJJOCTh KOTOPBIX
B 0,4-0,6 pa3a BbIllle, YeM y caxapo3bl [24].

Tanakmoonuzocaxapudst (TOC) 06BIYHO COCTOSIT M3 OCTaTKa
[JTIOKO3bI U 2—5 3BeHbeB rajJakTo3bl, COeIMHEeHHBIX IMKO3UIHbI-
mu cBs3siMu B(1— 2), B(1 - 3), B(1 —>4), B(1—6).T'OC conepsrarcs
B TaKMX MMPOLYKTaX, KaK 6aHAHBI, APTUIIOKH, JTyK, YECHOK U MeJI.
B mpombinuieHHbIx Maciitabax 'OC TomyJyaroT U3 TOACBIPHOIA
CBIBOPOTKM IyTeM (epMEeHTaTUBHOTO TPaHCTalIaKTO3UIUPO-
BaHMSI JIAKTO3bI B-TaysakTo3Mmasoit [25]. B pesymbprare cuHTe3a
TOTy4YaroT reteporeHHyto cmech ['OC, KOTOpble pa3anMuyarTCs Mo
JIHe Leny M TUIY IMIMKO3UAHBIX CBSI3eii, HO BCerna copepkar
JIAKTO3Y Ha BOCCTaHABJIMBAIOIeM KOHLe MOJIEKy/Ibl [26]. B kaue-
CTBe MCTOUHMKOB [B-TalaKTO3MIa3 UCIIONb3YIOT Aspergillus ory-
zae, Lactobacillus reuteri, Bacillus circulans, Kluyveromyces lactis,
Kluyveromyces fragilis, Escherichia coli, Sporobolomyces singularis.

T'OC o6mamaioT 6MpUIOTeHHOI aKTMBHOCTbIO — CITOCOOCT-
BYIOT YBEIMUYEHMIO BBIPAOOTKM KOPOTKOIETIOYEUHBIX SKMPHBIX
KICJIOT, 61arofapsl 4eMy MUHUMM3UPYETCS] PUCK Pa3BUTHSI KO-
JIOPEKTaJIbHOIO paKa, CHMKAEeTCsl YPOBEHb XOlecTepyHa B KpO-
Bu. C HanmmuyeMm B paunoHe nutanms [OC cBA3bIBAIOT yCHIeHNE
MMMYHHOT'O OTBeTa y B3POC/IbIX U IIOKUJIBIX JTt0fei [27].

Omnurocaxapuibl 3TOW TPYIIbI MMEIT CTPYKTypHOE CTpPO-
eHue, 6mm3koe K crpoeHunto OC rpygHOro Mosoka, BCIeACTBUE
Yyero MposIBISIIOT aHAJIOTUYHbIE OMOJIOTMYEeCcKMe CBOVICTBA U MC-
TIOJIb3YIOTCS [I7IS1 afjaliTalMy COCTaBa AETCKMUX CYXMUX MOJIOYHBIX
cmeceii. Kpome toro, 'OC He BbI3BIBAIOT Kapueca, MMEIT HU3-
KyI0 KanopuitHocTb [10], 103TOMy B COCTaBe CrielMaln3upoBaH-
HBIX IIPONYKTOB IIUTAHUSI MOTYT BBITIOJIHSTh POJIb 3aMeHUTelIei
caxapa " XXupa.

Kcunoonueocaxapudet (KOC) BKIIOUAOT OCTATKM D-KCWIIO-
3bl, coefuHeHHbIe (1 -—>4) CBSI3SIMM, CO CTENeHbIO MOIUMepPU-
dauuu 2-10. KOC monyyaroT B pesyibTaTe MAPOaM3a KCuia-
HOB — OCHOBHbBIX KOMIIOHEHTOB PaCTUTENbHbBIX TeMUIIETI0NO03.
B KauecTBe MepcCrieKTUBHBIX UCTOUHMKOB 1Jis1 BbigeneHus KOC
paccMaTpMUBaIOTCSI KyKypy3Hble MOYaTKM, CaxapHbIii TPOCTHUK,
ckopiyna GyHAyKa v MUHAAIS U AP.

KOC o6namator 60j1ee BbICOKOI MPe6MOTMYECKO aKTUBHO-
CTBIO TI0 CPABHEHMIO C IPYTUMM ITpe6roTnkamMiu. [IoMmnMo 3Toro,
OHM TIPeAOTBPAILAIT KaHI[€POTEeHe3 TOJICTOM KUILIKY U MPOSIB-
JISTIOT TIPOTMUBOBOCIIA/INTEbHbIE, TPOTUBOAJIIEpruYecKre 1 aH-
TUOKCUIAHTHBIE CBOVCTBA [17]. B nuineBoii MpOMBILITIEHHOCTI
KOC ncnonb3yioTcsl B Ka4eCTBe >KeIMPYIIINX areHTOB, MOAV-
(buKkaTOpPOB BSI3KOCTH, CTAGMIN3aTOPOB TIEHBI.

Mansmonuzocaxapudst (MOC) comepskaT OCTaTKM MaHHO3BI
Y ITIIOKO3bI, coenquHeHHble a(l — 2), a(l —»4) cBaszamu. Ilpucyrt-
CTBYIOT B 6aKTEPUSIX, PACTEHUSAX U 6ECITO3BOHOYHBIX, SIBJISTIOTCS
CcybCcTpaTOM ISl -TTTFOKO3MIA3bl CIM3UCTON 060IOUKM KUIIIeU-
HMKa [28]. B mMpoMBblIIIIeHHBIX 0O6beMax MPOMU3BOIASITCS MyTeM
MYJIbTU(GEPMEHTATUBHOTO pacliellyieHusl Kpaxmasa. Pa3pa6o-
TaH crnocob momyyenust MOC B pesyibTaTe rMApPOIM3a MYILTy-
JlaHa, TPOAYIMPYEMOro HeKOTOpbIMM rpubavu. MOC Hamm
MpUMeHeHMe B MUIIEBOI (B KauecTBe MOAC/IacTUTeNel) 1 dap-
MalleBTMYEeCKoii (B KauecTBe CTabMIM3aTOPOB JeKapCTBEHHBIX
CPeJCTB) TPOMBIIUIEHHOCTH [5].

Hzomansmoonuzocaxapudst (MMO) comepskat oT 2 10 5 ocTat-
KOB IJIIOKO3bI, coelyHeHHbIX ol —4) cBsi3simu. B He6ObIIMX
KOJTIMYECTBaxX comepikarcs B Mene M (pepMeHTUMPOBAHHbIX MPO-
IykTax. PazpaboTaHa MPOMbINIIEHHAS TEXHOIOTUS TTOTyIeHMS
MHOTOKOMITOHEeHTHbIX MO (130ManbTO3bl, M130MaTbTOTPUO3bI
¥ TTaHO3bI) U3 KpaxMaJia C MCIOoNIb30BaHKeM KoMOuHanum dep-
MEHTOB, a TaKke M30MajbTy/n03bl. MO 06safaoT npebmuoTu-
YeCKOi aKTMBHOCTBIO, BBITIOJHSIIOT (DYHKIMIO TOIC/IACTUATENS
C HU3KMM KapueCcOoTeHHBbIM feiicTBueM [1].

Onuzocaxapudst pagpuro3sst (OCP) MOTyT BKJIFOUATh B COCTaB
[TI0K03Y, ranakTo3y, ppykrosy. Craxmuosa u gpyrue OCP c Bbico-
KOJ CTeIeHbIO MOMMePH3alyy, Takye Kak Bepbackosa 1 apKy-
ro3a, CoepyKaTcsl B 6060BBIX KyAbTypax — COe, JIIOIIMHE U TOPO-
xe [29]. BbIMOMHAIOT OCMOIIPOTEKTOPHYI0 (QYHKLMIO, OTBEYAIOT
3a TPAHCIIOPT U XpaHeHMe yIyiepofa, epefady CUTHAJIOB, aHTU -
okcupaHTHbIe cBoricTBa [30]. OCP B OCHOBHOM MCIIONb3YIOTCS
B KavecTBe KPMOKOHCEPBAHTOB, ISl CTAOWIM3AIMM OETKOBO-
JIUTTUAHOTO KOMIUTEKCa.

Onuzocaxapudst 2pyoHozo0 monoka (OM) BKIIOUAIOT IIIIOKO3Y,
ranakrosy, N-aleTuirmoko3aMuH, GyKo3y, Tpon3BonHyto N-aiie-
TWIHEPaMMHOBOM KucnoTbl; OC KOPOBbEro MOJOKA — IJIIOKO-
3y, rajJaktosy, N-aleTMINIIOKO3aMuH, N-aleTuaragakTo3aMyH,
(yko3sy, cuanoBbie KUCIOThI N-alleTUTHEPAMUHOBOM KUCJIOTHI,
N-ryKonMIHeipaMHOBYI0 KucIoTy. ComepskaT JiMbo JIAaKTO3Y,
60 N-areTn/utakTo3aMyH Ha BOCCTAHABIIMBAIONIEM KOHIIE C J10-
TIOJTHATEIbHBIMM OCTaTKaMM MOHOCAXapUIOB, OTXOASIIMMU OT
HEBOCCTaHAB/IMBAIOIIE TalakTO3bl. B HEKOTOPBIX CTydastx comep-
KaT JIaKTO-N-6103HbIe MM N-alleTU/UIaKTO3aMMHOBbIE 3BEHbS,
CBSI3aHHbBIE C JIAKTO3HBIM siApoM. CamMasi BbICOKAsT KOHIIEHTpaIust
OM o6Hapy>kuBaeTcst B Moso3uBe (20 1/1), KOTopasi COKpaIiaeTcst
1o 16 r/n Ha 30-J1 geHb nakraumm 1 10 8 /1 uepes 3 mecsuna [31].

Ha mpaktuke OM [0OCTaTOYHO PeAKO MOAy4YalOT U3 ecTe-
CTBEHHbBIX MCTOYHMKOB BCIEACTBME HU3KOro comepxkanus OC
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B MOJIOYHOM Cbipbe. OHAKOo IokasaHo, uTo OM, BbifeeHHbIe
13 MOJCHIPHO¥ CHIBOPOTKM, 00/IaIal0T ITPE6MOTUYUECKOM aKTHB-
HOCTbIO, CITIOCOOCTBYIOT POCTY MJIAJleHIleB B IepBble IMOJIrOfa
SKU3HU [32].

Hexkortopbie OM 1711 MPOMBIIIJIEHHOTO MPUMEHEHUS IIPO-
M3BOJSTCS C TIOMOIIBIO XMMUUYECKOTO U XeMObepMeHTaTUBHO-
ro cuHTe3a i 6uorexHonornu. Onurocaxapuabl 2>-FL, LNnT,
LNT, ngeatnuynbie OC rpygHOro MOJIOKA, BBIITYCKAKOTCS B MPO-
MBIIIJIEHHBIX MaclITabax M MCIIONb3YIOTCS B JAETCKUX MOJIOY-
HBIX cMecsx. McateqoBanms OATBEPKAAIOT 3P heKTUBHOCTD UX
TIpMMeHEeHUs B COCTaBe AeTCKOro Crielaa3poBaHHOrO MUTa-
HMSI, KOTOPAsI IIPOSIBISIETCST B GOPMUPOBAHMM MUKPOOMOTHI KI-
LIeYHVKA MJIa[IeHLIEB, I0JI0KUTEIBHOM BIVSIHUM HA UMMYHHYIO
CUCTEMY U pa3BUTUM MoO3ra [33, 34].

3.3. OcobeHHOCMU KOHMPOJS 01U20CAXAPU008

PaspabaTbiBasi CIeNMaIM3MPOBAHHBIE MOJOYHBIE TTPOIYK-
ThI, comepskamye (QyHKIMOHATbHbIE MHTPEAVEHTHI, B TOM YM-
cie OC, mpousBoAuTeNN NO/DKHBI MMETh B apceHase KOHTPOJIS
KauecTBa 1 6e30MaCHOCTM MEeTONMKM aHasau3a, MO3BOJSIOIINe
MOATBEPAUTD COAEepyKaHMe 3TOr0 MHIPeAVieHTa Ha JOJKHOM
ypoBHe. HecMOTpst Ha TO, UTO 6e301acHOCThb U 3D (HEeKTUBHOCTD
npuMeHsieMbix OC moATBepXAeHa KIMHUYEeCKMMU MCCIef0Ba-
Husimu [18], upesamepHoe norpebiaeHne OC MOKeT BbI3BaTh IO-
60uHble 3(PeKTh, 0CO6EHHO P TAKUX HAPYLIIEHUSIX pPaboThI
SKeMyLOYHO-KUIIEYHOTO TPaKTa, Kak CMHAPOM pasIpaskeHHOTO
KUIIeYHNKA U SI3BeHHbIN KOMUT. [Ipy TaKuX COCTOSTHUSIX TOKa-
3aHbl AMeThl ¢ HU3KuUM cofepskaHneM FODMAPS — dbepmeHTH-
DPYeMBIX OJTUTO-, M- ¥ MOHOCAXapuIoB U MOMMOOB. It obec-
rieyeHus1 6e30MacHOCTM IOTpebuTeNei TpeOyIOTC S mambHeIe
uccaemoBanus 6ronorndeckux acddexkTos OC 1 CcTporoe perynmu-
pOBaHMe X coflep)kKaHMs B MUILEBBIX IPOIYKTaXx.

ViccnemoBaHus B 061acTy pa3paboTky MeToqoB aHamm3a OC
B COCTaBe MOJIOYHBIX NMPOAYKTOB JO/DKHBI YUUTHIBATh HaAU4Me
OC KaKk B HATMBHOM COCTOSIHMM B MCXOJHOM MOJIOYHOM ChIPbE,
Tak M B BUIEe BHECEHHbIX (YHKIIMOHAIbHBIX MHTPENMEeHTOB.
B cuny 6ombiioii cenuduku cocraBa u crpoerust OC Heo6Xo-
IVMbl METOABI UIEHTU(GUKALNY KOHKPETHBIX BUIOB CaXapoB.
Ins psga OC paspaboTaHbl JOCTATOYHO JOCTOBEPHbIE METO/IbI
ananusa, Hanpumep a1 @OC u OC rpygHOro MojoKa U MoioKa
miekonuTamux. Ho 60mbimmHcTBO OC Tpe6yIOT JanbHeIero
TIOMCKA U CTaHAAPTU3aLMM METOA0B KOIMYECTBEHHOIO OIpese-
JIeHVsI, 0COGEHHO C YUeTOM CJIOKHOCTY M MHOTOKOMITOHEHTHO-
CTU MOJIOUHOJ OCHOBBI.

B uacrHoCTH, cTpyKTypHOe cxoncTBo 'OC ¢ akTo30ii 3Ha-
YNUTENbHO YCJIOXKHSIET M OrpaHMYMBaeT BO3MOXKHOCTY MCIIO/Ib-
30BaHMS MMeERIIMXCS MeTomoB aHanm3a. Meton AOAC2001.02
CUMTAETCsI eMHCTBEeHHbIM BaJMIMPOBAHHBIM METOAOM OIlpe-
nenenyst TOC B cbIpbe M IMuiIeBbIX Npoaykrax [33]. [Tossossier
KOCBEHHO ompeznenuThb copepskanue 'OC myrem dbepMeHTaTHUB-
HOTO TMAPOAM3a 0 IVIIOKO3bI U rajgakTo3bl, KOTOPbIE 3aTeM KO-
JIMYECTBEHHO OIPeJessIIOT C TTOMOIIbI0 BbICOKO3(GhEKTUBHOI
aHMOHOOOMEHHO XpoMaTorpadun ¢ UMITYIbCHBIM amMIlepoMe-
Tpuueckum gerekrupoBanueM (HPAEC-PAD). OnHako Hanuune
BBICOKVMX YPOBHEJ JIAKTO3bI PE3KO CHIMKaeT TOYHOCTbh MEeTOZa.

Lin et al. [36] npennpyHMMaIM MONBITKY YCOBEPILIEHCTBO-
BaThb 3TOT MeTOo[. [I7l 3TOT0 Cofep>kaHyue TaaaKTO3bl U [TTI0KO-
3bl, TIOMyUYEHHBIX B Xofe (depMeHTaTuBHOrO ruaponmusa I'OC,
OTpeseNisI B OJHOM ¥ TOM 3Ke XpOMaTorpaduyeckoM IMKIIe.
TaKkoii OAX0] UCKIIOUMIT HeOOXOAVMOCTD VCITOb30BaHMS T10-
MMpaBoYyHOro Ko3dduimenTa. B pesynbraTe cTaso BO3MOKHBIM
YUUTBIBATh CTEIIEHb KOHBEPCUM JIAKTO3bI IIPU pacueTe CofepsKa-
Hust T'OC 110 npeioskeHHOI popmysie. OMHAKO 3T JOCTVKEHUST
He TI03BOJISTIOT 3HAUUTEIBbHO PACHIMPUTD 00aCTbh IPUMEHEHNS
MeTOZa U UCII0/Ib30BaTh ero A aHain3a OC B cocTaBe MOJIOU-
HBIX ITPOJIYKTOB.

| pp. 353-360

OpHa 13 OCHOBHBIX MTPO6GJIEM, HA KOTOPYIO YKa3bIBAIOT MHO-
rue aBTOpbl mpu aHanmsze OC, — OTCYTCTBME MOCTYITHBIX KOM-
MepUecKyX CTaHAAPTHBIX 06Pa31I0B JJIsI OTpeesieHMsI KOHKPeT-
HbIX BA0B OC. MHOXeCTBO ITIMKO3UIHBIX CBSI3€l U TPYIHOCTU
sKkcTpakium ajs noaydenuss OC ¢ HeHapyIIeHHOW CTPYKTYpPOit
MPEMSITCTBYIOT Pa3sBUTUIO TEXHOJOTMII XMMMUUECKOTO CUHTEe3a
AHAIMTUYECKMX CTAaHAAPTOB BbICOKOMONIEKYIIpHbIX OC. B mon-
CKaX BBbIXOJla M3 CJIOKMBILENCS CUTyallUu U3Y4aloTCsl BO3MOXK-
HOCTY U3BJIeYeHMSI M OYUCTKY cTaHAapToB OC B aHATUTUUECKUX
nabopaTopusix ¢ MOMOIIbI0 TBepmodasHOit 3KCTpakUyM, BbI-
cokoabdekTUBHOM kUAKOCTHOV xpomaTorpaduu (HPLC) min
ux kombuHauyu [37]. Tak, Hanpumep, Li et al. [38] usBnexnn
u ourctwin craugaptbl KOC (cTereHb monuMmepusanum 2-6;
yucToTa > 99%) € UCIonb30BaHKeM TBepAodasHOi IKCTPaKLUU
C oc/ienyolei xpomaTtorpadueit ruIpoGuiIbHOTO B3auMoeii-
crBus (HILIC). [TosyyeHHbIe cTaHAAPThI TTO3BOJIMIM C BBICOKOI
CTEeTeHbI0 CeJIEKTUBHOCTY Pa3desiUTh BHICOKOTIONSIPHbIE 06pa3-
1bl. JIJIs1 yaydIieHus: MMKOBOTO pa3pelleHus] KOPOTKOLernouey-
Hbix KOC 1 yckopeHus 3moMpoBanus AaMHHoLenodyeuyHbix KOC
MIPUMEHSUIM JIMHETHOe TpafueHTHOoe 3joupoBanne 50-75%
anleToHUTpuaa. TemriepaTypa KOJOHKM M CKOPOCTh IIOTOKa
ObUTM M3MeHeHbI AJIs yIyullieHus: 6a30Boro pasmenenusi, hop-
MbI MMKa U paspemieHusi. MicoieqoBaHus B 3TOM HallpaB/IeHUN
TPeOYIOT AaibHeliieli MpopaboTKM, TOCKOIbKY YPOBEHD UMCTO-
ThI CUHTE3MPYEMbIX TAKMM CITOCOOOM IpEeIapaToB BCe ellle He-
COTIOCTaBUM C KOMMepPYECKMMU CTaHIapTaMNI.

B ciyyae OTCYyTCTBUSI aHAIUTUYECKMX CTAaHZAPTOB OIIpe-
nensith cogepskanye OC MOXKHO B OTHOCUTEBbHBIX BeIMUYMHAX,
MCII0/Ib3YSl TaKye IoKa3aTey, Kak BbICOTa MacC-CIeKTPaJbHOTIO
MMKa WIN TUIOIIAAbh XpoMatorpadmnueckoro nmka. B kauectse
aTbTEepPHATUBBI Pa3paboTaHbl CTpAaTerMy epuBaTU3ALUU, TIO-
3BOJISIIOIME CPABHMBATH OTHOCUTETbHOE COflepskaHMe M30TOIN -
yecky MmeyeHbIXx OC Ha OCHOBE MHTEHCUBHOCTY UX YHUKATbHbIX
Macc-CIeKTpaJIbHbIX TTMKOB. HeKOoTOpbie MpuMephbl TaKUX IMOA-
XOIOB BKJTIOUAIOT JEPUBATU3ALINIO C BOCCTAHOBUTEIbHBIM KOH-
1IOM T1ap 06pa3lioB MIMKAHOB C TIOMOIIbIO TIAPhI TSKEJbIX/Ier-
KUX METOK WK cepum u3obapuueckux peareHToB. Tak, Sabater
et al. [26] onpenensiiu comepskanye F'OC B MpoiieHTaxX OT 06111ero
Cofep>KaHusI YIJIEBOAOB C TTIOMOIIbIO BEICOKO3(D(PEKRTUBHOM KU -
KOCTHOJ} XpoMmartorpaduu ¢ UCIo/b30BaHMEM peppakTOMeTPu-
yeckoro gerekropa (HPLC-RID) 1 MeToza BHeIIHe Kanu6poB-
Ku. B KauecTBe yHMBepCalbHBIX CTAHAAPTOB JJIST TPUCAXapUIOB
MIPUMEHSUTNCh paduHO3a, TeTpacaxapuaoB — UCTaXMo3a.

ITpOmOIKUTETbHOCTh TPOLIEAYPbI M CJIOKHAsI TOATOTOBKA
00pasIiioB, B TOM uucie TBepaodasHasi SKCTPaKLusl U JepuBa-
TU3AIMS, CTAIM pellanmyuMyu (HakTopaMu MpyU ONpeneeHUn
HarpaBleHult AanbpHelilero pa3BuTus MeTonoB aHammusa OC.
Veunus 6bLIM HampaBieHbl Ha YIIPOIIEeHNe IIpeaBapuTelb-
HOJi 00paboTKM 006Pa3IOB, YCKOPEHME MPOIECCOB M3BJIEUEHMS
aQHaIUTA ¥ TOBBIIIEHME YYBCTBUTEIBbHOCTM METOIOB. BbIGOD
aJleKBaTHO 06paboTKM 06pasiia 1 crocoba SKCTpaKIMy OUeHb
BaXKEH JIJISI CEJIEKTUBHOTO U 3()PEKTUBHOTO M3BJIEUYeHUs aHa-
JIU3UPYEMBIX BEIEeCTB, IJISI YMEHbIIEHUST BIVSIHUSI MaTpPUIIbI
¥ TIOBBILIEHMS] YYBCTBUTEIBHOCTM MeToa. Takye KOMITIOHEeHTbI
CTeIMaIM3YPOBAHHBIX MOJIOYHBIX MPOAYKTOB, KaK KUPbI, G-
KU, KapOOHOBbIE KUCIOTHI WIN TOMUGEHObI, YCIOKHSIIOT KO-
nuuyecTBeHHOe omnpeneneHue OC. [T0o3TOMy OHM TOKHBI ObITD
TpeiBapUTENbHO yOATeHbl U3 aHAIM3UPyeMbIX 06pa3ioB. Kak
OIVMH U3 CIOCO6OB MCKIKOUEHMST GelIKOBO (Ppakumuy MOIod-
HBbIX MPOOYKTOB pacCMaTpuUBaeTCs AoOaBleHMe Coyeii IMHKa
" Bolbdpama B KUCJIO cpefie ¢ TMOWIeOYIOIMUM LeHTpubyru-
poBanueM [39]. Alfonso-Muniozguren et al. [40] mokasamu, 4yTo
dbubTpanys MO3BOJISIET IMOMYYATh YIVIEBOABI BHICOKO UMCTOTBI
M3 CIIOXKHBIX MUIIEBBIX MATPUIL U YAAISTh HEPACTBOPUMbBIE Be-
IIeCTBa, CITIOCOOHBIE BbI3BIBATH 3aKYIIOPMBAHME KOJOHOK [JIST
HPLC. ITpu noaroToBke 06pasiioB ajis aHaan3a metomamu HPLC
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¥ aHMOHHO-06MeHHO#1 XpomaTorpaduy OC 3KCTparupyor ¢ mo-
MOIIIbI0O OPTAHMYECKUX PACTBOPUTENEli (Al TOHUTPUIbHBIE
XpoMoGhOpbI, METAHOJ ¥ 3TAHOJ) B COYETAHUM C LIEHTPUPYTU-
pOBaHMeEM U YIbTpadmIbTpaLneit.

Ellle ogHMM 3TaroM IpeaBapuTebHOi 00paboTky o6pas-
1I0B sIBjIsieTcs (hpaKIMOHKMPpOBaHMe, MO3BOJISIONee 060ranaTh
06pasiipl 6e3 MOTepy aHANTMU3UPYeMOTO BelecTBa. C 3TOI 11e/TbI0
JCITONb3YIOT MeMOpaHHOe (QPaKIMOHMPOBAHME, BKIIOUAS Yiib-
Tpa- ¥ HaHOPMIbTPALIMIO, IMAIN3, a TAKKe (QPaKIMOHUPOBaHME
YITeBOLOB [41].

Anamn3z OC ocnoxHsieTcs M Ha 3Talle AeTeKTMPOBaHMS.
B ocHOBHOM caxapa (3a MCK/IOUYEHMEM COIepXKalMX OTpula-
TeJIbHO 3apssKEeHHbBIE U JIETKO MOHMU3MPYeMble KMCIOTHbIE TPYII-
TIbI) He MMEIOT 3apsiia M He comepikaT XpoModopoB 1 ¢ayopo-
dopoB, cemoBaTeNbHO, He TMOMIOIIAIOT YIbTPa(uoNeTOBbIe
¥ BUAMMbIE IJIMHBI BOTH. [109TOMY GONMBIIMHCTBO JETEKTOPOB,
OOBIUHO MCITOJb3YEMbBIX COBMECTHO C BbICOKO3(hGEKTUBHOIA
SKUAKOCTHOI XpomaTorpadueit, Takux Kak yabTpaduoneToBblit
JIeTeKTOpP, IeTeKTOp ¢ (GOTOAMOMHOIN MaTpulleit U IeTeKTOp
dryopecuenium, HeabdexTuBHbI 1py aHanuze OC [43].

3.4. Memo0b! KoU1eCmeeHHOTI OUeHKU 0J1U20Caxapudos

JKuagkocTHass xpomartorpadusti cumutaeTcss Hambomee 9¢h-
(ekTMBHBIM METOAOM KOJMUECTBEHHOW ¥ KavyecTBEHHOI
umeHTuGUKaIMu caxapoB. ITOT MeTon pekoMeHmoBaH AOAC
International B KauecTBe CTaHZAPTHOIO METOAA JJISI aHa/IKM3a
YIJIeBONOB [42]. AHA/IM3 BBITIOTHSIETCSI OTHOCUTENIBHO OBICTPO,
[laeT TOUHbIe pe3yIbTaThl, IPUMEHSIeTCS B IIMPOKOM AMaraso-
He KOHILIeHTpaiuii.

Pedpakromerpudeckuii metekrop (RID) 4acTo MCIONb3yeTcst
MIpU aHAJIM3€ YITIeBOIOB B COYETAHUM C XpOMaTorpapuyecKumm
MEeTOJIaMU pa3lieseHus], TAKMMM KaK XpoMaTorpadust UCKIT0Ye-
HUST M MOJIEKYJIIPHO-CUTOBAsT XpoMaTtorpadusi, TOCKOIbKY Me-
TOMbI PABOTAIOT C M30KPATUUECKMM ITOTOKOM ITOBVKHOI (pasbl
[44]. TIpmHIMn paboTte RID ocHOBaH Ha M3MepeHUM TI0Ka3aTesst
MpeIOMJIEHNS TIOMPOBAHHOTO 06pa3iia 1Mo OTHOIIEHUIO K 3Ta-
JIOHHOI1 siuetike. [lerekTop RID uyBCTBUTE/IEH KaK K U3SMEHEHU-
sIM TeMIlepaTyphl, TaK ¥ OaBjaeHys. OCHOBHBIM HEOOCTAaTKOM
RID siByisteTCsI HEBO3MOKHOCTD €T0 MCITOJIb30BAHMS B TPAIMIE€HT-
HOM DeXMMe 13-3a BbICOKOI UYBCTBUTEIbHOCTY K MU3MEHEHUSIM
cocTaBa IOIBMKHO (ha3bl, KOTOPbIE MOTYT IIPUBECTH K CABUTAM
6a3oBoit muHUM [45]. st o6HapykeHuss OC mpumensietcst RID
C KOJIOHKOJ M3 CUJIMKAressi, CBSI3aHHOTO C aMMHOM, ¥ TTOJBVIK-
HoVi (ha30i1 BOJIa-aleTOHUTPWII.

Cnenysi TeHAEHIMSIM COBEpIIeHCTBOBAHMSI METOAOB aHa/IN-
3a, MCCJIEMOBATE/IN TbITAIVICh YIIPOCTUTH MOATOTOBKY 00Pa31ioB
st usyuenust metomom HPLC-RID u momo6paTh COOTBETCTBY-
I0IMe cTaHIapTHbIe 06pasipl. Rodriguez-Gomez et al. [39] pas-
paboTaHa yIpolleHHas ToAroToBKa 06pa3iioB MOJIOKA M MOJIOY-
HBIX TPOAYKTOB 1181 ontpexenenust @OC. 1151 UCKITIoueHMs 6esika
W KMpa MCMHOJIb30BAIM OCAKIAKONINIT PACTBOP, COCTOSIILIMIA U3
495 MM puruapara aierara IMHKa, 18 MM docdoTyHTCTUHO-
BOrO ruppara u 8% nensiHOM YKCYCHOM KMCJIOTbI, KOTOPBIN JO-
6aBJISIM B TOMOT€HM3MPOBaHHbIE 06pasIibl B COOTHOIIeHUM 5:1.
JIVHEITHOCTh KaJMOGPOBOYHONM KPUBOW OLIEHMBAIM C MCIIOJb-
30BaHMEM TeCcTa HeCOOTBETCTBUS C JOBEPUTETbHbIM YPOBHEM
95%, mpyu KOTOPOM [jIs1 BCEX CTAHIApTOB ObUIO TTOMYYEHO 3HA-
yeHue P > 95%. TOUHOCTh METO[a HAaXOAMUIACh B JOMYCTUMBbIX
npenenax ajsl Baaugauyuy 61MoaHaIuTUIeckoro Mmetoaa (< 15%).
[IpotieHT M3BIeUEHMs 1) BCEX aHATM3UPYEMbBIX BEIIeCTB ObLT
61130k K 100, mpenen o6HapyskeHus coctaBmi 60 MKr/mit. Cpenu
MPeuMyIecTB JAaHHOTO MeTOJa CTOUT OTMeTUTb MUHMUMAaJbHbIe
MOATOTOBUTEbHbIE MAHUITYJISIINY, HU3KWUIA PacXo/l, peareHToB,
BBICOKYIO CEJIEKTVBHOCTD.

LlenTpudyrupoBanye u ynbTpaGUIbTPALMIO AJIS YIJIeHNUS
JIUTIUAOB U GEJIKOB IPU OTIPeeNIeHUY COAEPKaHUsI KoMMepUe-

ckux nipernapatoB 2>-FL u 3>-FL metomom HPLC-RID B cocTaBe
Y/IbTPAnacTepu30BaHHOTO MOJIOKA, MOTypTa, HeTCKUX CMeceit
npeayoskwiu ucronb3oBath Christensen et al. [48]. Biarona-
psl YIYUILIeHMI0 pa3pellleHus] 3a CYeT ONTMMMU3ALUM COCTaBa
TIOIBYKHOM (hasbl, 06bemMa BIIPHICKA Y TeMIIepaTypbl KOJIOHKM
aBTOPBI JOCTUIIM BBICOKMX YPOBHEN Ipefena O6GHAPYKeHMUS:
B 1esiIbHOM Mosioke — 0,1 mr/min giis 2°-FL, 0,2 mr/mn gyist 3’-FL;
B JeTckux cmecsx — 0,6 mr/mi gjist o6omx Bumos OC. Metop, xa-
pPaKTepu30BaJICS BBICOKOM UYyBCTBUTEIbHOCTHIO, IOKa3aTelem
nuHeitHoCTY R? > 0,9995 1 1OCTaTOYHOI CTEIIeHbIO M3BIEUEHMS :
st 2’-FL — 88-105%, 3-FL — 94-112%.

Ins o6Hapykenust OC ¢ ucronb3oBanmem HPLC B kauecTBe
JleTeKTOPa MOXKHO ITPUMEHSITh UCTIapUTeTbHOE paccesiHue CBeTa
(ELSD). 3TOT MeTOo, MOAXOOUT IJIs1 YIJIEBOAOB, KOTOPble Hellb-
351 OGHAPYXUTh C TTIOMOIIIBIO JPYTUX JETEKTOPOB 6e3 Ipoiecca
nepuBatusauuu. Metron HPLC-ELSD ocHOBaH Ha M3MepeHUM
paccestHHOTO CBeTa Ha TBEPIbIX YaCTUIaX aHAIM3UPYeMOro Be-
IIecTBa, 06Pa3yILIMXCs MMOCIe UCTIapeHusl pacTBOpuTesis. Bos-
MOKHOCTb MIEHTUOUIMPOBATh COEIMHEHMS] MEHee JIeTyuue,
yeM MofaBuskHas (asa, obecrieuynBaeTcsl pacceMBaHMeM (QOTO-
HoB. Jalaludin et al. [47] ouleHMIM MpeUMyIeCTBA W HEeHLOCTaT-
K1 MeTofa. M3 TUIF0OCOB MOKHO BBIZEINTH HEYYBCTBUTEIBHOCTD
HPLC-ELSD x a6copbiuu, diayopecieHInm, 3MeKTpoXuMuye-
CKMM CBOJMCTBAM aHaJM3MPYEMOIO BEIeCTBA UM KOJeOaHUSM
TeMIlepaTypbl, COBMECTUMOCTb C TPafMeHTHBbIM 3TOMPOBAHU-
€M, Cpeiyi MMHYCOB — HEO0OXOIMMOCTb ITPYMEHEHNSI HeJIeTYUMUX
QHAJIUTOB U JIETYYUX IMOABVKHBIX (a3, B KaueCTBe KOTOPBIX Ha-
1nbojiee 4yaCcTo paccMaTpUBAIOT CMECH alleTOHUTPUI-BOHA MU
9TAaHOI-BO/A. BakKHO, UTO COCTaB MOABMKHOI ()asbl MOXKET BJIN-
SITh Ha OTKJIMK JIETEKTOpa: YyeM BbIllle colepkaHue OpPraHuKM,
TeM BbIllle OTKIMK. [Toslyuaemast HemMHeHas (CUTMOMIaIbHAS
WV SKCITOHEHIMaIbHas) KpUBast OTKIMKA KaJMOPOBKY SIBJISIET-
s eltje OOHUM HeJJOCTaTKOM MeTO/a, HO KOJIMUeCTBeHHasI OlleH-
Ka MOKET ObITh TOCTUTHYTA 3a CUET MCITOIb30BAHMST IIOIMHOMM-
aJTbHOTO TOPSAKA WM OGMIOTapubMMUUeCKOil KaanbpoBOYHOI
nuHun [48].

Hannble Zhuang et al. [37] monTBepkOaloT 60iee BbHICOKYIO
yyBcTBUTenbHOCTh HPLC-ELSD mo cpaBHenmio ¢ HPLC-RID,
a Takke CTaGMIBHOCTb MCXOJHOTO YPOBHS Gjaromapsi COBMe-
CTUMOCTH C TPaIMeHTHBIM JTIOMPOBaHMEM U HE3aBUCUMOCTU OT
TemIieparypsbl. [Toctenyomiye paboThl KCCIeq0BaTeNEl O3B0
JIVJIV YBETTMYUTD YyBCTBUTENBHOCTH MeTona. Hampumep, Hao et
al. [49] nnst 3TUX 1eseit UCTIoNb30BaIN C1ab00CHOBHYIO (pH Me-
Hee 12) moaBMkHYIO a3y, UTO yIydlIajao pasgeneHue aHaau-
3MPYeEMOTrO BelllecTBa 6jarogapsi yMEHbIIEHWIO XBOCTOB IMKa,
YBEIMYEHMIO pa3pelleHys] I1Ka, oA AepsKaHUI0 HelTpaJbHOTO
3apsiia aHAIM3VMPYEeMbIX BEIIeCTB U YCTPaHEHMI0 COBMECTHOTO
BbIMbIBaHMs coseit. Cpeiy IpeuMyIinecTB pa3paboTaHHOTO Me-
TOAA MOMMMO YYBCTBUTEIbHOCTM MOKHO OTMETUTh CKOPOCTh
(IpOAOIKUTENBHOCTD < 10 MMH) M TOYHOCTD (CTEIIEHb U3BJIeYe-
Hust 98,59-103,67%).

Kpome 6Goree HM3KOI UYBCTBUTEIBHOCTM IO CPaBHEHUIO
¢ HPLC-ELSD mnpumenenme HPLC-RID moskeT ObITb OrpaHMu-
YeHO HM3KOI pacTBopuMocTbio OC € BBICOKOM MOJIEKYJISIP-
HOJi Maccoif B OpTaHMYeCcKUX pacTBOpuTesx. Takoii mpobie-
Mbl He BO3HMKaeT Mpu Mucrnoib3oBaHuu Metoma HPAEC-PAD.
Charoenwongpaiboon et al. [50] mokasanu, uro HPAEC-PAD mpu
KoyimyecTBeHHOM oripeneneHny @OC B cocTaBe MOJTOYHBIX ITPO-
nykToB mpeBocxoauT HPLC-ELSD, mockonbky ob6iagaer 6osee
BBICOKOJ UYBCTBUTEIBHOCTHIO, IIMPOKMUM OUATIA30HOM U CIIO-
coGeH BBISBJIATb OTHAeIbHbIe KOHCTUTYLMOHATbHbIE M30MEPHI.
OpHaKoO CpaBHUTeNbHbIE OaHHble ucnoab3oBaHuss HPLC-ELSD
u HPAEC-PAD mnoATBepsKAaloT 11e71eco06pasHOCTh BHEIPEHUS
HPLC-ELSD pnig ananmsa OC ¢ HU3KOI U CpefHeil MOeKyJsip-
HOJi Maccoii BUIECTBIE 60ee KOTOPOTO BPEMEHU BbITIOTHEHMST
aHanu3sa. CoBepueHcTBYsT MeTon, HPAEC-PAD, Ciirten et al. [51]
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CMOIIM ONTUMMM3MUPOBATh Tpoliecc onpenenennss KOC, cokpa-
TUB MPOIO/DKUTETBHOCTh aHa/M3a. [Tomo6paHHbIe TeMIIepaTyphbl
¥ CKOPOCTY MOTOKA KOJIOHKM Hapsay € rpafilleHTHbIM 3JII0MPO-
BaHueMm 200 MM pactBopa rugpoxkcusa Hatpus, 100 MM pacTtBo-
pa rugpokcuaa Hatpus, 500 MM alieTaToM HaTpus ITO3BOIMAIN
obecrieunth pasmenenue KOC Ha KCUIOOMO3Y, KCUIOTPUO3Y,
KCWJIOTETPA03y U KCUJIONEeHTO3y. [Ipenen KonuyecTBEHHOIO OIl-
penenenus cocraBui 1,05-5,49 mMr/i1, ctaHIapTHOE OTKIIOHEHME
< 1,733.

ViapTpaduoneroBoe U QIyopeciieHTHOe [eTeKTUpPOBaHNe
MOXXeT MCIIO/NIb30BaThCs [JIsl OIpeleseHMs] YIJIEBOLOB TONb-
KO TIOC/le IpeABapUTeNbHON XMMMUYECKO! AepuBaTU3aLUn.
B kauecTBe peareHTOB IIPU 3TOM HambOjIee YacTO MPUMEHSIOT
1-ennn-3-MeTun-5-mMpasoaoH U STUIOBbIN 3(UpP aMUHOGEH-
30/fHOt KUCIOThI, KOTOPbIe CIIOCOOHBI KOMMUECTBEHHO pearnpo-
BaTh C YIVIEBOJAMU B MSTKMX YCJIOBUSIX. B XpomaTtorpaduyeckom
1ykiae HPLC 06bIYHO MCIOTb3YIOT KOJIOHKY C18 1 MOABMKHYIO
dasy, cocrostiryio 13 cmecu docdaTtHoro 6ydepa-areToOHUTPK-
Ja win TpusTMinamMmuHdocdaTHoro 6ydepa ¢ aneTOHUTPUIOM.
Castells et al. [52] mist 06pa3oBaHMsi POLCTBEHHbIX TTPOU3BO -
HBIX 3ajeiicTBoBan  1-(4-meTokcudeHmI)-3-MeTuI-5-nupa-
300Ha ¥ 4-(3-MeTui-5-0kco-2-mmupas3oH-1-ma) GeH30IHYI0
kucinoty. OgHako (yopeciieHTHOe U YJIbTpaduoieToBoe fe-
TeKTUPOBaHMe He HAIIO LIMPOKOTO NpUMeHeHUs IJis oTpere-
sieHnst OC, MOCKOIbKY OHO OrpaHMUYE€HO OTHOCUTETbHO HU3KOM
YYBCTBUTEIBHOCTHIO OOHAPYKEeHMS, TPeOYeT IINTETbHOI TOJ-
TOTOBKM 00pasiia ¥ MOKET MPUBECTM K U3MEHEHUSIM B XMMuJe-
CKOJ1 CTPYKTYype caxapoB [53].

HatusHbie OC B M0o/IOKe MJIEKOIIMTAIOIIMX YaCTO aHAIM3U-
DYIOTCSI C TIOMOIIbIO JKUIKOCTHOM XpomaTorpadun/Macc-crek-
tpoMmeTpuu (MS). MeTo[ 1TO3BOJISIET IPOBECTY ITepBOHAYATbHOE
obHapykeHle, KaueCTBEHHYIO ¥ KOJMUYECTBEHHYIO MOeHTudM-
Karuio Bcex BumoB OC B pamkax ogHOTo aHaimu3a. Lee et al. [54]
C MCITOJIb30BaHMEM HAHOKUIKOCTHO XpomaTorpaduu B cove-
TaHUU C BBICOKOYYBCTBUTEIBHO KBAJPYIIOIbHO-BPEMSITTPOTIET-
HOIl Macc-CreKTpOMeTpuell ¢ BbICOKMM pa3pellieHMeM U UyB-
CTBUTEJIbHOCTBIO CO3Many 0as3bl AAaHHBIX M Ouomnorexku OC,
KOTOpbIe BKJIIOYAIOT TOUHYIO MaccCy, BpeMsl yep>KMBaHusI U TaH-
JleMHbIe MaCC-CITeKTPBI.

HecmoOTpst Ha TTpakTUKy akTUBHOTO npumeneHus HPLC st
pasnenenust OC, Kailemia et al. [55] moka3asu, 4To XxpomaTorpa-
ust rumpodmIBLHOTO B3auMOIeiicTBIS 60siee coBMecTrMa ¢ MS,
YTO JIeJIaeT TOT CIIOCO6 Gosee MOTXOMSIINM JJis CTPYKTYPHOTO
aHanM3a. ABTOPBI TTPOJIEMOHCTPUPOBaIU 3GHEKTUBHOCTD TTPU-
MeHeHUs] MeTOZ0B Ja3epHOIi [ecopoLI/MOHM3ALUN C MaTPU-
ueri (MALDI) 1 nonmsanum snexrpopacnbliienvem (ESI) mipu
ananmuze OC. MeTopn XapakTepusyeTcst MeHblIeit pparmeHTaIu-
eii OC BO BpeMsI MOHM3ALMU 10 CPABHEHUIO C paHee MCIOb-
30BaBIIMMMUCS CITOCOGAMU, TAKMMM Kak 60MGapaupoBKa GbICT-
peimu atromamu (FAB). IIpu atrom meTton, MALDI obecrieunBaeT
GOJIBIITYIO UyBCTBUTEMBHOCTD K OC ¢ 60JIbIIelt Maccoit 1 JTy4dITyo
YCTOMUYMBOCTD K 3aTrPSI3HUTENISIM.

OpHako pasanuus B 3O(MEeKTUBHOCTY MOHM3ALN OCIOKHS-
10T KonuuecTBeHHoe onpenenenue OC metogom MALDI. iHTeH-
CMBHOCTb aHaIM3MPYEMBbIX BellleCTB 3aBUCUT OT paciipesiesieHnst
o6pasiia, o6aydaemoro jazepom. Wang et al. [56] TpuIIuIM K BbI-
BOZY, UTO paBHOMEpPHAas COKpUCTa/UIM3alMs cMeceli aHaauTa
M MaTPULIbl, HAHECEHHBIX Ha acTuHy MALDI, sBisieTcst Heo6-
XOOMMBIM YCJIOBMEM IJIs1 KOIM4ecTBeHHOro uccienoBanusi OC
u obecrieueHst TOYHOCTY U BOCIIPOM3BOAVMOCTY METO/A.

O dexTMBHOCTD UCTIONb30BAHNS JIa3€PHOII TeCOpOLM Jist
KOHTPOJIS KaueCTBa ¥ 6e30MacHOCTH MUILEBbIX TPOAYKTOB C aK-
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LIEHTOM Ha yIJIeBOJHbIN cocTaB fokasaHa Qu et al. [57]. ABTo-
pbI paspaboTaau CTpaTeruio O6GHapYsKeHMs OJIUTO- M IOIuca-
Xapua0B, UCIIONb3YS UX B KauecTBe MapKepoB [I/Isl BbISIBIEHMS
dampcudukanyy  KpaxMaabHOTO Cupoma. JOTOJHUTETbHbIE
CTIeKTPBI, TTOKa3bIBAWIIMe OUAaTHOCTUYecKue ¢parMeHTanun
nsomepoB OC, MOTYT BBISIBAATH GanbcuDUKALNIO KYKYPY3HBIM
Y MHBEPTHBIM CUPOIIOM.

Sabater et al. [58] mpemIoXWiIN MCIOTH30BATh TA30BYIO
XpomaTtorpaduio ¢ IIaMeHHO-MOHM3AUMOHHBIM JeTeKTOPOM
I KonuuecTBeHHOro ornpeneneHus 'OC B JOeTCKMX CyXMX
cmecsx. [IpeaBaputenbHo o6pasibl [OC mogBepraauch aepu-
BaTM3aUMUM [0 TPUMETWICUIVINPOBAHHBIX OKCUMOB. ABTO-
pbI TIPOJEMOHCTPUPOBAIN, UTO TUAPOIU3 MaIbTONEKCTPUHOB
0.-aMUJIOTTIIOKO3UIA301i CHIDKAaeT TOMexXU U yiaydllaeT paspe-
1IeHue TIMKOB, UTO TI03BOJISIET TMPOBOAUTH KOJMUECTBEHHYIO
oneHky ['OC co cTerneHblo nonMmepmusanum 1o 7.

[lpumeHeHMe Tra30kKUAKOCTHOI Xpomarorpadgum ¢ macc-
CTIEKTPOMETPHEli ¥ BPEMSIIIPOJIETHONM Macc-CIeKTpoMeTpueit
C MaTPUYHO-aKTMBMPOBAHHOI JIa3epHOI JecopOIineil/moHn3a-
uuent nis onpenenenusi OC HenpuemsemMbl, YTO TOATBEPKAA-
eTcs pesynbTaTaMu uccaenoBannii Rodriguez-Gomez et al. [39].

HecMoOTpst Ha TO UTO KaMMJUISIPHBIi amekTpodopes obaga-
eT psIIOM IpeuMyIlecTB (MUHMMaIbHOE KOMMYECTBO UCIONb-
3yeMbIX peareHTOB, BbICOKOE IMKOBOEe pa3pelieHue U YyB-
CTBUTEJIBHOCTD), OTCYTCTBME B Mosekyine OC xpomodopmoB
3HAUYMTENbHO OTPaHMUMBAET IMPUMeEHeHMe 3Toro Metona. He-
06XOIMMOCTb CJIOKHOJ OUMCTKM o6pasiia M JepuBaTU3aluu
TaKKe He TO3BOJIsIeT aKTUBHO BHEAPSITh 3TOT METOZ, B ITOBCe] -
HEeBHYI0 MpakTuKy. Kak mpumep, KanWUISIPHbINA 371eKTpodo-
pes ¢ IeTeKTOpoM Ha HOTOAMOAHOI MaTPULLe UCITOAb30BAICS
LISl aHaJIM3a KOoC-, MaHHO- U Lesijmoonurocaxapuios [59]. OC
O6bUIM pasesieHbl U MpPOoaHaTIU3UPOBAHbI 6€3 TpeaBapuUTelb-
HOIl JepuBaTHU3alMM. DIEKTPOPOpPEeTUUECKYI0 MOABMUKHOCTD
BeIeCTB PeryamMpoBav C UCIIOJb30BaHMEM BbICOKOKOHIIEHT-
PUPOBAHHOTO (DOHOBOTO JIEKTPOJIUTA JJIST YIyUIIeHUs TTUKO-
BOTO paspellieHys MeXay IiejieBbIMMU aHajiuTaMu. OgHaKO Ta-
KOJ1 CIT0Cc06 OT/IMYaeTCsT 3HaUUTEeTbHO MPOAOIKUTETbHOCTHIO
a”anamsa.

4. BbIBOIBI

Bnaromapst 6MONIOrMYeCcKOil aKTUMBHOCTM M TEXHOJOTU-
YyecKuM CBoJicTBaM, GyHKIMOHAAbHbIe OC MMeEIT G0IbIIOoi
MOTeHIMal B KayeCcTBe MHIPeNMEeHTOB, MO3BOJSIOUMX agal-
TUPOBATh YIJIEBOAHbIMI KOMIIOHEHT IPOAYKTOB CIleLUaan3u-
POBAaHHOTO MUTAHUS C YAYYIIEHHBIMY (GYHKIMOHATbHBIMMU
CBOJCTBaMM Ha MOJIOYHOV ocHOBe. CiiefyeT y4MThIBaTh, UTO,
OTHaBasi MPeAIoUTeHe TOMY WM MHOMY CITOCOGY KOMMUYEeCT-
BeHHOTO onpenenenust OC 1jis MOATBePKAeHMSI 6e30TIaCHOCTU
" 3GGEKTUBHOCTU TaKUX MPOAYKTOB, MPUIETCS CTOIKHYTHCS
¢ pagoMm mpo6nem: ajas HPLC Heo6XomyMbl CBEPXUMCThIE OP-
raHMYecKye pacCTBOPUTEJIN, YTO He COOTBETCTBYET MPUHLIUIIAM
«3eneHoit xumun»; npumeneHue HILIC orpaHumyeHo pasnn-
yusamu B pactsopumoctu monekyn OC; HPAEC-PAD xapakre-
puU3yeTcsl 3HAUMUTENbHON MPOAOJIKUTENbHOCTBI0 aHanm3a; ['X
TpebyeT TpenBapUTENbHON AepuBaTU3aluu 06pasioB. s
BHeJIpeHUsI B MOBCeIHEBHYIO MPAaKTUKYy KOHTPOJS MOJIOUHBIX
MIPOAYKTOB METOIbl KoauuecTBeHHOro ompepeneHus OC Hy-
SKIAIOTCS B TaJIbHEMIIeM COBEPIIEeHCTBOBAHMM JIJIsT obecreve-
HUS TIPOCTOTHI MPOBEeHNSI, UCKIIOUEeHUSI TPYLOEeMKIX ITAllOB
MTOATOTOBKYM 06Gpa3iia, COKpalleHusT pacxoa peareHToB, OBbI-
1IeHUS YYBCTBUTENbHOCTU U CHUKEHUSI CTOMMOCTU TPOBOAM-
MBIX aHaJIM30B.
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K/JIFOYEBBIE CJIOBA: AHHOTALNUA

colp maepoblil, coip nosiymeepoblll,  V3roTOBJIE€HNME CHIPOB — 3TO CJIOKHBIN MTPOLIECC, KOTOPBI COMPOBOKIAETCS METaOG0IM3MOM JIAKTO3bI, TIPOTEONN-
opeaHonenmuueckue ceoticmea, 30M M JIMTIOM30M. BKyCcOBOI GyKeT cO3peBaloIX CbIpOB GOPMUPYETCS B pe3y/IbTaTe U3MEHEeHMIA BCeX COCTaBHBIX
JHCUPHOKUCTIOMHBLT cocmas, yacTeit Mojioka. Ha aTOT rporiecc BusIIOT YCIOBYSI COmePsKaHMsT ¥ KOPMJIEHMST )KBAUHOTO SKMBOTHOTO, €0 BUJI, TIOPO-
cmeneHsb 3pesiocmu, KUCJ10mHoe 13, a TAKKe TEXHOIOTMYeCcKMe 0COGEHHOCTY IPOMU3BOACTBA chipa. CBOI BKIAA B popMMpoBaHye BKYCOBOTO GyKkeTa

uucno, uucno Petixepma Meliccna,  cbpa BHOCUT MOJIOUHBII KMUP, KOTOPBIN B IIPOIiecce riepepaboTKM MOIOKa Ha ChIp ITOJIBEPTaeTCsl OTAETbHBIM M3Me-

8KyCcO-apomamuyeckue sewjecmea  HeHUsIM. VccrnenoBanmy moayTBepable coIpbl — lommanackuit v BuTsisb v TBepaplii cbip — MTamiko, M3roTOBI€HHBIE
13 OJHOTO ¥ TOTO K€ MOJIOKA-ChIPbSI C MCIIOIb30BaHMEM XapaKTEPHOI AJIs1 3TUX CbIPOB MUKpOdopoii. TemrepaTy-
pa BTOpOro HarpeBaHus coctaiisiia ot 39 °C mo 54 °C, B 3aBMCUMMOCTM OT Bujia CbIpa. [IjIs1 OLIeHKM KauecTBa ChIPOB
onpeaensiu ux GU3NKO-XMMUUECKI COCTaB U CTEIIEHb 3PEIOCTY, OPTaHOIENITMUECKIE TOKA3aTel I U ColepskaHue
JIeTyuMX BKyCO-apOMaTUYeCKMUX COeIMHEeHNI, KUCIOTHOE YMCII0, uncio Pelixepra-Meiicest ¥ SKUPHOKMUCIOTHBI CO-
CTaB >KMPOBOJi a3bl ChIPOB. [Ipy CPAaBHUTENIBHBIX MCCIEIOBAHMSIX ChIPOB BbISIBJIEHBI 0CO6€HHOCTM (hOPMUPOBAHMS
roKa3saresieii UX KauecTBa, 00yC/I0BJIeHHbIE COCTABOM M TEXHOJIOTHMEN U3TroTOBIeHNSs. OHM ITPOSIBUIINCH BO BKYCOBOM
OyKeTe 1 KOHCYCTEHLIMM TIPOAYKTa, & TAKKE B XKMPHOKMCIOTHOM COCTaBE ChIPOB, TIOATBEPAMB 3HAUMMOCTD SKMPOBOJi
a3l B hopMmpoBaHUM KaueCcTBa MCCIeqyeMbIX ChIPOB B IIPOIIECCe MX BbIPAOOTKM, CO3peBaHMs 1 XpaHeHus. [Joka-
3aHO, UTO Ja’ke HeCYIIeCTBeHHOe MOBbIIIeH)e KUCTOTHOTO YVC/Ia SK1pa Py BEIPA6OTKe BCEX CIPOB CITOCOOCTBYET
JaypHeliiieit Tpancdopmanyy 06pasyonmxcs CBOG0IHBIX SKMPHBIX KUCIOT B JIETy4Me BKYCO-apoMaTUyecKue coe-
IVHEeHUS, TPUHMMAIOIIVe yyacTye B pOPMUPOBAHMUYM BKYCa ¥ apOMaTa rOTOBOTO IIPOIYKTA.
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hard cheese, semi-hard cheese, Cheesemaking is a complex process that involves lactose metabolism, proteolysis and lipolysis. The flavor bou-
organoleptic properties, fatty acid  quet of ripening cheeses is formed as a result of changes in all the components of milk. The conditions of keep-
composition, degree of maturity, ing and feeding a ruminant, its type, breed, as well as the technological features of cheese production influence
acid number, Reichart-Meissl this process. Milk fat contributes to the formation of the flavor bouquet of cheese, which undergoes separate
number, flavoring substances changes in the stage of milk processing for cheese. We studied semi-hard cheeses — Dutch and Vityaz and hard

cheese — Italiko, made from the same raw milk using the microflora characteristic of these cheeses. The tempera-
ture of the second heating ranged from 39 °C to 54 °C, depending on the type of cheese. To assess the quality of
cheeses, their physical and chemical composition and degree of maturity, organoleptic indicators and the content
of volatile flavoring compounds, acid number, Reichert-Meissl number and fatty acid composition of the fatty
phase of cheeses were determined. In comparative studies of cheeses, the features of the formation of their qual-
ity indicators, due to the composition and manufacturing technology, were revealed. They manifested themselves
in the flavor bouquet and texture of the product, as well as in the fatty acid composition of cheeses, confirming
the importance of the fat phase in the quality formation of the studied cheeses during their production, ripening
and storage. It has been proven that even a slight increase in the acid number of fat during the production of all
cheeses contributes to the further transformation of the resulting free fatty acids into volatile flavoring com-
pounds that take part in the formation of the taste and aroma of the finished product.
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1. BBegenmue

dopMMpoBaHME BKYCOBOro OyKeTa CO3PeBalolIMX ChIPOB —
CJIOKHBIN OMOXMMUYECKMIA TPOLecC, B pe3yjabTaTe KOTOPOTo
MpeTepIieBaloT M3MeHeHMs BCe COCTaBHbIe YaCTM MOJIOKA.

[Ipy M3TOTOBJIIEHUM CHIPOB MPOTEKAIOT TPU OCHOBHBIX OM-
OXMMMYECKUX Mpoliecca, CBSI3aHHble C MpeBpalleHusIMU yIie-
BOJIOB, 6eKOB 1 kupoB [1,2]. MeTabon13M 1aKTO3bl — CAMBbIii
OBICTPOTEUHBII MPOIIECC, KOTOPBIN MPOTEKAET Mo, AeiiCTBUEM
3aKBAaCOYHOI MUKPOQIOPHI. BTOPBIM ITPOI€CCOM SIBJISIETCS ITPO-
Teonu3. B GONBUIMHCTBE TBEPHObIX CHIPOB OTMEYAIOT IOBOJb-
HO VHTEHCUBHBIN NPOTEO0M3, KOTOPBIM B 3TOI TPYIIIlEe ChIPOB
OCYILECTBJISIETCS 10 TOMY XK€ MeXaHM3MY, UTO U B IOJIYTBEP-
IIBIX ChIpaX, HO C Pa3HOI CKOPOCThIO BC/IEICTBME Gojiee HMU3KOI
BJIKHOCTU CBIPHOI Maccbl. OCHOBHBIMM areHTamMy MpPOTeosu-
3a SIBASIIOTCSI MOJIOKOCBepThiBawouye (epMeHTbI, depMeHTbI
3aKBAaCOYHBIX KYJAbTYP U ()epMEeHTbl MMKPOOPTaHM3MOB OCTa-
TOYHOI MMUKPOQIOPHI CHIPOTO MOJIOKA. TpPeTbMM ITPOLeccoM
SIBJISIETCSI JIMTIONU3, KOTOPBI/i MOXET MMeTb PasHYI0 CTelleHb
BBIPAKEHHOCTM — OT €J1aB6Oro [0 YMEPEHHOTO, MHTEeHCUBHOTO
¥ JOBOJIbHO MHTEHCUBHOTO. OH NMPOUCXOOUT TOJ, AEeCTBUEM
MOJIOKOCBEPTBIBAIOIINX (ePMEHTOB, GePMEHTOB, BIIEISIEMbIX
MMKpPOOpPraHM3MaMy 3aKBaCOUHOI M OCTaTOYHOM MUKPOQIIOPHI
CBIPOTO MOJIOKA, 06/IaJAIONIMX PA3INYHOM TUTOTUTUYECKO aK-
TUBHOCTBIO [3,4].

Pa6oramu A. Thierrya, Y. F. Collins, M. u apyrux muccieno-
Baresei [5,6] MOKa3aHO, YTO JIMTIONNU3 U KATABOIU3M SKUPHBIX
kucinoT (KK) gaBigioTcs KII0UeBbIMM IIPOLecCaMy CO3PEeBaHUS
¥ TeHepUPYIOT apoMaTUYecKke CoeiTHeHYs, KOTOpble CYUTAIOT-
CS1 BOSKHBIMM [17151 GOJIBIITMHCTBA COPTOB CO3PEBIIMX ChIPOB. [aske
B CbIp€ C HU3KMM YPOBHEM JIUITONM3A CBOOOAHbBIE JKUPHbIE KUC-
s0TbI (COKK) 066IYHO BOCITPYHMMAIOTCSI ¥ MOTYT OTBEUYaTh MO0
3a OXUIaeMblii 6anaHc BKyca, 6o 3a nedeKTsl BKyca, B 3aBU-
cumocty oT KoHueHTpauuy CXKK m copra ceipa. CXKK sBnstoTcs
NpeleCTBeHHMKAMM MHOTUX IPYTUX BaKHBIX apOMaTUUeCKUX
COeIMHEHMII B ChIPe, TAKUX KaK CJIOXKHbBIE 9(PUPbI, METUIIKETOHBI,
JIAKTOHBI ¥ BTOPUYHBIE CIIUPTSHI [7,8,9].

O6paszoBanme CXKK B cbIpax HAIPSIMYIO 3aBUCUT OT COCTaBa
SKUPHBIX KUCJIOT U Y3 MECTOIIONIOKeHNST B MOJIeKy/IaX TPUIINLIe-
PUIOB UCXOLHOTO MOJIOUHOTO KMPa, COMEPIKAIerocsi B MOJO-
Ke-cbipbe. [109TOMY JXUPHOKUCIOTHBIN COCTaB Pa3IMYHbBIX Chl-
POB SIBJISIETCS] IPEIMETOM M3yUeHUS] YUEeHbIX U3 Pa3HbIX CTPaH.
WccnenoBanus MPOBOISITCS 10 Pa3IMYHBIM HallpaBIeHMSIM, HO
MX pe3yabTaThl MHOTAA HOCST MPOTUBOPEUMBBIN XapakTtep. [Ipn
9TOM CjiefyeT OTMEeTUThb, UYTO OYEBUIHBIM SIBJSIETCSI BAMSIHUE
BU/Ia ¥ TIOPO/IbI )KBAYHOTO KMBOTHOTO, a TaKXKe YCIOBUIA cofep-
>KaHMS ¥ KOPMJIEHUST Ha MOJIOKO-ChIpbe. TO BIMSIHME MTOATBEp-
KOAeTcsl pesyabTaTaMy MCCIeNOBAaHMI UM NPU3HAETCS BCEMU
yueHbIMU. OfHAKO JaHHbIE, IPUBOAMMbBIE B YaCTU M3MeHeHUI
SKUPOBO¥ (a3bl B 3aBUCUMOCTY OT TEXHOIOTMYECKUX (HaKTOPOB,
He Bcerja OJHO3HauHbI. BMecTe ¢ TeM O4eBMIHO, YTO B IIPOLEC-
ce repepaboTKM MOJIOKA HA ChIP MOJIOYHBIN KUP, HAPSIAY C IPY-
TMMM COCTaBHBIMM YaCTSIMM MOJIOKA, ITOABEPKEeH BO3[eiCTBUIO
Kak 6moxummieckux HakTopos (pepMeHTHI 3aKBACOUHON MMU-
KpOGIIOphI, AOTIONHUTENHHO BHECEHHbIE TUTIOMUTHYeCcKIe dep-
MEHTBI), TaK ¥ TEXHOJIOTUUECKMX (TeMIIepaTypHO-BPeMEeHHBIX)
dakropos. [TosTomy citefyeT okUAATh M3MEeHEeHMSI 1[eIoro psiza
ToKasaTesieil KauecTBa sKMPOBOit Ga3bl MOIOKA-ChIPbSI IIPU €T0
repepaboTKe B ChIP C BO3MOYKHBIM BIMSIHMEM Ha KAueCTBO ChIpa
B LIEJIOM.

Oco6eHHOCTbI0 M3TOTOBJIEHMSI CO3PEBAIOLIMX ChIpOB B P®D
SIBJISIETCSI VICTIO/Ib30BaHMe MOJIOKa, IIOBEPrHyTOr0 HU3KOTeMIIe-
paTypHoii 06paboTKe (Kak rpaBuiio, 72+ 2 °C) ¢ UCTI0Tb30BaHUEM
3aKBAaCOYHOM MMKPOQJIOpHI, BK/IIOYAIOIIEl Kak Me30(uIbHbIE,
Tak ¥ TepMOMWIbHbIE JTAKTOKOKKM U TMaaouky. KoMmosuimon-
HBIl COCTaB 3aKBACOYHOV MUKPOQUIOPHI 0becreuynBaeT pasHoo-
6pasue opraHoJeNTUUeCcKuX rnokasaresneii ceipos [10,11].

[TockoMbKy 0cobast posiib B MUTAHMUM YeTOBEKa OTBOIUT-
Cs1 KOHBIOTMPOBAHHOM /KnHONeBoN kucnore (CLA), UTanbsiH-
CKMMM yuyeHbIMU [12] 6bUIO M3yueHO ee comepkaHue B 52
UTANbSHCKUX U (QPAHIy3CKMX KOMMeEpPUeCcKux chipax. Mccie-
JlOBaTeNM CTPYNIIMPOBAIM UX TIO CJIEOYIOIUM KPUTEPUSIM:
(1) cbIpbl, moMyyeHHbIE U3 MOJIOKA OJHOTO M TOrO XXe Buja
JKBAYHBIX JXMBOTHBIX, HO C IIpMMEHEHMEM pPa3HbIX TE€XHOJIO-
rmii pou3BOACTBA; (2) ChIPbl, MPOMU3BEIEHHbIE U3 MOJIOKA
pa3sHBIX BUIOB KBAYHBIX JXMBOTHBIX (KO3a, OBIIA, KOPOBA), HO
C MCIIO/Ib30BaHMeEM CXOJIHBIX IIPOL[eCCOB IIPOM3BOJCTBA ChIpa.
VYCTaHOB/IEHO PaCIONoKeHNe BUIOB KBaUHBIX )KMBOTHBIX B CO-
OTBETCTBUM C BO3pacrawuieii KoHueHTpamnueinr CLA B chipe:
KO3a = KOpoBa < OBIla. B chIpax 13 oBeYbEro MoJIoKa 6bUIN ca-
Mble BbicOKMe ypoBHM CLA (9,86 Mr/T >xmupa), o.-IMHOIEHOBOM’
kucnotsl (0,75%) M TpaHC-BakieHOBOI Kuciaotol (1,63%),
a Takke caMble HM3KME COJep>KaHUS JIMHOIEBOI KUCIOTbHI
(1,80%) u onenHOBOV KMCAOTHI (16,83%). CpaBHEHME CBIPOB,
TTOJTYYeHHbIX U3 MOJIOKA OJHOTO M TOTO Xe BUAA KBAUHBIX
KMBOTHBIX, HO C MCIIOJb30BaHMEM Da3HbIX TEXHOJIOTUII MpO-
M3BOJCTBA, BBISIBUIO CTAaTUCTUYECKM 3HAUMMble pa3auUums
B NMPOGMIIAX KUPHBIX KUCIOT, KOTOPbIE MOTJIX OBITh CBSI3aHBI
C pa3HO¥ CTeNeHbIO JIUIIOIM3a B CPABHMBAEMbIX cbipax. TeM He
MeHee CTaTUCTUUYeCKM 3HAUMMBIX pasjinunii B KOHLIeHTpauumn
CLA o6HapykeHO He 6blJIO; 3TO TOBOPUT O TOM, UTO (PaKTOPBHI,
y4acTBYIOLIMe B IIpoliecce ITPOU3BOJCTBA ChIpa, KaK MpaBuio,
He BIMSIIOT Ha comepskanue CLA B mosouHOM Xupe. OgHaKO
YTOUHEHUIT O TOM, KaKkie TexXHOJornueckue HakTopbl UMeIoT-
Cs1 B BULLY, TIOJTYUUTD He yanocCh.

CywectByeT U Ipyroe MHeHMe. VccienoBaHue IONbCKUX
yUeHbIX [4] 6bUTIO HaMPaBJIeHO Ha OIEHKY COCTaBa KUPHbBIX KIC-
JIOT B TBEPJIIX ChIPax U3 KOPOBbEro, 0BEYbEro ¥ KO3bero MoJo-
Ka. OBeunit 1 KO3Mit ChIpbI OBLIM Goee GOraThl MCTOUHMKAMMU
KOPOTKOIIEITOUeuHbIX KMUPHbIX KucioT (KUJKK) (14,73+2,55%
n 14,80%2,80% cOOTBETCTBEHHO), UeM ChIPbI 13 KOPOBbHETO MO-
noka (9,38+0,87%). DT ChIPbI MMeNIM 3HAYUTETBHO Gosiee BbI-
cokoe (p < 0,05) comepskaHyue MOHOHEHACHIIIEHHBIX KMPHbIX
kucaoT (MHXKK), camoe HM3KOe COOTHOLIIEHME OMera-6/omera-3
¥ caMoe BbICOKOe COoflepskaHue KUPHbIX KUCIOT. [IocToBepHO 60-
nee BbIcokoe (p < 0,05) comepskaHMe MONMHEHACIIIEHHBIX KUP-
HbIx kuciaoT (ITHXKK) o6Hapy>keHO B OBeUbMX ChIpax. B KO3bMx
chIpax 6bUIO HaMbojIee BbICOKOE cofepskaHue omera-3. CoenaH
BBIBOI, UTO Pa3INUMs B SKUPHOKMUCIOTHOM COCTaBE MOTYT ObITh
06YCIOB/IEHBI PA3IUUMIMM KaK B COCTaBe MOJIOKA, TaK U B TeX-
HOJIOTMY ChIPOZeNnus.

MHorue ucciaenoBaHus IOCBSILEHbI M3YYEHUIO PO CBO-
GO HBIX KMPHBIX KUCIOT B (POPMMUPOBAHMM BKYCOBOTO ITPOQMIIST
CBIPOB Pa3JIMUHBIX TPYIIIL.

B pab6ore Typeuxux yuyeHbix P. Kara gp. [14] moka3aHo, UTO
B cbipe Afyon Tulum 13 KO3bero mMoJjioKa KOJIMYECTBO JIETY-
ymx KUpHbIX Kucaor (C, —C 5 moBplmanock 10 30-X CyTOK
(p < 0,05) u cHmKkanoch K 90-M cyTkaMm co3peBaHMs. YPOBHU
cB060aHbIX XUPHBIX KUca0T (C, —C, ) B OCHOBHOM CHIXa-
nuch Ha 30-e CyTKH, a K KOHILy IIepuoja co3peBaHus CHOBA Ha-
YMHAIU MOBBIMATHCS. K KOHIY IIeCTMMeCSIYHOTO CO3peBaHUS
B CbhIpe OTMeYeHbl MMHMMalbHble YDOBHU COZAEPXKaHUS XXUP-
HbIx kucnor C , uC, .

M. C. Qian, H. M. Burbank [15] usyuanu comepskaHue CBOOOI-
HBIX KMPHBIX KUCIOT B TBEPABIX UTATBSHCKUX ChIPAX U UX BJIN-
sTHMe Ha apoMarT cbIpa. BblIo ycTaHOBIEHO, UTO GyTaHOBAsI, Tek-
CaHOBasl ¥ OKTaHOBAsI KUCIOTHI YACTO BbI3BIBAIOT ITPOTOPKIIBIA,
«TOTHBIN», KO3MI1 U B 11€JIOM HENPUSITHBIN 3amax, HO 3TU KUP-
Hble KUCJIOTHI TAaKKe MMEIT HOTIOJHUTENbHbIE eCKPUIITOPbI
apoMara, Takye KakK ChIPHBI M OCTPBI. AT KOPOTKOLerouey-
HbI€ JXMPHbIE€ KMCJIOTbI C Y€THBIM UYMCJIOM YIJIEPOAHBIX aTOMOB
(ot C, mo C,) oueHb keaTeabHbl B ChIpe IS MPUAaHMs OIpe/e-
JIEHHBIX XapaKTePUCTUK 0O1IeMY BKYCY U apOMaTy.
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C ppyroii croponsl, CKK co cpenneii mjuHOM Ijeny, Ha-
npumep, nexanosas (C,;) u momexaHosast (C,,) KUCIOThI, HE TaK
>KenaTeabHbl M3-32 UX MBUIBHOTO M BOCKOBOro apomarta. COKK
c 6o71ee JJIMHHOJ Lenblo, Hanpumep, ot C,, 1o C, , MpakTuyecku
He MMEIOT 3aI1axa, I03TOMY He CIIOCOGCTBYIOT 00IEMY apoMaTy
rapMesaHa. B pabote noaTBepskaeHo, uto CXKK ¢ qinHoit 1enmu
ot C, mo C, BakHbI JIJIsT apoMara Jijist CbIPOB TUIIa apmesaH. Io-
MMMO MX BKJIaZa B GopMMUpoBaHye CBIPHOTO apOMaTa, B I[eJIOM,
CXKK Taxke SIBISIIOTCSI NMpeIIeCTBEHHMKAMM MHOTUX IPYTUX
B&)XKHBIX apOMaTUUYECKUX COeIVHEHWI, BK/IIOYas ajbIerubl,
METUJT KeTOHbI, CJIOXKHBIE 3(DUPBI U JTAKTOHBI.

OTpenbHble >XMPHbIE KUCIOTHI BOBJEKAIOTCS B IPOLECC
f3-okucaeHus1, pe3ylIbTaTOM KOTOPOTO SIBJSIETCS 06pa3oBaHMue
MeTUJIKeTOHOB. CBOOOIHbIE HEHACHIIIIEHHbIE KMPHbIE KICIOTHI,
0COOEHHO JIMHOJIEBAS U IMHOJIEHOBAS, SIBJISTIOTCS TIPEIIIeCTBEH-
Hukamu C, apoMaTMIeCKUX COeIVHEHMI, OTHOCSIIMXCS K Kiac-
CYy CIUPTOB ¥ 06pa3yeMbIX 3a CUET BHYTPUMOJIEKY/ISIPHOTO OKMUC-
nenusi. Ecmu B pe3ysbTaTe TMAPOIM3A KMPA HAKAIUIMBAKOTCS
CBOOOAHBIE TUAPOKCUKUCIOTHI, BXOJISIINME B COCTAB MOJIOUHOTO
JKMpa, TO OHM I10[ Heﬁ[CTBMEM JIMIIOKCUTEeHAa3 UJIN r’mapaTa3 Mu-
KPOOPTaHM3MOB MOTYT JIET'KO ITpeBpaliaThCsl B IPyrye apoMaTu-
yecKue coelMHeHMsI CbIpa — JIaKTOHBI [1].

B Poccuiickoit ®enmepauyumu B MocaefHee BpeMs >KUPHOKUC-
JIOTHBI/i COCTaB ChIPOB Pa3IMYHbBIX TPYMI ObUI OTHECEH K KpU-
TepusIM uAeHTUdUKAIMY HATypaJbHOCTY TIPOAYKTa 6e3 yuyeTa
0CO6EHHOCTE ero BO3MOKHBIX M3MEHEeHUi1 B PasIMUHbBIX ChIPaX.

Llenb maHHOV PabOTbl — M3YYUTh M3MEHEHMUS B SKUPOBOI
(ase BrIpabOTAHHBIX 13 OZHOTO CHIPbSI IOy TBEPABIX Y TBEPIBIX
CbIPOB, MPOUCXONSIINE I0f, BO3JEiCTBMEM TEXHOIOTMUECKUX
axTopoB B mporiecce Ux BHIPAGOTKM, CO3PEBAHMS Y XPAHEHMSI,
U OLIEHUTD BIMSIHME 3TUX M3MEHEHMIT Ha TTOKa3aTe/ KauecTBa
TOTOBBIX ChIPOB.

2. OOBEKTHI M MEeTOIbI

O6bekTamu KccaefoBaHMs 6bUIM ChIPBI, HOPMOBAHHbBIE U3
1acTa, C OAMHAKOBOV MaCCOBOI A0JIeli Kupa B CyXOM BellecT-
Be, HO MPMHAJJIeKAIe K PasHbIM TPyMIIaM 1o uaeHTuduKa-
IIMOHHOMY ITOKa3aTeTi0 MacCOBOJi IOV BJaru B 06e35KMPEHHOM
BemecTBe: l'omnanackuit 1 BUTa3b — monyTBepablie cbipbl; Uta-
JIUKO — TBEPIbIii ChIP.

st MX BBIPABGOTKM VCITONb30BAIM ChIPOE KOPOBBE MOJIOKO,
TOJTyYeHHOe OT OJTHOTO CTa/ia CeIbXx03Mpou3BoanTes SIpocias-
CKO1 06J1acTy, OTHECEHHOe K ChIPOIPUTOgHOMY. B cooTBeTcT-
Buu ¢ TpeboBanussmu TP TC 033/2013, MOIOKO 10 ITepepaboTKu
B ChIPbI OBUIO TTOJIBEPTHYTOTO MPeIBapPUTETbHOI TEIIOBOI 06-
paboTke (HM3KOTeMIlepaTypHOIi mactepusaunun). TemmepaTypa
nacrepusauumu cocrassiia (72+2) °C.

TexHOJOrMYecKe peXuMbl 06pabOTKM COOTBETCTBOBAJIM
BUAY ChIPA U COCTABY MCITOJIb3yeMO 3aKBACOYHOM MUKPOQIIO-
pbl. TeMIiepaTypy BTOPOTO HarpeBaHust Kak (akTop obecreve-
HMSI HEOOXOAMMOI cTereHu 06e3BOKMBAHMSI CBIPHOTO 3€pHa,
a TaKke COo3JaHMs 6IarOTPUSITHBIX YCIOBUIA IJIS Pa3BUTHS 3a-
KBACOYHOI MMUKPOMIOPHI B MCCIEMYEMbBIX ChIPaX, YCTaHABJIMBA-
JIV B AvaTia30Hax, MpecTaBaeHHbIX B Tabmuiie 1.

B cpipax B Bo3pacre 45 cyt, 75 cyt u 120 cyT ompenensiin
busuxo-xummveckue mokasareny (MacCOBYIO JOJIO BIATU U aK-
TUBHYIO KUCTOTHOCTH) M0 TOCT P 550632 1 OCHOBHBIE OPTaHO-
JIeNTUYeckue XapakTepUCTUKM (BKYC M 3alax, KOHCUCTEHIUIO
u pucyHoK) o 'OCT 336303.

TP TC 033/2013 «O 6e30macHOCTM MOJIOKA M MOJIOYHOM TPOIYKII»
(TTpuusrt Pemennem CoseTta EBpasniickoil 5KOHOMMUYECKO KOMUCCUM OT 9 OK-
T26pst 2013 rogaNe 67). dnekTpoHHbI pecypchttps://docs.cntd.ru/document/
499050562. [Tata obpaienust 25 okTsops, 2022.

2 TOCT P 55063-2012 «CbIpBI ¥ CHIPHI TIIaBJIeHbIe. IIpaBuIa pyeMKH,
0T60p NMP0o6 ¥ MeTOAbI KOHTpOJIsl». — M.: CrangapTungopm, 2013. — 28 c.

* TOCT 33630-2015 «ChbIpbl ¥ CbIPBI IIaBJIe€HbIe. MeTO/Ibl KOHTPOJIS Op-
raHoJIeNTUYECKUX MoKasatesneit». — M.: Ctangaptuadopm, 2016. — 55 c.

Ta6nuia 1. 0coGeHHOCTH COCTaBa 3aKBACOYHOI
MMKPOQJIOpPHI ¥ TEMIIEpATypa BTOPOTO HarpeBaHUS IJIst
ucaIeayeMbIX CbIPOB
Table 1. Features of the composition of the starter microflora and the
temperature of the second heating for the studied cheeses

HaumeHo- CoctaB Temmepary-
BaHuMe cbipa 3aKBaCOYHOI MUKPO(IOpHI pa BTOporo
HarpeBaHus
Me3ohuibHbIE TAKTOKOKKH:
Tonnandckuii L. lactissubsp. lactis, Lc. lactissubsp. 39-40°C
(omyTBepaplit) cremoris, L. lactissubsp. diacetilactis,
Leuconostoc lactis
Me3oduabHO-TepMOduIbHAS
Bumsize MMKpOCl?J‘IOpa: Le. Lactis subsp. laqtis,
(monyTBepxpIii) Le. Lactis sub.sp. cremoris, Lc. Lactis 46-47°C
subsp. diacetilactis, Leuconostoc lactis,
Lactobacillus helveticus
TepmoduibHast Mukpoduiopa: Str.
I/Imwmxg thermophilus, Lactobacillus helveticus 52-54°C
(TBepAbIi)

u Lactobacillus delbrueckii subsp. lactis

CrereHb 3peIOCTY ChIPOB OTPeNessiv 1Mo 6yhepHOCTY BOJO-
pacTBopuMoOit ppakiim 6eKoB*. MaccoBYIO JOMIO KMpPa 3PeJTbIxX
CBIPOB B [lepecyeTe Ha CyX0e BelleCTBO OMPeesisiii KUCIOTHBIM
MEeTOZIOM, & MacCOBYIO JOJTIO IIOBAPEHHO COMM — KOHIYKTOMe-
TPUYECKUM METOAOM B COOTBETCTBUM CO CTAHIAPTU30BAHHBIMMU
B I'OCT P 55063 meTomukamm?.

[TokasaTenu KavecTBa SKMPOBOI a3l CHIPOB: UUCIO
Peitixepra-Mericcs onpenensii METOAOM TUTPOBAaHMS BOAOpa-
CTBOPUMBIX JIETYUUX SKUPHBIX KVCIIOT, BbII€JIEHHBIX 113 OMbIIEH-
HOTI'O XMpa IePeroHkoi ¢ BoasgHbiM mmapom mo 'OCT P 702385,
a KMUCIOTHOE YMC/IO0 KUpa — TUTPUMETPUUYECKUM MEeTOLOM IO
T'OCT P 50457¢.

B mporrecce BbIpaGOTKM, CO3PEBAHMS U XpAHEHUST TIOTYTBEP-
IbIX ¥ TBEPIIX ChIPOB MCCIEIOBAIN KMPHOKUCIOTHBIN COCTaB
¥ IMHaMMKy HAaKOTUIeHMSI BKYCO-apOMAaTHUeCKMX BellecTB B I1a-
poBoOit (ase cbipa. MeTuioBbIe 3(PUPBI KUPHBIX KUCIOT MOTY-
yaau 1o 'OCT 316657 mepestepudukaimein ¢ MeTaHOIbHBIM
pacTBOpoM MeTwiata HaTpus. OmpemeneHue >KUPHOKKUCIOT-
HOTO COCTaBa IMPOBOAWIM METOZOM ra3oBOit xpomartorpadun
o T'OCT 329158, IlpumeHsu1 ra30Bblii XpomaTtorpad «Xpomoc
I'X-1000» (OO0 «Xpomoc», Poccust), komoHky CP — Sil 88 for
FAME100m x 0.25mm x 0.2pum (Agilent Technologies, CIIIA).
O6beM BBOOMMOI MTPo6BI — 1 MM3; TeMIlepaTypa MHXeKTopa —
220°C; nporpamma tepmocrarta: 1) 100°C — 4 MuH, ¢ TIOBBI-
neHueM Temreparypsl Ha 5°C B Teuenue 20 muH; 2) 170°C —
20 MUH, C TTIOBBILIEHMEM TeMIIepaTypsl Ha 5 °C B TeueHMe 9 MUH;
3) 215°C — 30 MuH (TIpOJO/DKUTENILHOCTD aHaM3a — 77 MUH);
ra3-HOCUTEIb — a30T. VAeHTUPUKAIMI0 METWIOBbIX 3(GUpPOB
SKUPHBIX KMUCIOT MPOBOAWMIM IO CTaHZapTHOI cmecu Supelko
37 Component FAME Mix (Supelko, CIIIA). Pacuer mosyuyeH-
HBIX TAaHHBIX ITPOBOAM/IV METOIOM BHYTPEHHE HOpMan3anumn
B IIporpamme «Xpomoc».

Bkyco-apomaTtndeckue BeniectBa (BAB) B chipax orpenensi-
JI1 MeTofioM rapodasHoit XxpomaTorpadumn. [I1s1 TpoBeIeHUs UC-
CJ1eJlOBaHMI MCTIOMb30BaN: ra30BbIi XxpomaTorpad «Liset-800»

* MU 6ydepHOCTH ChIpa TUTPUMETPUYECKMM METOJIOM C BU3YalbHOI
MHIUKaLKei TOYKM KoHLa TuTpoBaHust N ®P .1.31.2018.31538

S TOCT P 70238-2022 «MOJIOKO ¥ MOJIOYHASE nponykuusi. Meron uaeH-
TudUKaLMY COCTaBa XXMPOBOIt dhasbl U OlpeesieHye MacCoBOI LOMM MOJIOY-
HOTO Xupa». — M.: Cranmaptundopm, 2022. — 24 c.

® TOCT P 50457-92 (MICO 660-83) XKupbl 11 Macjia XMBOTHbIE M PACTH-
TesbHbIe. OTIpesiesieHre KUCIOTHOTO YMCIa U KUCJIOTHOCTH. — M.: Toccran-
napt Poccun, 1994. — 7 c.

" TOCT 31665-2012 «Macna pacTuTebHble ¥ KMPbI KMBOTHbBIe. IT0-
JIyueHye MeTMIOBBIX 3(PUPOB SKUPHBIX KUCAOT». — M.: CranmapTuapopm,
2019. —8c.

8 TOCT 32915-2014 «MO0/IOKO ¥ MOJIOYHAS npoaykuusi. OnpeneneHue
SKMPHOKMCJIOTHOTO COCTaBa MeETOJOM Tra30BOii xpomarorpabum». — M.:
CranpmaptuHdopm, 2019. — 10 c.
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(OAO «lIBet», T.[I3epkMHCK, Poccust) ¢ yCcTpoCTBOM paBHO-
BecHoOro mapa «®asa» [Ijs1 oT60pa mapa, HaXofsIIerocs B Tep-
MOIMHaMMUYECKOM paBHOBeCUM C TOCIEeNYIONIMM [I03MPOBa-
HMEM OTOOPAHHOTO Mapa B aHAIUTUUYECKYIO KOTOHKY ra30BOTO
xpomarorpada; KOJTOHKA CTEKISTHHAS (IyIMHA 2 M, BHYTPEHHUI
nuameTp 2 MM) ¢ Hacagkoii OV-210 Ha xpomaToHe N-AW-HMD
(0,16-0,20 mm). YcnoBus NpoBefeHMs] aHaaM3a: TeMIepaTypa
TepMOCTaTUPOBaHus KOMOHOK — 70 °C; TeMniepaTypa ucrapure-
11 — 90 °C; TemniepaTtypa nepexogHoii kamepsl — 90 °C; pacxof,
rasza-Hocurens (a3ora) — 30 cm®/MuH, Bogoposa — 30 cm’/MuH,
Bo3gyxa — 300 cm’/muH. O6Iee comepskanue aetTyunx BAB BbI-
YUY KaK cpefHee apubMeTruecKoe CyMMBbI IIOLIAIe Bcex
MMMKOB Ha XpOMAaTorpamMmmMe 10 pe3yJbTaTaM ABYX MapasuiebHbIX
ompeeeHNi KaskIoTo MCIBITyeMOro o6pasiia. MacCoBYIO OO
UHAUBUIYATbHBIX JETYyYMX KOMIIOHEHTOB B IMPOIIEHTax BbIUU-
IS METOAOM HOpMasM3alluMy IUIOIIajeli razoxpomMarorpa-
bnueckux MMKOB. AHAIM3UPOBAIM TTPOOY UCCIENYEMOTO 06bEK-
Ta Maccoit 3 r, mpeaBapuUTeIbHO U3MeTbUeHHYIO U HarpeTylo Ha
BoAsiHOM 6aHe 1o 50 °C. HemocpecTBEHHO Tepes TpoBefeHeM
aHa/M3a Ipo6y BCTPSIXMBAJIN IJIS1 YCTAHOBJIEHMS TEPMOIMHAMM--
YyecKoro paBHoBecust. [lnnutenbHoCTh aHanm3a — 900 cek. O6pa-
6OTKY TOTyYE€HHbIX JAHHBIX MTPOBOAWIIM METOOM BHYTpPEHHeI
HOpManu3aluu C TOMOIIbI0 MporpaMMmbl «lIBeT-AHaIUTUK»
¢ mocutenywoueit uaeHTudMUKaIMel COOTBETCTBYIOUINX MTUKOB.

3. PesynbTaThl U 06Cy)XAEeHUE

Vcronb30BaHHOE ChIPbE M PEKMMBI 0OPAGOTKY MTO3BOIMIN
TIOJIyUYUTh MOTYTBEPbIe U TBEPbIE ChIPBI C XapaKTePHbIMMU JJIs1
HUX OU3MKO-XMMMUYECKMMM ITOKa3aTeNssMy Kak IocIe IIpec-
ca, Tak ¥ Ioc/ie co3peBaHMs U XpaHeHMs. MaccoBasi 1oJis skupa
B CYXOM BellleCcTBe B 3peJjIbIX ChbIpax cocTasiisiia 45,0+0,7%, mac-
CoBast 10JIsI Cou B chipe Butsizs 6bi1a 1,70%0,08%, B ocTambHbIX
cpipax — 1,80%0,08%.

CreneHb 3peyiOCTY UCCIeNOBAHHBIX IMOTYTBEPABIX CHIPOB CO-
OTBETCTBOBaJIa IoKasaTteo 85-90°B ajis Butsass, 65-75°6 — mst
Tonnmanpckoro u 110-115°6 — st TBeproro cbipa VITanmko, 4To
COOTBETCTBOBAJIO ITOKA3aTeISIM KOHAMLIMOHHOM 3pesiocTu. Yncio
PeiixepTa-Meiiccist 5KUupOBOii (ha3bl 3peIbIX ChIPOB COCTABJISIIO OT
22,1 mo 25,5 1 coOTBETCTBOBAJIO TIOKA3aTe/ISIM /1J1s1 HATyPaJTbHOTO
cbIpa. JlaHHbIe 10 MaccoBOIt fose Biaaru u pH B mpoiiecce cospe-
BaHMSI ¥ XpaHEHMSI ChIPOB MpUBeIeHbI B Tabmuiie 2.

AHanu3 pesynbraToB TabmuIIbl 2 TOKa3aJ1, YTO MO MAcCOBOI
Jlo7ie Baryu ¥ YPOBHIO MOJIOYHOKMCIIOTO MPOIiecca BCe ChIPbI CO-
OTBETCTBOBaJIM OCOGEHHOCTSIM CBOEJ BUIOBOV TPYIIIIbI (TIOTY-
TBepIble C HU3KOI U CpeHeil TeMIlepaTypoii BTOPOro HarpeBa-
HMS U TBEPIbIE ChIPBI).

OpraHonenTuyeckass OLleHKA IOTYTBEPABIX ChIPOB MPOBO-
Iuiach B BO3pacTe KOHAMIIMOHHON 3penocTH, T. €. 0 OKOH-
yaHuUM co3peBaHus. [ns cbipoB lomnaHackuit u BUTSI3b KOH-
IUIVOHHAS 3peNoCTh HAcTymaeT B 45 cyT, a IJis TBepAoro
ceipa Utanuko — B 120 cyT. JJonomHUTENbHO CBhIPbI ['omnaHm-
CKUii M BUTA3b KOHTPONIMPOBANUCH B IMIPOLIECCe XPaHEHUS
(B Bo3pacte 75 u 120 cyTok). KoHTposbHasI TOUKa AJ1s1 cbipa MTa-
JIVKO B BO3pacTe 75 CyT COOTBETCTBOBAJIa «MOJIOIOMY>» ChIpy. Pe-
3yJbTaThl MCCIeNOBAHMI BKyCa, 3aIlaxa, pUCyHKa U IIBeTa CbIPOB
nipuBeneHbl B Tabnuiie 3.

PesynbTaTbl OpraHONENTUYECKOV SKCIepTU3bl TOKa3aiu,
yTto nosytBepzapbie cbipbl (Tomtanackuii u Butsisb) B BO3pacre
KOHAMIVIOHHOWM 3peioCTY MMeNM BbIpa)KeHHble XapaKTepu-
CTUKM BKyCa C XapakTepHbIMM HOTaMM. OgHaKO MPU XpaHeHUN
ChIPDOB MMeIM MeCTO OTAMYMS B COXPAHHOCTM KauecTBa. Tax,
B cbIpe Butsi3b uepes 30 cyT XxpaHeHUs GbIIO OTMEUEHO ITOSIB-
JIeHVe BO BKyCe JIETKMX ITOCTOPOHHUX MPUBKYCOB, SIBJISIIOLIMX-
cs TIOKa3aTe/ssMM TMPU3HAKOB TepespenocTu. [Ipu panbHeli-
11eM XpaHeHUM 3TU MPU3HAKU TIPOrPeccupoBai, YTO MPUBEIO
K CHIUSKEHMIO 6aJIJIOBOI OI[EHKM ChIpa 3a BKYC.

Tab6nuiia 2. ®U3UKO-XMMUYECKIe M0Ka3aTe/lI CbIPOB
Table 2. Physical and chemical indicators of cheeses

Bospacr cbipa, cyT

HaumeHoBaHue 45 75 120
chIpa
M.J. BIaru, % pH, exn. pH M.J. BIaru, % pH, exn. pH M.J. BIaru, % pH, exn. pH
(lf:‘)’;’;';‘:g;;::‘ﬁ) 40,6%0,4 5,26+0,06 39,7+0,4 5,24+0,06 37,4%0,4 5,29+0,06
(o fy‘;’;‘é‘;;mm 40,0%0,4 5,78+0,06 39,2+0,4 5,65+0,06 37,130,4 5,68+0,06
(I;I;?e;;lx‘::ﬁ(:) 38,4+0,4 5,86+0,06 36,7+0,4 5,82+0,06 35,2+0,4 5,65+0,06
Ta6auna 3. OpraHonenTuuecKkasi OleHKa CbIPpOB
Table 3. Organoleptic evaluation of cheeses
HaumeHoBaHMe Bospacr cbipa, cyr
Ceipa 45 75 120
XapakTepucTHKa BKyca U 3amaxa
CoIp BoIpaskeHHBIV CBIPHBIN, OCTPBIIA, BoipakeHHBI BbIpakeHHBIV CBIPHBIi, C TPMU3HAKAMM
Tonnandckuii rapMOHUYHBIN CBIPHBIIA, CJIETKA KMCIOBAThI repespenocTu
(63 BrIpaskeHHBI CBIPHBIN, JIerKast MPSTHOCTh BoIpaskeHHBIV ChIPHBI, TPSTHOBATBIN BbIpaeHHBI/ CHIPHBIA, PSHOBATBIIA,
P p p ’ p ’ b p , 1P ’ JIerKasl TOpUMHKa, Jierkast KUCIMHKa,
Bumssse KUCIOBATOCTh Jierkast FOpUYMHKa, JIETKIi1 TOCTOPOHHMIT
MPU3HAKY [TePE3PEOCTI
. . o BripaskeHHBIN CBIPHBII, YMCTDIN,
Hrf;;ﬁm — CnaﬁoBpriﬁ?ﬁ;’gA ;];;E?T]’;M’ HUMCTBIN, B TIOCJIEBKYCUY CIMBOYHOCTb, JIerKast
p MPSTHOCTB, JIeTKast GPYKTOBOCTh
KoHcucreHms
CoIp C u "
Tonnandcxuii Jlerka rjiacTuuHas 3JIMIIHE TUTAaCTUYHAS, CJIeTKa BsI3Kast 3JIMIITHE TUIaCTUYHAs
CoIp Crerka riacTUyHasi, 3JIEMEHTHI BSI3KOCTH, Bsi3Kasi, MyqHUCTas Bsskas
Bumssse JIerKast MyYHUCTOCTh
CoIp . ACTIYHASL. CIErKa De3MHICTAS dacTUYHas, ¢Jierka IoTHasi, XOpoIo
Hmanuko ’ p pacxoguTcst

PucyHOK COOTBETCTBYET BUY MICCIELyEMOrO Chipa
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[Tpu3Haky mepe3pesocTy BBISBWINCH M B KOHCUCTEHLIUMU
3TOTO ChIPA, UYTO BHIPA3WIIOCH B MOSIBJIEHUY BSI3KOCTU U €€ yCU-
JIeHUM B MPOLiecce faabHelero xpaHeHus ceipa. Heobxonymo
OTMETUTh, YTO B COCTaBE 3aKBACOUHOI MUKPOGDIOpPHI Cchipa Bu-
TSA3b, HAPSMY C Me30MWIbHBIMU JIAKTOKOKKAMU, TTPUCYTCTBO-
Bajia TepmoduabHas rmanouka Lactobacillus helveticus, koTopast
oTAMYaeTcs: 6oee akKTUBHBIMU MPOTEONUTUIECKUMU CBOMCT-
BaMM IO CPaBHEHMIO C Me30(QMIbHBIMM JIAKTOKOKKamu. Ee Ha-
JIM4Me OTPa3miioCh He TOJIbKO Ha BKyCe, HO ¥ Ha KOHCUCTeHIIUA
chIpa.

Coip Tomnmanpckuit mokasan 6osiee BBICOKYIO XPaHMMOCIIO-
COOHOCTH Kak IO OlLIeHKe BKyCa, TaK M KOHCUCTeHI[MM. K KOHILy
repuoza HabIIaeHNu ChIp MPUOOPEeN MPU3HAKM BbIIEepKaHHO-
'O ChIpa C BBICOKOJI OA/IJIOBOI OILIEHKOIA.

O6iee comepskaHue JieTyunx BAB B mpoliecce XpaHeHMUSI
coipa Tommanackuit yBenmumioch B 1,1 pasa, B cocraBe npeo6iia-
Jlajii aJbJerupipl, MPUCYTCTBOBAIN CIIUPTHI, JeTy4Yue KUCIOTHI
¥ KeTOHBI. B cbipe Butsa3p B mpouecce 60-CyTOUHOTO XpaHEHMUS
Konn4uecTBo jeTyuux BAB yBenmumioch B 1,2 pasa, o mepe
JlambHeNIIero XxpaHeH!s MTPOMU30IIUIO UX CHUKEeHMe, YTO MOXKET
OBITh CBSI3aHO C TpaHcOpMaIlMeil JIeTyYnX BEIIeCcTB B HeJIeTy-
yie. B ux cocraBe mpeob6agany CIMPThI U aIbAeruIbl, IPUCYT-
CTBOBaJIM KUCJIOTHI ¥ KETOHBI. KOTMYECTBO JIeTyYMX KUCIOT B IMa-
poBoii hase cpipa Butsaspb 66110 Bhillle, yeM B cbIpe [omaHoCKuIA.

Cpip UTanmko B KOHOMUMOHHOM Bo3pacte 120 cyT umen
XapaKTepPUCTUKM TPAAUIMOHHOTO BbIIEPKAHHOIO ChIpa C BbI-
PaKEHHBIM CBIPHBIM BKYCOM, TAPMOHUYHBIM BKYCOBBIM GyKe-
TOM C HOTAMU CJIMBOYHOCTM, JIETKOI MPSTHOCTY U (PPYKTOBOCTH,
KOTOPBIX ellle He GbLI0 B «MOIOgOM» cbipe. K aTomy Bo3pacty
obliee comepykaHKe JIETYYUX BKYCO-apOMATUUECKMX BEIIECTB
B ChIpe YBEJIMUMIIOCH B 2,7 pa3a 1o CpaBHEHUIO C ChIPOM B 45-Cy-
TOYHOM Bo3pacTe. B cocraBe netyunx BAB npeobnananyu cump-
ThI U QJIbAETUIbI, IPUCYTCTBOBAIN KUCIOThI M KETOHBI, CIIEKTD
KOTOPBIX ObLT 6Gosiee pasHOOOpasHbIM. KOHCUMCTEHLMSI Chipa
VTanuko K KOHILY UCC/IelyeMOTO Meprojia COOTBETCTBOBAJIA Xa-
PaKTEPHBIM [JISI TBEPIBIX CHIPOB XapaKTePUCTUKAM: 3MaCTUY-
Hasl, cjIeTKa IUIOTHasl, HO XOPOIIO PacXoAsIascsl B IOJOCTU pTa
1ocJie ero paskeBbIBaHMSI.

Vi3MeHeHMs SKUPHOKMCIOTHOTO COCTaBa KMPOBOIA (a3bl ChI-
POB OLIEHUBAIM B AMHAMMKe, HAUMHASI C MOJIOKA-ChIPbSI, 3aTeEM
B ChIpax IMocJie MpeccoBaHms u B Bo3pacte 30,45, 60 u 120 cyToK.
Cpip UTanmko SOTOTHUTENbHO UCCIEA0BAJICS B 6 MeCsILIeB.

HUccnemosanmst )KKC mokasasy, 4To IIpy BBIPaboTKe MCCIIemy-
€MBbIX ChIPOB M3 OHOTO ¥ TOTO Ke MOJIOKA-ChIPhsl HAOTIOMAI0T-
CSI TEHAEHUIMY K U3MEHEHUIO COAEPSKAaHMS OTIENbHbBIX KUPHbIX
KUMCJIOT M MX OCHOBHBIX I'DYIIII. T M3MeHeHM s, Io-BUIMMOMY,
CBSI3aHbI C MEXaHUUYECKMM U (hepMEHTATUBHBIM BO3[EIICTBMEM
Ha KMUP MOJIOKA TIPU U3TOTOBJIEHUM ChIpa. OmMcaHHbIe MpoIec-
ChI MIPUBEIEHBI B UCCIEIOBAHUSIX OTEUECTBEHHBIX U 3apyOesK-
HBIX yueHbIx [17,18,19,20,21].

Vi3MeHeHUsI TPYII OCHOBHBIX XMPHBIX KUCJIOT (HM3KOMO-
JIEKYJISIPDHBIX, HACBIIIEeHHbIX, MOHOHEHACBIIEHHBIX, ITOJINHEe-
HaCBIIEHHBIX U MPOYMX) B IPOI[eCcce BhIPabOTKM, CO3peBaHNs
Y XpaHeHMSI CbIPOB, U3TOTOBJIEHHBIX U3 OJHOTO MOJIOKA-ChIPbS,
oTpaskeHbl B Tabmuiie 4.

V3 maHHbIxX TabMuIIbI 4 BUTHO, UTO CylIeCTBEHHbIE 3MeHe-
HMsI B GOJIbINE}T CTEITeHM KacaloTCs HM3KOMOJEKYISIPHBIX SKUP-
HbIx Kucnor (C,-C ):

O B 60 cyToK 1181 chipa BUTSI3b OTMeUaoCh MOBBILIEHNE MacC-

COBO1 101/ HU3KOMOJIEKY/ISIPHBIX JKUPHBIX KUCIOT Ha 23,1%

OT TIePBOHAYAJbHOTO MX COAEPKAaHUSI B MOJIOKe-ChIpbe,

a B cpaBHeHMM co 120 cyTKaMu XpaHeHUs 3TOT ITOKa3aTesb

yMeHbIIMICS Ha 11,9% K peabinylieli TOUKe KOHTPOJIS;

U g TonnmaHACKOTO ChIpa OT MCXOLHOTO MOJIOKAa-ChIPbSl [0

45 cyTOK co3peBaHMs MOBBIIIEHME MACCOBOIi OAM HU3KO-

MOJIEKY/ISIPHBIX JKUPHbIX KMot (C,-C, ) cocraBuiio 16%, Ha

60 1 120 cyTKM 3TOT TOKa3aTeab CHUZWICS W TPUGIM3UIICS
K MTepBOHAYaIbHOMY MX 3HAUEHMIO B MCIIOIb30BAHHOM JJIsI
BBIPAOOTKY MOJIOKE;

O pnsa ceipa Uramiko pocr C,~C,; cocTaBun 25,4% OT mnepso-
Havya/JbHOTO UX COAepkaHusi B Monoke. [Ipy ucciemoBaHumu
JIaHHOTO 06pasiia B 6 Mecs1ieB, 1o cpaBHeHMIo co 120 cyTka-
MM XpaHeHUs], OTMEeUYEeHO CHVKeHMEe 3TOJ IPYIIbl KUPHBIX
KMcIoT Ha 5,5%.

Ta6muiia 4. IsMeHeHMe cocTaBa JXupoBoii ¢asbl
MpY BbIPaGOTKE CHIPOB Pa3HbIX IPYIII U3 OJHOTO
MOJIOKA-ChIPbS (CpeIHee M0 TPeM IOBTOPHOCTSIM)
Table 4. Changes in the composition of the fat phase during
the production of cheeses of different groups from the same
raw milk (average over three repetitions)

MaccoBasi 50JIsI METWIOBBIX 3(UPOB
JKUPHBIX KUCIOT, %

CyMMBI METHJIOBBIX % X 2
pu ° [3] 1 X M (=} =
POB KHPHBIX KHCJIOT 2 [=] « (=) (=} =) ;
g =S = = = 5 3
£ 2§ v 5 ¥ 2 ¢
A &

s SE R < 3 = ©

Jls ceipa Bumsse
HuskomonexynspHbie 8,63 8,96 10,07 10,32 10,62 9,36 —

65,04 64,57 65,27 64,65 66,24 65,10 —
26,59 26,94 26,31 26,84 25,62 26,56 —
IMonuHeHaChIIeHHbIe 475 491 480 493 4,59 4,80 —
IMpoune 3,62 3,58 3,62 358 355 3,54 —
Hns ceipa I'onnandckuti
Hu3KkoMoneKyspHbie 8,63 9,66 9,69 10,01 8,77 8,78 —
65,04 65,08 64,53 64,99 65,12 65,57 —
26,59 26,57 26,62 26,63 26,64 26,1 —

HacpInieHHbIe

MoHOHeHachIleHHbIe

HacebliieHHbIe

MoOHOHeHaChILeHHbIe

ITonuHeHachILIeHHbIE 475 4,79 506 4,82 4,78 4,72 —

Ipoune 3,62 356 379 356 346 3,61 —
s ceipa Hmanuko

HuskoMmosnekyisipHbie 8,63 8,63 — 8,99 9,30 10,82 10,23

HacebieHHble 65,04 65,13 — 64,71 64,61 66,57 69,14

26,59 26,85 — 26,69 27,04 2541 22,69
TTonuHeHachlillleHHbIE 4,75 4,82 - 490 4,87 4,48 3,26
Tpoune 3,62 3,20 — 3,70 348 3,54 491

MoHOHeHachILeHHbIe

B mpoiecce monHOro UmMKiIa uccaeqoBaHMi aJist ceipa Mrta-
JIMKO OTMeueHa IMHaMMKa MOBbILIEHMS HACBIIEHHbIX SKUPHBIX
KNCJIOT M CHVDKEHMST CYMMbI HEHACBIIIEHHBIX >KMPHBIX KUCIOT.
st ceipoB Butsasp u l'omiaHacKuii, MO CpaBHEHUIO C SKMPHOKMC-
JIOTHBIM COCTaBOM MCXOLHOTO MOJIOKA-ChIPbsI, KDOMe HU3KOMO-
JIeKyJSIPHBIX U MIoNMMHeHachileHHbIX KK, cyliecTBeHHbIX U3Me-
HEeHMI B OCTA/IbHBIX TPYTINIax He OTMeUYeHo.

[Ipu 06paboTKe MOTYYEHHBIX AAHHBIX 10 KMPHOKVUCIOTHO-
MYy COCTaBY GbIJIO YCTAHOBIEHO, UTO HaMOOIbINMM M3MEHEeHSIM
cpeny HU3KOMOJIEKY/ISIPHBIX SKMPHBIX KMCJIOT B IIpoliecce Bbipa-
6OTKM, CO3pPEeBaHMS 1 XPaHEHMS TIOABEPraeTcsl MacasTHast KMCI0-
Ta (PucyHOK 1), 4TO coracyercsi ¢ JaHHbIMU IPYIUX UCCIeI0Ba-
teneii [20,22,23].

KonmuecTBO MacisiHOM KUCIOTHI 107, BO3[ECTBMEM KOM-
IJIeKCa TEXHOJIOTMUECKUX U MUKPOOMOIOTMUECKUX (aKTOPOB
B TIpollecce BHIPAGOTKM ¥ CO3PEBAHMSI ChIPOB MMOBBICUIOCH HA
1,5-27,1%. Ha cragumu co3peBaHMUsI MeXaHM3M M3MEHEeHMUs Ma-
CJISTHOWM KUCJIOTHI B KMPOBOI (ase cbipoB Butsasp u Fommanpg-
CKU¥ OBbIT UIEHTUYEH, OTIINYMS MMEJIV TOJBKO IV POBBIE ITOKA-
3aTesu, KOTOpbIe K KOHIY XpaHeHUs CHU3MINCD Ha 12,6—16,7%.
B nporiecce BbIpa6OTKY CHIPOB MOy TBEPABIX BUTI3b 1 TommaHi-
CKMIT OT MOJIOKA IO KOHIIA co3peBaHus 30 u 45 cyT cogepkaHue
MaCISTHOV KMCIOThI TIOBBIIIANOCH, @ 3aTeM 10 Mepe yBeluueHUs
cpoka Boiaepkky 60 1 120 CyT MOCTENeHHO CHMKAIOCh.
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3,5 3.33 340 5 5, ¥Mosoxo 3 j 3,023,05517 # Mostoko 3? o Mosoko
3 ® Cpip ocie 2,54 @ Crip nocre ]

2,5 4 npecca 2,5 1 npecca 2,5 4 H CpIp mocne
5 | H30 cyrok 5 30 cyTok 5 | npecca
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a)

B)

PucyHok 1. i3ameHeHue copepskaHUs MacC/ISIHOV KUCIOTHI IIPY M3TOTOBJIEHUM ChIpa U3 OJHOTI'0 MOJIOKA-ChIPbS:

a) ceIp Butasse; 6) ceip l'outaHAcKMit; B) cbip Tamnko
Figure 1. Change in butyric acid content during the cheese production from the same raw milk: a) Vityaz cheese; b) Dutch cheese; c) Italico cheese

B npoiiecce BrIpaGOTKYM ChIpa TBepAoro Mrtanamko comepska-
HMe MaUISIHOV KMCIOTBI OT MOJIOKa-ChIpbs 10 120 CyTOK yBenu-
yyBanoch Ha 21,8%, B 6 Mecs1eB Hab/I01a/1ach HEOOIbIIIAs TeH-
JIeHLVS K CHVDKeHUIO ee KOJMUeCcTBa.

PesynbTaThl IpUBeNEHHbIX MUCCIEIOBaHNT YKa3bIBAIOT HA U3-
MeHEeHUSI B JKMPHOKMCIOTHOM COCTaBe, MPOUCXOSIIIE TIPU TIPO-
M3BOJICTBE, CO3PEBAHMM M XPaHEHUM Pa3HbIX BUAOB ChIPOB. [Ipu
M3TOTOBJIEHUY TBEPHAbIX ChIPOB MPOUCXOAAT Gojee TIyOOKMe U3-
MeHEeHMSI SKUPHOKMUCIOTHOTO COCTaBa Xyupa, ueM Mpu Mpou3BO/i-
CTBe TIOJIYTBEPAbIX ChIPOB C HU3KOM M CpefHeil TeMIepaTypoil
BTOpOro HarpeBaHust. OHY BbIPAKAKOTCS B IIOBBIIIEHMM IOV HU3-
KOMOJTEKYJISIPHBIX SKUPHBIX KUCIOT, 0COGEHHO MAC/ISTHOM, ¥ B CHU-
SKeHUM O/ MOHO- Y TIOJTMHEHAChII@HHbBIX XUPHBIX KUCIOT. DTU
M3MEHEHMS CBSI3aHbI C BO3EMCTBYEM Ha SKMPOBYIO a3y JIUITOIN-
TUYECKUX (DEPMEHTOB, TPUBOASIIVX K YACTUIHOMY JIATTONU3Y MO-
JIOYHOTO KMPa U CIIOCOGCTBYIONINX AajIbHeiiieit TpaHchopMalm
CBOGOIHBIX SKUPHBIX KUCIOT B APYTHME TPOMYKThI JIMIIONNA3A.

Kucnornoe uncio sxupa (KY), BbIIeneHHOT0 13 HOpMalIu-
30BaHHbBIX CcMmecelt njs cbipa, coctaBwio 0,4-0,6 mr KOH/1r.
KucnoTHoe umcno Xupa, BbIeJIeHHOTO U3 UCC/IelyeMbIX ChIPOB,
npuBeneHo B Tabnuiie 5.

Tabnuiia 5. ViaMeHeHMe KMCIOTHOTO YMIa JKUpa
B IPOIecce BIPabOTKM, CO3PEBAHMS U XPaHEHUST
pa3HbIX CBIPOB
Table 5. Changes in the acid number of fat during the production,
ripening and storage of various cheeses

Iloka3aTeny KMCIOTHOTO YMCiia, MI'

KOH/1 r xupa
OOBEKT MCCIeOBAHUSI
ChIp Coip ChIp
Bumsse Tonnandckuii  Vitanuko
JKuposas dasa cbipa N 4 N

Tocne mpecca 0,6%0,1 0,4%0,1 0,6%0,1

30 cyTok 0,7+0,1 0,6%0,1 0,6+0,1

45 cyTok 0,7%0,1 0,7+0,1 0,7%0,1

60 cyTOK 0,7%0,1 0,7+0,1 0,7%0,1

120 cyTok 0,8+0,1 0,7+0,1 0,7%0,1

6 Mecs1eB - - 0,7%0,1

V3 Tabauiibl 5 BUTHO, UTO TP BhIPAOOTKE BCEX ChIPOB M3 Off-
HOTO MOJIOKA-ChIPbsI KMCJIOTHOE YMCIIO JKUPA TIOBBIIIAIOCE, XOTS
u He cymectBeHHO — Ha 0,1-0,3 mr KOH/1 r xxupa oT nmepBoHa-
YaJbHOTO €ro 3HaUeHUs B HOPMa/IM30BaHHOI CMecH JIJis ChIpa.
O6pasymomiyecs: TpyU TUAPOIU3E SKMpa CBOOOLHbBIE >KMPHBIE
KUCJIOTHI TIOJIBEPTajIMCh JajbHelineir TpaHchopmanum ¢ obpa-
30BaHMEM BKYCO-apOMaTUYECKUX COeIVHEHU, yUaCTBYIOIINX
B (GopMMpoBaHMM BKYCOBOTO OGyKeTa MpOAyKTa. V3MeHeHMs
B JXMPOBOJi (pa3e Takke oKaszaay BIMSIHME HA XapaKTepPUCTUKU
KOHCYCTEHIIVIV ChIPOB.

4. BbIBOABI

VccnemoBaHusAMM TMOKAa3aHO, UTO MPY BbIPAGOTKE ChIpa U3
OIHOTO M TOTO K& MOJIOKA-ChIPbSI OTpeeeHHOe BIMSHME Ha
dbopmupoBaHue KauecTBa OKa3bIBAIOT MapaMeTpPhbl TEXHOJIOTW-
YyeCcKoro TMpolecca: TeMIepaTypa BTOPOTO HarpeBaHMs U COCTaB
3aKBACOYHOI MUKPOGIOPHI, MaccoBast O/s BJIaru B chipe. TeH-
JEHIIMS K MTOBBINIEHNIO KMCTOTHOTO YMC/Ia SKMpPa IIPY BbIpaboTKe
CBHIPOB M3 OIHOTO MOJIOKA-ChIPbSI XapaKTepu3yeT Havaso JIUIIO-
JI13a B KMPe, KOTOPbIN B JabHEIIeM IPUBOIUT K 06Pa30BaHUIO
BKYCO-apOMaTUUECKUX COeAMHEHNH, YUaCTBYIOIUX B (OPMUPO-
BaHMM BKYCOBOTO GyKeTa MpoAyKTa. I3MmeHeHMsI B XKMPOBOii hase,
MIpOTEKAIoIIMe HAPSIAY C MU3MEHEHUSIMM B GeJTKOBOJI dase ChbIpa,
OKa3bIBAIOT B/IMSIHME HA KOHCUCTEHIIMIO ChIPOB.

PesynbraTaMyu UCCIENOBAHUI TOATBEPXKIEHBI PasINUUS
B (OPMUPOBAHUY KUPHOKMUCIOTHOTO TPOMGWUIIS ChIPOB, BhIpa-
60TaHHBIX C TPUMEHEHMEM Pa3IMYaIOIIMXCS 110 COCTABY 3aKBa-
COYHBIX MMUKPOOPTaHM3MOB. YCTAHOBJIEHO, YTO TIPU MTPOU3BOJI-
CTBe TBEPOBIX ChIPOB MPOUCXOAST Gojee ITyOOKME M3MeHeHMUs
SKMPHOKMCIIOTHOTO COCTaBa KUPa, YeM MPY U3TOTOBIEHUU I10-
JIyTBEPABIX CHIPOB C HU3KOM U CpelHel TeMIlepaTypoil BTOPO-
ro HarpeBaHus. JlJaHHbIe M3MEHEHUS CBSI3aHbI C MOBBINIEHNEM
JIOJTV HM3KOMOJIEKY/ISIPHBIX SKUPHBIX KMUCIOT, YTO OCOOEHHO OT-
paskaeTcsl Ha IMOKasaTesie MacAsSHOV KMCIOThI M Ha CHYDKEHUM
[0/t MOHO- 1 TIOJIMHEHACHIIEHHBIX JKUPHBIX KUCIOT. Hanbosb-
IIve KOJMYeCTBeHHbIEe M3MEeHEHMs B MPoIiecce BbIPAa6OTKM, CO-
3peBaHMs M XpaHEHMs CbIPOB, HE3aBUCKMO OT BUIA CbIpa, Xa-
PaKTePHBI /ISt MaCISTHO KUCTOTHI.
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YCTAHOBJIEHHME ITOOJINHHOCTU PACTUTEJ/IBHBIX
MACEJ C UCITOJZIb3OBAHUEM METOOA NU30TOITHOUA
MACC-CIIEKTPOMETPUHA

[Manacwoxk A. JI., CBupumos 1. A.*, lIunkuH A. A.

Bcepoccuiickmii HayaYHO-MCCIe0BATEeNbCKMUI MHCTUTYT MMBOBAPEHHO, 6€3aIKOr0JIbHO M BUHOIETbYeCKOi
NIpoMbllIJIeHHOCTY, MockBa, Poccus

Open access

K/IIOYEBBIE CJIOBA: AHHOTAL KA

pacmumeJibHbsle macia, Macna PACTUTEIBHOTO IMTPOMCXOXKAEHNS UTPAIOT BAXKHYIO POJIb B pallMOHE MMUTAaHMS YejI0OBeKa. Ot Bupga epepa-
usomonHas macc- 6aTbhIBAEMOI0 CbIPpbA B 3HAUUTEIbHOM CTereHM 3aBUCST KaK d)I/ISI/IOJ'[OI‘I/I‘{ECKaH LIEHHOCTb IMMPOAYKTAa, TaK U €ero
cnekmpomempust, u30monast CTOMMOCTB. B CBSI3U ¢ 3TUM YCTaHOBJIEHME BUOa PACTUTEIbHOTO CbIPbS, MCIIOJIb3YyeMOTI0 OJisl IIPOM3BOACTBA
yznepoaa, KMCHO[JO()G, 6000[]08(1, PaCcTUTEJbHBIX MacesI, SIBJIIeTCA Ba’>XKHbIM HallpaB/I€eHUEM uccienoBaHmin npu ]/I,ILEHTMC]J]/IKHLU/IM JAaHHOT'O BMUaa
u@eHmud)uKauuﬂ, mecmo MIPOOYKIMN. Ha ceromHsmHuit neHb OOHUM U3 Haubosee I/IH(bOpMaTI/IBHbIX METOLO0B OLEHKM IOOJIMHHOCTU

npoucxoxcoeHus, anvcuukayuss — pacTUTETBHOTO ChIPbs ABISETCS METOJ M30TOMHO Macc-criekrpomeTpun. Mccinenosano 30 06pasiioB pacTu-
TeJIbHBIX Maces, IPOM3BEeLeHHBIX 13 PA3IUMYHOIO ChIpbs U MecT npoucxoxnenus (Uranms, ['penys, Mcnanus,
Typuus, Apmenus, Poccusi, CroBeHust). B o6pasuax u3amMepsiiv 3HaYeHUs] M30TOIHbIX OTHOLIEHU yriaepona,
Kucioposa u Bomopoza. [TokasaHo, 4To 06pasiibl KyKypy3Horo macia (C4 tum (GoTocuHTe3a) XapakTepusy-
I0TCSI Haubosiee BBICOKMMM 3HaUYeHMsIMU Tokasarens 5'°C, ot munyc 17,00%o0 mo munyc 17,73%o. OcTanbHbie
uccnenyemMble 06pasibl paCTUTENbHBIX Macea 6bUTM pon3BefeHbl M3 C3-pacTeHuit (Macao BUHOIPAgHBIX ce-
MSIH, OIMBKOBOE, IbHSIHOE, KYH)KYTHOE, THIKBEHHOE, TOPUMYHOE, TIOJCOTHEYHOe U Ap.). I Hux 3HaueHus §'3C
JIeXkaT B IMamnasoHe oT MUHYC 26,60%o0 00 MmuHyc 31,14%o. Takum 06pa3soM, METOA, M30TOITHOM MacC-CIIEeKTPO-
MeTpUM MO3BOJsIeT BBISIBUTb BHeCeHMEe KYKYPY3HOTrO Macjia B IPOAYKT, MPOU3BeLeHHbIii 13 pacTeHuii ¢ C3 Tu-
oM (OTOCUHTE3a, Aake B HEGOIBIIMX KOMMUECTBAX. TakKe NPy MOMOIIY 3TOrO Croco6a BO3MOXKHO YCTaHO-
BUTh BHECEHUE NIEIIEBbIX Macesl B KyKypy3Hoe. 3HaueHus mokasaresneii §'°0 u §°H B 3HAUMTENbHOI CTEIIEHU
3aBUCST OT ToJla yposkasi M KIMMAaTUUYECKUX OCOBEHHOCTEl perroHa MpoM3pacTaHus ChIpbs. Tak, 3HAUEHMUS
M30TOIMHBIX XapaKTePUCTUK 5'*0 CTPYKTYPHBIX KOMIIOHEHTOB 06pasiioB Maces M3 BUHOTPAAHBIX CEMSH, IIPO-
u3BeleHHbIX B Typuum, Apmennu u Vtanuu, uMeroT 3HaunTenbHble pasnuunst (19,40+0,77%o, 16,55+ 0,66%0
n 23,29%0,93%o0 COOTBETCTBEHHO). 3HAUEHMSI M30TOIHBIX XapaKTepUCTUK Bogopoza §*H obpasia u3 ApMeHUn
OTJIMYAINCh OT 3HaUeHMit 06pa3ioB u3 Typuuu u Utanum B CTOPOHY GOJIBLIETO COAEPKAHUS «JIETKUX» U30TO-
nos (muuyc 189,86+ 1,13%0, Mmunyc 163,17+0,97%0 n munyc 160,72*0,97%o0 cooTBeTCcTBEeHHO). [IpoBeneHne
€XKeroJHoro MOHMTOPUHTA STUX 3HAUEHUI, Co3JaHne 6a3bl JAHHBIX, a TAKKE MCIIOIb30BaHME CTATUCTUUECKUX
METOJ0B aHaI13a MO3BOJMIUT B IePCIIeKTMBE IMPOBOAUTH UAEHTUGUKAIMIO PACTUTENBHBIX Macesl 10 MeCTy UX
reorpadn4ecKkoro pouCXokJeHMS C BLICOKOI CTEIEeHbIO TOCTOBEPHOCTM.

OVHAHCHPOBAHUE: CTtaTbsl MOATOTOB/IEHA B paMKaX BBIIIOJIHEHMS UCCIe0BaHMii 110 rocymapcTBeHHOMY 3anannio N2 FNEN-2019-042 ®denepainb-
HOTO HayYyHOTO I[€HTpa MUIIEBbIX cucTeM uM. B. M. TopbaToBa Poccuiickoit akajeMun HayK.
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AUTHENTICATION OF VEGETABLE OILS

USING ISOTOPE MASS SPECTROMETRY
Alexander L. Panasyuk, Dmitriy A. Sviridov*, Aleksey A. Shilkin

All-Russian Scientific Research Institute of Brewing, Beverage and Wine Industry, Moscow, Russia

Open access

KEY WORDS: ABSTRACT

vegetable oils, isotope mass Vegetable oils play an important role in the human diet. Both the physiological value of the product and its cost
spectrometry, carbon isotopes, largely depend on the type of processed raw materials. In this regard, the establishment of the type of vegetable
oxygen, hydrogen, identification, raw materials used for the production of vegetable oils is an important area of research in the identification of this
place of origin, falsification product type. To date, one of the most informative methods for assessing the authenticity of plant raw materials

is the method of isotope mass spectrometry. Thirty samples of vegetable oils produced from various raw materi-
als and places of origin (Italy, Greece, Spain, Turkey, Armenia, Russia, Slovenia) were studied. The isotopic ratios
of carbon, oxygen and hydrogen were measured in the samples. It is shown that the samples of corn oil (C4 type
of photosynthesis) are characterized by the highest values of the indicator §'*C, from —17.00%o to —17.73%.. The
rest of the studied samples of vegetable oils were produced from C3 plants (grape seed oil, olive, linseed, sesame,
pumpkin, mustard, sunflower, etc.). For them, the values of §3C lie in the range from —26.60%o to —31.14%o. Thus,
the method of isotope mass spectrometry makes it possible to detect the introduction of corn oil into a product
produced from plants with C3 type of photosynthesis, even in small quantities. In addition, this method enables

o1 TUTUPOBAHUS: Ilanaciok, A. JI., CBupuaos, [. A., lllnnkuH, A. A. FOR CITATION: Panasyuk, A. L., Sviridov, D. A., Shilkin, A. A. (2022). Au-
(2022). YcraHOB/IeHMe TOAJIMHHOCTM PAaCTUTENBbHBIX Macesl C MCIIOIb30BaHVEM thentication of vegetable oils using isotope mass spectrometry. Food Systems, 5(4),
MeTo[a M30TOMHOM Macc-criekTpoMetpun. [uwjessle cucmemst, 5(4), 369-375. 369-375. https://doi.org/10.21323/2618-9771-2022-5-4-369-375
https://doi.org/10.21323/2618-9771-2022-5-4-369-375
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establishing the introduction of cheap oils into corn oil. The values of the indicators §*0 and &°H largely depend
on the year of harvest and the climatic characteristics of the region where the raw materials grow. Thus, the values
of the isotopic characteristics of the §'30 structural components of the oil samples from grape seeds produced in
Turkey, Armenia and Italy have significant differences (19.40+0.77%o, 16.55*0.66%0 and 23.29+0.93%o., respec-
tively). The values of the isotopic characteristics of hydrogen §*H of the sample from Armenia differed from the
values of the samples from Turkey and Italy in the direction of a higher content of “light” isotopes (-189.86%1.1
3%0, —163.17%0.97%0 and —160.72 £0.97%o., respectively). The annual monitoring of these values, the creation of
a database, as well as the use of statistical analysis methods will allow in the future identifying vegetable oils by
their geographical origin with a high degree of reliability.

FUNDING: The article was published as part of the research topic No. FNEN-0585-2019-042 of the state assignment of the V. M. Gorbatov Federal

Research Center for Food Systems of RAS.

1. BBegeHue

MacnoskupoBast TpOMBIIIUIEHHOCTh 3aHMMaeT Beyllee Me-
CTO Cpeaiu OTpaciieit, mepepabaThIBAIOIIVIX PACTUTETHHOE ChIPbE,
10 06beMaM ero rmepepaboTK, MHOI00Opa3uIo M 0COOEHHOCTSIM
MoJIy4aeMoi MpOAyKIMKU. 3HAUMTETbHAsI YacTh 3TOTO 0ObemMa
MpecTaBaeHa pacTUTEeIbHbBIMY MaciaMM, CpeJiy KOTOPBIX Ie-
DPOM SIBJISIETCST TIOACOTHEYHOE MAacjo, Tak Kak B Poccuy Hanbo-
Jilee pacIpoCTpaHeHHBIM MACIMYHBIM ChIPbEM SIBIISIIOTCSI CeMe-
Ha ToACOoNMHeYHMKa. [IpoayKThl MacI0KMPOBOTO MTPOM3BOACTBA
SIBJISIIOTCSI HEOT'heMJIEMOJi YaCThIO PallMOHA MMUTAaHMS YesloBeKa.
ITo pekomeHpmanusaMm BcemupHoii OpraHmsanyy 3apaBooxpa-
HEeHMsI, KAJIOPUITHOCTD paljMoHa TO/KHA GbITh 06ecrieyeHa K-
pamu Ha 15-30% [1]. PacTuTenbHble Macia UTpalOT OCOOEHHO
BaXXHYIO poJib B (popMMpOBaHMM palyoHa MUTaHUS. B cBoeM
COCTaBe OHM COZEPsKAT Psif, MOMMHEHACHIIEHHBIX JKUPHbBIX KUC-
JIOT, B TOM 4MCJie OMera-3 u oMera-6, BuTamuusel rpynn A u E,
duTocTepMHbI U ApyTMe coemMHEHMs, 06amaoliie BbICOKOIA
610JIOTMYECKOI aKTUMBHOCTBIO. [IIMpoKoe pacrpocTpaHeHue Ha
MOTPEOUTETLCKOM PhIHKE TTONYYMIN MAC/Ia, IPOV3BeIeHHbIE U3
ceMsIH MTO/ICOJIHEYHMKA, KyKYPY3bl, parica, ibHa, Keipa, KyHXyTa,
BUHOTPAJa, THIKBbI, TVIOJIOB OJIVBBI, OGIENIXY, KOCTOUEK abpu-
Koca, TlepCcuKa U APYTUX KyJabTyp.

KoHTponb KauecTBa ¥ 6€30MaCHOCTY MPOAYKTOB MUTAHMS
MMeeT BaKHOe 3HaueHue B obecrieyeHMUy 3J0POBBSI Hacese-
HUS. B CBSI3U C 9TUM AOCTATOYHO OCTPO CTOUT BOIPOC O CIIO-
cobax TMOATBEpPsKAeHMs TMOIJIMHHOCTY PACTUTEIbHBIX Maces
U3 PasMUHOro Chipbsi. OT Buaa rmepepabaTbiBAEMOIO ChIPhS
B 3HAUMTEJbHON CTeNeHM 3aBUCUT XXUPHOKUCJIOTHBIN COCTaB,
a TaksKe J0JIsl HeHAChII@HHBIX KUCIOT M HEOMBLISIEMbIX COeM-
HEeHMUI, YTO HEMOCPEACTBEHHO BIMSIET HA (QU3UOIOTUYECKYIO
LIeHHOCTbh MpOAyKTa. [IoMMMO 3TOTO, CTOMMOCTb PacCTUTENb-
HOT'0 Macia Takke 00yC/IaBIMBaeTCs BBIGOPOM ChIPbs. B cBsI3M
C 3TUM Haubosiee PacIpPOCTPAHEHHBIM CIIOCOO60M danbcubu-
Kaluy SIBJISIETCST BHECEHMEe HeJ00pOCOBECTHBIMM TTPOU3BO-
IUTEISIMU B TOTOBYIO TIPOIYKIIMIO Macen u3 6osiee IeneBoro
ChIpbsl. B MTOTrEe Ha MPUIABKM MOMALAIT MPOAYKThI MUTAHUS
HeHajJiexxalero Kauectsa. Mcnonb30BaHue OenieBOT0 ChIPhs
B IUIIEBOI MPOMBIIIIEHHOCTU TTO-TIPEKHEMY OCTAeTCS Cepb-
e3HoJi pobaemoii kak B Poccun, Tak u Bo Bcem mupe [2]. Taxk,
HampuMmep, danbcubuUKanys UMIOPTHOTO OJMBKOBOTO Macia
SIBJISIETCSI OGBIYHOI MPaKTUKO U Cepbe3HOi MPo6IeMoit aist
Perynupyoux OpraHoB U MOTpebuTeseli mo scemy Mupy [3].
OnMBKOBOE Macj0 JOCTATOYHO JOPOTrOCTOSIIEe U3-3a 0COOeH-
HOCTe} mpollecca ero Mpou3BOACTBA. B CBsI3M ¢ 3TUM HeJO-
6POCOBECTHBIE TTPOU3BOIUTEIN C IEJIbI0 TOTYUeHUS MPUObIIN
TTOAMEHSIIOT OJIMBKOBOE Macjo 0Oojiee OemeBbIMU MacjaMu,
B TOM UMcC/ie KyKypy3HbIM. Takoi MpPOAYKT He OTBevaeT 3a-
SIBJIEHHBIM CBOJICTBAM M MOKET HAHECTU Bpe[ MOTPeGUTeNIO.
OCo6bIM CITPOCOM TOTB3YIOTCSI PACTUTEIbHBIE MAC/Ia C KOHTP-
OJIMPYEMO¥, PEerMoHaabHOI NPUHAIJIEKHOCTbIO, Graromaps
MX BBICOKOMY KauecTBY, OOYCIOBJEHHOMY TeOKJIMMaTuue-
CKMMM YCJIOBUSIMM peruMoHa U CTPOro periamMeHTUPOBAHHOM
TEeXHOJIOTME TTpon3BoacTBa [4]. YacTo moTpebuTeny OTHAT
6oJbIliee TPeATIOUTeHYe MHOCTPAHHBIM MPOAYKTAaM, ¥ Herpa-

BUWIbHO yKa3aHHOE MeCTO MPOMU3BOACTBO IIPOAYKTA MOKET
TO3BOJINTH MTPOJABaTh TOBApP 3a 6ojiee BBHICOKYIO IIeHY. B aToM
cTyyae HelmpaBM/IbHAsh MApKUPOBKA TOBapa BBOAUT MOTPe6-
Teselt B 3a0/1yKIeHMe, a TaKKe JINIIaeT J0O6POCOBECTHBIX IPO-
M3BOAUTENIEI YACT TTPUOBLIN.

Kak mpaBujo, B ocHOBe crioco6a uaeHTudUKaLuM pacTu-
TeJIbHBIX MaceJ JIeXXaT pasanuusi B KAUeCTBEHHOM U KOJIMYeCT-
BEHHOM COJiep>KaHUM XXUPHBIX KMUCIOT, BXOASLIMUX B MX COCTaB.
OmnpeneneHue GU3UKO-XMMUUECKMUX TTOKa3aTeNeil, TaKUX Kak
KUCJIOTHOE YMCII0, OHOE UMCIIO0, TTePeKMCHOe YMCI0 U APYTUX
XapaKTePUCTUK, OMpPeAeIsieMbIX ITyTeM XMMUYECKOTO aHaIu-
3a, B HaCTosIllee BpeMsi HeJOCTaTOUHO JJI51 OLleHK!M HaTypalib-
HOCTM ¥ KauecTBa PacTUTeNbHBIX Macena. Haubosee pacmpo-
CTpPaHEHHbII HA CerOIHSIIHNI JeHb CII0co6 MaeHTUGURAIUN
pacTUTEeIbHBIX MaceJa OCHOBAH Ha Pa3anNuMsIX B KAUeCTBEHHOM
¥ KOJIMYECTBEHHOM COZepXKaHUM XXUPHBIX KUCIOT, BXOOSIINX
B MX COCTaB. B cOOTBeTCTBMM C [eJiCTBYIOLIel Ha TepPUTO-
pun Poccuiickoit @enepaiiiy HOpMaTUBHONM JOKyMeHTalMeil
I'OCT 30623-2018!, paznnyaloT cjienyioliye TPyIbl pacTy-
TeJbHBIX MaceJl B 3aBUCUMMOCTY OT UX KUPHO-KUCIOTHOTO
cocraBa:

Macja, cofepykallye HM3KOMOIEKY/SIpHbIE XXUPHbIE KUCIIO-
b1 C,~C,, 6onee 2% (kokocoBoe, Mac/o 6abaccy);

Macsa C BBICOKMM COfiep)KaHMeM 3pyKoBoii kucmorsl C,,
(paricoBoe, rOpUYMYHOE U 1p.);

macia, copepskaliye JMHOMIEHOBYIO KUCIOTY OT 2% no 20%
(coeBoe, IMIIIEHNYHOE);

Macia ¢ MacCoBOJ [oJeii MaJlbMUTUHOBOI KUCIOTHI 6osee
17% (xJ101IKOBOE, TAIbMOBOE U ID);

Macja ¢ MaKCMMaJIbHOJ MacCOBOI 1o/1elt 0J1eMHOBOM KUC/IO-
ThI (PMICOBOE, OJIMBKOBOE U IP);

MacIo ¢ 6IM3KMMY MacCOBBIMM TOJISIMY OJIEMHOBOI U JIMHO-
JIeBOVi KUCJIOT (KYH)XXyTHO€, BULLIHEBOE);

Macja ¢ MakKCMMaJIbHOJ MacCOBOI1 4oeli TMHOIeBOM KUCI0-
TbI (KyKYpPy3HOe, BUHOTPaJHOe U [ID.);

Macia ¢ cofiepkaHyueM JIMHOJIEHOBOV KUCIOThI Gonee 20%
(JIbHSIHOE, PBIKMKOBOER).

MeTop, ra30kKMIKOCTHOI XpomaTorpadun siBisieTcsi OCHOB-
HbIM TIPU UAEHTUOUKAIUY TPOAYKIIUMA TI0 ee KUPHOKWUCIOT-
HOMY cocTaBy [5-7]. OH MO3BOJISIET PerucTpPUpPOBaTh B Maciaax
0 35 pas/JIMUHbBIX KUPHBIX KUCJIOT U YCTAaHABJIMBATh HaMUMe
rpumMeceli TIOCTOPOHHMX Macesl Ha ypoBHe Bbilte 10% [8,9]. On-
HaKo B psfie CJTy4aeB MPOBECTU MIEHTU(OUKALNIO C UCIIONb30-
BaHMEM yKa3aHHOTO MeTOZa He IIPEJCTaBJsSIeTCs] BO3MOKHBIM
BBUY CXOXKECTU KMPHOKMUCIOTHOTO COCTaBa psiia Macesl U3 pas-
JIMYHBIX BUJIOB CBIPBS. B CBS3M € 9TUM 1711 OCTOBEPHOI UIeH-
TudUKaMM PacTUTENbHBIX Macel HeOOXOAMMO MCIIONb30BaTh
JIpyTyie MHCTPYMeHTaIbHble MeTO/ bl aHanu3a. B MupoBoii mmpa-
KTUKe ISl MOeHTUOUKAUIUU Pa3JIMUHBIX MTPOAYKTOB MUTAHUS
LIMPOKOe paclpocTpaHeHye MOMYyUMIN UCCIe0BaHUs U30TOM-

o 0 O 0 0 O 0 O

' TOCT 30623-2018 «Macsia pacTuTe/IbHbIE ¥ MPOIYKThI CO CMEIIaHHbIM
coCTaBOM JKMPOBOIt (asbl. MeTon o6HapykeHus danbeuduramnym». Mocksa:
CranpaptuHdopm, 2018. — 20 c.
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HBIX XapaKTePUCTUK 37IEMEHTOB B COCTaBe MPOAYKTa C UCIOIb-
30BaHMEM METO[a M3OTOITHOW MacC-CIeKTPOMeTpun. MeTobl
orpefieJieHUs] OTHOUIEHMII CTabWIbHBIX M30TOIMOB OMO(PUIb-
HbIX 3JIEMEHTOB TIPUMEHSIOTCSI TIPU UIEHTUOUKALUYU ChIPbS
¥ TOTOBOJ MPOAYKIMM B BUHOJENbYECKO, MSICHO, MOJIOYHO
ITPOMBIIIJIEHHOCTSIX, TIPU MAEHTUMUKALNY Mefa U IPYTUX Mpo-
IYKTOB, B TOM YMC/Ie ¥ pacTUTeabHbIx Maces [10]. OcobeHHOCTU
pacripeziesieHust CTabUIbHBIX M30TOMOB GMOQUIbHBIX 3JIEMEH-
TOB B MUINEBOI MPOIYKIIMM CBSI3aHbI C poreccamy Ghpakiy-
OHMPOBAHMSI, TO €CTb C M3MEHEHUEeM COOTHOIIEHUS «JIETKUX»
M «TSDKeJbIX» MU30TOIOB B X0/le O6MOIOrMYeCcKUX U reOKIMMaTK-
yecKux mpoueccos [11-15].

B nacrosiiee Bpems pasianyaioT C3- u C4-nytu purcanymm
armocdepHOro IMOKCHAA YIAepofa, a Takke (oTocuHTe3 1o
TUITY TOJICTSIHKOBBIX pacteHuit (CAM-meTta6onnsm u $HoTombi-
xaHue). C3-myTh GUKcaMK JUOKCHUIA YITIEPOA XapaKTepeH JJIst
pacTeHuit, B KOTOPbIX accummsanys CO, mpoTeKaeT o LUKy
KanbBuHa, COCTOSIIIEMY M3 TPEX OCHOBHBIX 3TAloOB: Kap6OKCH-
JIMPOBaHMe, BOCCTaHOB/IEHME M pereHepauus akuenropa CO,.
B kauecTBe MepBUYHBIX MPOLYKTOB LMK/Ia KanbByHa BbICTYIIA-
10T TPeXyIJiepoAHble COeNMHeHMs, HanmpumMep, 3-bocdormiie-
punoBasi kuciaora (3-®OI'K), 3-dbochorniepHOBbIf aabaeru],
(3-®T'A) u pocdoamoxcnaneton (GOA). C3-myTh bUKcalum atT-
MocdhepHOro AMOKCH/IA YIVIEPOA SIBSIETCSI OCHOBHBIM JIJIST BBIC-
IMX pacTeHuit (Hampumep, ISl IUTPYCOBBIX JIePeBbEB, SITOM,
SIGIIOUHBIX ¥ TPYIIEBBIX IepeBbeB U Hp.). 85% Bcex pacTeHuit
oTHOCSITCST K C3-Tumy. Oxkono 500 BUIOB MOKPBITOCEMEHHBIX
KynpTyp accummmmpyior CO, mo C4-mytu. B maHHBIX pacTeHu-
X (DOTOCUMHTE3 OCYIIECTBISETCS MO TAK HA3bIBAEMOMY IMKITY
Xerua u C19Ka, MePBUYHBIMU IMPOAYKTAMU (PUKCALIY AUOKCUIA
yIJieposia ¥ BOCCTAHOBJIEHMSI B KOTOPOM SIBJISIIOTCSI UeThIpexy-
I7IepOJiHbIe COeIMHEeHMSs], HaIpuMeD, SI6;I0YHast M acraparuHo-
Bast KucaoThl. K C4-pacTeHnsiM OTHOCUTCS Psif, KyJIbTYPHBIX pa-
CTeHUIT TPEeUMYIIeCTBEHHO TPOTIMYECKOTO M CyOTPOMMUECKOTO
TIPOMCXOKAEHMS: KYKypy3a, IIPOCo, COPro, CaXapHbIii TPDOCTHMUK.
Kak npaBujio, 3T0 BbICOKOIIPOAYKTMBHbBIE pacTeHMS, YCTONUMBO
ocymiecTBisonye HOTOCMHTE3 TPY 3HAUUTETbHBIX IOBBIIIE-
HUSIX TEMITEPATYpPhl U B 3aCyLUIMBBIX YCIOBUSIX. 3HAUUTEIbHAS
pasHuIla U30TOMHOI curHatypbl C3- u C4-pacTeHuii (1 B OIy-
yaeMoOM IIpU UX IepepaboTKe MM Mpeodbpa3soBaHUM yIJIepoe
BO Bcex (opMax) OTKPBIBAET IIMPOKVME BO3MOXKHOCTM [JISI UC-
cnenoBaHuii [16,17].

Kak mpaBmiio, MeTombl MOATBepskIeHMUs reorpaduuecko-
ro MecCTa IMPOUCXOXIEHMSI PacTUTENIbHOIO Macia BKJIIOYAIOT
B cebsl BBISIBIEHME «OTIIEYATKOB IaJbLeB» C VICIIOIb30BaHM-
€M MHCTPYMEHTATbHBIX U CTAaTUCTUUYECKUX METONOB aHaM3a.
VccnemoBaHus Tokasaau, YTO JOCTOBepHAs MAeHTUUKaMs
reorpadmyeckoi MpUHaAJIeKHOCTU 06pa310B BO3MOXKHA JIUIITh
B HEKOTOPBIX CIy4yasX MeXAYy KOHKPETHBIMM XO03S1/iCTBAMU
BBU/IY YHMUKATBHBIX KIMMaTUUYECKUX YCIOBUI PETMOHOB U 0CO-
GeHHOCTel BO3JeTbIBAaHUS CEeTbCKOXO3SIICTBEHHO KYIbTYPBI
[18]. C uenbio yBesMUeHUS] TOUHOCTU UIEHTUGDUKALUM PACTU-
TeTbHBIX Macesl MO0 MeCTYy UX reorpadumyeckoro MMpPOUCXOK-
JIeHUsI, CTAaTUCTUYEeCKas MOJeTb MCCAeNOBAHUS MOXET ObITh
yCcuIeHa TaHHBIMU M30TOIMHBIX XapaKTePUCTUK OTOEIbHO B3SI-
TBIX JXMPHBIX KUCJIOT, B TOM 4YMCJIe JMHOJEBOi, OJIeMHOBOIA,
NMaJIbMUTUHOBOM U CTE€ApMHOBOI, a TakkKe JaHHBIMM COCTaBa
(beHOMBHBIX COeNMHEHMIT, MAKPO- ¥ MUKPOJIEMEHTHOTO TPO-
dbung npogykra [19-21]. Unentuduxaums NporsykKuuu mo Me-
CTy ee reorpaduueckoro IpoUCXOKIeHMs MIpefIoaaraeT coop
6a3bl JAHHBIX U ee aHATUTUYECKYI0 06paboTky. Mcrnonb3oBa-
HMEe MeTOAO0B CTaTUCTMUECKOTO aHaau3a I03BOJISIET BBISIBUTD
B3aMMOCBSI3Y MEXIY TOJyUeHHbBIMY 3HAYEHMSIMU U OI€HUTD
BKJIAJ] KaKAOTO U3 HUX B MaTeMaTUIECKYI0 Mozenb. [Ipu nugeH-
TUGUKAIMM OMMBKOBBIX Maces yallle BCero MpUMEHSIIOT K-
cnepcuoHHbIN aHann3 (ANOVA), MeTo[, IJIaBHbIX KOMIIOHEHT
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(PCA), nuHeliHblii nuckpuMuHaHTHBIM aHanu3 (LDA), merop,
OMOpPHBIX BeKTOPOB (SVM), knacrepusbiii aHann3 (HCA), uckyc-
cTBeHHbIe HelipoHHbIe ceTu (CP-ANN) 1 MeToAbl MalITHHOTO
obyuenms [22-25].

IMogBoAst UTOTU, HEOOXOAMMO OTMETUTH, YTO, HECMOTPS Ha
aKTyaJbHOCTb MPOOJIEMBI, 32 MOCIEHEE BPEMS OIyOIMKOBAHO
OTHOCUTEJIbHO He6OJIbIloe 061ee KOMMUECTBO HAYYHBIX PabOT
10 BOMNPOCY UAEHTUOUKAIMM PACTUTENbHbIX Macen. OTeue-
CTBEHHbIE PabOThI, KaK MPaBUIO, HAIPaBJI€Hbl Ha BbISIBIEHNE
npuMeceil B PacCTUTETbHBIX MaciaxX C MCIOAb30BaHMEM Me-
TOMA rasoBoil xpomaTorpaduyu KakK OCHOBHOTO. BOJIBIIMHCTBO
3apy6EKHBIX PabOT OCBENIAIOT CIOCOOBI MOATBEPKAEHUST Teo-
rpaduyeckoro MecTta MPOUCXOXKIEHMST Macia, ¢ IpMMeHeHeM
MeTO[a M30TOIHOJ MaccC-CIeKTPOMETPUM, KOTOPbIN SIB/ISETCS
Haubosee nHGOPMaTUBHBIM. TakMM 00pa30M, OCHOBHAS 3a/1a-
ya JaHHOTO MCCJIeTOBAHMSI COCTOSUIA B M3YUEHMM M3OTOIHBIX
XapaKTePUCTUK YIJIepo/ia, KUCIOPOia M BOAOPO/Ia CTPYKTYPHbIX
9JIeMEeHTOB Maces 3 PA3INUHbBIX BUIOB ChIPbSI C LIeTbIO BbISIBIIE-
HMSI KPUTEPUATHHBIX TTAPAMETPOB, TO3BOJSIOIINX MTOATBEPAUTH
TTOJTIMHHOCTD IMPOIYKTA.

2. Marepuanabl ¥ METOIbI

O6bekTamMy MccIeqoBaHus SBIsUMNCh 30 00pasiioB pacTu-
TeJIbHBIX MaceJl, TPOU3BeAeHHbIX U3 PA3JIMYHOTO ChIPHSI U B pa3-
JIMYHBIX Teorpauyeckmx permoHax.

CoctaB CTabMIBHBIX WM3O0TOIMOB YyIaepoza B obpasiax
orpeJensiii Ha aHaJUTUYECKOM KOMIUIEKCEe, COCTOSIIIEM M3:
JIBYXPEaKTOPHOTO 3JIEMEHTHOIO aHaaM3aTopa OpraHUYecKux
U HeopraHuueckux o6bekToB Flash 2000, ocHalleHHOTO aB-
TOCaMILZIEpOM ISl paboThl C TBepAbIMM IpobGaMu; yHUBED-
canpHOro wuHrepdeiica ConfiolV; macc-criekTpomeTrpa Ojist
aHa/mM3a CTAaOGMIbHBIX WM3OTOIOB JIETKUX 37eMeHTOB IRMS
DeltaVAdvantage; cucTembl MOmauyyM ra3oB BBICOKOW OYMCT-
KM, CIEelMaau3UPOBAaHHONM paboueii CTaHUMM AJIs yIIpaBiie-
HUST M3OTOIHBIM MCC/IE€OBaHMEM; perucrpauum u obpabor-
KU Pe3y/lbTaTOB M3MepeHUsl C TIOMOIIbI0 BbICOKOYPOBHEBOTO
nporpammHoro nakera Isodat 3.0. (Thermo Fisher Scientific,
CHIA — T'epmanus). Mismepenue 3HaueHuit 6°C mpoBOAMINCH
C MCIIOb30BaHMEM OKUCIUTENbHO-BOCCTAHOBUTEIBHOTO pe-
aktopa. IIpo6y B KommuecTBe 1 MK/ McciaeqyemMoro obpasiia
BHOCWJIM B OJIOBSIHHYIO KarCyJly C MOMOIIbI0 MUKDPOIIUIIETKHA.
Karicynmy repmeTHYHO 3aKpbIBaaM C MOMOIIbI0 TMHIETA. st
KaXIoro obpaslja IMOATOTABAMBAIM 3 KarCylbl, TOMeIIaIn
B aBTOCAaMIUIEep IJIsl TBEPIbIX NTPO6 U BBITIOTHSIIA TPU TOCIIe-
JIOBaTeNbHbIX oOmpeaeneHus. KarmcyaupoBaHHbIe 06pasIibl
CKUTAJIUCh B OKUCIUTETbHO-BOCCTAHOBUTEIBHOM peaKkTope
nipu temnepatype 1000 °C B IOTOKe KMCJIOpPOJa U ra3a-HOCK-
Tes (resius) 0O AMOKCUIA yIyiepofa. B kauecTBe OKucIuTeNein
MCTIONIb30Ba/IM XUMMYecku unctelie coenuuenus Cr,0, u CuO,
B KauecTBe BOCCTAHOBUTENSI — MeTaiMueckyo menb (Cu).
CO, uepes unrepdeiic ConFlow mocrynan B MOHHbIA MCTOY-
HMK U30TOITHOT'O MacC-CIIeKTPOMETPa, Ie IPOBOAMIICS aHaIn3
M30TOIHBIX OTHOIIEHN. [JaHHbIe MOHHOTO TOKA ¥ MHTEHCUB-
HOCTM TiMKa 06pabaThiBalXCh IMPOTPAMMHBIM KOMIUIEKCOM
ISODAT. 3Hauenus 6'3C pacCuMThIBaINUCh B IpoMuiLie (%o) 011
Kakgoro o6pasia. B kauecTBe cTaHIapTa MCIIOIb30BAICS MEK-
IyHApOAHbI cTaHgapT Kodenna IAEA-600.

B ciryyae aHanmM3a COOTHOLIEHMS M30TOTIOB BOJIOPOIA U KUC-
Jopoja MPUMEeHsUIM aHAJIOTUYHYIO TPOOOIIOATOTOBKY. V3Mepe-
HMe 3HaueHui1 6D, 880 poBOIMIINCH C MCIIONIb30BAHMEM ITUPO-
JIUTUYECKOTO peakTopa ¢ rpaduTOBbIM HAMOMHUTENEM. [TPOObI
KaTCyJI1MpOBaICh B cepeOpsiHbIe Karcyibl. KarcymupoBaHHbie
06pasipl MOABepraaich MUPOIKU3y B peakTope IMpU Temrepa-
type 1400 °C. [Ipu nsmepenun 3HaueHunii 5'*0 B KauecTBe rasa
CpaBHeHMS 3a[elicTByeTcs xuMuuyeckyt uucTeiii CO, mpu nsme-
peHuy 3HaYeHmit D — XMMUYeCKy YnuCThblii H,. AHanmms3 u3ororn-



Panasyuk A. L. et al. | FOOD SYSTEMS | Volume 5 No 4 | 2022 | pp. 369-375

313C

i

350

. 8 ¥ ¥ 8 R B ¥ ® ® o

8D

PI/ICYHOK 1. TunmuuHbIie XpomMmaTorpaMmmMbl M30TOITHBIX OTHOIIEeHMUI yriiepoaa, Kucjiopoaa u Boaopoaa 06])33]13 Macjia
Figure 1. Typical chromatograms of isotopic ratios of carbon, oxygen and hydrogen of the oil sample

HBIX 0THOL[I€HI/II7[ nu 06p860TKa OJAaHHBIX l'[pOXO,IU/[T aHaJIOTMYHBIM
o6pa3oM. B kKauecTBe CTaHAAPTOB MCITOJb30BAIMCH MeEKIyHa-
ponHbie ctaHaapThl Boabl MATATD: VSMOW2 u SLAP2. ITpume-
pbI TIOJTyYEHHBIX XPOMAaTOrpamMM IipeacTaBieHbl Ha PucyHke 1.

3. Pe3ynabTaThl ¥ 06CYKAEeHUE

B pamkax mpoBemeHHOJi pab6oThl 6buUIM OTOGpaHbl 30 TO-
BapHbIX 06pa310B PACTUTENIbHBIX Maces M3 Pa3IUUHOTO ChIPbs
M Pas3IMYHBIX reorpad@uueckux MecT MPOUCXOKIeHMs. B HMX
6bUIM M3yUYeHbI TTOKa3aTeNM M30TOMHBIX OTHOIIeHN 31°C, §¥0
u 8D. Pe3ynbTaThl IpecTaBieHbl B Tabuie 1.

W3 Tabnauipl 1 BMOHO, YTO 3HAUEHUS] UCCIEOYEMbIX IIO-
Ka3aTeseil B HEKOTOPBIX CAy4asix pasianyualoTcs OJIsl MUcciie-
IyeMbIX 00pPasiioB, B 3aBMCUMMOCTY OT BUJA MCIIOTb3YEMOTO
CBIpbSI ¥ MeCTa IMPOUCXOXKAeHMs. 3HaueHus Tokasatens 8'3C
B HaubOJbIIEl CTENIEHU OMPENENIIOT MMEHHO GOTaHUYeCcKue
dakTopsl, cpemyt KOTOPBIX OCOGEHHO BasKHBIM SIBJSIETCS TUIT
(dorocuuTE3a, MpoTeKkawmuii B pacreHuun. O6pasiibpl KyKypys-
Horo macia N2 21-23 xapakTepusyioTcsl Hauboiee BhICOKMMM
3HaueHMssMM Tokasarenst 3'3C (or munyc 17,00%0 mo mMuHYC
17,73%0) OTHOCUTENBHO APYTrUX 06pa3ioB. Takue 3HAUYEHMS
XapaKTepHbl [JIs MPOAYKIVM, TPOU3BENEHHON 13 pacTeHUIi
¢ C4 tunom doTocuHTE3a, K KOTOPBIM M OTHOCUTCSI KYKYpY-
3a. OcTranpHbIe McciIenyeMble 06pa3ilbl PACTUTENbHBIX Macesn
npousBenensl u3 C3-pacteHuii, oyst HUX 3HaueHus 5'°C ynexkar
B Ouaria3oHe OT MMHYC 26,60%o0 10 MUHYC 31,14%o0. CXOXMi1
MHTepBal 3HaueHuit §13C gy macen u3 C3-pacTeHuit 6611 BbI-
sIBJIeH 6eJI0pyCCKUMM MccienoBaTensiMu [16].

B cBsi3u C 3TMM BHeceHMe KyKypy3HOTO Macja B IPOAYKT,
Npou3BeJeHHbIl 13 pacTeHuit ¢ C3 Tunom porocuHTe3a (MACIO
BUHOI'DAHBIX CEeMSIH, OJINBKOBOE, JIbHSHOE U Jp.), AaXe B He-
60bIINX KoMmuecTBax (5% u 60j1ee) BO3MOKHO BBISIBUTD C T10-
MOIIbI0 METO/Ia M30TOIHOM Macc-CIIeKTPOMeTPUM U aHanmu3a
3HaUeHM nmokasarens §'°C, YTO MOATBEPXKIAETCS JIUTepaTyp-
HbIMM JaHHbIMMU [13]. I HA060pOT, TaHHBI MeTO, IO3BOJSIET
YCTaHOBUTD JoOaBIeHMe 6oee AelieBbIX Macesl B KyKypy3Hoe.
ITpu stom 3HaueHus &'3C o6pasiioB, MpousBeneHHbIX 13 C3-
pacTeHuit, JeXaT B JOCTATOYHO Y3KOM JJI MIAeHTUDUKALUU
nuaria3oHe. Tak, JOCTOBEPHO pacro3HaTh GaabCuPUKaT, TPU-
TOTOBJIEHHBIIi C BHECEHMEM, HallpMMep, MOACOTHEYHOro Macjia
B Mac/0 U3 BUHOTPAAHBIX CEMSIH, TOJIbKO Ha OCHOBE 3HAUeHMIA
M30TOIHBIX XapaKTePUCTUK He IMPeCTABISIeTCS BO3MOKHbIM.
B srom cryvae mokasartenb 8°C MOXeT ObITh MCIIOJb30BaH
B KauecTBe JOMOJTHUTENIbHOTO KPUTepUsI TPU UAeHTUDUKALUN
o6paslia ¢ MOMOIIbIO IPYIUMX MHCTPYMEHTATbHBIX METOMIOB
aHanmsa.

3HaueHMsI MoKasaTesell M30TOMHbBIX XapaKTepUCTUK KUCIO-
pona 50 u Bogopoma 3*H pacTUTeNbHBIX Macesl B 3HAYMTE/b-
HOJt CTeTIeHY 3aBUCSIT OT FOfia YPOXKas ¥ KIMMaTuueckmx Gakro-
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Ta6nuiia 1. 3HaYeHMSA M30TOMHBIX XapaKTePUCTUK
yriaepopaa, Kucjaopoga v BOFOPOoAa PacTUTEIbHbIX Macesl
U3 PA3JINYHOIO ChIPbS
Table 1. Values of isotopic characteristics of carbon, oxygen and

hydrogen of the vegetable oils from different raw materials

N2 HaumeHoBaHue

Macio onBKOBOe
Macso on1BKOBOe
MacJio oMBKOBOE
Macsio onMBKOBOe
MacJio oMBKOBOE
Macsio onmMBKOBOE
Macsio oMBKOBO€e

oI e N R N N I S R

Maco oMBKOBOE
9 Macio oMBKOBOE
10 Macio onMBKOBOe
11 Macno onuBKkoBOe
12 Maco onMBKOBOe

13 Macyio BUHOTpa-
HBIX CeMSTH

14 Macio BUHOTpa-
HBIX CeMSTH

15 Macsio BUHOrpa/i-
HBIX CeMSTH

16 Macyio BuHOTpas-
HBIX CeMSTH

17 Macyio BUHOTpa-
HbBIX CeMSTH

18 Macio BuHOTpas-
HbBIX CeMSTH

19 Macio BuHOTpas-
HbBIX CeMSIH

20 Macio npHSIHOe

'
X
mg SBC
- ’
< S S %o
[
IZ =N
OERH

Uramus -31,14%0,31
Urtanua -30,83+0,3
Wramusa -29,70%0,29
Urtamus -30,61+0,3
Uranmua -30,64%+0,3
Wramust  -30,58+0,3
Utamus  -29,95+0,29
Uranust  -30,14%0,3
Tpeunst -28,42+0,28
Tpeuus -30,03%0,3
Tpeunst  -30,74%0,3
Ucnanusa -30,44+0,3
He -28,43%0,28

yKasaHa
Typumsa -29,51+0,29
Apmenus -28,91%0,28
Uranust -28,10+0,28
Uranust -26,60+0,26
Poccus  -27,61+0,27

Poccuss  -27,65+0,26

Poccusa  -30,07%0,3

21 Macio kykypy3Hoe Poccusa -17,00+0,17

22 Maco KyKypy3Hoe Poccus -17,73+0,17

23 Macio Kykypy3Hoe Poccus -17,29+0,17

24 Macio KyH>XyTHOe

He -30,68+0,3
yKasaHa

25 Macio TeikBeHHOe CrioBenus -28,00+0,28

26 Macio ThIKBEHHO-

IIoaCO/THEUHOe

27 Macio ropunyHoe

Poccusa  -28,02+0,28

Poccus  -28,37+0,31

28 Macio nepcukoBoe Poccusi  -29,16%0,31

29 Macio
MOJICOJTHEYHO-
OJIMBKOBOE

30 Macso noacoi-
HEYHOe

Poccus  -27,94+0,31

Poceust -29,07+0,29

&°H,
%0

8180,%o
23,57%0,94 -146,55%0,87
20,43+0,81 -148,010,88
23,66%0,94 -152,23+0,91
25,67+0,94 -146,02+0,87
25,99+1,02 -145,05%0,87
24,34%0,97 -151,31%0,9
25,35%1,01 -146,82+0,87
25,62£1,02 -150,60%0,9
24,41%0,97 -150,11%0,9
24,54%0,9 -146,45%0,87
22,50£0,9 -150,37%0,9
22,59+0,9 -145,63%0,87
27,26+1,09 -144,18+0,86

19,40+0,77 -163,17+0,97
16,55+0,66 -189,86+1,13
23,29+0,93 -160,72+0,97
22,03+0,89 -160,64+0,97
20,71+0,82 -160,06+0,97
18,66+0,74 -177,39%+1,06

23,36%0,93 -215,38%1,29
20,60+0,82 -171,37+1,02
19,68+0,78 -191,15+1,14
21,37+0,85 -172,63+1,03
13,90+0,55 -210,20%+1,26

16,01+0,64 -180,10%1,08
17,31+£0,69 -190,52%1,14

27,00+1,08 -186,00%1,11
21,56%0,86 -176,66*1,02
23,19+0,92 -186,51*1,11

21,05%0,84 -190,18%1,14
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POB, Cpenyt KOTOPBIX CpeAHerofoBas TeMIlepaTypa, KoIu4ecTBo
0CaZIKOB B I1epUOZ, Beretalyy pacTeHus U gpyrue. B psage cioy-
yaeB Takasi 3aBUCMMOCTb MOKeT 06yC/IaBIMBaTh 3HAUMMbIE pa3-
UM B 3HAUEHMSIX TUX ToKasateseit s 06pasiioB, Mpou3-
BeZIeHHBIX B Pa3HbIX reorpadmyeckux paitoHax. Tak, 3HaUeHUS
M30TONHBIX XapaKTePUCTUK KUCIOPOAA Macesa M3 BUHOTPak-
HBIX ceMsIH 06pa3ioB N2 14, 15, 16, mpousBeneHHbIX B Typuun
(19,40%0), Apmenun (16,55%0) u Utanum (23,29%o), UMeIOT
3HauuTebHble pa3ayuys. [0 3HaueHMSM M3OTOIHBIX Xapak-
TEePUCTUK Bomopoma obpaser N2 15 u3 Apmennn (- 189,86%o)
oTanyaercs: oT 0bpasuoB u3 Typuun (- 163,17%o) u Utanun
(- 160,72%0) B CTOpPOHY GOJIBIIIETO COAEPSKAHMS «JIETKUX» U30TO-
110B. [Ipy 9TOM 3HaYeHMs V30TONHBIX XapaKTePUCTVK yIJIepoaa,
KICJIOPOZA ¥ BOLOPOLIA, KOTOPbIE GBIV ITOTYUeHbI IJ1T 06pa3IoB
OJIMBKOBBIX MaceJ, Mpou3BeneHHbIX B Vtanuu (N2 1-8), BxopaT
B aHAJIOTMYHBIN fMana3oH, yCTAHOBIEHHBI UTAIbIHCKUMU UC-
crepoBarensivmu [22]. TIpy mmpokoM reorpaduueckom oxBaTte
M OCTATOYHO BBIGOPKe 06pa3IioB 3HaUeHMs ITokasaresneit 51°0
u 8?H MOTyT BOITU B OCHOBY CTaTMCTUYECKOI MOJENH, T03BO-
JISTIOIENt TPOBOOUTH KinaccuduKanyio pacTUTENbHBIX Maces 110
pernoHam Npou3pacTaHys ChIpbs.

B MupoBoji npaxkTuke McCaefOBaHMs, HallpaBjAeHHble Ha
UaeHTU(GUKALMIO PACTUTETbHBIX Macesl Mo reorpadmuyeckomy
MeCTy MX MPOU3BOJCTBA, MOJYyUYMIM HMIMPOKOE paclpocTpaHe-
Hue. OcCO6eHHO 3TO KacaeTcsl CTPaH-TIPOU3BOIUTENIel OJIMBKO-
BOT0 MacJia C 3allMIeHHbIM HaMeHOBaHMeM MeCTa IIPOMCXOXK-
JleHus1. VI30TOMHbIN cOCTaB KMCI0POa ¥ BOLOPOJA CTPYKTYPHBIX
KOMIIOHEHTOB DAacTeHUs] B 3HAUUTE/NbHOV Mepe 3aBUCUT OT
COOTBETCTBYIOIIMX XapaKTePUCTHK MCIIOIb3yeMOi BOAbI, KOTO-
pble, B CBOIO O4Yepe/ib, CBSI3aHbI C YHMKAJIbHBIMY F€OKIMMaTIde-
ckuMM (hakTOpaMu OTHEIBbHO B3ATOTO pernoHa. Ilpu sTom Heo6-
XOAVMO YYUTBIBATh, YTO METEOPOIOTNYECKMe XapaKTePUCTUKA
B pPaMKaxX OJHOTO perMoHa MeHSIOTCS B Pa3JIMYHON CTeleHu U3

rofa B rofi, uTo oOycnaBiuBaeT Apeiid 3HAUEHMIT M30TOMHBIX
XapaKTepUCTUK KUCIOPOAA U BOAOPOJA CTPYKTYPHBIX KOMIIO-
HEHTOB PaCTeHUi TIPOAYKTOB UX MepepaboTKu. B cBsI3u ¢ aTUM
JIoCTOBepHast uaeHTUdUKALMS TPOAYKIMHA 110 reorpaduyecko-
My MECTY ITPOUCXOKIEHMSI BO3MOYKHA IIPU TOCTATOUHOI BHIOOD-
Ke 06pasIioB, a TaKKe MPY eXKeroHOM MOHUTOPWHTE 3HAUEHMIA
MCCIeIyeMbIX TTapaMeTPOB.

4. 3akjawueHue

MeTop, M30TOIHOJ MacC-CIIeKTPOMETPUM SIBJISIETCS MOIIL-
HBIM MHCTPYMEHTOM IIpU YCTAHOBJIEHUY TOJJIMHHOCTU PACTU-
TeJbHbIX Maces. [TokaszaHo, YTO 06pasibl KyKYypy3HOTO Macia
(C4 tun ¢oToCcMHTe3a) XapaKTepu3ylTcst 6ojee BBICOKMMU
3HAYEHMSIMM TIoKasaTesst 5'3C%o0 OTHOCUTENIbHO 06pasiioB pa-
CTUTENIbHBIX Maces, Mpou3BefeHHbIx U3 C3-pacTeHuit (Macio
BUHOTPAJHbIX CEMSH, OJIMBKOBOE, JIbHSHOE, KYHXXyTHO€E, ThIK-
BeHHOe, TOPYMYHOe, TIOJCOTHEYHOe U Ap.). 3HAaUeHMs MoKasa-
Tenst 3°C TMO3BOJSIOT TOCTOBEPHO BBISBUTbH BHECEHME Maces
u3 C4-pacrennii B Mmaciax n3 C3-pacTeHnii, 1 Ha060poT, Jaxke
B He6GONbIIMX KoinuuecTBaxX. Takke rmokasareiab 6'C MOXKeT
OBITh VCIIONIb30BAH B KauecTBe MOTIOTHUTEIbHOTO KPUTEpUS
TIpy uaeHTHGMKaIUu o6pasiia ¢ MOMOIIbIO IPYTUX MHCTPYMEH-
TaJIbHbIX METOJIOB aHa/lIn3a. 3HaueHus rnokasatenei 50 u §°H
B 3aMEeTHOI1 CTeIleHM 3aBUCST OT I'Ofia yposKasi U KJIMMaTUUeCKUX
0COGEHHOCTEl pervoHa Mpou3pacTaHus ChIPbs. BIIO yCTaHOB-
JIEHO, UTO 3HAuYeHMS] M3OTOMHBIX XapaKTePUCTUK KUCIOPOJa
¥ BOJOPOJA CTPYKTYPHBIX KOMIIOHEHTOB Maces, TpOM3BeieH-
HBIX B Pa3HbIX CTPaHaX, B HEKOTOPbBIX CAydasxX 3HAUMMO OT/IM-
YalTCs IpyT OT Apyra. IIpoBefeHMe exXerogqHoro MOHUTOPMHTA
9TUX 3HAYEHUI, co3Manne 6a3bl JAHHbIX, a TAKKE MCIIOIb30Ba-
HME CTaTUCTUUYECKMX METONIOB aHa/i13a IMO3BOJUT MPOBOAUTH
UIEeHTUOUKALIMIO PACTUTEbHBIX Maces 10 MecTy ux reorpadu-
YeCKOro MPOVCXOXKIEHMS C BBICOKOI CTeIIeHbI0 JOCTOBEPHOCTM.
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KJIDYEBBIE CJIOBA: AHHOTAL A

cyxoe cospesaHue, 208510UHa, VIIyULIeHNI0 OPTaHOMENTUYECKUX CBOMCTB TOBSIAVHBI CIIOCOGCTBYIOT COBPEMEHHBIE CITOCOObI CO3PEBaHMS 1 Te-
cy-6ud Hazpes, epuiv, TUIOBO# 06paboTKM. LIeNbio 1CCIeI0Ba Mt IBISETCS M3yUeHMe BIMUSHIUS Pa3IMUHbIX BUIOB TEIJIOBOI 06paboTKM
KOMOUHUPOBAHHbLI Hazpes, Ha KaueCTBO CTEIKOB 13 TOBSIAMHBI CYXOTro co3peBaHust. CTeiKy BbIAEISIIM U3 CIIMHHOTO OTPY6a TYII GIYKOB 3ep-
nomepu npu o6pabomke, 6en0K HOBOTO OTKOPMa, CPOK co3peBaHmst 35 cyTok (Temreparypa 0—1 °C, oTHOCHTeIbHAsI BIAXKHOCTH BO31yxa 74—75%);

KOHTPOJIbHBII 06pasel] co CPOKOM co3peBaHus 5 cyTok (temreparypa 0—-4 °C, OTHOCUTeNIbHAS BIaXKHOCTb BO3/Y-
xa 80-85%). Crtoco6bI TEIUIOBOM 06paboTKM: Cy-Bu Harpes mpu 58 °C, rpuib-Harpes ripu 250 °C, cy-Bu Harpes
B KOMOMHALMY C TPUITb-00paboTKOI. B rporecce 06paboTKM KOHTPOIMPOBAIYM OTEPU MACChI TIPSIMBIM METOZIOM,
rapodo6GHOCTb MUODUGPUUIIPHBIX GETKOB — peakiyeii ¢ 6poMbeHONTOBbIM CMHUM, PACTBOPUMBbIN KOJIIareH —
MeTOAOM KMCJIOTHOTO TMAPO/NM3a C OIpeJeeHlieM OKCUIIPOIMHA, MacCOBYIO [OMI0 BAarX U XXKUpa — MeTOLOM
13 OGHOV HaBeCKM, OpraHONeNTNYeCKIe CBOICTBA — apOUTPakHbIM MeTOIOM. COIIacHO MOMTyYeHHBIM JTaHHbBIM,
MMUHMMaJIbHbIE TIoTepu (6,8%) MOMy4YeHbl MPU Cy-BUJ, HarpeBe CTEMKOB M3 TOBSIAMHBI CYXOr0o CO3peBaHMsI; Ipu
KOMOVHMPOBAHHOM HarpeBe 1 CyXOM HarpeBe Ha Ipujie OHM YBeJIMUYMBAKOTCS Ha 6,1% u 12%. Bonee 3HaunMbIe
MOTePY MacChl HAGTIONAIOTCS Y CTEIKOB U3 TOBSIAVIHBI CPOKOM CO3PEeBaHMsI 5 CYTOK Mpu JII060M U3 MCCIeq0BaH-
HBIX BUIOB 06pabOTKU. [T CTEIKOB M3 TOBSIAVIHBI CYyXOTO CO3PEBAaHMS Cy-BUJ M KOMOMHMPOBAHHOTO Harpesa
YCTaHOBJIEHO GoJiee BBICOKOE COfiepskaHyie pacTBOPMMOTO KOJUIareHa o CpaBHEHMIO ¢ Apyrumu obpasuamu. Pe-
3y/JbTAThl OIpeJe/eHNs] MacCOBOIi IOJIM BJIATU U KMPA CBUAETENbCTBYIOT O MOBBIIIEHHOI MUILEBOI [[eHHOCTU
CTeJIKOB 13 TOBSIAMHBI CYXOTO co3peBaHMsl. [I0 COBOKYITHOCTH TIOTyUEHHBIX TAHHBIX C YYeTOM Pe3y/abTaTOB Opra-
HOJIETITUYECKOI OIIeHKY 60Jiee BHICOKOE KaueCTBO MMEIOT CTe KM 13 TOBSIIMHBI CyXOTO CO3PEBaHMS, O BEPrHY-

ThI€ Cy-BUJ, HATPEBY C MTOCIEAYIOIIMM KPAaTKOBPEMEHHBIM CYXUMM HarpeBOM Ha Ipuie.
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dry aging, beef, sous vide cooking, =~ Modern methods for aging and thermal treatment facilitate an improvement in beef sensory properties. The aim
grill, combined heating, cook of the research was to study an effect of different types of thermal treatment on quality of steaks from dry-aged
losses, protein beef. Steaks were obtained from the rib cut from carcasses of grain-fed young bulls; aging duration was 35 days

(temperature 0-1 °C, air relative humidity 74-75%). Aging duration in the control sample was five days (tempera-
ture 0-4 °C, air relative humidity 80-85%). The methods for thermal treatment were as follows: sous vide cooking
at 58 °C, grill heating at 250 °C, sous vide cooking in combination with grill treatment. During processing, the
following parameters were controlled: weight loss by the direct method, hydrophobicity of myofibrillar proteins
by the reaction with bromophenol blue, soluble collagen by the method of acid hydrolysis with determination of
oxyproline, mass fraction of moisture and fat by the method from one analytical unit, sensory properties by the
reference method. According to the data obtained, minimal losses (6.8%) were noticed upon sous vide cooking of
dry-aged beef steaks. In combined heating and dry heating on grill, they increased by 6.1% and 12%. More signifi-
cant weight losses were observed in beef steaks with aging time of five days upon any tested treatment types. For
dry-aged beef steaks treated by sous vide and combined heating, a higher content of soluble collagen compared
to other samples was established. The results of measuring mass fraction of moisture and fat indicate an increase
in the nutritional value of dry-aged beef steaks. According to the total data obtained with consideration for the
results of sensory evaluation, dry-aged beef steaks subjected to sous vide cooking with the following short-term
dry heating on grill have higher quality.
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1. BBegenmue

KauecTBO Msica mJiT MOTpe6GUTENsT OIpenensieTcsi MHOTH-
MM pakTopaMy, BKIOUAs HEKHOCTb, COYHOCTb, BKYC, apomaT
u uBeT. IIo MHeHMIO GONMBIIMHCTBA SKCIIEPTOB, CPeqM Ha3BaH-
HbIX CBOVICTB Hambosiee 3HaUMMa HEXKHOCThb, 0COOEHHO JIJIST Msica
C TIOBBIIIIEHHOI1 KeCTKOCThIO0, K KOTOPOMY OTHOCUTCSI TOBSIIMHA
[1]. HecmoTps Ha TO, YTO rOBSMHA SIBISIETCSI MCTOUHMKOM 6eri-
KOB BBICOKOJT 6MOIOTMYECKOIi IIeHHOCTH, BUTAMMHOB M MUKPO-
3JIeMEeHTOB, OHA IT0JIb3YeTCS] MEHBIITMM CITPOCOM ITOTPeOUTENEN.
TO CBSI3aHO C TTOHVMKEHHBIM COfiepskaHueM B Heil kupa, 6oee
BBICOKMM COfiep)KaHMeM COeNVHUTEeNbHON TKaHM, OOIbIIUM
IMaMeTPOM MBbIIIEYHBIX BOJOKOH, UTO B COBOKYITHOCTM O00-
YCJIaBIMBaeT AOCTATOYHO MPOYHYIO CTPYKTYpPy [2,3]. [losTomy
COBEpIIEHCTBOBAHME CIIOCOO0B TEXHOJIOTMUECKO 06paboTKH,
06ecreunBamINX yIy4dlieHe KOHCUCTEHIINY, a TaKKe yCcuie-
HMe 3KeJlaeMbIX BKYCOBBIX XapaKTepUCTUK, MMeeT pellaloliee
3HAYeHMe 11 TTOBBIIIEHNS CITPOCa Ha TOBSIAMHY M MSICHBIX ITPO-
IYKTOB Ha ee OCHOBE.

B yyuiieHuM KOHCUCTEHIIMY ¥ BKyca Msica 3aMeTHYIO POJib
MUIPAIOT MPOLECCHI TTOCIeYOOMHOTO M3MeHEeHMsI OCHOBHBIX KOM-
TTIOHEHTOB MsICa TIOf, IeiiCTBYEM COOCTBEHHBIX (GepMEHTOB WK
co3peBaHMe ¥ TerioBasi 06paboTKa, Py KOTOPOi MPOIYKT J0-
BOIMUTCS 10 KY/IMHAPHOM TOTOBHOCTH.

Ilpu co3peBaHMM B pe3yjabTaTe M3MEHEHMS] MBILIEUHbIX
6GeJIKOB M OEJIKOB BHYTPUMBIIIEUHOM COeIVHUTETbHOM TKaHU
TIPOVICXOMUT HApyIIeHWe CTPYKTYPHO! IETOCTHOCTY MbIIIEY-
HbIX BOJIOKOH, a TaKke OciabiieHie KOIareHOBbIX (Gu6Gpum
M YaCTMYHOe PacTBOpPeHMe KoJulareHa, B pe3yjabTaTe uero Me-
XaHMYecKasi TPOYHOCTh MsICa CHMKaeTcs. IIpyu 3TOM MPOLYyK-
ThI TIPEBpAleHNiT GEIKOB, HAPSIAY C MPOAYKTaAMM TUAPOIM3a
Y OKUCIEHUS >KUPOB, HYKIEOTUIHBIMM COEIVHEHUSIMU, ydua-
CTBYIOT B (DOPMMPOBAHUM MSICHOTO BKyCa CO3peBIIEro Msca.
[y6uHa ¥ MHTEHCUBHOCTH MOCTIEYOOITHBIX M3MEHEHU B Msice
3aBUCST OT TEXHOJIOTUY CO3peBaHusl. Boiee BbIpaskeHHOMY apo-
MaTy, BKYCy ¥ HEXKHOI KOHCUCTEHIIMU CITIOCOGCTBYET IMPOIece
CYXOT0 CO3peBaHMsl, KOTOPbI/f MOXKET BBbIIIOIHSITHCSI B TOMYTY-
Iax, oTpybax miu creiikax. B mocienHee BpeMsi MHTepeC K 3TOiA
TEXHOJIOTUM TTOCIeYO0ITHOTO co3peBaHus Kak criocoba Gopmmu-
pOBaHUST Msica TIOBBIIEHHOTO KavyecTBa 3aMeTHO BbIpoc. Oco-
GEeHHOCTBIO TIpollecca SIBJASIETCS IJIATENbHAsT BbIAEpsKKa Msica
6e3 3alUTHOI yrakoBKy (21 cyTKu u 6osiee), YTO CIIOCOOCTBYET
MHTeHCUUKALMK MTPOTeon3a, 06€3BOKMBAHMIO CHIPhS U, KaK
CJIeICTBME, YAYUIIEHNIO KOHCUCTEHIIMM U KOHIIEHTPUPOBAHUIO
BKYCO-apOMaTUUeCKIX KOMITIOHEHTOB. JTOT CI0OC06, Kak Tpa-
BWJIO, TIPMMEHSIeTCST 1S ChIPbsI TIPeMUaNIbHOrO KavuecTsa C Io-
BbIIIEHHBIM COAEp>XaHMeM BHYTPUMMBIIIEYHOI'O >KMpa. Bmecte
C TeM CyXOe CO3peBaHMe B KOHTPOIMPYEMbBIX YCIOBUSIX MOXKET
paccMaTpMBaThCS U KaK CIIoco6 MOBBINIEHNS TIUIEBOI IIeHHO-
CTY MsIca C TOHVDKeHHBIM YPOBHEM MPaMOpPHOCTH [4,5].

CyliecTBeHHbIE M3MEHEHUST CTPYKTYpPbI, BKyca ¥ TUIIEBOIi
LIEHHOCTY MsIca IMTPOMCXOIST IIPY TEIJIOBOI 06paboTke, U CBsI3a-
HO 3TO B ITePBYI0 ouepeb ¢ 6eKkaMu. BOIbIIMHCTBO capKoIlIas-
MaTUUeCcKux GeNKOB JeHaTypupyeT B MHTepBaje TeMIlepaTyp
55-67°C, HeobpaTMMble U3MEHEHMS CTPYKTYpbl MUOGUOPIMII-
JIIPHBIX 6EJTKOB C MOCIEeAYIONMM rejie06pa3soBaHueM ITPOVICXO-
AT npu 6oiee HMU3KOI TeMiiepaTtype, B penenax 40-60°C [6].
Tepmuyeckasi JeHaTypalys 6eJIKOB, BbI3bIBasI M3MeHeHe B3au-
MogeiicTBUSI «6e/I0K-Boa», NedopMaIMio MbIIIEYHbIX BOIOKOH
C MOSIBJIEHMEM TPaAVieHTa AABIeHWI U OTe/eHeM BJIary, Ipu-
BOZUT K IOTepe Macchl 1 GOPMUPOBAHMIO OOJIee JKeCTKOI KOH-
cucteHnu Msica. OmpeesieHHOe BIMsSHIE Ha BeTMUMHY TIOTEPh
¥ KOHCUCTEHIMIO MsIca OKa3bIBaeT KoyiareH. biarogapst MHOTO-
YPOBHEBOJI OpraHuU3alyy, JeHaTypauys HATUBHOTO KoJijlareHa
TIPOVICXOIUT B Pe3y/abTaTe IJUTEIbHOTO BBICOKOTEMITEPATYP-
Horo HarpeBa. I[Tpu 60 °C BojOKHA KojlareHa Jiniib aehopmu-
PYIOTCSI, UTO YCWIMBAET MexaHuvecKoe BO3JeiiCcTBMe Ha Biary,

BBITECHEHHYIO B MEKK/IeTOUHOe IIPOCTPAaHCTBO, U CIIOCOOCTBYET
ee oTHeneHuio [7].

HeraTuBHbIe OC/IeACTBYSI HAarpeBa Ha KaueCcTBO MsICa MOXK-
HO YCTPaHUTD BJIAXKHBIM HarpeBOM IIpY YMepeHHbBIX TeMIlepaTy-
pax, 6MM3KUX K TeMIIlepaType JeHaTypalyy MbIIIEUHbIX 6eTKOB
(cy-Bup 06paboTKa), UM KPaTKOBPEMEHHBIM CYXMM BbICOKO-
TeMIIepaTypHbIM HAarpeBOM C 06pa3oBaHMEM YIUIOTHEHHOTO
IIOBEPXHOCTHOTO CJ10$1, IIPEISITCTBYIOLEro OTeNeHNIO Bjaru, —
9TOT MeTOJ HasbIBaeTcsl rpuib-HarpeB. Crocob cy-BuUp CIO-
COGCTBYeT BBICOKOI OFHOPOMHOCTY KOHCUCTEHI[UU MPOMLYKTa,
CHIKEHMIO TIOTEPD, a TAKKe YAYULIeHNI0 MUKPOOMOIOTMYeCKUX
rokasaresieil M CTabUIM3aumMy IUIKUIHO (pakimm B pesyb-
TaTe MCIONIb30BaHMS BaKyyMa ¥ FepMeTUUYHON yrmakoBKu [8,9].
CornacHo nauubiM Kathuria, D. ¢ coaBTopamu [10], cy-Buz o6pa-
60TKa obecreunBaeT 60jee BHICOKYIO aKTMBHOCTh SHIOTE€HHBIX
(epMeHTOB, KOTOpBIE OTBEYAIOT 38 HESKHOCTD MsICa, B TOM UMCTIe
3a CYeT yBeJIMUeHNs] PaCTBOPMMOCTH KoJUIareHa.

O6paboTka Ha rpuie, 6marogaps 06pa3oBaHUIO YIIOTHEH-
HOTO CJI0s1, TIPETSITCTBYET OTHeleHUI0 Kak Baru, Tak U JKupa,
YyTO 0b6ecreunBaeT HESKHOCTh M BbIpayKeHHbIE BKYCO-apoOMaTH-
YyecKyie XapaKTepPUCTUKM IIPOAYKTA, CBOVICTBEHHBIE 0O3KapeHHO-
My MsICy, HO 6e3 pycka 06pa30BaHMsI KaHIIEPOTeHHbIX BEIeCTB
[11]. CoueTaHMe MeTOLOB Cy-BUA, M HarpeBa Ha rpuile II03BOJIsIeT
peann30BaTh NIPeuMyliecTBa KaKgoro u3 Hux [12].

CrnenyeTr OTMeTUTD, UYTO Ha3BaHHbIE BUIbI TEIIOBO 06pa-
60TKM Hamboee Leaeco06pasHbl IJIsI MSICHOTO CBIPhSI C HU3-
KUM cofep>KaHueM BHYTPMMBILIEUHOV COeIVHUTeIbHOM TKa-
HU U TIOBBIIIEHHBIM COJlepKaHMeM BHYTPUMBIIIEUHOTO KUPa.
HecoMHeHHBIN MHTepec NMpefCTaB/sIOT MCCIeOBaHUS BIUSI-
HUS 3TUX BUIOB 06PaGOTKM Ha TOBSIMHY CYXOTO CO3PeBaHMUSI.
TO 06BSICHSIETCS TEM, UTO B MPOIIECCe AJIUTENbHON BbIIEPKKA
MIPOUCXOOUT CHMKEHMEe MacCOBOIi TOJIM Baru Mpu yBeianue-
HUM IIPOYHOCTY €ee CBSI3U C cbipbeM [13]. IloaTomMy A5l ChIpbs
JIJIUTENbHOTO CO3peBaHus CylefyeT OXKIAATh CHUKEHMUS I10Tephb
IpM TeIIoBO¥ o6paboTke. IIpy 06OCHOBaHUM CIlocoba Te-
IIJIOBO 06pabOTKM ChIPbSI CYXOTO CO3PeBAHMUS C/IeyeT TaKkxke
YUUTBIBATh, YTO AJIUTEbHAS BbIIEP)KKA MOXKET BbI3BAaThb M3Me-
HeHMsI GeNIKOB U, KaK CJIeICTBME, UX TUAPOMUIBHBIX CBOJICTB
M YCTOMUYMBOCTY K HarpeBy. MI3BecTHO, YTO NPy CO3peBaHUU
MIPOUCXOOUT arpermpoBaHue 6elKoB ¢ 06pa3oBaHMeM MeXMO-
JIEeKYJSIPHBIX CBsI3eil, Mx GparMeHTalMsl, USMEHEHNE TUIPO-
dbob6HOCTM TOBEpXHOCTU [14].

BmecTe ¢ TeM aHaiM3 HayYHO-TeXHUUECKON IUTepaTypbl
TIOKa3bIBaeT, YTO MCCIeN0BAHMS BAUSHUS Pa3INIHbIX CTIOCOO0B
TEII0OBOI 06pabOTKY Ha MSICHOE ChIpbe, B 3aBMCUMOCTHU OT T€X-
HOJIOTMM ero Co3peBaHMsI, KpaiiHe orpaHuyeHsl. Tak, Jwa S.-H.
[15] ¢ coaBTOpamu uccaemoBamyM BAUSHME CY-BUI 00pabOTKMU
B COUETAHUY C 3areKaHueM WU 06paboTKOM OTKPBITHIM OTHEM
Ha TOBSIIMHY CO CPOKOM co3peBaHms 14 cyTok. VIMewTcs naH-
HbI€ O BJIMSIHMM Cy-BU[ HarpeBa mpu temmepatype ot 55°C mo
75°C Ha PU3MKO-XMMUYECKMe MTOKa3aTeN TOBSIAVHBI OT MOJIO-
JIbIX ¥ CTapbIX JKMBOTHBIX CO CPOKOM cO3peBaHMsI 13 cyTok [16].
B pa6ote [17] mpUBOIATCS pe3yabTaThl MCCIeNOBAHNIT BIUSIHUS
rpwib-06paboTku mpu TemnepaTtype 145°C Ha 6GelKu roBSIOM-
HBI, IOJIBEPTHYTO CYyXOMY CO3PEBAaHMIO B TeUeHue 28 CyTOK.

Llenbio TaHHOI PabOoThI IBUJIOCH U3YUYeHMe BIVSIHUS Cy-BUT,
U IPUJTh-HArpeBa OTHEeNbHO U B KOMOMHAIMM Ha TIOTEPU MacChl
" GU3UKO-XMMMUECKMEe TTOKa3aTeNn TOBSOMHBI CYXOTO CO3pe-
BaHMSI B CPaBHEHMM C aHAJIOTMUYHBIM ChIpbEM TPaJULIMOHHOTO
KpaTKOBPEMEHHOI'0 CO3peBaHMs.

2. Marepuaibl 1 METOMbL

OO6DbeKT MCCIeqOBaHUSA — CIMHHOM OTpyO, IOMyYeHHbI
OT Tyl GBIYKOB repedOpACKOil MOPOABI 3€PHOBOIO OTKOPMa
(180 cyTOK), BbIpall[eHHbIX B YCIOBMSIX (hepMepCKOTo X035/ CTBa.
Pa3pmenky Ha OTpy6a BBIMOIHSIIN TIOC/IE BbIIEPXKKY IMapHbIX TYIII
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B xoJioguibHOM Kamepe 1ipu 0-4°C B TeueHue 24 4acoB. s
co3peBaHMst OTPYO Maccoit OKolo 6—7 Kr YKIaAbIBaIM Ha Tep-
dopuposannbie nmonku Kamepsl DRY AGED DX 1000 (Dry Ager,
lepmaHus1), B KOTOPOII MOAAEPXKUBAIACH ITOCTOSIHHAS TeMIle-
patypa 0-1°C, oTHOCHUTeNnbHAsS BJIaKHOCTb BO3nyxa (74-75%),
UMPKYISIuusT GUIBTPYEeMOro BO3[Iyxa cO ckopoctbio 0,5 m/c.
[t ymydiieHusi CAHUTapPHOTO COCTOSIHUSI BHYTPEeHHero o6bema
KaMephl B Hell pasMelany I'MMaIalicKyro Comb. IS M3ydeHust
B3ATHI 00pasibl U3 OTPyHa CO CPOKOM CO3peBaHMs 35 CYTOK.
[ToaroToBKa CIPbS AJISI UCC/IEAOBAHNI 3aK/IF0YAIach B 3aUMCTKE
OT BHEIITHETO CyXOTO0 CJIOSI ¥ B Hape3aHMM Ha CTeMKM TOMIIMHOM
25 mm, maccoii 200-220 r. B KauecTBe KOHTPOIbHOTO UCIIOTb30-
BaH o6pa3el] aHAJIOTMYHOI MacChl U TONIIVHBI, HAPEe3aHHbIN U3
CMIMHHOW YacTH TYIIM CO CPOKOM CO3PEBaHMSI 5 CYTOK IPpU Tpa-
JIUIVMOHHBIX pexxumax (Temmneparypa ot 0 1o 4 °C, oTHOCUTeb-
Hasl BJIAKHOCTh Bo3ayxa 80-85%).

TerioBy0 00paGOTKY BBITTOJIHSUIM TpeMsl criocobamu. Ilep-
BbIiT CTIOCO6 — HU3KOTEMIIePATyPHBI HATPeB MPY MTOCTOSTHHOIA
TeMIlepaType HIVKe TeMITepaTypbl KUIEHUs BOABI JJIS ChIPbS,
YIIaKOBAHHOTO TIOf, BaKyyMOM (Cy-BUz, 06paboTKa). 17151 yIaKkoB-
KM 00pasIioB MCIT0JIb30BaHblI OapbepHbIe TTaKeThl «AMMBaK BT»
(«Atnantuc-ITak», Poccust) 13 MHOTOC/IOIIHO TIJIEHKM Ha OCHO-
Be MOJIMaMua, TOMITUIeHA M MOAUGUIIMPOBAHHOT'O ITOJINOIe-
¢buna, BakyymMupoBaHue BBIMOJHSIM Ha YIIAKOBOYHOI MallMHe
Henkelman Marlin 50 (Henkelman, Tonnauaust). Harpes ymako-
BAHHOTO MsICa BBITIOIHSUIM TIPU MCIIOJIb30BaHUM POTAI[MOHHOTO
Harpesaresis Sous vide sirman Softcooker Y09 (Sirman, Utanus)
C YCTPOWCTBOM [JIs1 KOHTPOJISI U TIOAJep>KaHMsl TeMIlepaTyphbl
Cpelipl, @ TakKe C MPOrpaMMOi KOHTPOJST JOCTVSKEHUS yCTa-
HOBJIEHHO} TeMIiepaTypbl B MpomykTe. [Ijisl MpoKoia MakeTa
M KOHTPOJISI TEMITePaTypbl MPOAYKTA TPUMEHSIM CTUKEPBI U3
nonuaTuieHTepedranata. Temreparypa Cy-BUJ Harpepa Ipu-
HSTa HA OCHOBAHWM JINTEPATYyPHBIX JAHHBIX U cocTaBmia 58 °C
[18]. TTpomOIKUTETBHOCTD TEIITIOBOI 06PabOTKY 0 TEMITEpPATY-
pul B ponykTe 58 °C cocraBuiaa 140 MuHyT. BTOpoit crmoco6 —
cyxoii HarpeB Ha rpuie (Josper HJX-M 45L, Vicmauust) pu TeM-
nepartype 250°C. KOHTposb TeMIepaTypbl Cpefbl U MPOLYKTa
BBITIOJTHSIIM 9JIEKTpUUeCcKUM TepmomeTpoM Broil King ¢ aymst
nmatunkamu (Broil King, Kanaga). Harpes mpomoskanu 10 TeM-
repaTypsl B LieHTpe rmpoaykra 62 °C, Tpofo/KUTEeTbHOCTL 06pa-
60TKM 7 MUH.

st JOoCTUKEHMS ONTUMAaAbHOTO COOTHOLIEHMSI HEXXHOCTU
¥ BKYCOBBIX XapaKTePUCTUK ObLT MCITOIb30BAH TPETUIl CIIOCOO
TePMUUECKOIi 06pabOTKY, TIPY KOTOPOM CTEHKM TOABEPTaIn
cy-BuU, HarpeBy B TeueHne 140 muH 10 58 °C, 3aTeM OXIaXaaam
B JIE[ISTHO¥ BOZIe B TeUeHMe 15 MUH U MOC/Ie BCKPBITHS YIIaKOBKMU
o6pabaTeIBa/IM Ha TPUJIe A0 TEMITepaTyphl B ieHTpe 62 °C B Te-
yeHue 1 MUH C KakA0¥ CTOPOHBI 0 06pa3oBaHMs TOBEPXHOCT-
HOJ KOPOUKM (KOMOMHMPOBAHHbIN CTIOCO6 06pabOTKM).

[loTepu ompenensiiu OpSIMbIM METOLOM — UM3MeEpeHUeM
MacChl 10 U TIOCJIE TETIOBO 06paboTKY, BeIMUMHY TTOTEPD pac-
CUMTHIBAIM KaK OTHOLIEHME PA3HULIBI M3MEPEeHHbBIX MacC K UC-
XOIHOJ Macce, BbIpa)KeHHOe B IPOLIEHTax; Pa3BapuBaeMOCThb
KOJIJTaTe€Ha BBISBJISIM METOLOM, OCHOBAHHBIM Ha KUCIOTHOM
IUAPOIN3e TPOAYKTA C MOUIeSYIOUMM KOJMYeCTBEHHBIM OIIpe-
nenenvem okcumnponmuHa no 'OCT 23041% mepecueT Ha comep-
sKaHMe KoJulareHa BBITIOJHSUIM C MCITOb30BaHMeM Ko3bduiim-
eHra 8 [19]; ruapodO6GHOCTh TOBEPXHOCTY MUOGDUOPMIIISIPHBIX
6enxoB BbIsBAsIIM MeTopoM Chelh I. ¢ coaBTopammn [20] no Be-
JIMYYHE TOMIOIIEeHMSI CBETa GEJKOBbIM SKCTPAKTOM TP JTHE
BOJIHBI 595 HM IO KOJIMYECTBY CBSI3AHHOTO 6poM(eH0I0BOTO
cunero (B®C), MKr; MacCOBYIO LOJIO BJIATU U KMUPA OTNPeesisin
MeTOOM U3 OFHOV HaBecKu [21], opraHoNenTUUecKyio OLeHKY
creiikoB — 1o T'OCT 9959-2015% ¢ mpuBieueHneM 7 SKCIIEPTOB,
MMeIONMX CIelaabHble 3HaHMS B 0GJIACTY TEXHOJIIOTMU Msica
Y MSICHBIX ITPOAYKTOB.

CratucTuyeckass 00paGoTKa [aHHBIXIIPOBOAMIACH CTaH-
JapTHBIMM METOJaMM MaTeMaTU4yecKoi cTaTucTuku. OHO-
POTHOCTH BBIOOPOUHBIX 3P (HEKTOB MPOBEPSIN TIO t-KPUTEPUIO
CrpiomeHTa. Pasnuunsi Mexay CpegHMMM 3HAauYeHMSIMU CUMTa-
JICh OCTOBEPHBIMU, C JOBEPUTEIBHOI BEPOSITHOCTHIO p < 0,05.
Pe3ynbTaThl MI3MEpeHMII TpeICTaBIeHbI B BUIe CPeJHEr0 3HaUe-
HMS  CTAaHJAPTHOE OTKJIOHEHME.

3. PesynabTaThl M 0OCYKaAEHUE

Pe3ynbTaThl ONpeeneHns MoTepb Macchl 06pas3IoB B 3aBU-
CUMOCTY OT BUJIA TETLIOBOI 06paboTKY mpuBeeHbl B Tabnuiie 1.

IToTepy TIpu TEIJIOBOI 00paboTKe, KaK MPaBuUiIo, OObSICHSIIOT
TIOTepeii BOIbI B pe3ysbTare AedopManyy MbIIIEYHBIX BOIOKOH
TIpU AeicTBUM TemIepaTyp B uHTepBane 50-58 °C. edbopma-
1us o6yc/IOB/IeHA COKpAllleHMeM U arperupoBaHueM muodu-
O6pUUIAPHBIX GeKOB Ha (OHe AeHATypaluyu capKoIuiazMaTu-
YyecKux 6eTKOB, KOTOpbie 06Pa3yIoT Tesib MeXKIY CTPYKTYPHBIMU
37IeMeHTaMM MbBIIIEYHOTO BOJIOKHA U T€M CaAMbIM CBSI3bIBAIOT UX
BMecTe. MHAyLIMpyeMasi HarpeBOM accouyaiys «6emoK-0emoKk»
M TJIOTHOCTb OETKOBOTO KapKaca HapacTaloT C yBeJlMyeHueM
TeMIIepaTypbl U MPOLODKUTETBHOCTY 06paboTKu. OTpegeneH-
Hoe felicTBue Ha medopMaluio CTPYKTYPbl MsiCA OKa3bIBaeT
M3MEeHEeHMe COeOVMHUTENbHON TKAaHU B MHTEpBaJie TeMIlepaTyp
or 58°C mo 70°C [22]. [I[pyHMMast BO BHMMaHMe HU3KOe COofep-
sKaHVe BHYTPUMBIIIEYHO! COeAVHUTENbHOM TKaHU, TIOTEPU ITPU
HarpeBe BBICOKOKAUECTBEHHON TOBSIMHBI ClIemyeT OObSICHITh
TIPeMMYyIIeCTBeHHbIM M3MeHeHeM MbIIIeYHbIX 6eKOB. PaBHO-
MepHbI1 IPOTpeB MPY YMePeHHO TeMIlepaType Bozbl, 61I13KOIi
K TeMIiepaType AeHaTypaiyuy MbIIIEYHbIX OETKOB, CIOCOOCTBYET
T0oCIeIOBaTeIbHOMY (DOPMUPOBAHNIO HEITPEPHIBHOTO GETKOBO-
ro Kapkaca, 4TO IMO3BOJISIET CHU3UTh MeXaHN4eckylo nedopma-
LIMIO MsIca U, Kak CIe[ICTBIMe, OTHe/leH e BIaru.

Ta6nuia 1. IToTepu Macchl TOBIOVHBI B 3aBUCHUMOCTIA
OT crmoco6a co3peBaHMs U TEIVIOBOI 006paboTKM

Table 1. Weight losses in beef depending on the method of aging
and thermal treatment

IToTepn, %
Bup TemioBoit 06paGoTKu TPaaUINOHHOTO Cyxoro
co3peBaHus, co3peBaHMsI,
5 cyTok 35 cyTok
Cy-Bup o6paboTka (CB) 7,7+0,8 6,8+0,6
JKapenne Ha rpuie (OKI) 234%1,4 18,8+0,9
Kom6uumpoBauHbIit Harpes (KH) 16,7£0,8 12,9£0,6

DTO MOATBEPKIAETCS IMOJyUeHHBIMY IKCIIEPUMEHTATbHbI-
MM JaHHBIMU, U3 KOTOPBIX CJIEAYET, YTO 06paboTKa repMeTny-
HO YITaKOBaHHOJ BbICOKOKaUeCTBEHHO rOBSAVHBI IIPY TeMITe-
parype 58 °C CcOmpoOBOXIaeTcs] He3HAYUTETbHBIMU TIOTEPSIMU
Macchl, ropasfo MeHbIIMMH, YeM ITpK 06paboTKe Ha rpuiie Win
IIp¥ KOMOMHMPOBAHHOI TeIIOBOI 06paboTke. [IJist CTEIKOB U3
TOBSIAVIHBI CYXOTO cO3peBaHus (35 CYTOK) MOTepU COCTaBWIN
6,8%, IJIST CTEITKOB M3 BHICOKOKAUECTBEHHOI TOBIAMHBI (5 cy-
TOK cO3peBaHus) — 7,7%. BbIsiBIeHHbIe pe3yabTaThbl COIVIACy-
I0TCS C JAHHBIMMU, MOJIYYEHHBIMU paHee, U CBUIETEbCTBYeT
0 TOM, UTO Ha BEJIMUYNMHY [TOTEPh GOJIbIIee BIMSHME OKa3bIBAET
KOHeuHas TeMIlepaTypa Msca, a He JJIUTeIbHOCTb 06paboTKM
[23]. MenblIMe mOTepU IpU Cy-BUJ, HarpeBe CTeKOB U3 TO-
BSIAVIHBI CYXOTO CO3DEBAHMS MOTYT ObITh OOBSICHEHBbI Gosee
BBICOKOJI BOJOCBSI3bIBAOIEN CITOCOGHOCTBIO Msica Ha (oHe
YMEHbIIIEHUSI KOJIMUeCTBa 00Iei BIarM M IyOouHO! mpoTeo-
nu3a, 06yCI0BIEHHO AJIUTEeNbHBIM CO3DEeBaHMEM B aBTONM3E.
CiiegyeT TakKe ydyeCTb BO3MOXXHOCTb AEMCTBUSI KATEIICUHOB,
aKTMBHOCTb KOTOPBIX NMPU HU3KOTEMIIEPATYPHOI 06paboTKe
MOXXeT HapacTaThb [24,25].

378



lypuHosuu I. B. v op. | MALWLEBDBIE CUCTEMbI | Tom 5 No 4 | 2022 | C. 376-382

IIpy KOMOMHMPOBAHHOI TerioBoit 06paboTke (KH), BKIIO-
yaloleit cy-Bua 06paboTKy 1 KpaTKOBpeMeHHoe o6kapuBaHye
Ha TpuJje, IOTePU JIJIsk TOBSAMHBI CYyXOTO U TPaAUIIMOHHOTO CO-
3peBaHMs yBenmuuianuch B 1,9 u 2,1 pa3a OTHOCUTE/IbHO 3Haye-
HMIA IPU CY-BUJT HAarpeBe COOTBETCTBEHHO. BbISIBJIEHHbBIE TOTEPU
pacmpenensioTcss MeXAy ABYMs TarlaMy TeIJIOBO 06paboTKM
MPaKTUYECKM PaBHOMEPHO, JTOJIS KaKAO0T0 U3 HUX B OOIIMX TO-
Tepsx coctaBisieT 52%:47% u 45%:55% COOTBETCTBEHHO [JIsT
TOBSIIMHBI IJTATETHHOTO CYXOTO ¥ KPATKOBPEMEHHOTO TPaIUIIN-
OHHOTO co3peBaHus. TakuM 06pa3oM, KpaTKOBpeMeHHast o6pa-
60TKa roBsiiMHbI Ha rpuie mpu 250 °C nocie cy-Bug, 06paboTKK
CYIIECTBEHHO TIOBBIIIAET MOTepM MacChl, Ooiee BbIpasKeHHbBIE
ILJIS CBIPbST TPAOUIIMOHHOTO CO3PEBAHMSI.

MakcuMasbHbIe TIOTEPY TIOTyUeHbI TIPY 06paboTKe TOBSIIN-
HbI Ha IpUJIe Jaske TPV OTpaHUUEHHO MTPOJOIKUTETbHOCTH 00-
paboTKM, TIPY 3TOM IOTEPY JIJIST TOBSIAVIHBI CYXOrO CO3PEeBaHMS
OKa3aInCh HYBKe MOTePb IJIsI KOHTPOJIbHOTO 06pasiia. B otHoCcK-
TeJbHbIX eAMHMUIAX 3TO cocTaBuIo 19,6%. AHamorMuyHble 3aBU-
CUMOCTM TMOJTyueHbl B uccinegoanmsx Soidla R., Tkacz K [26,27]
Tocjie OompeeeHysl MOTePb ISl CTeMKOB U3 TOBSIMHBI CyXOTO
co3peBaHus Mpy 00paboTKe BHICOKUMM (TPUJIb) Y HUSKUMMU (CY-
BUJI) TemrepaTypamy. OJHAKO aBTOPHI YTBEPXKAAIOT, UTO JJIsI TO-
BSIIVHBI, KapeHOoJt Ha rpujie, TOTepy MeHblIle, YeM It TOBSIIM-
HbI HM3KOTEMIIepaTypHoii cy-Buz, obpabotku. O’Sullivan M. G.
¢ coaBTOpamMu [28] yCcTaHOBMIM, YTO IIPY 3alleKaHUM Msica
KOHBEKTVBHBIM HAarpeBOM TOPSIYMM BO3TYXOM IIpU TeMIlepa-
Type 200°C moTepu Macchl 51 TOBSIAVHBI CyXOTO CO3peBaHMUS
TTOBBIIIAINCH C YBEJIMUEHUEM TTPOIOJIKUTEIBHOCTI BbIZEPSKKIA.
HeopHo3HayHbIe 3aBUCMMOCTY TI0 BeJIMYMHAM MTOTEPD MPY BbI-
COKOTEMITEPATYPHOII 06paboTKe B 3aBUCUMOCTM OT CIIOCOOA
Y TPOOO/DKATETHHOCTY CO3pEeBaHMsI, BEPOSITHO, OGYCIOBIEHBI
pa3HoIi CKOPOCTBIO HarpeBa, KOTOPasi OKa3blBaeT 3HAUUTETbHOe
BJIMSIHME He TOJIbKO Ha GesKM, HO U SKMPOBYIO YaCTh MPOAYKTA.
Takske 3TV 3aBUCUMOCTH OOYCIOBIEHBI BIAKHOCTHIO CPeIbl 06-
paboTKM, CO31A0MIel JOTIOHUTETbHbBIN TPAAVIEHT MTOTEPD.

IleHaTypalVOHHbIE M3MEHEHMSI MbIIIIEUHbIX O€TKOB B 3aBU-
CUMOCTHU OT CItoco6a TeryIoBoit 06paboTKM OLIEHUBAIN TI0 CTe-
e’ TUAPOPOOHOCTY MTOBEPXHOCTY MUOPUOPWIIISIPHBIX Ges-
KkoB (Tabmuia 2).

Tab6nuiia 2. Bausinue HarpeBa Ha 6eIKM MbIIIEYHON
n COEI[MHMTGJIBHOfI TKaHU
Table 2. Effect of heating on proteins of muscle and connective tissue

. 5
= 8\
. eTEE Eig
Cnioco6 Crioco6 Tenuiosoit SE% 255
co3peBaHMs 06paGoTKM S A E 8 & &
S2EE8 D5
= Z00 MR AR
Kontporns (6e3 814 8.2
TEIJI0BOI 06paboTKM) ’ ’
KpartkoBpemeHnHoe
cospeBaHme 5 CyTOK CB 18,6 58,3
(T5) KT 14,4 16,8
KH 19,7 61,3
KouTpons (6e3
TEIJI0BOM 06paboTKM) 24,15 23,2
Cyxoe co3peBaHue CB 42,4 71,4
35 cyTok (C35)
KT 34,6 25,9
KH 46,5 84,5
S — 0,51 0,8

Kak cremyeT u3 Mosy4eHHbIX JaHHBIX, THAPOGHOGHOCTh MUO-
bUGPUANAPHBIX GEITKOB FOBSAMHBI CYXOTO CO3PEBAHMS MCXOTHO
6osee BbIcOKas (24,15 MKr 6poM@eHOI0BOTO CHMHET0), UEM I'OBSI-
IIVHBI CO CPOKOM CO3peBaHust 5 cyTox (8,14 MKT 6pombeH0I0BO-
I'O CMHEr0). DTO OOBSICHSIETCSI TEM, YTO CTPYKTYPHbIE M3MEHEHMSI
bubpUANApHBIX 6GETKOB HAUMHAIOTCS Ha CTaguyu CO3peBaHMs

U C YBEJIMUEHNEM ee TIPOJIO/BKUTENbHOCTM HapacTaloT. Vicciemo-
BaHMsI MEXaHM3MOB arperupoBaHust GeJIKOB B IIMPOKOM Ayaria-
30He TeMIlepaTyp CBUIETENbCTBYIOT O TOM, UTO I'MIpodoOHbIe
B3aMMOZEICTBMSI MBIIIEUHBIX OEIKOB B HaMOOJbIIel CTeIeHN
TIPOSIBIISIIOTCST B MHTepBasie TemriepaTyp ot 30 °C mo 90 °C, B o6ma-
CTM BBIIIIE VTV HIKE 9TOTO MHTEPBAJIa TEMIIePaTyp COKpAIlaioT-
cs1. CHsKeHMe ruapodo6HOCTY TIPeAToNaraeT, YTo YacTh TUAPO-
(hoOHBIX OCTATKOB YUACTBYET B MEXKOEKOBbIX B3aMMOIEIICTBHUSX,
TIPUBOISIIMX K 06Pa30BaHMIO CETU arperatos, ress [29].

VCTaHOBJIEHO, UTO TIPU CY-BU, HAarpeBe TUAPOGOOGHOCTb MbI-
IIeYHbIX 6EJIKOB yBeaMumIach B 2,2 pasa u 1,7 pasa Ajist KOHTp-
OJTBHOTO U OTIBITHOTO 06pasiia COOTBETCTBeHHO. [Ipu KpaTKOBpe-
MEHHOM BO3JIeiCTBUY BBICOKMX TeMIlepaTyp (Ipmib 06paboTKa)
rUapPodOGHOCTD /ISl CTEMKOB M3 ChIPbst KOHTPOIBHOI U OTIBITHOIA
rpynn yBennumiach B 1,8 pasza u 1,4 pasa. To ecTb MHTEHCUBHOCTD
ruapodOOHBIX B3aMIMO/IEICTBUIT CHUKAETCSI, HO OCTAaeTCs OCTa-
TOUHO BBICOKOJ. [IpM KOMOMHMPOBAHHO 06pabOTKe BBISIBIEHbI
6os1ee BbICOKME 3HAUEHMSI ITUAPOPOGHOCTH TOBEPXHOCTI MUODU-
OPUILISIPHBIX GEJIKOB, IT0 CPABHEHUIO C CY-BU/I M IPUTb-HArPEBOM.

[TonyyeHbl NaHHbIE, XapaKTepusymliue M3MeHeHue KOJ-
JlareHa COeNMHUTENbHOM TKaHM TOBSIMHBI B 3aBUCUMOCTU OT
crroco6a co3peBaHusI IIPU TEIJIOBO 06paboTKe pa3HOi MHTEeH-
cuBHOCTU. VI3BECTHO, UTO BO3[€iiCTBYUE TeMIepaTypbl 57-64°C
MPUBOAUT K OCIAGIEHUIO YIOPSIHOUYEHHOM GUOPWUISPHOI
CTPYKTYPBI KOJUIareHa ¢ yMeHbIIIeHMeM JITTMHbI MOJIEKYJT ¥ 06pa-
30BaHKeM aMopgHOIi mMacchl. [Ipy mesarperauyym TepMUYECKU
06paboTaHHOrO KoJTareHa o6pasyeTcss pacTBopumasi dopma
KosnareHa. [Ipu AjiMTenbHOM HarpeBe CTPYKTypHasi medopma-
LMSI M lerpajalysi KojuiareHa MOsKeT BO3HMKATb Ipu 6oiee HU3-
KMX TeMIlepaTtypax, okomno 55 °C [30].

OG61ee KOMMYECTBO KOJJIaT€Ha B MCCIEMyeMOM ChIpbe CO-
craBisier 0,6%, M3 3TOro KOIMYECTBA Ha JIOMI0 PacCTBOPUMOTO
KOJIJIareHa B TOBSIIVIHE TPAAUIIMOHHOTO CO3PEBAHMS TIPUXOAMT-
cs 8,2%, Torga Kak B TOBSIAMHE CYXOro co3peBaHus 23,2%, 4TO
SIBJISIETCSI Pe3YJAbTaTOM ITOBBINIEHUST CYXOTO OCTaTKa B ChIPbe,
a TaKke MIeiiCTBUS JIM30COMaTbHBIX (DEPMEHTOB Ha OCHOBHOE
BeIeCTBO COeIMHUTENbHOM TKaHMU.

B mpoliecce cy-BuO HarpeBa KOIMYECTBO PACTBOPUMOIO
KoJI/TaTeHa B KOHTPOJIBHOM o6Gpasiie yBenunumioch B 7,1 pasa,
B OMBITHOM — B 3,1 pasa, mpyu 3TOM CyMMapHOE KOJIUYeCTBO
pPacTBOPEHHOTO KOJIIareHa 0Ka3aJioch BbIlIe B OMBITHOM 06pa3-
me. JTa ke TeHIEHLMSI COXPAHSIeTCS B OTHOUIEHUM CTEIKOB,
TIOJIBEPTHYTHIX KOMOMHMPOBAHHO TEIIOBOi 06paboTke. O6pa-
60TKa Ha rpuje B TeueHue 7 MUH He TIPUBeJIa K CYIIIeCTBEHHOMY
YBeJIMUEHMIO KOJMMYECTBA PacTBOPMMOIO KoJlareHa OTHOCU-
TeJIbHO 3HAUEHUSI JIJIS1 ICXOIHOTO ChIPbSI.

TeryioBast 06paboTKa MPUBOAUT K M3MEHEHMIO MacCOBOI
oy Baaru v skupa (PucyHok 1).

MaccoBas noss xxupa, %
Maccosast gons Biaru, %

DOwmaccoBas 10 xKupa

Pucynok 1. CogepskaHue BjIaru M >Xxupa B CTeliKax
B 3aBMCUMOCTHU OT TE€XHOJIOTUY CO3peBaHUsA U BuUJa

TEeIUIOBOJ 06PaGOTKM
Figure 1. Moisture and fat content in steaks depending on the aging
technology and thermal treatment type

379



Gurinovich G. V. et al. | FOOD SYSTEMS | Volume 5 No 4 | 2022 | pp. 376-382

Han6Gornee Hu3KMe 3HaueHMSI MaCCOBOJ LOIM BJIAaTM BbISIB-
JIeHbI [IJIT CTEKOB, IMOABEPIHYTHIX BBICOKOTEMIIEPATYPHOMY
HarpeBy Ha rpwuie. [Ipy 5TOM IS CTEKOB 13 TOBSIAMHBI CYXOTO
¥ TPAAUIIMOHHOIO CO3peBaHMs 3HAUEeHMS [TOKa3aTesIss MacCoOBOIA
JIOJTM BJIaTM OKa3ajaach MPAKTUYECKY PABHBIMM, TIPU TOM, UTO
IIJIST UICXOIHOTO ChIPbSI OHU Pa3iMyainCh. ITO CBUIETETbCTBYET
0 TOM, UTO TOBSIAVHA CYXOT'O CO3PEBaHMsI B MPOIECCe TerI0BOii
00paboTKM TepsieT MeHbIlle Bjaru. JTO IMOATBEPXKIAETCS pe-
3yJbTaTaMU OIpeie/IeHNsT MacCOBOM MO BJIaTM B CTEMKaxX U3
TOBSIIMHBI CYXOTO CO3PEBAHMS U MPU IPYTUX UCCIETOBAHHBIX
Croco6ax TerioBoii 06pabOTKM;.

B mpoiiecce TerioBoit 06pabOTKY KUP PacIlIaB/sIeTCs U BbI-
TeKaeT U3 KMPOBbIX KJIIETOK B Pe3y/IbTaTe MOBPEXIEHMS 060J10-
YyeK, UeMy CITIOCOGCTBYeT Jerpafaius KounareHa. [Ipu yBennye-
HUM TeMIIepaTypbl U MPOAOKUTENbHOCTI 06pabOTKM MOTepH
SKUpa YBEIMUMBAIOTCS. B TO ke BpeMst yMeHbIleHe MacCOBOit
JIOJIM BJIATU TIPUBOIMT K TOBBIIIEHUIO CYXUX BEIECTB B CTei-
Kax Toc/ie KyaMHapHoii 06paboTku. TakuM 06pa3om, BeTuunHa
MacCOoBOJ 10K 5K1pa B CTeliKax mocie 06paboTku hopmupyeTcs
101, BAMSIHMEM Ha3BaHHBIX (akTOpPOB. B 1ies0M, crenqyeT roBo-
DPUTH O TOM, UTO B Pe3y/bTaTe MUCIOIb3YeMbIX BUIOB TEIIOBOIA
06paboTKM MuIIeBast [EHHOCTh CTEIKOB YBEJIMUMBAETCS, TIPU-
yeM B GOJIbIleli CTeeHy IJIs1 M3TOTOBJIEHHBIX U3 TOBSINHbI CY-
XOTO CO3pEBaHUSI.

[Ipu o1eHKe 11€1eC006Pa3HOCTY MUCITOIb30BAHMS TOTO WIIA
MHOTO BuIa 06paboTKM GOJbIIOe 3HAUEHME MMEeT OpraHo-
JIeTITUYecKast OlleHKa. Pe3ynbTaThl OpraHOIeNTUYECKON OIleH-
KU CTEfKOB M3 TOBSAMHBI B 3aBUCUMMOCTY OT TEXHOJOTUM CO-
3peBaHMsI U Crocoba TepMMUUecKoil 06pabOTKM MpUBEHEHbBI
B Tabmuie 3.

IeryctaTopaMy OTMeUYEeH MPUBJIEKATENbHbIN BHEIIHWI BUT
CTe/KOB, MPUTOTOBJIEHHBIX Ha TPWe, U CTEKOB KOMOMHM-
POBaHHOrO criocoba TeryioBoit 06pabotku. IIpu sToM B 060UX
cryJasix 60iee BLICOKME GaIIbl MOMYUYIIN CTEKM U3 TOBSIIVHBI
CyXOTO CO3peBaHMsI, B CBSI3M C 06pa3oBaHMeM 6oyiee POBHOTO
¥ MHTEHCMBHO OKPAIIeHHOTO B KOPUYHEBbIIT 1IBET MTOBEPXHOCT-
HOTO CJ10sI. BeposiTHee BCEro, 3TO CBSI3aHO C MOBBIIIEHHBIM CO-
JlepskaHMeM MPOAYKTOB CO3PEBaHMSI, YIACTBYIONIMX B PeaKIUU
MeJaHOUAMHOO6Pa30BaHMS.

OTM BBIBOIbI CITPABE/INBBI U B OTHOILIIEHUNM TaKMUX XapaKTe-
PUCTUK, KaK BKYC U 3aIlax.

Ha paspese MbIlieyHasi TKaHb CTEMKOB, IMPUTOTOBIEHHbBIX
CyXMM HarpeBOM Ha rpuiie, MMesia paBHOMEPHbI TeMHO-Kpac-
HbI1 11BET, 60Jiee MPUBJIEKATENbHbIN JI CTEIKOB U3 TOBSIIVHBI
CYXOTO CO3pEeBaHMsI, UTO CIeyeT CBS3bIBaTh C BBICOKUM COZEp-
SKaHMEM JIe30KCHMUOIIIOO0MHA, YCTOMYMBOTO K HarpeBy. basmio-
Basl OLleHKa IIBeTa [Jis CTeiKOB JAaHHOro crocoba 06paboTKu
cocraBmia 8,0 u 9,0 OJiT KOHTPOJIBHOIO ¥ OIBITHOrO o6pasiia
COOTBETCTBEHHO. MeHee MpUB/IeKaTeNbHbIMIM Ha pa3pese BbI-
IJISIIeNM CTeiKM, TTOABEPTHYThIE Cy-BUI 00paboTKe, B OKpacke
KOTOPBIX IIPe0b1aian KOpUYHEBbI OTTEHOK. IIpy 3TOM Aerycra-
TOPaMM He BBISBJIEHO PA3HUIIBI MEKIY OMBITHBIM U KOHTPOJb-
HbIM ob6pasiamu. [Tocaenyoiias KpaTKOBpeMeHHast 06paboTka
CTeIKOB Ha rpuse (KOMOMHMPOBAHHAS 06paboTKa) He MpuBea
K M3MEHEHMIO I[BeTa Ha pa3pese.

IS CTeifKoB, MOABEPTHYTHIX CY-BU[ 06pabOTKe, JETrycTaTo-
paMu oTMeueHa HeXKHast ¥ COUHAast KOHCUCTEHIIVS, YeMy CII0Co0-
CTBYET BBICOKOE OCTAaTOUHOE COfepsKaHye BHYTPUMBIIIEUHOTO
skupa. ITo pe3yabTaTam OLIEHKM eIVHUYHBIX [TOKa3aTesieii ycTa-
HOBJIEH TOKa3aTeinb O6IIeil MpremMIeMOoCTy 06pasioB U ypo-
BeHb KauecTBa. IIpy oIlleHKe YPOBHSI KauecTBa YUTEeHbI KOI(-

uienTHI BecOMOCTU (BHENIHMIT BUI, — 1; KOHCUCTEHLIUST — 2;
LIBET Ha paspese — 3; BKYC 1 3anax — 4).

Ta6nuiia 3. Pe3ysbTaThl OPraHOIENITUYECKOI OLEHKN
Table 3. Results of sensory evaluation

Crioco6 Cr1oco6 TermioBoii 06paboTKM
Mokasarens 7t PPOAOIKM- BuL cyxoii KOMOUHU-
TeJIbLHOCTH ]‘_-?;r e't]; Harpes POBaHHBI
co3peBaHUs P rpuie Harpes
T5 7,0 7,5 7,5
BHemHmii Bup,
C35 7,0 9,0 9,0
T5 8,0 7,0 7,5
KoHcucrenuus
C35 9,0 8,0 8,5
TS 7,5 8,0 8,0
Bxyc 1 3anax
C35 8,5 9,0 9,5
Iser TS 6,5 8,0 7,0
Ha paspese C35 6,5 9,0 7,5
O6mas T5 29 29,5 30
IPUEeMIeMOCTh C35 31 35 34,5
VYpoBeHb T5 7,25 75 7,55
KauecTBa C35 7,85 8,80 8,65

[To COBOKYIHOCTM I[IOKasaTejeil Haubojiee IIPeAIOUTH-
TeJIbHBIMM SIBJISTIOTCS CTEH KM U3 TOBSIAMHBI CyXOTO CO3PeBaHMs
JII0O0Tr0 13 CIIOCOGOB TEIIOBOI 06paboTKM, IO CPAaBHEHMIO CO
CTeKaMy U3 aHaJOTMYHOTO ChIPbSI ITOC/IE 5 CYTOK CO3PEBAHMSI.
Jlyuiiivie OpraHoJIeNTUYECKIe XapaKTepUCTUKY MMEIOT CTeiiKM,
MIPUTOTOBJIEHHbIE Ha TpuMje, ¥ COMOCTaBUMbIE C HUMMU CTEIKM
KOMOVHMPOBAHHOIO CI1oco6a 06paboTKY. DTO MOATBEPKIAETCS
pesy/ibTaTamMy OIpeNe/ieHNs] YPOBHSI KayecTBa, [PY KOTOPOM
YUMUTBIBAETCS] HE TOJILKO 0ajyIoBasi OLIEHKA CBOJICTBA, HO M €ro
BKJIAJI B OOIIYI0 OPraHOMENTUUECKYIO OLIEHKY.

4. BwpiBOABI

BbinosHeHbl MCC/IELOBAHMSI BIMSIHMSI Pa3iIUUYHBIX BUIOB
TEIUIOBOI 06PabOTKM Ha (PU3MKO-XMMUUECKME U OPTaHOJer-
TUYECKMe TI0Ka3aTeau BbICOKOKAUEeCTBEHHON TOBSIAMHBI IIPU
pa3HbIX YCIOBMSIX CO3PeBaHMS: IIUTEIbHOE CyxX0e CO3peBaHMue
B OTpybax B TeUueHMe 35 CyTOK IpM IMOHVDKEHHON TeMIepaTtype
Y BJIQXHOCTM M KPaTKOBpPEMEHHOE CO3peBaHyue B IMOIyTyllaxX
B YCIOBMSIX TIPOMBIIIIEHHOTO XOJIOAWIbHMKA B TeueHue 5 cy-
TOK. IIpy 3TOM BIlepBble OLIeHMBAIM OJHOBPEMEHHOE BMSIHME
IBYX BUIOB 00pabOTKM HU3KOTEMIIEPATYPHON CYy-BUJ U BBICO-
KOTeMIIepaTyPHOI TPub-06pabOTKY B OTHOIIEHUY BbICOKOKA-
YeCTBEHHOJ TOBSIAVHBI JJINTENIbHOTO CO3PEBaHMsI B CPaBHEHUMU
€ KaKIbIM M3 HA3BaHHBIX CTIOCOO0B B OTEIBHOCTH.

ITo COBOKYNHOCTM IOIYYE€HHBIX Pe3YJIbTAaTOB MOXHO YT-
BEPKIaTh, UTO JINTENIbHOE CO3peBaHMe CIoco6CTBYeT hopMu-
POBaHMIO XapaKTePHbBIX CBOJCTB, KOTOPbIE MO3UTUBHO BIIUSIOT
Ha M3MEeHEeHMe ChIPbS B MPOILiecce TEIIOBOM 06paboTKM pa3Hoii
MHTEHCUBHOCTY B CPaBHEHUU C CbIPDbeM KPaTKOBPEMEHHOTI'O CO-
3peBaHus. U3 McCIemOBaHHBIX CITOCO60B KOMOVHMPOBAHHAS Te-
II0Basi 06paboTKa 06ecreurBaeT Tydlline OPraHoIenTHYeCKIe
XapaKTepUCTUKM, NMUILEBYI0 LIeHHOCTb, MEHbIINe [0Tepu, 10
CPaBHEHMIO C IIPUTOTOBJIEHMEM Ha rpuie. Hanuune repmeTny-
HOJ1 yIIaKOBKYM TMO3BOJISIET BBIMOJIHSATE 00pabOTKy Ha Irpuiie He
TOJBKO HEMOCPEICTBEHHO MOCIe Cy-BU] 06paboTKM, HO U TTOCTIe
XpaHeHMsI B XOJMOOMUIbHOI Kamepe. Takasi TEXHOIOTHS CII0CO6-
CTBYeT PEeTyIMPOBaHMIO CPOKOB TFOSHOCTM M 0BIAcTM peasnmsa-
LMY MIPOAYKLIUMN.
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