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Opuzunanvnas HayuHas cmamos

O HEJIECOOBPASHOCTU IITPUMEHEHU A
KOHIOEHTPVIPOBAHHOI'O COKA M3 YEPHUKHN
IIPU ITPON3BOCTBE CbIPOBA/IEHOV CBMTHIHDI

Kosanesa O.A., 3gpa6osa E.M.*
OproBCKNII TOCYAAPCTBEHHDIN arpapHblit yHuBepcuteT nmern H.B.Ilapaxuna, Opern, Poccusa

Kntouesvte cnosa: CvlpossnieHvle MACHbLe npobykmw, KOHH@HmpuPOBaHHbllZ COK U3 HepHUKu, opzaHozzenmuueCKmZ aHanus,
nuuiesast besonacHocmo

AHnnomauyus

J3yuenvr acnexmut npumeHeHUss KOHUEHMPUPOBAHHO20 COKA U3 HEPHUKU 6 NPOU3BOOCINBE CbIPOBINEHON CBUHUNDL 8 KAYecae
uHepeduenma noconounoil cmecu. IIposedena opearonenmuueckasi OUeHKA NOMYUEHHDIX NPOOYKINOE C UCNONIb308AHUEM KOH-
UEHMPUPOBAHHO20 COKA U3 YePHUKU C PA3HOL KOHUeHmpayueli cyxux sewecms. Vlccnedosan Xumuueckuii cocmas 2omosulx
OnvIMHbIX NPOOYKMos. V3yueno enusHue KOHUEHMPUPOBAHHO20 COKA U3 HepHUKU Ha Konuuectn6o KMADAHM na nosepxio-
cmu npodyxma (6axmepuocmamuyeckuii s¢ppexm). Ilokazaro, umo colpoBsNeHAST C6UHUHA, UHBEUUPOBAHHAS NOCONOUHOTE
CMECDI0 ¢ KOHUEHMPUPOBAHHBIM COKOM U3 YepHUKU, 001adaem 6osiee BbiICOKUMU BKYCOBbIMU U APOMAMUYECKUMU XapaKime-
pucmuxamu, yryuuenHot KoHcucmenyueil. B pabome 0ana oyenka Xumuueckozo cocmasa onvimHoix 00pasiy06 colpossneHow
ceununvl. IToxasaro, ucnonv3osarue KOHUEHMPUPOBAHHO20 COKA U3 HEPHUKU NPU NOCOTIE Y8enuuUBaem cooepicatie 6/1a2u U 3¢-
CEHUUATILHBIX MUKPOHYMPUEHMO08. YCMAHO0BTIEHO, YO0 KOTUUECB0 Me30(PUNIbHBLX AIPOOHBIX U (PaKYIbMAMUEHO-AHAIPOOHVIX
MUKPOOP2AHUSMOSE 3ABUCUI O KOTIUMECINBA CYXUX BEULeCB, 8 YACTNHOCIU 0P2AHU1ECKUX KUCTIOM, 6 KOHUEHMPUPOBAHHOM
COKe U3 HepHUKU, A UMEHHO — NpU YeenuveHUuy KOHUEHMPAyuu cOKa U3 YepHUKU, UCNOIb3YeMO20 6 COCTNABe NOCOTIOUHOU CMeCl,
konuuecmso KMADPAHM na nosepxrnocmu npodykma ymenvuiaemcst. Konyenmpuposannuiii cox u3 uepHuku oeticmeyem kax
uHeubUMOp pocma namozeHHoll mukpognopot. Ha ocnosanuu nposedentvix uccnedo8anuti ycmanosnieHo onmumansHoe cooep-
HAHUE CYXUX BeU4ectng 0TI NPUMEHEHUST KOHUEHMPUPOBAHHO20 COKA U3 HePHUKU NPU NOCOTIe CLIPOBSTIEHOL CBUHUHDL.

Original scientific paper

THE REASONABILITY OF BLUEBERRY CONCENTRATED JUICE
APPLICATION IN THE MANUFACTURE OF DRY-CURED PORK

Oksana A. Kovaleva, Katherine M. Zdrabova*
The Orel State Agrarian University name N.V.Parahina, Orel, Russia

Key words: dry-cured meat products, concentrated blueberry juice, organoleptic analysis, food safety

Abstract

The aspects of the blueberry concentrated juice application in the production of dried pork as an ingredient of the salt mixture
were studied. The organoleptic evaluation of the obtained products using concentrated blueberry juice with different concentra-
tions of solids was carried out. The chemical composition of the finished experimental products is investigated. The influence of
the concentrated juice of blueberries to the number of QMAFAnM on the surface of the product (bacteriostatic effect). It is shown
that dry-cured pork, injected with a salt mixture with concentrated blueberry juice, has higher taste and aromatic characteristics,
improved consistency. In this work, the chemical composition of experimental samples of dry-cured pork is evaluated. It is shown
that the use of concentrated blueberry juice in salting increases the moisture content and essential micronutrients. Was found that
the number of mesophilic aerobic and facultative-anaerobic microorganisms depends on the amount of dry substances, in particu-
lar organic acids, in concentrated blueberry juice, namely, with an increase in the concentration of blueberry juice used in the salt
mixture, the amount of QMAFAnM on the surface of the product decreases. Concentrated blueberry juice acts as an inhibitor of
growth of pathogenic microflora. On the basis of the conducted researches the optimum content of dry substances for application of

the concentrated juice from blueberries at a salting of dry pork is established.

BBenenne

Poccuiicknit ppIHOK Msca CUMTAETCA OJHUM U3 CaMBIX
KPYIIHBIX CEKTOPOB IIPOJOBOJIBCTBEHHOTO pbIHKA. OH
XapaKTepU3MPYETCsT BBICOKOV €MKOCTBIO M CTaOVM/IbHBIM
CIIPOCOM, SIBISIETCSI NIPUBJIEKATENbHBIM MJIsI MUHBECTOPOB
U OT/IMYAETCS >KeCTKUM YpPOBHEM KOHKYPEHLUHU Cpefn

npoussoputeneit [1]. MsconepepabaTbIBaOILIi CEKTOP
POCCUTICKOI SKOHOMVKMY ABJIAETCA OJHUM 13 OCHOBHBIX
XKM3HE00eCIeunBaOMNX CeKTOPOB, OKasbIBAOLINM pe-
malee BAUAHNE HAa YPOBEHb IPOJZOBOIBCTBEHHOTO
obecriedeHns CTPaHbl M OINpPENETAIIM 30pPOBbe Ha-
. CerofgHs ocoboe 3HaueHMe NPUAAETCSA CO3JAHMIO

AN UUTUPOBAHUA: KosaneBa O.A., 3apaboBa E.M. O uenecoob6pasHOCTM NPUMEHEHUA KOHLEHTPMPOBAHHOIO COKa U3 YEePHUKU NpPU NPOU3BOACTBE
CbIPOBANEHOW CBUHUHBI. Teopusa u npakTuka nepepabotku msca. 2018; 3(3):4-11.D0I 10.21323/2414-438X-2018-3-3-4-11
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TEXHOJIOTMYEeCKOI OCHOBBI /IS IIOJTyYeHNs KaueCTBEHHBIX
IPOAYKTOB, BBIIOMHAIOMUX JiedeOHbIe U IIPOQUIaKTIYe-
ckre ynkiyy. Takye IPORYKTHI Ha3bIBAIOTCS PYHKIMO-
HaJIbHBIMU U X OTHOCST K IPYIIIIe «3J0pOBbe» [2].

B nocnegHme rofbl B NUIEBOI IPOMBIIUIEHHOCTH, KaK
3a pyOeXxoM, TaK 1 B Halllell CTpaHe pa3BUBAETCs HOBOE
HallpaB/ieHre — pa3paboTKa peLenTyp U TeXHOJIOTnYe-
CKIX TIOAXOJOB K CO3[aHNUI0 MPOAYKTOB (PYHKIVIOHAb-
HOTO INMTAHMUA, KOTOpble IO KOMIOHEHTHOMY COCTaBY,
61OTIOTMYeCKOl ¥ TMINEBOI IIEHHOCTVM COOTBETCTBYIOT
tpe6osanuam cucrembl FOSHU (Food for Specific Health
Use — crenuduyeckue DpOAYKTHI i 3T0poBbs) [3,4].

ITo MHeHMIO psAfa y4eHbIX [2,3,4,5,6] paspaboTka KOH-
nenmyy «OyHKIMOHA/IbHOE IIMTaHVe» ABUIACh OHUM 13
mocTyKeHuit KoHIja XX Beka, IOCKO/IbKY OHa 3aTparuba-
eT MHOrMe (yH[aMeHTa/lbHble M IPUK/IAJfHbIe aCIeKTbI
3IOPOBBsI YeloBeKa, MEUIVIHBI, HyTPULIMOIOTUN U 6110-
TeXHOJIOT VM.

Pazpaborka (YHKIMOHA/JIBPHBIX MSACHBIX IIPOLYKTOB
MMeeT CBOM OCOOEHHOCTH, TaK KaK HEOOXOMMMO COXpa-
HUTb OMOIOrMYECKYI0 aKTUBHOCTb HOOABKYU B IIpoljecce
TEXHOJIOTMYECKOII 0OpabOTKY ChIpbsl M He YXYAIUIUTD Ka-
YeCTBEHHbIE II0Ka3aTe/ll TOTOBOIO U3eIN.

CoBeplIeHCTBOBaHME aCCOPTUMEHTa MOXKET OBITh
JOCTUTHYTO IIyTeM COKpAIleHMs] KOJMYeCTBa BBICOKO-
KaJIOPUIHBIX M3[E/NI, 3aMEHbl >KMBOTHBIX JKMPOB Ha
pacTUTeNbHble, IONOMTHEHNs JIMHENKM JVeTUYeCKUX
U 1uabeTnYecKuX U3JeInil, a TakKe OMOIOrM4ecKy IoJI-
HOL|EHHBIX IIPOJYKTOB.

K c¢usnonornveckn QyHKIMOHATIBHBIM IMIEBbIM
MHTPEIMeHTaM OTHOCAT OMO/IOTMYeCKY aKTUBHbBIE /MK
¢dusnonornyecky IieHHble, Oe30IacHble IS 3[0POBbS,
UMeIolIie TOYHbIEe PUNKO-XMMUYECKIIe XapaKTePUCTUKA
VIHTPEIMeHTBI, IsI KOTOPBIX BBIABJIECHBI ¥ Hay4HO 000-
CHOBaHBI CBOJICTBA, YCTAHOB/IEHbI HOPMBI €XeIHEBHOTO
ynorpe6ieHnsa B COCTaBe IMIIEBBIX HMPOAYKTOB, IOJIE3-
Hble JI/IsI COXPaHEHNUs U YIyYIIeHUs 34OPOBbs. DTO BHU-
TaMIHBI, M/HEpa/IbHbIe BeleCTBa, MOMMHEHAChIIIEHHbIE
JKVIpPHBIE KVICTIOTBI, aHTMOKCU/JAaHTbI, MUIeBble BOJIOKHA,
MOJIOYHOKHCTIblE MUKPOOPTaHU3MbI, MIHEPAIbHbIE KOM-
IIOHEHTHI ¥ KM3HEHHO Ba)XHbIe BellleCTBa PACTUTEIbBHOTO
MPOUCXOXKAeHU [5,7].

[Ipy mpousBoacTBe (PYHKIVIOHATBHBIX MACHBIX IIPO-
IYKTOB, OOOTAIlleHHBIX MHIMOUTOPAMU OKMUCIIEHUS SKM-
POB, IPUMEHSIOTCS PACTUTEbHbIE SKCTPAKTHI C AHTHOK-
CUJAHTHBIMM CBOJICTBaMU, IIOJTy4eHHbIE 13 PO3MaplHa,
qasi, COM, KOXKYPBI IUTPYCOBBIX, Pa3/INIHBIX IIOOB Y ATO
U T.JI., KOTOpbIe cofiepkat 6modrnaBoHons! [8].

[leHHOCTP AMKOPACTYLUX STORHBIX PAaCTEHMIl CO-
CTOUT B TOM, YTO OHM MMEIOT BBICOKYIO IIPUCIOCOO/IEH-
HOCTb K MECTHBIM YC/IOBVSIM ¥ IPOSIB/ISIOT MMMYHUTET
KO MHOIMM 3aboneBanusaM. Kpome Toro, gukopacryuine
ATOIBI TIO COZIEPYKAHMI0O MHOTYX OMOIOTMYeCK) aKTVBHBIX
BeIlleCTB OIEepeXaloT KyabTypHble. Ocoboe MecTo cpean
[VIKOPACTYIUX ATOJ, 3aHMMaeT 4epHUKa. [Imomer dep-
HUKM cofiep>kar 1o 230 Mr% P-akTuBHbBIX cOelMHEHMI],

110 37 Mr% acKOpOMHOBOI KUCTOTHI, @ TAK)KE BUTAMUHBI
rpynmnsl B, MMKpO3/1eMeHTBI (kanuii, HAaTpUI, KaJIbLUIL,
Marumit, pocdop, xene3o), opraHnyecKue KUCIOTHI, MeK-
TUHOBBIE BelleCTBA. [[eKTMHOBBIE BEIECTBA, COTMEPIKAIIN-
ecsl B YePHIUKe, CIIOCOOCTBYIOT BBIBE/ICHNIO I3 OpraHM3Ma
COTIeN TSKeJbIX META/IOB, TOKCMHOB U IIIJIAaKOB [9].

ChIpoBsi/IeHble MsCHDBIE IPOAYKTHI MMEIOT BBICOKYIO
6110/IOTMYEeCKYIO 1IIeHHOCTD U BBICOKIE BKYCOBbIE XapaKTe-
PUCTHKH, 6/1arofapsi OTCYTCTBUIO TEPMIUECKOI 00paboT-

u [10]. Psp mccmenoBaHmil OATBEPANT TaHHBIE O TOM,
4TO TpK BSJIEHUM B pe3yabrare OMOXMMUYECKUX IIPO-
11ecCOB 00pa3yITCs CTIOKHBIE 6ETKOBO-TMINIHbIE KOM-
I/IEKCBhI, KOTOpBbIe OIpEJe/ISI0T YHUKA/TbHbIe BKYCOBBIE,
HOTPeOUTENbCKIE, @ TAK)Ke IOJIE3HbIe XapPaKTePUCTUKA
KOHEYHOro mpopykTa [11,12,13].

TaxuMm o6pasom, pa3paboTka pelenTypsl MICHOTO
CBIPOBAJIEHOTO IIPOJIYKTa C YePHMKOIL U OLIeHKa ero opra-
HOJIETITUYECKIX TI0Ka3aTeneit 6aKTepuoCcTaTudecKoro ag-
(dexTa NCIIONb30BaHMS YEPHUKY SABJISIETCS AKTYa/IbHBIM.

VccnenoBanns ObUIM HalpaB/IeHbI HA M3y4YeHMe BIIVsI-
HUS KOHI[EHTPUPOBAHHOTO COKA M3 YEPHUKN HA XMMUYe-
CKUII COCTaB, OPTaHOENITHYECKIe TI0Ka3aTe/TN TOTOBOTO
CBIPOBSITIEHOTO IPOAYKTa M3 CBUHWMHBI U GaKTepmocTa-
TUYECK/e CBOJCTBA YEPHUYIHOTO KOHIIEHTPUPOBAHHOTO
COKa.

OOBEKTHI I METOIBI

O6bekTaMu UCCIeOBAHNUIT ABUINCD:

— KOHIIEHTPVPOBAHHBI COK M3 YePHVKU COfiep>Kallnil
70,0% cyxux BemecTB (kommanusa Dinamic Health
Laboratories, np-so CIIIA);

— KOHTPOJbHBIN 06paser] (K) — cpIpoBseHas CBUHMHA,
BbIpaboTanHas u3 duertHoi yacTu cBuHKHBI (loin de
suilla) mo TY 9213-001-31148759-2015 «V3mennsa Msac-
Hble CYIIeHO-BsIeHble: «bacTypmar» u « Cymxyk»;

— MscHolt o6paser (I1-1) — cpIpoBsi/ieHast CBUHMHA, BBbI-
paboTaHHasI C MCIO/Nb30BAHMEM COKa YEPHUKU C CO-
nepxaHueM 18,5 % cyXmx BelecTs;

— wMscHoI o6pasern (I1-2) — cblpoBsiieHas CBUHMHA, BBbI-
paboTaHHas C UCIO/Nb30BAHMEM COKa YEPHUKU C CO-
mepxxanueM 35,0 % Cyxmx BeljecTB.
KOHIIeHTpUPOBAaHHBII COK M3 YepHMKM pasOaBisin

AUCTUUIMPOBAHHOI BOJIOV /ISt MsicHoro obpasua I1-1 3

pacueta 1:4, nist MmsicHoro obpasia I1-2 passenenne 1:2.
KoHLIeHTpupOBaHHbII COK W3 YepHUKH, IpelBapu-

TE/IbHO Pa3BefleHHBIIT IO YKa3aHHOTO BBILIE COflep>KaHus

CYXUX BeIleCTB BBOAWINM METOHNOM MHBEUVPOBAHNUA Ha

JTarle Mocorna.

OmpepeneHre MaccoBOI IOV B/IATY POBOAVIIV COLIAC-

Ho TOCT 33319-2015, 6enka — I'OCT 25011-81, >xmupa —

I'OCT 23042-2015 o6bweint 3onp1 — ['OCT 31727-2012,

Boopognublii mokasarens (pH) — T'OCT P 51478-99

(MICO 2917-74). CeHCOpHBIII aHAa/MU3 9KCIIEPUMEHTAIb-

HBIX 00pasl[oB NpOBOAMWIM IO 9-6a/UIbHOM IIKase.

Ouenky 6axrepmocrarndeckoro sddekra (xommdect-

B0 KMA®AHM Ha NOBEPXHOCTY M3[eNNns) MPUMeHEeHUs
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KOHIIEHTPMPOBAHHOTO COKA M3 YEPHMKY IIPOBOAMIN IIy-
TeM MHKyOMpOBaHMA II0CEBOB IIpy Temmeparype 30+l °C
B Te4YeHMe 72 4acoB ¢ AaJbHENIINM IOACIeTOM KOIIIeCT-
Ba KOJIOHNII, BBIPOCHIMX Ha Jamkax [lerpn.

Pesynbrarsl 1 06Cy>KieHIE

3apybexxubiMu yuenbiMn (Perez-Alvarez J. A., 2008)
IIOKa3aHa MOJIOKUTE/IbHAS AVHAMIKA CEHCOPHBIX U Oak-
TEPUOCTATUYECKUX JCCTIENOBAaHMII IIpU  JKOOaBIeHUN
B MSACHYIO CHICTEMY TeX VIV MHBIX PaCTUTENTbHBIX J06aBOK
[13]. IToTpebuTenbcKas oleHKa IPOAYKTA IPOBOAUTCS 110
IIKasle, BKII0YAIOIell psifi OpraHOMeNTIYeCKIX IToKa3are-
JIelt MAICHOTO TIPOAYKTA, U ABJIAETCA BaXXHBIM (PAKTOPOM,
OIIpe/ie/SNINM YPOBEHb MOTPEOUTENBCKOTO CIIpoca Ha
npoaykT. bamibHas cuctema 1o3BoJAeT CUCTEMATU3UPO-
BaTb MHOT0O0Opasyie OLYIeHNII ! BBIPA3UTh UX B CTPOII-
HOJI CUCTEME, ITie KaXKIbIIl I0Ka3aTe/Ib KadeCTBa OIpefe-
JIEH CJIOBECHO.

Hanb6osee panyoHabHbIMU [P OL[eHKe MsICa U MsC-
HBIX HPOAYKTOB CYMTAIOT 5-TU ¥ 9-0a/UIbHbIE IIKAJIbL.
9-6asbHas LIKama sABIAETCA MopuduKanyein 5-6anbHo
IIKaJIbI, B KOTOpOit 0,5 — 6ayma COOTBETCTBYIOT OITHOMY
6ary.

BaxHbIM ITOKa3aTesieM Ipy pa3paboTKe ChIPOBSTIEHBIX
MSCHBIX U3JIe/IMil U3 CBUHMHBI ABJIAETCA BKYC 0Opas3LoB.
B mocnenHee BpeMst 6O/MBIINM CIIPOCOM TIOTIB3YIOTCS Jie-
JIMKaTeCHble MsCHbIE M3JENNs CO CriennpuuecKuM apo-
MaTOM M BKYCOM, KOTOpble c()OpMMUPOBaHbI LieJIeHAIIPaB-
JICHHBIM BO3JIE/ICTBMEM Ha MSCHOE€ ChIpbe Pas/INYHBIX
106aBOK (OakTepuaabHble Ipenaparsl, QyHKIMOHAIbHbIE
mo6aBKu 1 mpod.) [14].

B nocnenHee BpeMsi 6O/MBIINM CIPOCOM IIOTIb3YIOTCSA
JleTMKaTeCHble MACHBIE IPOAYKTBI CO CHEIV(PUIECKNMU
apoMaToM 1 BKYCOM, KOTOpble COPMUPOBAHBI Iie/leHa-
IIPaB/ICHHBIM BO3JIE/ICTBMEM Ha MSACHOe ChbIpbe Pe3yin-
TAaThl OPTraHOJIENTNYECKOTO aHamu3a, obpaser I1-1 nme-
eT ¢/1ab0 BBIPAKEHHBIII ATONHBIN BKYC, 00YC/IOB/ICHHBIIN

CTEIeHbI0 00e3BOXXEHHOCTY KOHIIEHTPUPOBAHHOTO COKa
yepHuky. O6paser] II-2 nmeeT BBIPa)KEHHBIl ATOMHBIN,
KIIC/IOBATO-CIAKUIl BKYC, IPUATHBIN apoMaT, KOTOPBIi
IpujaeT IpOAYKTY NMMKAaHTHOCTD. IlomoxurenbHble mO-
KasaTe/nu KadecTBa IMPOJYKTa IpuBefeHbl B Taor. 1.

DanpHas oOLleHKa pe3ylIbTaTOB OPraHONENTUYECKOTO
aHa/jM3a I0Ka3aja, YTO KOHTPOJIbHBI obpaser K mony-
YMJT CaMBbIil HU3KMIT Oa/ll IO BKYCOBBIM XapaKTepPUCTH-
KaM — 5,73 6ajuta, ONBITHbIe OOpaslbl MPEBOCXOAVIIN
KOHTPO/Ib COOTBETCTBEHHO y obpasern II-1-7,72 6aa,
obpasery I1-2-8,46 6anna (Tabm. 2).

Brenranit Buj, MACHBIX IPOAYKTOB He 3aBJUCUT OT pas-
BefleHVS ¥ KOHLEHTPALMU COKA B COCTaBe IOCOIOYHON
CMecCH.

ITpm yBenuuyeHMM KOHIIEHTpaLMy cOoKa B oOpasie
I1-2 npopykT mpnobpeTaeT 6ojee HACBHILEHHYI0 OKPACKy
u 6071ee BEIPO)KEHHBIIT apoMar ¢ oTTeHKamy yepHuku. Co-
OTBETCTBEHHO 0ajibHas OIEHKAa II0 YKa3aHHBIM OPraHo-
JIEITUYECKNM TIO0Ka3aTensaM — 6,93 6ajuia o uBery, 7,43
6ajIa o apomary.

JlaHHDBIE CEHCOPHOII OLIeHKM JAI0T BO3MOXXHOCTD IIpe]i-
HOJIOKUTD, YTO yBeNMYeHNe KOHIJEHTPAluy COKa ¥ Ipy-
CYTCTBYIOLIVX B HEM OPraHMYECKMX KUCIOT YIy4IIAIoT
CTPYKTYPY OIBITHBIX 00pa3nioB. KoHcucrennus B ob6pas-
nax [1-1 u II-2 ¢ ucronb3oBaHMeM COKa KOHCUCTEHINA OJI-
HOpoOfiHas U 6ojIee BBIpaKeHHAs 110 CPABHEHMIO C KOHTP-
onbHBIM o6pasiom (7,52 6ama, 7,88 6anna n 6,64 6ania
COOTBETCTBEHHO).

PesynbraTbl CEHCOPHOrO aHanM3a IIOKA3amM, 4YTO
OTIBITHBIE OOPA3Ibl C MPUMEHEHUEM KOHI[EHTPUPOBaH-
HOTO COKa V3 YepHMKM MMEIOT 60Jee BBICOKME OalIbl 110
CPaBHEHUIO C KOHTPO/IBHBIM 00pa3ijoM. CaMblil BBICOKMIT
cpegHMIT 6T TTOY4MI MACHON IPOAYKT U3 CBMHMHBI
II-2 ¢ MaccoBoll fonell KOHLIEHTPUMPOBAaHHOIO COKa U3
yepHuku 35,0 %.

AHanm3 XMMUYECKOTO COCTaBa MCHBIX 00Pa3IioB II0-
KasaJl, YTO IPOAYKTHI C IIPYMEHEeH)eM KOHI[eHTPUpPOBaH-

Ta6muua 1. OuieHKa OpraHomenTMYecKNX MoKa3arerneil MACHBIX 00pasoB

O6paser Buemnmii By,  Bup Ha cpese IIBer
1 2 3 4
MscHoit
Ouenn . .
ob6pasern ) Kpacusbrit Kpacussrit
KpacuBBbIil
II-1
Mscnoit Ouenp OueHp .
oOpasery . . Kpacussrit
-2 KpacuBBbIi KpacUBBIil
KonTponsHbIit
obGpaser Kpacusbrit Xopommit Kpacusbrit
K
Ta6muia 2. CeHCOpHBIIT aHATN3 MACHBIX 00pa310B
O6paser BHeurHmit uy IIBet
1 2 3
MsicHoit o6paser I1-1 7,57 +0,21* 6,62+0,22
MsicHoit o6pasen I1-2 7,82+0,25 6,93 +0,18*
KonrponpHsiit 06pasern K 7,51+0,24 6,15+0,22

*p < 0,05 (BepoATHOCTD OMIMOKM)

3amax (apomar) KoHcucrennus CovHOCTH Bxyc
5 6 7 8
ApomarHblit Hexnas CouHoe Bxycnb1it
ApomarHblit Hexnas CouHoe Bxycuprit
Henocratouno Hepmocratouno  [JocraTouHo IocTarouHo
ApPOMATHBIIT HEXHas COYHOE BKYCHBIIT
Apomar Koncucrenmmsa Bkyc Cpepmmit
061t 6an
4 5 6 7
7,63+0,31 7,52+0,31 7,72 +0,25* 7,59+0,27
7,43 £0,34** 7,88+0,24 8,46+ 0,22 8,05+0,26
7,64+0,28 6,64 +0,24 5,73+0,21 6,78 +0,24*
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Tab6muia 3. XuMmdeckuii cOCTaB MACHBIX 00pa3oB

Iloxasarenn Kontpons
MaccoBas gomns Biarm,% 37,43+0,13
MaccoBas gonsa 6enka,% 24,21+0,14
Maccosas gons xxupa,% 15,71+0,16
MaccoBas 5014 yIieBosos, % 2,19+0,04
MaccoBas goms 301b1,% 2,19+0,02
Konuentpamus BogopogHbIx moka3areneii, pH 4,8

*p £ 0,05 (BeposiTHOCTD OMIMOKM)

HOTO COKa YepHUKU yziep>k1BatoT Oonbie Biaary (Ta6m. 3).
Boree BBICOKOJ B/IQKHOCTU IIPOJYKTOB COOTBETCTBYET
6oree BbICOKMIT NOKasaTenb pH. YBemmueHHoe comepiKa-
HUe BIary MPUBEIN K CHIDKEHUIO COJEPXKAIUXCS B MsIC-
HBIX OIBITHBIX IPOAYKTax 0enkoB 1 XupoB. OpHaKo 3a
CYET COfIEPKAIINXCS B KOHI[EHTPUPOBAHHOM Y€PHUIHOM
COKe YIVIEBOJOB (IIPeCTaB/ICHHBIX INPEUMYIeCTBEHHO
HeKTMHaMM ¥ (PYKTO30i1), MaccoBas O/ YITIEBOJIOB
B OIIBITHBIX 00pasiiax OblIa BhIIIIE.

MaccoBast [1o/s1 3071l B ONBITHBIX OOpasijax Takxe
ObUTa BbIIIE, IO CPABHEHMIO C KOHTPOJIBHBIM 0OPAasIioOB.
CunutaeM, 4TO IpeACTaB/IEHHbIE 30/IbHBIMY KOMIIOHEH-
TaMJ 3CCeHI[MaNbHble MUKPOHYTPUEHTHI (MUHepaIbHble
BellleCTBa U BUTAMMHBI) MOTYT IIPMAABATh CHIPOBS/IEHON
CBUMHJHE C KOHIIEHTPUPOBAaHHBIM COKOM YePHUKM PYHK-
[[MOHA/IbHBIE CBOICTBA. HO 9TO CTaHET MpeaMeTOM [ajib-
HeNIINX UCCIeTOBaHMIA.

MuKpOoO6MONIOrMIeCcKMI VCCIETOBAHMSAMY YCTAHOB-
JIEHO, YTO KOMMYEeCTBO Me30(M/IbHBIX aspoOHBIX 1 ¢a-
KY/IbTaTMBHO-aHa9POOHBIX MMUKPOOPTaHMU3MOB 3aBJCUT
OT KOHLIEHTPAL[M}l BBEJEHHOTO B IOCOIOYHYIO CMeCh
KOHIL[EHTPMPOBAHHOTO CcOKa yepHMKM. Kak mokasanm mc-
CIeOBaHMsI, TIPU YBEINYEHUNU COMEPXKAHUs CYXMX Be-
I[eCTB B KOHI[EHTPUPOBAHHOM COKe YePHVKY KONMNIECTBO
KMA®AHM B npopykre ymenbluaetcs (Ta6. 4).

Ta6muua 4. Copepsxanne KMA®AHM B MACHBIX 06pasmax

O6paser KMA®AEM, KOEB 11
MsicHoit o6paser I1-1 0,572-10°
M:cHoii o6paser I1-2 0,531-10°
KonrponbHsiit 06paser K 0,601-10°

[IpepnonaraemM, 4TO MHTMOMPYOIUIT POCT MUKPOd-
JIOpBL B TIPORYKTe 3((PeKT CBA3aH C TeM, YTO KOHIIEHT-
PVMPOBAHHBIN COK YEPHUKMU CONEP)KUT B CBOEM COCTaBe
61omornyeck akTUBHbIE (DepMEeHTBl ¥ VHTUOUTOPHI
OKJIC/TUTETbHBIX IIPOL[ECCOB, OPraHNYeCKue KUCTOTHI (/-
MOHHas, s16moyHas, sHTapHas, ackopbuuosas) (Puc. 1).

Amnanornussiit 3¢ ¢GexT ObIT yCTAaHOBJIEH B paHee Ipo-
BOJVIMBIX YICC/IEOBAHMAX C KOHIIEHTPUPOBAHHBIMY COKa-
MU YepPHOI CMOPOJAVHBI IIPU MPOU3BOACTBE Kaprmaydo U3
Msica nrtunsl [15].

MscHoit o6pasers I1-1 MsicHoit o6paser I1-2

39,77 £0,02* 39,83 +0,04
23,44+0,19* 23,56 +0,15*
14,18 0,14 14,29 +£0,21
2,74+ 0,03* 3,08+0,03
2,61+0,05 2,69 +0,04*
5,7% 5,6*
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Puc. 1. XpomaTorpaMma OpraHM4YecKux KNCIOT KOHLIEHTPUPOBaH-
HOTO0 COKa YePHUKU

BriBoabr

KoHLIeHTpUpOBaHHBIN COK U3 YepHUKM Yay4IlaeT
HOTpe6I/ITeHbc1<I/Ie CBOJVICTBA CBIPOBSAJIEHOV CBVMHIHBI,
a IMEHHO BKYC, apOMaT, KOHCUCTEHLIMIO,

IIpy MHBEIVPOBaHNY CBUHMHBI IIOCOTIOYHO CMECBHIO
C KOHIIEHTPMPOBAaHHBIM COKOM }3 Y€PHUKM ITPOUCXOAUT
yBe/lIu4eHye MacCOBOI IOM BJIary B ONBITHBIX 0Opasiax
10 CPaBHEHMIO C KOHTPO/IbHBIM 00pasIioM. YBeIn4nBaet-
s cofiep>KaHMe YITIeBOJIOB 3a CUeT NMeKTUHOB ¥ PPYKTO3BI,
cofep>KallMXcsA B YepHUKE.

[IpuMeHeHMe KOHIIEHTPMPOBAHHOIO COKA U3 YEPHMU-
KI yBeIM4YMBaeT CPOK XpaHEHUA 3a CYET yBeIMUYeHUA
6akTeprocTaTnieckoro apdexra Ha HOBEPXHOCTH MIPO-
IYKTa.

ITockoNMbKy KOHLIEHTPMPOBAHHBI COK M3 YE€PHUKU
C copep)KaHMEM CYXMX BellecTB B KommdecTse 35,0 %
B COCTaBe IIOCOJIOYHOI CMeCH TIO3BOJMI IOTYYUThb
HPOAYKT C 0ojlee BBIPA)KEHHBIMU BKYCOBBIMM U apo-
MaTMYeCKMMM XapaKTepPUCTMKAMM, a TaKKe CHU3BUTD
copiepKaHNe 6aKTepuanbHON MUKPOQIOPHl HA IOBEPX-
HOCTM TOTOBOTO IIPOAYKTa, CYMTaeM Iieecoobpas-
HBIM JCIIO/Ib30BaTh [I paclIMpeHus acCOPTUMEHTa
JIle/IIKaTeCHBIX (YHKIMOHA/IbHBIX NPOAYKTOB U3 CBU-
HJHBI KOHIEHTPUPOBAHHbBINI COK U3 YEPHUKM pas3Befie-
HueM 1:2.
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Introduction

The Russian meat market is considered to be one of the
largest sectors of the food market. It is characterized by high
capacity and stable demand, is attractive to investors and is
characterized by a strong level of competition among man-
ufacturers [1]. The meat-processing sector of the Russian
economy is one of the main life-supporting sectors, which
has a decisive influence on the level of food supply of the
country and determines the health of the nation. Today, spe-
cial importance is attached to the creation of a technological
basis for obtaining quality products that perform therapeu-
tic and preventive functions. Such products are called func-
tional and belong to the group «health» [2].

In recent years, in the food industry, both abroad and
in our country, a new direction has been developing —
the development of recipes and technological approaches
to the creation of functional food products that meet the
requirements of the FOSHU system (Food for Specific
Health Use — specific health products) in terms of com-
ponent composition, biological and nutritional value [3,4].

According to a number of scientists [2,3,4,5,6], the de-
velopment of the concept of «Functional nutrition» was
one of the achievements of the late twentieth century, as
it affects many fundamental and applied aspects of human
health, medicine, nutrition and biotechnology.

The development of functional meat products has its
own characteristics, as it is necessary to preserve the bio-
logical activity of additives in the process of processing of
raw materials and not to make worse the quality of the fin-
ished product.

Improvement of the range can be achieved by reducing
the number of high-calorie products, replacing animal fats
with vegetable ones, replenishing the line of dietary and di-
abetic products, as well as biologically complete products.

The physiologically functional food ingredients include
biologically active and / or physiologically valuable, safe
for health, having accurate physical and chemical char-
acteristics of the ingredients for which the properties are
identified and scientifically justified, the norms of daily use
in the composition of food, useful for the preservation and
improvement of health. These are vitamins, minerals, poly-
unsaturated fatty acids, antioxidants, dietary fibers, lactic
acid microorganisms, mineral components and vital sub-
stances of plant origin [5,7].

In the production of functional meat products enriched
with fat oxidation inhibitors, plant extracts with antioxi-
dant properties obtained from rosemary, tea, soy, citrus
peel, various fruits and berries, etc., which contain biofla-
vonoids [8] are used.

The value of wild berry plants is that they are highly
adapted to local conditions and are immune to many dis-
eases. In addition, wild berries content of many biologi-
cally active substances ahead of cultural. A special place
among wild berries has blueberry. Blueberry fruits con-
tain up to 230 mg% p-active compounds, up to 37 mg%
ascorbic acid, as well as b vitamins, minerals (potassium,

sodium, calcium, magnesium, phosphorus, iron), organic
acids, pectin substances. Pectin substances contained in
blueberry contribute to the excretion of salts of heavy met-
als, toxins and slags [9].

Dry-cured meat products have a high biological value
and high taste characteristics, due to the absence of heat
treatment [10]. A number of studies have confirmed the
data that during drying as a result of biochemical processes
complex protein-lipid complexes are formed, which deter-
mine the unique taste, consumer, and useful characteris-
tics of the final product [11,12,13].

Thus, the development of a recipe for a raw meat prod-
uct with blueberries and the assessment of its organoleptic
characteristics of the bacteriostatic effect of the use of blue-
berry is relevant.

The research was aimed at studying the effect of con-
centrated blueberry juice on the chemical composition,
organoleptic characteristics of the finished raw product
from pork and bacteriostatic properties of blueberry con-
centrated juice.

Objects and methods

The objects of research were:

— concentrated juice of blueberry contains 70.0 % of dry
matter (the company Dinamic Health Laboratories,
made in USA);

— control sample (K)-dry-cured pork, made of pork loin
(loin de suilla) according to TU9213-001-31148759-2015
«meat dried-dried Products: «Basturma» and «Sujuk»;

— meat sample (P-1) — dry-cured pork produced using
blueberry juice with a content of 18.5 % solids;

— a meat sample (P-2) — dried pork produced with the
use of blueberry juice with a content of 35.0 % solids.
Concentrated blueberry juice was diluted with distilled

water for meat sample P-1 at the rate of 1:4, for meat sample

P-2 dilution of 1: 2.

Concentrated blueberry juice, pre-diluted to the above
solids content was introduced by grouting at the stage of
the Ambassador.

Determination of the mass fraction of moisture was
carried out according to GOST 33319-2015, protein —
GOST 25011-81, fat — GOST 23042-2015 of total ash —
GOST 31727-2012, hydrogen index (pH) — GOST R51478-99
(ISO 2917-74). The sensory analysis of experimental sam-
ples was carried out on a 9-point scale. Evaluation of bac-
teriostatic effect (the amount of QMAFAnM on the surface
of the product) of concentrated blueberry juice was carried
out by incubating the crops at a temperature of 30+1 °C
during 72 hours with further calculation of the number of
colonies grown on Petri dishes.

Results and discussion

Foreign scientists (Perez-Alvarez J. A., 2008) showed
positive dynamics of sensory and bacteriostatic studies
when adding certain plant additives to the meat system
[13]. Consumer product evaluation is carried out on a scale
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Table 1. Definition of organoleptic characteristics of meat samples

Sample Appearance Slice view Color Aroma Consistency Juiciness Flavor
1 2 3 4 5 6 7 8
Meat sample P-1  Very beautiful Beautiful Beautiful Fragrant Gentle Juicy Tasty
Meat sample P-2  Very beautiful Very beautiful Beautiful Fragrant Gentle Juicy Tasty
Control sample K Beautiful Good Beautiful Insufficiently fragrant  Quite gentle  Quite juicy Quite tasty
Table 2. Sensory analysis of meat samples
Sample Appearance Color Aroma Consistency Flavor Average overall score
1 2 3 4 5 6 7
Meat sample P-1 7.57 £0.21* 6.62+0.22 7.63+0.31 7.52+0.31 7.72£0.25* 7.59+0.27
Meat sample P-2 7.82+0.25 6.93+0.18* 7.43£0.34** 7.88+0.24 8.46+0.22 8.05+0.26
Control sample K 7.51+£0.24 6.15+0.22 7.64+0.28 6.64+0.24 5.73+0.21 6.78 £0.24*

*p < 0.05 (error probability)

that includes a number of organoleptic characteristics of
the meat product, and is an important factor determining
the level of consumer demand for the product. The point
system allows you to systematize the variety of sensations
and express them in a coherent system, where each indica-
tor of quality is defined verbally.

The most rational in the definition of meat and meat
products is considered 5 and 9 point scale. The 9 point
scale is a modification of the 5 point scale, in which 0.5
points correspond to one point.

An important indicator in the development of dry meat
products from pork is the taste of the samples. In recent
years, great demand for delicate meat products with a spe-
cific aroma and taste, which are formed by the targeted im-
pact on the meat raw materials of various additives (bacte-
rial preparations, functional additives, etc.). [14].

In recent years, great demand for delicious meat prod-
ucts with a specific aroma and taste, which are formed by
a targeted impact on the raw meat results of organoleptic
analysis, sample P-1 has a slightly pronounced berry taste,
due to the degree of dehydration of concentrated blue-
berry juice. Sample P-2 has a pronounced berry, sour-
sweet taste, pleasant aroma, which gives the product a
piquancy. Positive indicators of product quality are given
in the Table 1.

Score definition of the results of organoleptic analysis
showed that the control sample K received the lowest score

Table 3.Chemical composition of meat samples

in taste characteristics-5.73 points, the test samples exceed-
ed the control, respectively, in the sample P-1-7.72 points,
sample P-2-8.46 points (Table 2).

The appearance of meat products does not depend
on the dilution and concentration of the juice in the salt
mixture.

When the concentration of juice in the sample P-2
increases, the product acquires a more saturated color
and a more pronounced flavor with shades of blueber-
ries. Accordingly, the score for the specified organolep-
tic characteristics — 6.93 points in color, 7.43 points for
flavor.

The data of the sensory evaluation suggest that the in-
crease in the concentration of juice and organic acids pres-
ent in it improve the structure of the test samples. Con-
sistency in samples P-1 and P-2 using juice consistency
is homogeneous and more pronounced compared to the
control sample (7.52 points, 7.88 points and 6.64 points,
respectively).

The results of sensory analysis showed that the experi-
mental samples using concentrated blueberry juice have
higher scores compared to the control sample. The highest
average score was the meat product of pork P-2 with a mass
fraction of concentrated juice from blueberries 35.0 %.

Analysis of the chemical composition of meat samples
showed that products using concentrated blueberry juice
retain more moisture (Table 3). Higher moisture content

Rate Control
Mass fraction of moisture,% 37.43+0.13
Mass fraction of protein,% 24.21+0.14
Mass fraction of fat,% 15.71+£0.16
Mass fraction of carbohydrates,% 2.19+£0.04
Mass fraction of ash,% 2.19£0.02
Concentration of hydrogen indicators, pH 4.8

-p< 0.05 (error probability)

Meat sample P-1 Meat sample P-2
39.77 £0.02* 39.83+£0.04
23.44+0.19% 23.56 £0.15*

14.18+0.14 14.29+0.21

2.74+0.03* 3.08+0.03

2.61+0.05 2.69+0.04*
5.7* 5.6*
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corresponds to a higher pH. The increased moisture con-
tent resulted in a decrease in proteins and fats contained
in meat products. However, due to the carbohydrates con-
tained in concentrated blueberry juice (mainly represented
by pectins and fructose), the mass fraction of carbohy-
drates in the experimental samples was higher.

The mass fraction of ash in the test samples was also
higher compared to the control samples. We believe that
the essential micronutrients (minerals and vitamins) pre-
sented by the ash components can impart functional prop-
erties to the dry-cured pork with concentrated blueberry
juice. But this will be the subject of further research.

Microbiological studies have found that the number of
mesophilic aerobic and facultative-anaerobic microorgan-
isms depends on the concentration introduced into the salt
mixture of concentrated blueberry juice. As studies have
shown, with an increase in the content of dry substances in
the concentrated blueberry juice, the amount of number of
QMAFAnNM in the product decreases (Table 4).

Table 4. Content of number of mesophilic aerobic and facultative
anaerobic microorganisms in meat samples

Sample QMAFADM, KOEB 1T
Meat sample P-1 0.572-10°
Meat sample P-2 0.531-10°
Control sample K 0.601-10°

We assume that the effect of inhibiting the growth of
microflora in the product is due to the fact that the concen-
trated blueberry juice contains biologically active enzymes
and inhibitors of oxidative processes, organic acids (citric,
malic, succinic, ascorbic) (Figure 1).

A similar effect was established in the previous studies
with concentrated black currant juices in the production of
carpaccio of poultry [15].
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Figure 1. The chromatogram of the organic acids of concentrated
blueberry juice

Conclusion

Concentrated blueberry juice improves consumer prop-
erties of dry-cured pork, namely taste, aroma, consistency,

When projecting pork with a salt mixture with concen-
trated blueberry juice, the mass fraction of moisture in the
test samples is increased compared to the control sample.
Increases the content of carbohydrates due to the pectin
and fructose, found in blueberries.

The use of concentrated blueberry juice increases the
shelf life by increasing the bacteriostatic effect on the sur-
face of the product.

Since the concentrated juice of blueberries with a con-
tent of dry substances in the amount of 35.0 % in the com-
position of the salt mixture allowed to obtain a product with
more pronounced taste and aromatic characteristics, as well
as to reduce the content of bacterial microflora on the sur-
face of the finished product, we consider it appropriate to
use a concentrated juice of blueberries 1:2 dilution.
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Abstract

The aspects of biochemical transformation of natural lipids of vegetable, fish, and animal origin are considered on the model of
biotechnical aspects of triglyceride transformation into products of various purpose. The indicators of biological efficacy of fats are
presented regarding the systematization by groups of polyunsaturated, monounsaturated and saturated fatty acids. Some features
of simulation of natural processes of hydrolytic fat degradation into energy-intensive products are discussed. At the same time,
aspects of fat intake and their biochemical transformation in food systems by human enzymes, and biochemical transformation of
lipids in vitro in the presence of commercial enzyme preparations were studied. The aspects of free fatty acid transformation into

esters are considered for justifying their use.

OcHOBHag 4acTb

[IpupopHble UMD ABISIOTCS BXKHENIINMI COCTaB-
JIIOLIVIMU TIPOAYKLMY CeNbCKOX035/ICTBEHHOTO IIPOM3-
BOJICTBA, KOTOPbIE LIMPOKO MCIONB3YIOTCS Ha IMIIEBBIE,
BO MHOTOM OIIpefie/isis INIIEBYI0 ¥ OMOTIOINYeCKYIO IO
HOILIEHHOCTD U BKYCOBBIE Ka4eCTBa, ¥ TEXHUYECKIE LIeIN
[1]. OcHoBHas Macca TaKuX JIUNNLOB IIPEACTaBICHA XKU-
BOTHBIMM, PHIOHBIMU XXUPAMMU, & TAKXKE PACTUTETHHBIMM
Maciamu [2,3,4].

Bce ummapl OPUPOMHOrO MPOUCXOKIEHUS Ha
96-98% — 9TO CMeChb TPUIIULEPUAOB (HOPMYIIbI
ROCH,CH(OR)CH,OR, rme R Bblpaxenbl anudaru-
YeCKMMM OCTaTKaMM J>KUPHBIX KUCITOT. PasHoobGpasme
JKVPHBIX KUCTIOT B COCTaBe JIMINJOB OIpefessieT M-
I[eBYI0 1IEHHOCTb, TIOHMMAEMYI0 KaK «KadeCTBO >KMpa»

[5,6]. X¥Mu4ecky TpUIINLEpUbl IPUPOSHBIX JTNAINIOB
HPEefICTAB/ISIOT COO0I IMUIepUH, 3TepUUIVPOBAHHBII
R-ocrarkamu C-C,, »XMPHBIX KUCIOT [7,8]. OcHoBHas
Macca IPMPONHBIX JNINAOB UCIOIb3yeTCs Ha MMIIEeBble
LIe/IN B COCTaBe Pa3HOOOPA3HBIX MIPOAYKTOB MIUTAHMA.

XMMMYeCKMII COCTaB >XMUBOTHBIX M PAaCTUTENIbHBIX
JKIPOB 1 Macesl MMeeT BeCbMa CYIleCTBEHHOEe 3Hadye-
HMe U1l XapaKTepUCTUKM NUIIEBON IEHHOCTU C yde-
TOM BBICOKOTO YPOBH:A yCcBOeHM:A. [I/i1 CBMHOTO >K1pa
OH OOBIYHO cocTaBnsgeT 96...98 %, pacTUTENbHBIX Ma-
cenm — 95...99 %, cnuBounoro macna — 93..99 %, npotus
80...94% nna rossoxbero n 80...90% pnsa GapaHbero
xupos [9,10,11].

JInnuppl — Ba)KHble MHTPEAMEHTHI IMIIY 4YeIOBEKa,
TaK KaK 00/1afjal0T BBICOKOJ SHEpreTNYecKoil IIeHHOCTBIO

AN UUTUPOBAHUA: BabypuHa M.U., BoctpukoBa H.A., UBaHkuH A.H. 3eHkuH A.H. BUoxumuueckaa KOHBepcusa NPUPOAHDLIX AMNUAOB. 0630p. Teopusa
M npakTuKa nepepabotku maca. 2018;3(3): 12-26.D0I 10.21323/2414-438X-2018-3-3-12-26
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U SIBJIAIOTCS. MICTOYHMKOM IUIACTIYECKOTO MaTepuaa st
TKaHeil opranmsma. OTHeNbHbIE KOMIIOHEHTBI JKMpa —
HEKOTOpble >KMpPHBIE KUCTOTBI, (GocaTusl, CTepOsl,
JKMPOPACTBOPUMBIE BUTAMMHBI — BBINIOTHAIOT Ba)KHbIE
6nonornyeckre GpyHKkunu B opranusme [12,13].

ITo coBpeMeHHbIM IIPefCTaB/ICHUAM HAyKy O IINTaHN,
HeCMOTPsI Ha OIIpefie/leHHbIe IIPOTUBOPEUNBOCTI UCIIO/Ib-
3yeMBIX KpUTepHeB, IPefCTaB/seTCs, YTO 3MOPOBBIil Op-
raHM3M YeJI0BeKa [O/DKEH HMOTPeO/IsATh B COCTaBe JINMIIN-
moB 10-20% mnonuuenaceinenusix (ITHXKK), 50-60%

moHoHeHachimeHHbix (MHJKK) u 30% HachlieHHbIX
(HXK) C,,_,, *upHbIX Kucnot. Takoe cb6amaHCupoBaHHOE
NUTaHME peajn3yeTcsa B pallMOHe, cofiepkamieM 1/3 pa-
CTUTE/IbHBIX U 2/3 KMBOTHBIX XUPOB. [l /Tofeil Moxiu-
JIOTO BO3pacTa cofiep>KaHue NMHONeBOI KUCIOTHI JO/IKHO
cocTaBrATh 0Koj1o 40 % u nuHoneHoBoit — 4 %, COOTHO-
menne nonvHeHachimeHHbix (ITHXKK) u HachlmeHHBIX
(HXK) kucmor — 2:1 [3,10,14]. TunimvHbIi )KUPHOKUCTIOT-
HBIJ COCTaB JIMIINJOB XMBOTHOTO IIPOVICXOXKAEHUA TIPefi-
crasned B Ta6m. 1 [10,15].

Ta6m/1ua 1. Conepmalme OCHOBHBIX JKUPHBIX KHCTOT,% K CyMME€ JKMPHBIX KIICIOT

)KI/[pI)I JKNBOTHOT'O NIPOMUCXOKTCHNA

HaunmeHoBanus 6a3oBbIX JKNPHBIX KUCTOT

ToBskmit (6:375:00)/ bapanmii Kypunsrii MonouHbIit

Y JKUPHBIX KICIOT 94,5 96,3 94,5 95,8 97,2

Hacpunennsie (HXK), B T.9.: 46,7 42,8 45,9 36,9 61,0 (50-70)*
C, ,(macnsanas, 6yTanoBas) 0,01-0,1 0,01-0,1 0,01-0,1 0,01-0,1 2,9 (2,0-4,3)
C,,, (xampoHoBas, rexcaHoBas) 0,01-0,1 0,01-0,1 0,01-0,1 0,01-0,1 2,3 (1,5-3,5)
C,,, (xanpunoBas, okTaHoBas) 0,01-0,1 0,01-0,2 0,01-0,2 0,01-0,2 1,1(1,0-2,5)
C,,., (xkampuHOBas, fexaHoBas) 0,1 0,14 0,18 (0,1-0,3)  0,01-0,1 2,4 (2,0-3,8)
C,,., (maypunosas, momekaHoBas) 0,9 0,2 0,3 (0,2-0,5 0,3 2,7 (2,0-4,0)

3,2(3,0-3,4) 1,5(0,8-1,4)

0,06 0,4

C,,., (M1pucTHHOBa, TeTpageKaHOBas)
C.. (meHTajgeKkaHOBasdA, MEHTAMELMIOBAA) 0,1

15:0
C. (mampbMUTIHOBasA, TeKCaJeKaHOBasd) 25,5 (24-29) 25,1 (27-30)

16: 0

C,,., (MaprapuHoBas, renrajeKaHoBas) 0,5 0,25 1,2 (1-2) <0,5 4,4 (3,5-6,5)
C,,., (cTeapuHoBas, oxTajexanoBas) 15,5(20-24) 13,3 (13-18) 17,2(17-31)  8,5(4-9) 6,0 (6,0-13,0)
C,,,, (HOHIeKaHOBasA) 0,8 1,0 1,2 0,1 4,0 (2,0-6,0
C,,., (apaxunosas, siiko3anoBas) 0,2 0,3(0,1-0,4 0,2 (0,1-1,6) 3,2 1,1(0,3-1,5)
C,,., (GerenoBas, fosiikosaHoBas:) 0,3 0,55 0,3 0,3 1,7(0,1-2,0)
Mononenacoimennsie (MHXK), B 1.4.: 41,1 41,9 41,7 46,4 26,9 (25-45)
C,,., (MupucronennoBas, uc-9-reTpaneneHoBas) 0,3 0,08 0,4 0,7 1,5 (0,5-1,5)
C,.., mc-10-menTaenieHoBas 0,1 0,3 0,6 0,7 0,7 (0,1-1,0)
C,.., (manbMuTOTeNHOBA, IMC-9-TeKCaflelleHOBas) 3,0 (2,1-3,0) 2,32(1,7-2,5) 2,9(6-12) 5,1(3-9) 2,6 (0,5-3,5)
C,,., mc-10-rentasenenoBas 1,1 1,2 0,8 (0,5-2) 1,2 0,5 (0,1-1,5)
C,,., n9¢ (onennoBas, muc-9-oKTajeneHoBas) 32,7 (30-42) 34(30-44) 32,9 (32-41) 36,9 (30-45) 21,1(20,0-32,5)
C,, N9t amanmiHoBas (TpanHc-9-0KTa/IelleHOBas) 3,2 2,7 3,5 1,4 0,2

C,,., mc-11-3iiK03eHOBas 0,4 0,5 (0,5-1,5) 0,2 0,3 0,2
C,,.,n9 (spykoBas, mic-13-n10k03eHOBaA) 0,3 0,8 0,4 0,1 0,1
Iomunenacsnmennsie (ITHXK), B 1.9.: 6,7 11,6 6,9 12,5 9,3

C,,., n6¢ (mmonesas, muc-9,12-okTaekauenosas) w6 3,8 (2-5) 7,8 (7-9) 3,9 (3-7) 9,3 (9-20) 3,4 (3,0-5,5)
C,,., N6 (y-muHOMeHOBas, MUC-6,9,12-0KTaeKaTpieHoBas) W6 0,4 0,8 (0,5-2,0) 0,4 0,6 1,4 (0,1-2,0)
C,,.,n3 (a-mHonenoBa, 1mic-9,12,15-0KTaekaTpieHosas) w3 0,3 0,6 (0,5-1,5) 0,5 (0,5-1,6) 0,5 0,8(0,1-1,5)
C,,.,iuc-11,14-sitko3aaneHoBas 0,1 0,2 0,1 0,1 0,3
C,,.,n6 mic-8,11,14-siiko3aTpienopas, w6 0,2 0,4 0,1(0,1-0,3) 0,1 0,2
C,,., (apaxmmonoBas, muc-9,12,15-0KTaekaTpieHosas) w6 1,6 1,2 (0,5-2,0) 1,5 (1-4) 0,4 2,5(0,1-4,0)
sz muc-13,16,17-moxo3amneHoBas 0,2 0,4 0,1 0,3 0,5

C,,, (mepsonosas, muc-4,7,10,13,16,19-1oko03arekcaenoBas) w3 0,1 0,2 0,3 (0,1-0,4) 1,2 0,2 (0,1-1,5)

* — B CKOOKax YKa3aHbl Hanbonee 4acTo BCTpevaruecsa SHAYCHNUA COAEPKAHNA JKUPHBIX KUCIOT
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0,3

22(2,2-32) 1,3(0,8-1,7) 12,4 (8,0-12,0)

4,7 (4,0-6,5)

22,5(23-30) 22,1(20-26) 15,3(15,0-31,0)
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U3 pannpix Tabm. 1 BUAHO, YTO HMPUPOJHbIE UMD
Cofiep>KaT [JOCTaTOYHO OOIIMPHBI HAOOp YKUPHBIX KIC-
JIOT, OffHAKO OCHOBHBIMM COCTaBJIAIOLIVIMU SIB/ISIOTCS
[aJIbMUTVHOBAsS, CTEAPMHOBAsA ¥ OJIEVIHOBAs >KMPHBIE
KICTIOTBI, KOTOPbIE MOTYT B CyMMe COCTaB/IATb 6ornee 2/3
BCeX MMEIOLIMXCs KUCTIOT. Bronormyeckas (mumienas)
LIEHHOCTD JKVMPOB ¥ Mace/l MOXeT OLIeHMBATbCSA C yYeTOM
mauHbIX Tabm. 2.

M3 mannpix Tabn. 2 BuUAHO, 4TO HambOojee LeHHbIE
ITHXKK copeparcsa B 3HAUMTETbHBIX KOMNYECTBAX B pa-
CTUTE/IbHBIX MAac/IaX, a 10 COOTHOIIEHNAM >XVMPHBIX KIC-
JIOT CJIeyeT OTMETUTD JIMIIMBI MOPEIPORAYKTOB, CBUHOI
XKUP, @ TaKXKe JIbHSAHOE MACIO.

Ha muinesble Lieay MCIONMBb3YIOTCA NMPAKTUYECKU BCe
JKUPBI I Mac/ia, KpOMe ParcoBOro, COCTAB XKUPHBIX KIC-
JIOT KOTOPOTo, Hanuboee HeOIArONPYUATHBIN /11 MUTAHNS
Je/loBeKa. ParlcoBoe Macio NPUMEHAIT B OCHOBHOM Ha
TEXHUYECKIIEe e IS lepepaboTku B 6uopusens [15,16].

[TorpebneHne XUPOB B Mpollecce MUTAHNA 3aK/I04Ya-
eTcsl B UX OMoxmmmdeckoit Tpancopmanuy B muineBa-
PUTENTBHBIX CHCTeMaX. BHyTpeHHue (epMeHTBI >KUBBIX
OPraHM3MOB OCYILIECTB/IAIOT SH3MMATNYeCKOe paclierie-
HII€ )XVPOB, 2 BBICBOOOXKIAIOIECST )KVMPHBIE KVC/TOTHI UC-
HO/IB3YIOTCSI B KAYeCTBe «KOHCTPYKIMIOHHBIX 57IEMEHTOB»
JUIsL TIOCTPOEHMST HeOOXOAMMBIX OPTaHU3MY OMOCTPYKTYP
[17,18,19].

B mpotiecce Takoro ycBOEHVA ININ/IOB Y4aCTBYeT MHO-
KeCTBO ()epMEHTOB, B YaCTHOCTH IETICUH ¥ TPUIICKH [3,18].

B opraHax TKaHell 4e/I0BeKa, XMBOTHBIX ¥ MUKPOOP-
raHM3MOB MIMEIOTCSI TaK)Ke BaKHeilIne pepMeHThl — /-
masel (mo kmaccudumkanuu KO 3.1.1.3), kotopsle paciie-
IUIAIOT JIMINAABL U PEryIMpYT MX pacIpefenieHne Ipu
oOMeHe BelecTs.

Jcnonb3oBaHMe NMPUPONHBIX MEXaHU3MOB JaeT BO3-
MO>KHOCTb KOPPEKTUPOBAaTh OMOTOTMYECKYI0 L€HHOCTb
XUPOB IIyTeM UX Iepesrepuukanymyu u oOpasoBaHuMs

HOBBIX TMIVJHBIX IPOAYKTOB C YIY4IIEHHBIM XXPHOKIC-
JIOTHBIM cocTaBoMm [20,21,22,23].

[lna aTux 1eneil MOXXHO MCIIO/Ib30BaTh, HAIpUMep,
TOBSDKUIL XKV, He 00Tafalolinil ONTHUMATbHBIM >KIPHO-
KIUCTIOTHBIM cocTaBoM. IIpm ocymjecTBieHun mporjecca
nepesTepuduKanuy B IPUCYTCTBUYN (PEPMEHTOB, OOBIY-
HO VCIIOJIb3YIOT XMBOTHBIN JKMP C HU3KUM COfep>KaHN-
eM cBo6omHbIX xupHbIX Kucnot (KU menee 4 MrKOH/T).
Kax yxaspiBasioch Bblllle, B COCTaBe IPUPOSHBIX TUINOB,
KMPHBIE KMC/IOThl HAaXOAATCSA B CBA3AHHOM COCTOSHMMU
B BUJle Tpurmniepuzos. Ilog Bo3geiicTBiieM BHYTPEHHUX
(depMeHTOB U Apyrux paKTOPOB B HATVBHOM COCTOSTHUN,
a TaKXXe IIpY XpaHeHN HEKOTOPasi 9aCTh XKMPHBIX KUC/IOT
BBICBOOO>K/IAETCS ¥ HAXOUTCS B )KMPOBOIL TKAHU B CBO-
60oHOM CcOCTOSAHMU. VIX KOMMYECTBO YCTaHABIMBAIOT
IyTeM KICTOTHO-OCHOBHOTO TUTPOBAHNA, IIyTeM OIIpe-
lenleHns 3HadeHusA KucmnoTHoro umcna KY, BelpaskeHHOe
B MrKOH/r [5,24,25]. Ilo HOpMaTuBHBIM TpeOOBaHUAM
HIIeBbIe XXVPBI He TO/DKHBI 110 BermranHe K4 npesbimars
3HaueHus 6onee 4 MrKOH/r xupa.

B kadecTBe (pepMEHTHBIX IIpeIapaToB C JIMIIA3HON aK-
TMBHOCTBIO MOYXHO JCIIONIb30BaTh (papMaKoIeitHblil ep-
MeHTHBII npenapaT Mapku JIMITA3VIH®, nomydeHHbIT BO
BHUVIMII um. B.M. TopbaroBa, npeacTaBisomuit co6oit
HO/IVIIENTYAHYI0 (QpaKuuio, BbIAENCHHYI0 (QpPaKIMOHN-
pOBaHIeM B IIPUCYTCTBUY Cy/Ib(aTa aMMOHVS C IOCTIERY-
IOIVM VQIM30M ¥ /IMO(UIM3aIyeil U3 IOmKeTyTOIHOM
JKeJle3bl CBUHEN U 00afaroniell TUIOMUTUIECKON aKTUB-
HoCTbI0 6071ee 4000 en/mr (1 ef. aKTMUBHOCTY COOTBETCTBYET
KO/IN4eCTBY (pepMeHTa, BBICBOOOK/IAIOIIEr0 1 MKMOJIb XKIp-
HBIX KICTTOT 113 40 %-HO SMy/IbCHY ONVBKOBOTO Mac/Ia, CTa-
6mm3ypoBaHHO B TpucyTcTByu 0,5 %-HOTo MOIMBUHNIO-
Boro crimpra nipu 37 °C B Tpuc-6ydepe ¢ pH 9,0) [26,27,28].

J1d aHanMTU9eCKUX 1ieJIell BO3MOXKHO VICIIONb30BaHMe
MaHKpeaTN4ecKoll 1mmnassl mpousBoactea Serva (lepma-
HUS1) MOJIEKY/LsIpHOI Maccoit 50 k/la, yaenpHOI aKTUBHO-

Ta6muma 2. ITokasarenu 61onormueckoii 3pexKTMBHOCTU KUPOB U MACETT

Hanvenosannue MHIKK: ITHXK: HXKK ITH)XK: H)XXKK
NpeanbHbiii Kup 1:1:1 0,2-0,4
ToBsxmit >xup 1:0,15:1,1 0,15
CBUHOIT XXUp 1:0,28:1,02 0,27
bapanmii xxup 1:0,16:1,1 0,15
Kypunsrii >xup 1:0,27:0,8 0,3
JKup Monoka KopoBbero 1:0,35:2,25 0,15
Tromenmit up maxraka 1:0,28:0,5 0,5
Hepnbr — axu6b1 1:0,24:0,45 0,52
Pp16mii )xup aHUOyca 1:0,3:0,5 0,57
IMogconneunoe 1:1,4:0,3 4.5
CoeBoe 1:2,7:0,6 4,7
Kakao 1:0,3:7 0,05
PancoBoe 1:0,05:0,1 2,6
JIbHsAHOE 1:2,0:0,6 3,0
OnuBKoBOE 1:0,1:0,4 0,26
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CooTHomenne
Cso Cia Clst Crga 06:03
>0,25 >0,7 4:1
0,12 9,5 15:1
0,2 9,7 12:1
0,12 9,75 7:1
0,25 15,5 6:1
0,16 2,4 7:1
0,12 1,7 1:3
0,08 1,7 1:4
0,05 1,5 1:3
1,4 250 500:1
2,4 7,3 35:1
0,03 8 5.1
0,2 1,5 10:1
0,75 0,6 85:1
0,08 5 9:1
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cTbio 13 en/Mr (37ech 1 eff. aKTMBHOCTHU COOTBETCTBYET KO-
n4ecTBy (epMeHTa, BHICBOOOXK/AIONIEro 1 MKMO/Ib/MUH
ONIEMHOBOI KUCIOTHI U3 50 %-HOil SMyIbCUM ONUBKOBO-
ro Macia, CTabMIM3MPOBAHHOI B NPUCYTCTBUM 8 MI/MII
taypoxonara Harpus npu 37°C B Tpuc/NaCl — 6ydepe
¢ pH 9,2), a Taxke KOHCEPBUPOBAHHYIO B IIPUCYTCTBUN
2,5% oraHoma BOAHYIO (2:3) CYCHEH3MIO IIO/KeNynod-
HOI1 >Ke/le3bl CBUHel. BMecTo cycrmeH3ny HaTMBHOM IOA-
JKETTY[IOYHOI JKe/le3bl BO3MOXKHO TaKyKe JICIIONIb30BaHNe
npenapara [TAHKPEATVH® ¢ mporeonuTudeckoi ak-
TUBHOCTBIO 300 ef1/T, KOTOPBIIT TIPeACTAB/IsIET COOO0I OUN-
LIEHHYIO M BBICYIIEHHYIO IO[KETyJOYHYIO JKe/le3y CBMU-
Heit [29,30,31].

Ha Puc. 1 nmokasana saBucuMocTb nsMeHennsa K4 or
BpEeMeHH 1107} BO3/IeVICTBYEM ITaHKPeaTHA U APYTrux dep-
MEHTOB. XapaKTep 3aBUCHMOCTY IIOATBEP>K/jaeT Halmudne
JIUTIONIUTIYECKON aKTMBHOCTH 110 OTHOILEHMIO K UCIIOJb-
3yeMOMy ToBsDKbeMy Xupy. [laHkpeaTnH, Kak M3BeCTHO,
obnasjaet nomudpepMeHTHBIM eICTBUEM, a caMa ITOpKe-
TyJoOYHasI Kele3a OKasbIBaeT paclielULiollee IeiicTBHe
HPaKTUYECKY Ha BCe OMONOMMMEPHBIe CTPYKTYPbI, BKIIIO-
vas OeKy, yrieBoppl v el [30].

K4, MmrKOH/r
100
O 4
3
50+ 2
A
0 12 24 Bpewms, a

Puc. 1. 3aBUCHMOCTDb M3MEHEHNA KMCTOTHOTO YMC/IA CHCTEMBI IIPU
bepmenTaTuBHOM ruponmse 10 %-HOI 9MYNIbCUY TOBAXKBETO XKUPA
oT BpeMeHn o6pabdotku npu 50 °C, pH 8,0 u coorHomeHnn pepMeHT:
cyberpar 1:8 B mpucyrtcrBui: 1 — umasyHa, 2 — Iumassl Serva, 3 —
IIaHKpeaTyHa, 4 — CyCIeH3NU IOKeyI0YHOI Kele3bl

VIHTepecHO OTMETUTD, YTO KaK CHeAyeT U3 JaHHBIX
(hepMeHTaTMBHOTO pacIel/IeHNs >KMBOTHOTO XXVPA, IIPU-
BelleHHBIX Ha Puc. 1, mpolecc B ONMCAaHHBIX YCIOBUAX i
Vilro 3aKaH4MBAETCA IPAKTUYECKN B IIpefieNiax 3—6 4acos,
YTO HNPUMEPHO COOTBETCTBYET IJIMTEIbHOCTH IIpolecca
NMileBapeHNs MIEKONMUTAIINX i1 ViVo.

OnrtuManbHBIMY YCIOBUAMM 11 OMOXMMIYECKO KOH-
BepCUY JINIIUJIOB iNl Vitro B IPUCYTCTBUM (PEPMEHTOB MOX-
HO cuMTaTh crexyromue: 10-50 % sMynbcus Tiia Bofa/Ma-
C710 M060T0 IPUPOTHOTO >KMpPa WM MAc/Ia B BOJHOI VN
BOJHO-COJIEBOI Cpefie, KOHLEHTPaLMA IIPUMECHDBIX COJIEN
mo 0,1 M, pH 8,0-8,5, remmneparypa 50-60°C, dpepmeHT:
CyOCTpaTHOEe COOTHOIIEHME, 3aBUCALIee OT Ye/IbHON JIN-
[Ia3HOJI aKTMBHOCTY IPUMEHeMOro pepMeHTHOTO IIpera-
para 1:5-1:10 [30,32]. B 3T1xX yc/10BUAX BO3MOXHO JOCTIDKE-
HJI€ BbICOKVX 3HAUE€HUI KOHBEPCUN JININJIOB.

[Tpouecc 6MOXMMMYECKO KOHBEPCUY JIMIVJOB IIOJ
BO3fieiicTBMEM (DEePMEHTOB IPOMCXOAUT KaK MHOTOCTa-
AMIHBIN Y TIPOTEKAaeT [0 MeXaHU3My 00paTuMoit 610Xu-
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Mumyeckoi peakuyy. Criepsa, y TpUITINLEpUA TPOUCXOANUT
OTIEI/IeHNe OJJHOI >KMPHOI KUCIOTBI ¢ 06pasoBaHyeM
IUITIUIIEPU/IA, 3aT€M NPOMCXOAUT OTIIEIIEHUE ellle Ofi-
HOJ KVMPHOJI KVIC/IOTHI ¢ 06pa3oBaHMeM MOHOITIMILIEPUA.
W HakoHel], MO>KET IIPOUCXOIUTD OTILEI/IEH)e TPEThero,
HOC/IeJHETO XXVPHOKMC/IOTHOTO OCTaTKa ¢ 0Opa3oBaHueM
YMCTOTO IIMLIEPYHA VM CBOOOJHBIX XXMPHBIX KUCTIOT. Bee
peakIy Ha BCeX 3TAIax ABJIATCA 00paTMbIMIU, TO €CTh
BBICBOOO>K/IEHNE OCTATKa )XVMPHOII KUCTIOTHI TApa/IIe/IbHO
MOYKET COIIPOBOXK[IATHCSA NPUCOENHEHNEM JIPYTOil XKUp-
HOII KucnoThl. Ha mpakTiKe, 13-3a TAKOTO CTIOXKHOTO Me-
XaHM3Ma, CTeNleHb IIpeBpalleHNiT 0ObIYHO He MPEeBBIIIaeT
50%. [Ina pemeHus 3afady MOBBILIEHN BBIXOA B 3TOM
Cydae, HeOOXOAVIMO MCIIONIb30BATh CIelMalbHbIe IIpye-
MBI CMEIIeHNsA XMMWYECKOTO PAaBHOBECHU:A 10 IPUHIUITY
Jle IllaTenbe, HanlpuMep, MyTeM yAaneHUsA TPOSYKTOB U3
PEaKLIIOHHON CPeibL.

B03MOXHOCTD TIPOTEKaHUSA 0OPATUMOIT PeaKIIni Iierte-
c000pasHO UCIO/MB30BaTh I/Is1 MOAM(UKAIM TPUPOTHBIX
JKUPOB C HEONTVMAa/IbHBIM >KMPHOKMCIOTHBIM COCTaBOM.

Tax, g1 monydeHus, HapuMep, CIELMATbHBIX JIM-
NVJHBIX (YHKIMOHA/IBHBIX MPOAYKTOB, Iel1ecO00pasHo
IpOBeJleHNe COBMECTHOI (pepMEeHTaTMBHON 00paboTKM
CMeCH JOCTAaTOYHO JOPOTOCTOALIMX >XMBOTHBIX >KMPOB,
HaIlpMMep TOBKbEro KMPa, C [JOCTATOYHO JIeIIeBbIMIU
BUJJaMJl PacTUTENIbHBIX Macesl, HalpyMep, IOfICOTHEY-
HBIM, YTO MOXET NPUBOJUTb K IONTYyYEHMIO JUINIHOTO
HIpOAYKTa ¢ Oojiee GMArONPUATHBIM COCTABOM >KMPHBIX
Kucnor [24, 33].

ITpoBeneHHass oOljeHKa cocTaBa (PaKIVUM >KMPHBIX
KICTIOT BBICBOOOJK/IEHHBIX 113 TOBSDKBETO XKVPA B Pe3y/ib-
TaTe 0OpabOTKM JMIIa3aMy MOKAa3bIBAeT, YTO B PAcTBOP
IpPEUMYIeCTBEHHO BBICBOOOAMINCDH HACBHIIEHHBIE >KUP-
HbI€ KUCIOTHI, B YaCTHOCTU O0KO0JjI0 40 % ITa/IbMUTMHOBOM
U CTeapMHOBON KUCTIOT. VI3MeHeHUe comep>kaHNA HeHa-
CBILIIEHHBIX )KVMPHBIX KUC/IOT TIOJ, BO3JIEIICTBUEM (epMeH-
TOB OKa3a/I0OCh MeHee 3Ha4MMbIM, B YaCTHOCTY BBICBOOO-
AUIOCHh TOMBKO 15 % copeprkalieiicss 01eMHOBON KUCIOTBHI.

Takum o6pasom, IpuMeHeHe KMBOTHBIX JIMIA3 MO-
JKeT OBITh JOCTATOYHO IEPCHEKTUBHBIM I MOAM(UKa-
LM SKMPHOKMC/IOTHOTO COCTaBa HU3KOCOPTHBIX JKMPOB
C MOCTIEAYIOUIVIM €TO IIPUBEJEHMEM K ONTUMAIbHOMY, Ha-
mpuMep, 3a cueT nepearepuduxanun [21,25].

IupponmuTudeckuil — pacnaj INPUPONHBIX JIUNNLOB
B KPYTOBOPOTE IMIIM ABIAETCA BAKHENIINMM IIyTEM pe-
amm3anyy o6IIero 3HAYeHVS ¥ POJIM KMPOB U Maces Kak
HaKONUTeJIell SHEePIuy B K/IeTKaX >KMBBIX cucTeMax. Cy-
IIeCTBYeT BO3MOXKHOCTb HETIOCPENCTBEHHOIO MCIOIb30-
BaHMA OCOOEHHOCTEN XMMMIYECKOTO CTPOEHMS JIUINIOB
O7A TOMy4YeHMA Ba)KHBIX TEXHMYECKUX HIPOSYKTOB —
XKMJKOTO MOTOPHOTO TOIUIVBA 13 BO30OHOB/IAAEMOTO Cbl-
Pb:, KAKOBBIMU U ABJIAIOTCA BCE IPUPOJHBIE TUINBL.

V3 muTepaTypHBIX JaHHBIX M3BECTHO, YTO IIPUPOJHOE
JIUINJIBI, COfiep>Kalliecss B CEIbCKOXO035/CTBEHHOM Cbl-
pbe, MOTYT OBITH IIOTHOCTBIO TPAHC(POPMIUPOBAHBI B CBO-
OofHbIe XVPHBIE KVWC/IOTBI B IPUCYTCTBUM KUCTOTHO-
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OCHOBHBIX KaTa/ln3aToOpOB, KOTOPbIE 3aTeM IIPEBPAIAI0T
B METWUJIOBBIE 3(UPBbI /I ITOC/IEAYIOIEr0 CKUTAHNA B TeX-
HIYECKUX YCTPOICTBaX. DTOT MpOILiece, Takxe Kak u dep-
MEHTaTVBHas 00paboTKa, IMpOTeKaeT C HeJOCTATOYHBIM
BBIXOJIOM 13-32 MHOTOCTAQJMIIHOCTV ¥ MHTMOUPYIOIIETO
B/IMSIHUS IIpUMecell BOABI U OMOIOINMEpPOB, COmep)Ka-
IIMXCSI B )KMPOBOM ChbIpbe [34,35].

Bornbpioe KOMM4ecTBO OTXOHOB >KMBOTHOTO IIPOMC-
XOXKIEHNsI Ha MsCOoIepepabaThIBAIOIINX PEATPUATHAIX
IIO3BO/ISIET PAcCMATPUBATh OTXOAbI >KMBOTHBIX >K/MPOB
B Ka4eCTBe MEePCIEKTUBHOTO CBIPbs IS MOMTy4eHNs BbI-
COKO9HEPTroeMKIX MPOAYKTOB, KOTOPbIe MOTYT OBITh MC-
[I0/Ib30BaHBl KaK B KaueCTBe JOOABOK K MUHEPATbHBIM
BI/IaM TOIUIMBA, TaK U CAMOCTOSITETIBHO B KadyecTBe (-
(beKTUBHOTO TOIINMBA, HALIPUMED, AJIsI MajIbIX SHEpreTH-
YeCKMX YCTAaHOBOK M CKUTAHMA B MUHM KOTe/IbHBIX [36].

VccnepoBareny MpUUUIM K BBIBOAY, YTO PaCTUTE/b-
Hble Mac/Ia, TAKXKe KaK 1 OTXOJIBI ITepepabOTKY >KMBOTHBIX
JKMPOB, UMEIOT TEePCHEKTUBY UCIIOIb30BAHNUS B KadeCTBe
a/IbTEPHATUBHBIX BU/IOB TOIUIMBA /IS JU3€IbHBIX BUTA-
Terteit. VIcrionb3oBaHme CIPOro pacTUTENBHOTO Mac/ia MO-
XKeT MPUBECTM K TeXHUYECKMM IpobieMaM, CBI3aHHBIM
¢ paboroit sBurareseit. [IoBbIlleHHast BA3KOCTD 1 HU3Kas
JIeTY4eCTb PAaCTUTETbHBIX Macel HPUBOAUT K OOBLINM
OT/IOXKEHNSIM, 3aKOKCOBBIBAHMIO MH)KEKTOpA ¥ 3a/luIa-
HUIO MTOPIIHEBOTO KOMbLa. DTY HeXenareabHble 3¢ ek Th
MOTYT OBbITb CHVDKEHBI M/IM YCTPAHEHBI B pe3y/IbTaTe 9Te-
puduKanyy XUpoB 1 Maces ¢ 06pa3oBaHMEeM MOHOA/IKM-
TIOBBIX 9(pMPOB, CMeCh KOTOPBIX M HOCUT Ha3BaHUe OUO-
ousenvHozo TormBa [37,38,39,40].

Buorpanchopmanus TUIUEHOTO CHIPbsi obecHedn-
BaeT BS3KOCTD TOIUINBA, OMIM3KYIO K BSISKOCTI OOBIYHOTO
[V3e/IbHOTO TOIUIMBA. BIOA3eNnbHOE TOIIMBO MpUBIIeKa-
eT TOBBIIIEHHOE BHJMMaHMe KaK ajbTepHATUBHOE, HETOK-
CUYHOe, Obmajiafolee ClIoCOOHOCTIO K 6110pasIoKeHNIO
U SIBISIETCSI BO30OHOB/IsIeMbIM. Ero cBOJICTBAa MMEIOT He-
KOTOpbIe OT/INYMsI B 3aBUCUMOCTY OT BUMA CBHIPbS U VC-
HO/Ib3YEMOr0 CIMPTA, OfHAKO, OHO BCErJa MOXXET OBITH
VICTIOJIb30BAHO B KayeCTBE HENOCPECTBEHHOTO 3aMeHM-
Te/ls AU3e/IbHOIO TOIUIMBA 13 MPOAYKTOB HedTemepepa-
60TKku [41].

HecMoTpst Ha cBOM IpuBJIeKaTe/IbHble CBOWICTBA, OU-
OZIM3eIbHOE TOIUIMBO M3 MMIIEBBIX PACTUTENbHBIX Maces
VY KMBOTHBIX XXMPOB II0 CBOMM 9KOHOMIYECKIM ITOKa3are-
JIIM [IOKA He MOXKeT KOHKYPHMPOBATb C JU3€/IbHBIM TOILIN-
BoM 13 HepTn. OfHAKO, CETOTHS MMEIOTCS OOMblINe KO-
JIMYecTBa Macesl 1 >KUBOTHBIX )KVMPOB HU3KOI CTOMMOCTI,
HAIpUMeD, KUPOBbIE OTXO/IbI 3 PeCTOPAHOB, IIPEATIPIsI-
TIIT OOIIIeCTBEHHOTO MATAHMSA U MUIEBBIX IIPOM3BOJCTB,
KOTOpble MOTYT OBITh IIpe0oOpasoBaHbl B OMOAV3ENbHOE
tornBo. OCHOBHOJ IPO6/IEMOII ITepepaboTKy TaKUX Ma-
CeJl 11 >KUPOB ABJISIETCA TO, YTO B HUX COZIEP>KUTCS MHO-
r0 CBOOOJHBIX >KMPHBIX KUCTIOT, KOTOpble He MOTYT ObITDH
IpOCTO TPaHCHOPMUPOBAHBI B OMOAM3€TBHOE TOIINBO
C UCIIOIb30BaHMEM TPAJUIIIOHHOTO II[e/IOYHOTO KaTasIu-
3atopa Ha ocaose KOH [36].
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B MsAcHOI oTpaciy M3BeCTEH IPOLeCC HelTpanusa-
LMV KUBOTHBIX KVMPOB C L€/IbI0 IIOHVDKEHUSA KICIOT-
HOTO YNCJIa, OCYIIeCTBJIsIEMBIl HOOaBlIeHNEeM pPacTBOpa
KayCTUYeCKO JWIM KaJbIVHUPOBAHHON CObI ¢ 06paso-
BaHJEM MBbIJIa, YTO BBI3bIBAET 3HAYNMTETbHBIE ITOTEPU VIC-
XOIHOTO ChIpbA [5]. O6paboTKa cepHOI KMCIOTOI IT03BO-
JISIeT VICKJIIOYaTb STY IIOTE€PU U II0/Iy4aTb MOHOA/NIKIIOBbIE
a¢upsl O1arofaps KOHBEPCUY CBOOOIHBIX JKVMPHBIX KIC-
noT. B KauecTBe mepepabarpiBaeMOro ChIPbsi BO3MOYKHO
UICTIONIb30BaHMe TOIUIEHOTO TexHudeckoro xupa (TTXK),
copepxkaiero 5, 20 1 40 % cBOOOIHBIX KUPHBIX KUCIIOT
(CKK) m oxono 0,2% Boppl. nsa stepudukanyuy Bo3-
MO>XHO JCIIONb30BaHue MeTwioBoro cmmpra (99,9 %)
win abCOMTUPOBAHHOTO 3TMIoBoro crmpra (99,5 %)
B NPUCYTCTBUM KOHLEHTPVMPOBAHHON CEPHOM KUCIOTBHIL.
JKUpHO-KUCTOTHBIN COCTaB 00OpasI[OB TpeX BUAOB JIN-
IUIHOTO CBIPbA C pasnmnyHbM cofiepskanneM CXKK npen-
crapieH B Tabr. 3.

Ta6muia 3. OCHOBHOIT >KUPHOKMCIOTHBII COCTAB TNIMTHOTO
CBIPBS C BBICOKNM COJlep>KaHieM CBOOOTHBIX >KUPHBIX KUCTIOT
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TTXKc5%CXK 1,7 17,3 1,9 156 42,5 9,2 04 34,6
TT)X c20% CKK 2,4 23,2 3,8 13,0 443 7,0 0,7 38,6
TTK c40% CXKK 1,7 22,8 3,1 12,5 424 12,1 0,8 37,0

MccnenoBanms mokasbiBaioT [38,39], 4To onTuManb-
Hblll nipesien copepxxannsa CJKK B mcXO[HOM XMPOBOM
cpipbe JomkeH ObiTh He Bbie 1 mr KOH/r (0,5% cBo-
OOMHBIX )XUPHBIX KIC/IOT), T.K. TP 60/iee BHICOKOM CO-
nep>xanny, CJKK akTMBHO B3aMOJIEICTBYIOT CO 1Ie/I0Y-
HBIM KaTa/lIn3aTOpPOM, BbI3bIBasi HeadeKTUBHbIE TOTEpU
U3-3a Mapajle/IbHOr0 00pa3oBaHMs MblIA 110 peaKIuu:
CXKK + KOH = kanueBast CONb XUPHBIX KUCTOT (MBIJIO)
+ Bopa. CreyeT OTMETUTDb, YTO IIPU MUCIIONb30BAHNMA
>KMBOTHOTO >KMPOBOTO CHIPbsI CKIOHHOCTb K 00pas3oBa-
HUIO 9MY/IbCUIT 60/Iee BHICOKAsI IO CPAaBHEHMIO C PacTu-
Te/IbHBIM ChIpbeM. IloBbINIeHNe KOHI[EHTpay IIe/104-
HOTO KaTajn3aTopa, 3aTpaurBaeMoe Ha HeNTpanu3annio
C)KK, BbpI3pIBaeT INOsABIE€HME TPYLHO paspyllaeMoli
3AMY/IbCHNL.

K1ucnoTHbIe KaTanM3aTopsl, IeICTBYIOT C/IMIIKOM Mej-
JIeHHO, obecreunBasi HU3KYI0 KOHBEPCUIO /IS TOTO, YTO-
661 X OBUIO 1IeecO0Opa3HO UCIONB30BaTh B Ipoljecce
peoOpasoBaHus TPUITIMLIEPULOB >XMBOTHBIX U PaCTU-
TeTIbHBIX )KMPOB B OMOAM3eTbHOE TOIIUBO, T.K. IPU 3TOM
TpebyeTtcs 60/mbIoi, 10 20:1 M3OBITOK CIMPTA U IPOJOI-
JKUTENbHOE, 10 5-10 4 Bpems peakuynu (Puc. 2).

OpHaKo KUCIOTHBIE KaTalu3aTOPhl SIBISIOTCS OCTa-
TOYHO 3PP eKTUBHBIMM 151 Ipe0bpa3oBaHMsi CBOOOIHBIX
SKUPHBIX KUCTIOT B 9QUPBI, BCTIEACTBIE YeT0 UX MPUMeHe-
HI€e SIB/ISI€TCS TEXHUYECKI 11e71eCO00Pa3HbIM.
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Puc. 2. Tlepepabotka xusorHoro xmupa ¢ 20% CXKK B npucyrcrsun
METUJIOBOTO CIIMpTa B MO/LAPHOM cooTHomeHuy 20:1 u 5 % KoHIeHT-
PYPOBAHHOI CEpPHOIT KMCIOTHI ITpu 65 °C

CepHokucnotHas 06paboTKa MO3BOJIsIET CHUSUTH 3Ha-
YyeHye KMCOTHOTO YMC/Ia )KMPOBOI CMeCH 10 YPOBHS Cy-
mectBeHHO MeHbIlero 2 Mmr KOH/r, 4to B manbHelieM
MO>KeT IOBBIIIATh 3P PEKTUBHOCTD JEICTBYUA 1IeIOYHOTO
KaTa/jM3aTropa. ITO CBA3AHO C Pa3sBUTMEM peaKLUU 3Te-
pudukanuu cBobomHsIx XupHbIX Kucnor: CKK + mera-
HOJI = MeTU/IOBbIe 3UPBHI KUPHBIX KUCIOT (6107 M3e/b)
+ BOMa, KOTOpas MOCTaroyHO 3GbdeKTMBHO MpoOTeKaeT
B npucyTcTBun 5-10 % KOHIIEHTpaLVy CEPHONM KUCTOTHI.

MonspHOe COOTHOLIEHNEe OHOATOMHOTO amidaTnye-
CKOTO CHUPTA K )XMPOBOMY CBIPbI0O — OJVH J3 Ba’KHEII-
mux (aKTOpoB, BIMAIIINX HA CKOPOCTb peakuun. Vc-
[0/1b30BaHMe 0ojee HU3KOTO MOJIIPHOIO COOTHOIIECHWA
CIMpTa U XXKMpa, MeHee 6:1, He II03BOJIAeT CHU3UTD 3HaYe-
HUS KICIOTHOTO YMC/Ia 10 TpeOyeMbIX 3Ha4eHmii. []is 60-

nee BbIcokol ckopoctu kousepcuu CXKK B apuper Mox-
HO IOBBICUTDH MOJIAPHOE cOOTHOLIeHue cuupTa ot 10:1 o
30:1 B 3aBUCHMMOCTH OT TMIIA CIVPTA, HO JAHHBII CIIOCOO
He AB/IAeTCA SKOHOMMYHBIM. ONTMMaabHOE MOJLIPHOE
cooTtHowmenue 9:1.

BmusiHme KommMuecTBa KaTajM3aTopa Ha 3HAYeHHe
KVC/IOTHOTO 4uc/Ia B TedyeHnue 90 MMUH OIbITA IOKa3aHO
B Tabs1. 4 111 MOAPHOTO OTHOIIEHVS METaHO/IA K XKUPO-
BOMY CbIpbI0 paBHOTO 9:1. Kak MO>XXHO BUAETD, IIpU HYJIe-
BOM KOJIMYECTBE KaTaaM3aTopa KMCIOTHOE YMCIO IOCTH-
rajio ONTVMAJIbHBIX Pe3y/IbTaTOB B KOHILIE OIIBITA TOIbKO
npu nepepabotke xupa ¢ 5% CKK. Opnako, B mpucyrt-
CTBMM KaTa/lusaTopa IPONCXOAUT OBICTpOe CHIDKeHUe
KUCTIOTHOTO 4YVC/IA, KOTOpOe HAbJII0Ia/Ioch cpasy e Io-
ce Bo6aB/IeHNA pacTBOpa METAHONMA Y CEPHON KMCTIOTHI
K JKMPOBOMY CBIPbIO C BBICOKMM cofiep>kaHneM CIKK.
Kucnornoe uncno pia ceippa ¢ 20 % CXKK moxeT cHu-
>karbes oT 41 o 0,56 mr KOH/r 32 90 Mmun nipu 5% KoH-
LeHTpaLMu KICIOTHOTO KaTanusaropa u no 0,7 mr KOH/r
3a 60 myH nipu 15% KucnoTHOro Karanmsaropa. JInd cpi-
ppsa ¢ 40% CIKK KMCIOTHOE YMCIO MOXET CHVKATbCS
¢ 90 mo snavenusa 15 mr KOH/r 3a 90 mun npu 5% xuc-
noTHOro Katanmsaropa. Korma ucnonesyerca 15% H,SO,,
TO KMCJIOTHOE YMCIIO MOYKET OBICTPO HOCTUTATh LIeTIeBOTO
3HaueHus B 1,0 mr KOH/T.

Tun npuMeHseMOro cCnupra BIMAeT Ha Pe3y/IbTaThl
aTepudUKaLY )KUPHBIX KIUCIIOT, IIOCKO/IBKY 3aMeHa TOK-
CUYHOTO METAHOJ/Ia Ha OTHOCUTE/IBbHO O€30MacHbIN 9TaHOTT
ABJIAETCA BECbMa >KeIaTe/lbHbIM M1 IPAKTUYECKOTO MC-
nonb3oBanus (Tabm. 5). Boree 6picTpOe MOHMKEHME KIAC-
JIOTHOTO 4YNC/Ia B 3TAHOJIE MOXeT OBITb CBA3aHO ¢ 6oree

Ta6m/1ua 4. BiusgHue KonmyecTsa KaTaansaropa u BpeMEH! NPOBENEHIA pEAaKIINN Ha CHVKEHIIE€ KUCTTOTHOTO YMC/Ia

C ICNTO/Tb30OBAHIEM METAHOIA (COOTHOI[[CHI/IC METAHOI: JKUPp 9‘1)

Bpemsa 5% CXKK, mr/KOH/r 20% CKK, mr/KOH/r 40 % CIKK, mr/KOH/r
peakmmnn, M 0%H,SO, 5%HSO, 15%HSO, 0%HSO, 5%HSO, 15%HS0, 5%HSO, 15%H,S0,
0 11,30 11,30 11,30 41,28 41,28 41,28 91,20 91,20
1 9,04 3,54 3,42 39,05 15,93 15,85 28,33 21,76
15 6,38 0,93 0,68 38,00 11,40 5,76 25,00 18,06
30 4,97 — — 36,20 8,30 3,53 20,43 15,63
45 3,02 — — 34,07 3,98 1,50 19,22 11,12
60 1,50 — — 33,15 1,77 0,70 18,30 7,15
75 0,83 — — 32,35 1,24 — 17,09 3,76
90 — — — 30,87 0,56 — 15,68 1,02
Ta6nuua 5. BausiHue KommdecTBa KaTaan3aTopa i BpeMeHM! IPOBETEHIs PeaKIi Ha CHIDKeHIE KICTOTHOTO YICIa
C MCIIOTIb30BaHNEM 3TAHOA (COOTHOIIEH e ITAHO: >Kup 9:1)
Bpemsa 5% C)KK 20 % CKK 40 % CXKXK
peaKiL, MuH 5% H,S0, 15% H,SO, 5% H,S0, 15% H,SO, 5% H,S0, 15% H,SO,
0 11,30 11,30 41,28 41,28 91,20 91,20
1 3,29 3,04 8,64 8,03 12,35 10,22
15 0,74 0,51 7,01 5,02 11,85 8,45
30 — — 5,62 2,94 10,00 6,57
45 — — 4,23 0,72 9,04 5,05
60 — — 3,06 — 8,12 4,43
75 — — 1,00 — 7,40 2,34
90 — — — — 7,09 0,62
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BBICOKOJT TeMIIepaTypoll peakiuy 1 6ojee BBICOKON pac-
TBOPMMOCTBIO 9TaHONMA B XKMpax n s¢upax. KoHeuHble
3HA4YEeHMA KMCTIOTHOTO YMCIIa IJIA 9TAHOJA, pearnpyrolle-
ro ¢ TTK, copepyxamtero 40 % CXKK, o6pr4HO HIDKE, YeM
/11 MeTaHOA.

Ina nonnots! kKoHBepcun CXKK, momydeHHBIX U3 KIU-
BOTHBIX JIMIINIOB HEOOXOAMMO UCIIONIb30BAaTh MHOTOCTY-
neH4aTblii mpouecc. Ilo 3aBeplieHMM KaX[JOM CTapumu,
JUTUTeTIBHOCTBIO B 0,5 4, peaKkIMOHHYI0 CMeCh Heobxomu-
MO OTCTayuBaTh B TedeHye 0,5-2 4 ¥ yHanATb ppakiyio
cimpTa ¢ Bopoit. IIporecc Tpebyer Tpex-ueTbIpex Kpart-
Horo noBTopeHns:. I >xupoBoro cbipbs ¢ 5% CXKK no-
CTaTOYHO OJHOCTYIIEHYATOrO IPOLEecca AIUTETbHOCTBIO
B 15 MuH ¢ 5% K1cnOTHOrO Karanusaropa. s >xupoBoro
coipbs ¢ 20 % CXKK Hamboree ONTUMAIbHBIM SABIIAIOTCA
2-X cTymeHdYaras 3TepuMKALUA JINTETbHOCTBIO 10 30
MIUH ¢ 15% KMCIOTHOrO KaTanmsaTopa MM 3-X CTYIIEeH-
JaTas sTepudukanys mo 30 MuH ¢ 5% KUCIOTHBIM KaTa-
mm3aatopoM. s sxuposoro ceipbs ¢ 40 % CXKK Hanbomnee
ONTUMAJIBHBIM ABJIAIOTCS 3-X CTyIeHuaras sTepuduka-
U AIUTENbHOCTHIO 10 30 MuH ¢ 15 % KUCTOTHOTO KaTa-
NM3aToOpa, CHIDKaoIaA o Hy>xHoro yposHa CIKK mna
fabHelIel nepepaboTku [42].

[Tocne Toro Kak KucaoTHOe uyncio mist TTIK ¢ Bbicokum
cofiep>KaHMeM CBOOOIHBIX SKMPHBIX KUC/IOT YMEHBIIAETCS
mo 3HadeHus meHee 2 Mr KOH/r B xofie MHOTrOCTyTI€HYATOI!
06paboTKM, BO3MOXKHO IIPOIO/DKEHNE TIPOLIecca B IIPUCYT-
cTBuUM 1% 111€/104M C UCTIONb30BAHMEM METAHOMA MIN 3Ta-
HOJIa IIPY MOJIAPHOM COOTHOUIeHUM 6:1 IIpy TemIeparype
O/M3KOI1, K TOYKe KUIIEHUA CIMPTOB IPY aTMOCHEpPHOM
maByieHuy. Beixoza mporecca nokasassl B Taor. 6.

Ta6muua 6. Beixog MOHOATKMIOBBIX 3(pMPOB, TOTyYeHHBIX
13 KHPOBOTO CBIPHS C BBICOKIM COfIEPXKAHIEM CBOOOTHbBIX
JKUPHBIX KHCTOT

Chippe Brixop %
Imanon
5% CKK 93
15 % CKK 77
40% CKK 60
Memanon
5% CXKK 95
15 % CKK 80
40 % CKK 65

[IpMeHeHMe pa3IMYHBIX CIMPTOB B KOMOVHAIUN
C UCTIONb30BAaHMEM OTXOZOB JIMIIMIHOTO CBIPbsA Pa3/INy-
HOTO IPOUCXOXKAEHMA MO03BOJAET TPaHCPOPMUPOBATH
JIaHHBII BT, BO30OHOB/IAEMOTO CBIPbA B MIPOAYKTHI TeX-
HMYECKOro HasHaveHus. [Ipoucxoxmenne chIpbs Ha IIPO-

Main part

Natural lipids are the most important components
of agricultural production, which are widely used for
technical purpose and in foods largely determining nu-
tritional and biological value and taste [1]. Most of such
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TeKaHUe MeXaHM3Ma OMOXMMUYeCKol TpaHchopManym
MIPaKTUYECKONl PONMM He UIPAET, IOCKONbKY BapbMpOBa-
HIEe YCTIOBUIJI BefleHMA IIPOLjecca IO3BOMAET IIONy4aTh
npueMIeMble pe3ylIbTaTbl. B amkmmioBble 3UpPBl MOTYT
ObITh TpeoOpa3oBaHbl CMECH >KUPHBIX KUCTIOT, BbIJe/IeH-
HBIX KaK 13 PaCTUTEIbHBIX 00bEKTOB, TaK U >KMBOTHOTO
U ppIOHOTO HpoucXOKAeHNss. ONTYMaTbHBIMU YCIOBUSA-
MM 3-X...4-X CTafIMIHBbIX NPEBPALLEHNII ABIAIOTCA: TEM-
neparypa 65-75 °C, KOHI[eHTpalusA CepHOIl KUCIOTHI
1-5% x Macce ChIpbs, COOTHOIIEHNE CIMPTA K CHIPBIO OT
5:1 mo 20:1, gauTenbHOCTD omHOM cTtaguu 0,5-2 4. Yka3aH-
Hble IapaMeTpbl MO3BOJIAIOT IOYYaTh OMOTOIUIMBO 13
MPUPOSHBIX ININJOB C JOCTAaTOYHO BBICOKMM BBIXOJOM.

BriBoasr

Takum 06pa3oMm, KpaTKoe pacCMOTpPEHIe BOIIPOCOB XM-
MIYECKO ¥ OMOXMMMYECKON TpaHCPOpMALVu HPUPOJ-
HBIX JIMINJOB ITOKA3bIBAET, YTO CYIIECTBYET BO3MOXKHOCTD
OCYIIeCTBJICHN JAHHBIX IIPOL[ECCOB MO0 IIyTeM KOMMpo-
BaHMA €CTECTBEHHBIX YCIOBUI KMBBIX CUCTEM i Vivo IIy-
TeM TIPOBeJeHVsI SH3UMATIIeCKOIl repepaboTKu in vitro,
760 IyTeM OCYILeCTBIeHNs [TTyOOKUX TpeBpalleHNil -
MMJOB II0 3aKOHAM KJIACCMYECKOV OPraHMYEeCKOM XVMUM.

Ilepexos K BBICOKONPOAYKTUBHOMY ¥ 3KOTOTMYECKN
YMCTOMY arpo- M aKBaxoO3sCTBY, pa3paboTKa 1 BHe-
OpeHMe CUCTEM PaALMOHAJIBHOIO IPUMEHEHUs CPeNiCTB
XUMMYECKON ¥ OMOIOTMYECKON 3allUThl CEIbCKOXO3SM-
CTBEHHBIX PACcTeHMII U XXVBOTHBIX, XpaHeHue 1 3ddek-
TUBHasg IepepaboTKa CeIbCKOXO3SAMICTBEHHON IPOAYK-
LMY, CO3[IaHNe 6e30IaCHBIX M KaYeCTBEHHBIX, B TOM YMCIIE
(YHKIMOHA/IBPHBIX, IPOAYKTOB MATAHUA — B HACTOsLee
BpeMs ABJAETCA OJHUM U3 IEPBOOYEPENHBIX ACIEKTOB
onpepeneHHbIX B CTparerny Hay4YHO-TEXHONOTMYECKO-
ro passutus Poccuiickoit @epepanun. Benencrsue yero,
0030p YCIOBUII OCYLIeCTB/IEHNs IIpoljecca Ouoxmummde-
CKOJl KOHBEPCUM NPUPOJSHBIX JUINLOB B IPUCYTCTBUU
(epMeHTOB MOKa3bIBAET, YTO CYIIECTBYET BO3MOXXHOCTb
yIIpaB/sieMoil TpaHCITepudUKALUU XKUPOB, YTO TO3BO-
JISIeT Ha MPaKTHUKe peajn30BbIBATh UJEI0 OMOKOPPEeKIN
XMMUYECKOTO COCTaBa JUIMMUIOB C IIeNIbI0 MalbHENIIEero
HOTy4YeHUsA INPOAYKTOB C IIOJTHOCTBIO COaJaHCHpPOBaH-
HBIM JKMPHOKIC/IOTHBIM COCTaBOM, KOTOPbIM He obmajja-
10T OOJIBLIMHCTBO VICIIO/Ib3YeMbIX >KMPOB U Maces. Takue
IPOJYKTBI MOTYT MCIIO/Ib30BAaThCs KaK (PyHKIIMOHAIbHBIE,
le4eOHO-IPODMIAKTUYECKOTO JeICTBIA.

[ty6okas nepepaboTka >XMPOB U Macel IIyTeM IIOTHO-
O pacleT/IeHN:A, MO3BOAET NOMYIaTh TEXHIYECKIE TIPO-
IYKTBI C BO3MOYXHOCTBIO MX VICIIO/Ib30OBaHMsA B TOIIIVB-
HBIX CHCTEMaX.

lipids are represented by animal, fish, and vegetable oils
and fats [2,3,4].

All naturally occurring lipids for 96-98 % are a mix-
ture of triglycerides with chemical composition of
ROCH2CH(OR)CH2OR, where R is aliphatic fatty acid
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residue. The variety of fatty acids in lipids determines the
nutritional value, i.e. the “quality of fat” [5,6]. Chemically,
triglycerides of natural lipids are glycerol esterified with R-
residues of C6-C24 fatty acids [7, 8]. Most natural lipids
are used for eating in a variety of food products.

The chemical composition of animal and vegetable fats
and oils is very important for the characterization of nutri-
tional value taking into account high digestibility. For pork
fat, digestibility is usually 96 to 98 %, for vegetable oils —
95 to 99 %, for butter — 93 to 99 %, while for beef it is 80 to
94 % and for lamb fat — 80 to 90 % [9,10,11].

Lipids are important ingredients in human food, as they
have high energy value and are a source of plastic material
for body tissues. Individual components of fat, i.e. some

Table 1. Content of basic fatty acids,% of total fatty acids

fatty acids, phosphatides, sterols, fat-soluble vitamins, have
important biological functions in the body [12,13].

According to modern knowledge in nutrition, but tak-
ing into account some contradictions in the criteria used, it
seems that a healthy human should consume 10 to 20 % of
polyunsaturated (PUFA), 50 to 60 % of monounsaturated
(MUFA) and 30% of saturated (SFA) Cl10-18 fatty acids.
Such a balanced nutrition is realized in a diet containing
1/3 of vegetable oils and 2/3 of animal fats. For elderly peo-
ple, linoleic acid content should be about 40 % and linole-
nic acid — about 4 %; the ratio of polyunsaturated (PUFA)
and saturated (SFA) acids should be 2:1 [3, 10,14]. A typi-
cal fatty acid composition of animal lipids is presented in
Table 1 [10,15].

Fats of animal origin

Basic fatty acids
Beef Pork Lamb Chicken Butter

Y of fatty acids 94.5 96.3 94.5 95.8 97.2
Saturated (SFA), including: 46.7 42.8 45.9 36.9 61.0 (50-70)*
C, , (butyric acid, butanoic acid) 0.01-0.1 0.01-0.1 0.01-0.1 0.01-0.1 2.9 (2.0-4.3)
C,., (caproic acid, hexanoic acid) 0.01-0.1 0.01-0.1 0.01-0.1 0.01-0.1 2.3 (1.5-3.5)
C,., (caprylic acid, octanoic acid) 0.01-0.1 0.01-0.2 0.01-0.2 0.01-0.2 1.1(1.0-2.5)
C,,., (capric acid, decanoic acid) 0.1 0.14 0.18 (0.1-0.3)  0.01-0.1 2.4 (2.0-3.8)
C,,., (lauric acid, dodecanoic acid) 0.9 0.2 0.3 (0.2-0.5 0.3 2.7 (2.0-4.0)
C,,., (myristic acid, tetradecanoic acid) 3.2(3.0-3.4) 1.5(0.8-1.4) 2.2(2.2-3.2) 1.3(0.8-1.7) 12.4(8.0-12.0)
C,.., (pentadecanoic acid, pentadecylic acid) 0.1 0.06 0.4 0.3 4.7 (4.0-6.5)
C,.., (palmitic acid, hexadecanoic acid) 25.5(24-29) 25.1(27-30) 22.5(23-30) 22.1(20-26) 15.3(15.0-31.0)
C,,., (margaric acid, heptadecanoic acid) 0.5 0.25 1.2 (1-2) <0.5 4.4 (3.5-6.5)
C,,., (stearic acid, octadecanoic acid) 15.5(20-24) 13.3(13-18) 17.2(17-31) 8.5(4-9) 6.0 (6.0-13.0)
C,,., (non-decanoic acid) 0.8 1.0 1.2 0.1 4.0 (2.0-6.0
C,,., (arachinic acid, eicosanoic acid) 0.2 0.3(0.1-0.4 0.2 (0.1-1.6) 3.2 1.1(0.3-1.5)
C,,., (behenic acid, doeicosanoic acid) 0.3 0.55 0.3 0.3 1.7(0.1-2.0)
Monounsaturated (MUFA), including: 41.1 41.9 41.7 46.4 26.9 (25-45)
C,,., (myristoleic acid, cis-9-tetradecenoic acid) 0.3 0.08 0.4 0.7 1.5 (0.5-1.5)
C,.., (cis-10-pentadecenoic acid) 0.1 0.3 0.6 0.7 0.7 (0.1-1.0)
C,.., (palmitoleic acid, cis-9-hexadecenoic acid) 3.0 (2.1-3.0) 2.32(1.7-2.5) 2.9(6-12) 5.1 (3-9) 2.6 (0.5-3.5)
C,,., (cis-10-heptadecenoic acid) 1.1 1.2 0.8 (0.5-2) 1.2 0.5 (0.1-1.5)
C,,., n9¢ (oleic acid, cis-9-octadecenoic acid) 32.7 (30-42) 34(30-44) 32.9(32-41) 36.9 (30-45) 21.1(20.0-32.5)
C18:1n9t (elaidic acid, trans-9-octadecenoic acid) 3.2 2.7 3.5 1.4 0.2
C,,., (cis-11-eicosenoic acid) 0.4 0.5 (0.5-1.5) 0.2 0.3 0.2
C,,.,n9 (erucic acid, cis-13-docosenoic acid) 0.3 0.8 0.4 0.1 0.1
Polyunsaturated (PUFA), including: 6.7 11.6 6.9 12.5 9.3
C,,., n6¢c(linoleic acid, cis-9,12-octadecadienoic acid) w6 3.8 (2-5) 7.8 (7-9) 3.9(3-7) 9.3 (9-20) 3.4 (3.0-5.5)
C,,., 16 (y-linolenic acid, cis-6,9,12-octadecatrienoic acid) w6 0.4 0.8 (0.5-2.0) 0.4 0.6 1.4 (0.1-2.0)
C,,.,n3 (a-linolenic acid, cis-9,12,15-octadecatrienoic acid) ©3 0.3 0.6 (0.5-1.5) 0.5 (0.5-1.6) 0.5 0.8(0.1-1.5)
C,,., (cis-11.14-eicosadienoic acid) 0.1 0.2 0.1 0.1 0.3
C,,.,n6 (cis-8,11,14-eicosatrienoic acid) w6 0.2 0.4 0.1 (0.1-0.3) 0.1 0.2
C,,., (arachidonic acid, cis-9,12,15-octadecatrienoic acid) w6 1.6 1.2 (0.5-2.0) 1.5 (1-4) 0.4 2.5(0.1-4.0)
C,,,, (cis-13,16,17-dokosadienoic acid) 0.2 0.4 0.1 0.3 0.5
C__ (cervonic acid, cis-4,7,10,13,16,19-docosahexaenoic acid) w3 0.1 0.2 0.3 (0.1-0.4) 1.2 0.2 (0.1-1.5)

22:6

* — the most frequent values of fatty acid content are indicated in brackets
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Table 2. Indicators of biological efficacy of fats and oils

Item MUFA: PUFA: SFA PUFA: SFA
Ideal fat 1:1:1 0.2-0.4
Beef fat 1:0.15: 1.1 0.15
Pork fat 1:0.28: 1.02 0.27
Lamb fat 1:0.16: 1.1 0.15
Chicken fat 1:0.27:0.8 0.3
Butter 1:0.35:2.25 0.15
Bearded seal fat 1:0.28:0.5 0.5
Ringed seal fat 1:0.24:0.45 0.52
Anchovy oil 1:0.3:0.5 0.57
Sunflower oil 1:1.4:03 4.5
Soybean oil 1:2.7:0.6 4.7
Cocoa oil 1:03:7 0.05
Rapeseed oil 1:0.05:0.1 2.6
Linseed oil 1:2.0:0.6 3.0
Olive oil 1:0.1:04 0.26

From the data in Table 1, natural lipids contain a wide
range of fatty acids, but the main constituents are palmitic,
stearic and oleic fatty acids that comprise together up to
2/3 of all the acids present. The biological (nutritional) val-
ue of fats and oils can be estimated taking into account the
data in Table 2.

From the data in Table 2, the significant amounts of the
most valuable PUFAs are contained in vegetable oils, and
the most optimal ratios of fatty acids are in lipids of sea-
food, pork fat, and linseed oil.

Almost all fats and oils are used in foods, except for
rapeseed oil, whose fatty acid composition is the most un-
favorable for human nutrition. Rapeseed oil is used mainly
for technical purposes for processing into biodiesel [15,16].

Consumption of fats in nutrition supposes their bio-
chemical transformation in the digestive tract. Internal
enzymes of living organisms carry out enzymatic degrada-
tion of fats, and released fatty acids are used as “structural
elements” for building biostructures necessary for the or-
ganism [17,18,19].

A lot of enzymes are involved in the process of lipid
uptake, in particular pepsin and trypsin [3,18].

In the tissues of humans, animals and microorganisms,
there are also important enzymes, lipases (EC number
3.1.1.3), breaking down the lipids and regulating their dis-
tribution during metabolism.

The use of natural mechanisms makes it possible to reg-
ulate the biological value of fats by their transesterification
and the formation of new lipid products with improved
fatty acid composition [20,21,22,23].

For these purposes, for example, beef fat may be used,
which does not have the optimal fatty acid composition.
When performing the transesterification process in the
presence of enzymes, animal fat with a low content of free
fatty acids (acid value less than 4 mg KOH/g) is usually
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Ratio
Cirt Cis Ci:Chs w6:w3
>0.25 >0.7 4:1
0.12 9.5 15:1
0.2 9.7 12:1
0.12 9.75 7:1
0.25 15.5 6:1
0.16 24 7:1
0.12 1.7 1:3
0.08 1.7 1:4
0.05 1.5 1:3
14 250 500:1
2.4 7.3 35:1
0.03 8 5:1
0.2 1.5 10:1
0.75 0.6 85:1
0.08 5 9:1

used. As mentioned above, in the composition of natural
lipids, fatty acids are bound to triglycerides. Under the in-
fluence of internal enzymes and other factors, in the na-
tive state and during storage, some of the fatty acids are
released and remain in a free state in the adipose tissue.
Their amount is evaluated with acid-base titration by de-
termining the acid value expressed in mg KOH/g [5,24,25].
According to regulatory requirements, edible fats should
not exceed the value of 4 mg KOH/g.

An officinal enzyme preparation LIPAZINE® obtained
in the V.M. Gorbatov Federal Research Center for Food
Systems may be used as preparation with lipase activity.
It is a polypeptide fraction isolated from pork pancreas
by fractionation in the presence of ammonium sulfate fol-
lowed by dialysis and freeze-drying. It has a lipolytic activ-
ity of more than 4000 U/mg (1 unit of activity corresponds
to the amount of enzyme releasing 1 pmol of fatty acids
from 40 % emulsion of olive oil stabilized in the presence
of 0.5 % polyvinyl alcohol at 37 °C in Tris buffer with pH of
9.0) [26,27,28].

For analytical purposes, it is possible to use pancreatic
lipase from Serva (Germany) with a molecular weight of
50 kDa, specific activity of 13 U/mg (here 1 unit of activity
corresponds to the amount of enzyme releasing 1 umol of
oleic acid per minute from a 50 % olive oil emulsion sta-
bilized in the presence of 8 mg/ml sodium taurocholate at
37°C in Tris/NaCl buffer at pH 9.2), and an aqueous (2:
3) suspension of pork pancreas preserved in the presence
of 2.5% ethanol. Instead of native pancreas suspension, it
is also possible to use PANCREATIN® with a proteolytic
activity of 300 U/g, which is a purified and dried pork pan-
creas [29,30,31].

Figure 1 shows the dependence of acid value change on
the time of exposure to pancreatin and other enzymes. The
nature of the dependence confirms the presence of lipo-
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Iytic activity compared to the beef fat used. Pancreatin is
known to have a poly-enzymatic action, and the pancreas
itself cleavages virtually all biopolymer structures, includ-
ing proteins, carbohydrates and lipids [30].

It is interesting that, as follows from the enzymatic deg-
radation of animal fat given in Figure 1, in vitro process
under the conditions described terminates within 3 to 6
hours, which roughly corresponds to the digestive process
duration in mammals in vivo.

Optimum conditions for the biochemical transforma-
tion of lipids in vitro in the presence of enzymes may be
considered as follows: 10-50 % water/oil emulsion of any
natural fat or oil in aqueous or aqueous-salt medium, con-
centration of impurity salts up to 0.1 M, pH 8.0 to 8.5, tem-
perature 50-60°C, enzyme: substrate ratio depending on
the specific lipase activity of the enzyme preparation used
is 1:5 to 1:10 [30,32]. Under these conditions, it is possible to
achieve high values of lipid transformation.

Biochemical lipid transformation by enzymes is a multi-
stage process and proceeds according to the mechanism
of a reversible biochemical reaction. First, one fatty acid is
removed from triglyceride to form diglyceride followed by
another fatty acid removal to form monoglyceride. Finally,
the last fatty acid residue is removed to give pure glycerol
and free fatty acids. All reactions at all stages are reversible,
i.e. the release of fatty acid residue may be accompanied by
the addition of another fatty acid. In practice, due to such
a complex mechanism, the degree of transformation usu-
ally does not exceed 50 %. In this case, to solve the problem
of yield increasing, it is necessary to use special methods
of chemical balance shifting according to the Le Chatelier
principle, for example, by removing the products from the
reaction medium.

Acid value, mg KOH/g

100 |
o4
3
50 2
4
0 12 24 Time, hours

Figure 1. Dependence of the acid value change in enzymatic hydro-
lysis of 10 % beef fat emulsion on the treatment time at 50 °C, pH 8.0
and enzyme: substrate ratio of 1:8 in the presence of: 1 — lipazine,
2 — Serva lipase, 3 — pancreatin, 4 — pancreas suspension

It is reasonable to use a reversible reaction for the mod-
ification of natural fats with a non-optimal fatty acid com-
position.

Thus, to obtain special functional lipid products, it is
reasonable to perform a joint enzymatic treatment of a
mixture containing expensive animal fats, e.g. beef fat,
with cheap vegetable oils, e.g. sunflower oil, which may
lead to obtaining a lipid product with more favorable fatty
acid composition [24,33].
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Composition evaluation of the fatty acid fraction re-
leased from beef fat as a result of lipase treatment shows
that saturated fatty acids, in particular about 40 % of pal-
mitic and stearic acids, are predominantly released into the
solution. The change in unsaturated fatty acid content un-
der the effect of enzymes was less significant, in particular
only 15% of the oleic acid contained was released.

Thus, the use of animal lipases may be quite promis-
ing for modifying the fatty acid composition of low-grade
fats with subsequent correction to optimal content, e.g. by
transesterification [21,25].

The hydrolytic degradation of natural lipids in food cir-
culation is the most important way of realizing the general
significance and role of fats and oils as energy accumula-
tors in the cells of living organisms. It is possible to directly
use the chemical structure of lipids to obtain important
technical products, i.e. liquid motor fuel from renewable
raw materials such as all natural lipids.

From the literature it is known that the natural lip-
ids contained in agricultural raw materials may be com-
pletely transformed into free fatty acids in the presence
of acid-base catalysts. Free fatty acids are then converted
into methyl esters for subsequent combustion in technical
devices. This process, as well as enzymatic treatment, pro-
ceeds with insufficient yield due to the multistage nature
and the inhibitory effect of water and biopolymers con-
tained in raw materials [34,35].

A large amount of waste of animal origin at meat pro-
cessing plants allows to consider animal fat waste as a
promising raw material for obtaining high-energy prod-
ucts that can be used both as additives to mineral fuels and
separately as an effective fuel, e.g. in small power plants
and mini boiler houses [36].

Researchers concluded that vegetable oils, as well as
waste of animal fat processing, are promising materials to
use as alternative fuels for diesel engines. The use of raw
vegetable oil may lead to technical problems associated
with engine operation. Increased viscosity and low vola-
tility of vegetable oils lead to large deposits, coking in the
injector and sticking of the piston ring. These undesirable
effects can be reduced or eliminated by esterification of fats
and oils to form monoalkyl esters, a mixture of which is
called biodiesel fuel [37,38,39,40].

Biotransformation of lipid raw material provides a vis-
cosity of fuel close to the viscosity of conventional diesel
fuel. Biodiesel attracts increased attention as an alterna-
tive, non-toxic, biodegradable and renewable product. Its
properties have some differences depending on the type of
raw material and alcohol used, however, it can always be
used as a direct substitute for diesel fuel from petroleum
products [41].

Despite its attractive properties, biodiesel from edible
vegetable oils and animal fats cannot compete with diesel
fuel from oil in terms of its economic indicators. However,
today there is a large quantity of low-value oils and animal
fats, e.g. wastes from restaurants, catering and food indus-
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try enterprises that can be transformed to biodiesel. The
main problem with the processing of such oils and fats is
that they contain many free fatty acids that cannot simply
be transformed into biodiesel using the traditional alkaline
catalyst based on KOH [36].

In the meat industry, the process of animal fat neutral-
izing is performed to lower the acid value. It is carried out
by adding a solution of caustic or calcined soda to form
soap, which causes significant losses of raw materials [5].
Treatment with sulfuric acid makes it possible to eliminate
these losses and obtain monoalkyl esters due to the trans-
formation of free fatty acids. As processed raw materials,
it is possible to use technical tallow (TT) containing 5, 20
and 40 % free fatty acids (FFA) and about 0.2 % water. For
esterification, it is possible to use methyl alcohol (99.9 %)
or absolute ethyl alcohol (99.5%) in the presence of con-
centrated sulfuric acid. Fatty acid composition for samples
of three types of lipid raw materials with different content
of FFA is presented in Table 3.

Table 3. The main fatty acid composition of lipid raw materials
with high content of free fatty acids
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TTwith5% FFA 1.7 173 1.9 156 425 9.2 0.4 34.6
TT with20% FFA 2.4 23.2 3.8 13.0 443 7.0 0.7 38.6
TT with 40% FFA 1.7 22.8 3.1 12.5 424 12.1 0.8 37.0

Studies show [38,39] that the optimal FFA content
limit in raw materials should be not more than 1 mg
KOH/g (0.5% free fatty acids), because at higher con-
tents, FFA actively interact with alkaline catalyst caus-
ing losses due to the parallel formation of soap by the
reaction: FFA + KOH = potassium salt of fatty acids
(soap) + water. It should be noted that when using fat
material of animal origin, the capacity to form emul-
sions is higher in comparison with raw materials of veg-
etable origin. An increase in alkaline catalyst concentra-
tion for neutralizing FFA causes the formation of very
stable emulsion.

Acid catalysts are too slow and provide too low trans-
formation to be used to transform animal and vegetable
triglycerides to biodiesel, because this process requires a
large (up to 20:1) excess of alcohol and a long reaction time
(up to 5-10 h) (Figure 2).

% of methyl esters
35

30 +

25 4

20 4

0 . . . . .
2 3
Reaction time, hours

Figure 2. Processing of animal fat with 20 % FFA in the presence of
methyl alcohol with molar ratio of 20:1 and 5% concentrated sulfuric
acid at 65°C

However, acid catalysts are sufficiently effective to con-
vert free fatty acids to esters, and as a result, their use is
technically feasible.

Sulfuric acid treatment allows to reduce acid value of
fat mixture to a level significantly lower than 2 mg KOH/g,
which in future may increase the effectiveness of alkaline
catalyst. This is due to the reaction development of free
fatty acid esterification: FFA + methanol = methyl esters
of fatty acids (biodiesel) + water, which is fairly effective in
the presence of 5-10 % sulfuric acid.

The molar ratio of monohydric aliphatic alcohol to fatty
raw material is one of the most important factors affect-
ing the reaction rate. Using a lower molar ratio of alcohol
to fat, less than 6:1, does not allow to lower the acid values
to the required values. For a higher conversion rate of FFA
to esters, it is possible to increase the molar ratio of alcohol
from 10:1 to 30:1 depending on the type of alcohol, but this
method is not cost-efficient. The optimum molar ratio is 9:1.

The effect of the catalyst amount on the acid value dur-
ing 90 minutes of the experiment is shown in Table 4, for

Table 4. The effect of the catalyst amount and reaction time on the decrease in the acid value using methanol (methanol: fat ratio 9:1)

Reaction time, 5% FFA, mg KOH/g 20 % FFA, mg KOH/g 40 % FFA, mg KOH/g
min 0%HS0, 5%HSO, 15%HS0, 0%HSO, 5%HS0, 15%HSO, 5%HS0, 15%H,SO,
0 11.30 11.30 11.30 41.28 41.28 41.28 91.20 91.20
1 9.04 3.54 3.42 39.05 15.93 15.85 28.33 21.76
15 6.88 0.93 0.68 38.00 11.40 5.76 25.00 18.06
30 4.97 — — 36.20 8.30 3.53 20.43 15.63
45 3.02 — — 34.07 3.98 1.50 19.22 11.12
60 1.50 — — 33.15 1.77 0.70 18.30 7.15
75 0.83 — — 32.35 1.24 — 17.09 3.76
90 — — — 30.87 0.56 — 15.68 1.02
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Table 5. The effect of the catalyst amount and reaction time on the decrease in the acid value using ethanol (ethanol: fat ratio 9:1)

5% FFA 20 % FFA 40 % FFA
Reaction time, min
5% H,SO, 15% H,SO, 5% H,SO, 15% H,SO, 5% H,SO, 15% H,SO,

0 11.30 11.30 41.28 41.28 91.20 91.20

1 3.29 3.04 8.64 8.03 12.35 10.22
15 0.74 0.51 7.01 5.02 11.85 8.45
30 — — 5.62 2.94 10.00 6.57
45 — — 4.23 0.72 9.04 5.05
60 — — 3.06 — 8.12 4.43
75 — — 1.00 — 7.40 2.34
90 — — — — 7.09 0.62

molar ratio of methanol to raw material of 9:1. Ii is seen,
that with zero amount of catalyst, the acid value achieved
optimal results at the end of the experiment only when
processing fat with 5% FFA. However, in the presence
of the catalyst, a rapid decrease in the acid value occurs,
which was observed immediately after the addition of
methanol and sulfuric acid solution to raw material with
high FFA content. The acid value for raw materials with
20 % FFA may be reduced from 41 to 0.56 mg KOH/g for
90 minutes with 5% of acid catalyst and to 0.7 mg KOH/g
for 60 minutes with 15% of acid catalyst. For raw materi-
als with 40 % FFA, the acid value may be reduced from 90
to 15 mg KOH/g for 90 minutes with 5% of acid catalyst.
When 15 % H2S04 is used, the acid value can quickly reach
the target value of 1.0 mg KOH/g.

The type of alcohol used affects the results of esterifica-
tion of fatty acids, since the replacement of toxic methanol
by a relatively safe ethanol is highly desirable for practi-
cal use (Table 5). A faster decrease in the acid value with
ethanol may be due to a higher reaction temperature and a
higher solubility of ethanol in fats and esters. The final acid
values for ethanol reaction with TT containing 40 % FFA
are usually lower than for methanol.

For the full transformation of FFA derived from animal
lipids, a multistage process is necessary. At the end of each
stage lasting for 0.5 hours, the reaction mixture must be
left to settle for 0.5 to 2 hours and the fraction of alcohol
with water is to be removed. The process requires three to
four repetitions. For raw materials with 5% FFA, a single-
stage process lasting 15 minutes with 5% acid catalyst is
sufficient. For raw materials with 20 % FFA, the most op-
timal is two-stage esterification for 30 minutes with 15%
acid catalyst or three-stage esterification for 30 minutes
with 5% acid catalyst. For raw materials with 40% FFA,
the most optimal option is a three-stage esterification for
30 minutes with 15% acid catalyst decreasing FFA to the
desired level for further processing [42].

After the acid value for TT with a high content of free
fatty acids decreases to less than 2 mg KOH/g during the
multistage treatment, it is possible to continue the process
in the presence of 1% alkali using methanol or ethanol with
molar ratio of 6:1 at a temperature close to alcohol boiling

point at atmospheric pressure. The yield of the process is
shown in Table 6.

Table 6. The yield of monoalkyl esters derived from raw materials
with a high content of free fatty acids

Raw material Yield %
Ethanol
5% FFA 93
15% FFA 77
40 % FFA 60
Methanol
5% FFA 95
15 % FFA 80
40 % FFA 65

The use of various alcohols in combination with wastes
of lipid raw materials of various origins makes it possible
to transform this type of renewable raw material into tech-
nical products. The origin of raw materials does not affect
the mechanism of biochemical transformation, since vary-
ing the conditions of the process allows to obtain accept-
able results. Alkyl esters may be converted to mixtures of
fatty acids isolated both from vegetable and animal/fish
sources. The optimal conditions for three- to four-stage
transformation are: temperature 65 to 75 °C, sulfuric acid
concentration 1 to 5% of raw material weight, alcohol to
raw material ratio 5:1 to 20:1, the duration of a stage 0.5 to
2 hours. The specified parameters allow to receive biofuel
from natural lipids with high enough yield.

Conclusions

Thus, a brief discussion of the chemical and biochemi-
cal transformation of natural lipids shows that it is possible
to perform these processes either with simulation of the
natural conditions of living systems in vivo by perform-
ing enzymatic in vitro processing or with advanced lipid
transformation according to the laws of classical organic
chemistry.

The transition to a highly effective and environmen-
tally friendly agro- and aquaculture, the development and
implementation of systems for the rational use of chemical
and biological protection tools for agricultural plants and
animals, the storage and effective processing of agricultur-
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al products, the creation of safe and quality food products,
including functional ones, are nowadays among the high
priority aspects determined in the Strategy of the Russian
Federation’s scientific and technological development.
Therefore, a review of the conditions for the process of
natural lipid biochemical transformation in the presence
of enzymes shows that there is the possibility of controlled
transesterification of fats, which in practice allows to per-

form biocorrection of the lipid chemical composition in
order to obtain products with a fully balanced fatty acid
composition, which is not characteristic of the most fats
and oils. Such products may be used as functional, thera-
peutic and protective ones.

Advanced processing of fats and oils by complete deg-
radation allows to receive technical products with the pos-
sibility of their use in fuel systems.
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Opuzunanvnas HayuHas cmamos

MI3YYEHUE AHTUMUKPOBHBIX CBOMCTB BUMOJIOTMYECKU
AKTUBHBIX BEHIECTB JKMBOTHOTI'O ITPOUCXOKIEHWNA
B 3ABCYMMOCTU OT METOJOJIOTUN X BbIAE/JIEHUA

Jlykunosa E.A., Korenkosa E.A.,* ITommmyk E.K.
DepnepanbHBbIIl HAYIHBLI LEHTP IUIIEBbIX ccTeM M. B.M. Top6aTosa PAH, MockBsa, Poccust

Knrouesvte cnosa: anmumwcpo&-twe seujecmaa, 2pamnonoHurmenivHole 6a1<mepuu, epamompuyamesnvHole 6a1<mepuu,
npomoUHas yumomempus

AHnHomauyus

B dannoii cmamve oceeujera npobnema npumMeHeHUsS XUMUHECKUX KOHCEPBAHINOE 6 NUL4EE0TI NPOMbIULTIEHHOCIU, PACCMOmpe-
Hbl NePCHeKmUsbl UCNONb30BAHUS BEU4eCNE NPUPOOHO20 NPOUCXOHOCHUS ¢ AHMUMUKPOOHOT HANPABNEHHOCbI0 0elictneuUs
0715 NPONOHZUPOBAHUS CPOKOB XPAHEHUS U YIyduleHUs Kavecmea nuuesoii npooyxuuu. IIpednosenvt cnocobvl 6videsneHus
AHMUMUKPOOHDIX 8eU4ecs U3 INUMETUATLHLIX U CIUSUCINBIX MKAHell HUBOMHO20 NPOUCXOHOCHUS C YyUemoM MUHUMU3A-
Yuu nomepv Ux OUON02UUECKOLl AKIMUBHOCIU 6 COOMBEMCIMEUL CO CpoeHUeM 0enK080-nenmudHvlx monexyn. Ha ocnosanuu
pe3ynvbmamos onpeoeseHuss AHMUMUKPOOHOT akmusHocmu no omuoueHuro K Listeria monocytogenes, Staphylococcus aureus
u Pseudomonas aeruginosa c ucnonvsosatuem memoda npomounoti yumomempuu ¢ kpacumensmu Eva Green u PI onpedenero
Haubonee nepcrnexmMusHoe coipve U Uenecoo0pasHOCb NPUMEHEHUS CAO0KUCTIOMHOU IKCIMPAKUUU C NOCTEOYIOULUM MPUNCU-
HOMU3OM O7IA BbIC60O0NOEHUS AHMUMUKPOOHDIX 6eulecns U3 npenpoOenKo6viX MONEKYT U YIbMPAPUIbmMpayuy 018 O4UcmKu
OM BbICOKOMOTIEKYTAPHBIX COLOUHEHUL.

Original scientific paper

INFLUENCE OF APPROACHES TO ISOLATION OF ANIMAL
BIOACTIVE SUBSTANCES ON ANTIMICROBIAL ACTION

Ekaterina A. Lukinova, Elena A. Kotenkova,* Ekaterina K. Polischuk
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: antimicrobial substances, gram-positive bacteria, gram-negative bacteria, flow cytometry

Abstract

This article highlights the problem of the use of chemical preservatives in the food industry. The prospects of implementation natural
substances with an antimicrobial effect for prolonging shelf life and improving the quality of food products are also discussed. Meth-
ods for isolating of antimicrobial substances from epithelial and mucous tissues of animal origin are proposed, taking into account
the minimization of losses of their biological activity in accordance with the structure of protein-peptide molecules. Based on the
results of the determination of antimicrobial activity against Listeria monocytogenes, Staphylococcus aureus and Pseudomonas
aeruginosa using flow cytometry, stains Eva Green and PI, the most promising raw materials were determined and the feasibil-
ity of using weakly acid extraction followed by trypsinolysis for releasing antimicrobial substances from preprotein molecules and

ultrafiltration for purification from high-molecular compounds were investigated.

BBenenue

C maBHMX TOP JIIOAM MCIOMb30BAMM abCOMIOTHO pas-
HBIE CIIOCOOBI MPOMJIEHNsI CPOKa TOZHOCTU IIMIIEBBIX
HIPOJYKTOB: KOIYeHMe, BsiIeHMe, CONeHue, JobaBeHue
CIIeLMit, CTIONIb30BaHNMe caxapa, KBalleHue u T.. Ha cos-
PEMEHHOM 3Tarie Pa3BUTHUS MUIIEBOI IPOMBIIITIEHHOCTH
KIaccupuIupyoT Gpusndeckye, XuMmudeckme u 61omoru-
YecKye MeTOfIbI KOHCepBALMy MPOAYKTOB muTannd [1,2].
B Hacros1ee BpeMsi IPYMEHSIOT pas3yHble KOHCEpBaH-
TBI M aHTMOKCUZIAHTBI XMMIYECKOTO CMHTe3a (Harmpumep,
E-200-E-399). [lo6aBku MUCIONB3YIOTCS BO BCeX obmac-
TAX MUIIEBON MPOMBIINIIEHHOCTH, HO OONBUIMHCTBO U3
HUX 3allpelleHbl BO MHOTUX CTPaHaX MUPA, B TOM YKCIIe

u B Poccuiickoit ®epeparim, u3-3a uxX He06E30IaCHOCTH
JUISL 3JOpOBbsSI 4Ye/loBeKa ¥ IOOOYHBIX 3¢ (eKTOB Ipn
IOCTOSTHHOM yIOTpe6eHnn B MUILY, BBUAY 4ero 0cobo
OCTPO CTOUT IIpo6/ieMa IIOMCKA albTePHATVBHBIX IIPHU-
POAHBIX BEIIECTB, IPOJJIEBAIOIINX CPOKM TOXHOCTY IPO-
JlyKTOB.

B nocregHee BpeMs yBem4mBaeTCs CIIpocC norpebure-
JIeit Ha IPOAYKTbI 3,0POBOrO MU TAHMS, KOTOPBIE B TOM 4M-
CJIe He COfiep>KaT CMHTeTUYecKie MuiieBble Jo6aBkn [2].
B HacTosIIee BpeMsA y)Ke MCIO/Nb3YIOTCA TaKye KOMMep-
4YecKye MpUpPOJIHble KOHCEPBAHThI KaK HM3MH «Nisaptin»
(Benmukobpuranms), mmsouuM «Clerizym  Granulate»
(Mranus), HarammumH «Natamycin» (PpaHnus), a Takxe
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pasuyHbIe CIEeL NN, MO0 BbIfie/IeHHbIE 13 HUX aHTUOKCH -
IAHTHI [3].

JOCTaTOYHO TEPCIeKUTUBHBIMU B 9TOV CBS3U SIBIIS-
I0TCSl AHTUMUKPOOHBIE BellleCTBa C BBIPAYKEHHBIM aHTH-
6aKkTepuanbHBIM JieliCTBYEM. MHOrO4YNC/IeHHbIe MUCCIIe-
IOBaHUS CIIOCOOCTBOBAAM CO3MHMIO 0a3bl JaHHBIX The
Antimicrobial Peptide Database [4] copepskarueit cucre-
MaTU3MPOBAHHYIO MHPOPMALNIO 0 2818 aHTUMUKPOOHBIX
HenTU/aX U3 apCTB 6aKTepuii, rpuboB, MPOCTENIINX, ap-
Xell, paCTeHMI ¥ )KMBOTHBIX

Haubonee wnntencusHoe uccnegosanue AMII Ha-
6I0a/I0Ch B TeYeHMe MOCIeNHNX mecaTy neT. OqHumun
U3 TIEPBBIX OTKPBITBIX AHTUMUKPOOHBIX TIENITU/IOB OBIIN
a-nedeHsMHBI U KaTeMUIUANHBI [5], ¢ TeX mop 3TOT ciu-
COK CYIIeCTBEHHO IOIIOTHU/ICS Y BKJIIOYaeT B ceOst Marei-
HVHBI [6], rucTaTnHsl [7], asypouupunst [8], cheHnciymHbl
(9], mnepouupunsl [10], gepmacentuns! [11], eKpOIMHBI
[12], menmuTTNH [13], a Tax>ke MHOTUE IpyTHE.

B Poccun OCHOBOIONIOKHMKAMU M3y4€HUs aHTUMMU-
KpOOHBIX IENTHUAO0B ObIIM Takue ydeHble Kak Kokpskos
B.H. (MHCTUTYT 5KCIIeprMeHTaIbHOM MegyIHbI, CaHKT-
I[Terep6ypr), [llamosa O.B. (Bcepoccuiickuii eHTp 9KC-
TPEHHOII M pairaljMOHHOIT MeguiHbl uM. A.M. Hukudo-
poBa, CankTt-Iletep6ypr) u OBunuumuKoBa T.B. (MHCTHTYT
6moopranmyeckoit xumum uMm. akag. M.M. Illemsxuna
n 10.A. OBunnnnkosa PAH, Mocksa) [14,15,16,17].

VI3BecTHO, 4TO KMBOTHBIE TKAH COIEP>KAT OTPOMHOE
KOJIMYECTBO OMOAKTMBHBIX COENMHEHUI, O00/IaIaromx
pasnmu4HbIMupapMaKoNIOrMyecKuMy  cBoiictBamm  [18].
BonpumHcTBO M3ydeHHbIX AMIT MIeKOMTAIOIMX ObIIN
BBIJIEJIEHBI Y3 HENTPOQUIbHBIX TPAHYIOLMUTOB, OHAKO
OHU TaKKe ObUIM OOHApy>KeHbl B TOHKOM KMIIEYHMKE,
SI3bIKE, MUETOMTHBIX ¥ SMUTENMATbHBIX K/IE€TKAaX, XOTb
U B MEHbIIEM KOIum4ecTBe. DTO MO3BO/ISIET PAcCMaTpy-
BaTh B KauecTBe MCTOYHMKA aHTUMUKPOOHBIX BeleCTB
He TOJIbKO T'PAaHY/LIPHBI amlapar, HO ¥ TKaHU CIIU3MN-
CTHIX 060/I09eK MIEKOIUTAONINX, B TOM YIC/IE CENTbCKO-
XO3SICTBEHHBIX KMBOTHBIX. JlaHHbIE OOIACTM, ABJAACH
HOTPAaHNYHBIMY 30HAMY, IIOCTOSHHO KOHTAKTUPYIOIINMHI
C IIMPOKMUM CIEKTPOM Pa3HOOOPA3HBIX OMOIOTMYECKUX
areHTOoB, B TOM 4YJIC/Ie TATOTeHHBIMY 11 YCIIOBHO- TTaTOT€H-
HBIMJ MUKPOOPTaHU3MaMI U BUPYCaMy, areHTaMy Ipuo-
KOBOJT IIPMPOJIbI, HOTEHIIMATIBHO MOTYT COflep>KaTh Habop
BeIlleCTB aHTUMMUKPOOHOI HANPaBIeHHOCTHIO JIEVICTBYS.

Ocoboe BHMMaHME ClIefiyeT YAE/ATb MMEHHO BBbIfie-
JIeHNI0 OeNKOBO-IIENTHAHBIX KOMIIOHEHTOB BBUJY WX
CTpOeHNuA ¢ 0053aTe/IbHBIM Y4eTOM COXpaHeH!s UX Ou-
OJIOTUYECKOV aKTUMBHOCTU. [ MOCTATOYHON CTeIeH!
M3MeNTbUeH VST TIOTPAHNYHBIX 30H, 11€71eCO0OPA3HBIM CYUM-
TAeTCsl IPUMEHeHNe TEXHOJIOT MY KPYOM3MeIbueHNsI B He-
CKOZIBKMX IIOBTOpaX. Y OOJBIIMHCTBA aHTUMMUKPOOHBIX
BeIleCTB M309/IEKTPUIeCKasi TOUKA HaXOJUTCS B LIEN0Y-
HOJ cpefie, YTO OOYC/IOBIEHO UX CTPOEHNEM, ITOITOMY
IpY UX SKCTPAKIUU TPENNOYTUTENBHO VCIIOIb30BaHNUE
KMC/IOTHBIX pacTBOpoB. Kpome TOro, mpm BBICOKO MOH-
HOJI CVJIe OHY CKJIOHHBI K IIOTepe CBOell OMOIornieckoii
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aKTVBHOCTM, VIMEHHO IIO9TOMY JCIIO/Nb30BaHNUe CoJle-
BBIX PACTBOPOB HEXKeNaTelbHO. /I ymameHnsa KOIONS-
HOJI B3BecH, 00pasyoleiicsi B X0e 9KCTPAKILMY 3a CYeT
IPUCYTCTBMS B TKAHAX GOJIBIIOTO KOMMYECTBA COENVHM-
TEeJIbHOTKAHHBIX 0e/IKOB (KO/IareH M 37acTVH), pauyo-
HAJIbHBIM CYUMTAETCS LeHTPUQYrupoBaHMe SKCTPAKTOB
[19,20,21]. TIo maHHBIM MexAyHapopHO! 6aspl UniProt
Protein Database, aHTMMUKpPOOHbIE IENITUABI COfEPIKATCS
B )KMIBOM OpraHM3Me 4Yallie BCero B Bije Ipernpobernka, To
eCTb COfiep)XaT B cebe «IIPOCTPYKTYPHYI0 00/1acTb», CUT-
HAJIBHBI MEeNTUJ, M caM 3PeJIblil IemTHU [3,4], IIOSTOMY
11e71eC000Pa3HO MPUMEHSATH IPOTEONUTIYECKe PepMeH-
THI (HaIllpyMep, TPUIICYUH, NENICYH, 97acTasa). [ paspe-
JIeHMsI TI0 MOJIEKY/ISIPHBIM MaccaM OeKOBO-IIeITUIHBIX
BEIL[eCTB JIOCTATOYHO 3((EKTUBHO IPUMEHSETCS Y/ib-
tpadunprpanus [22]. Marepuan s usrorosnenus YO
GUIBTPOB, KaK MPaBUIO, MHEPTEH K OETKOBBIM BeleCT-
BaM, He BbI3bIBAET MX A/IT€3UI0 U MHAKTUBALINIO, & CAM Me-
TOJ, OBICTPBIN U IIPOCTOII [/Is1 BOCIPON3BELEHNSI.

OO0'BEKTHI I METOIbI

O6bexTaMy MCCIeNOBaHNs SB/IAINCH ITOTPAaHNYHBIE
30HBI C/IM3MUCTBIX 000/I0YEK A3bIKA, TOPTAHY, IIO[[UETIOCT-
HBIX CTIOHHBIX >Ke/le3, MOMYEMIOCTHBIX MMM(paTHIecKux
y3710B, HOCOBOJM U POTOBOJN IIOJIOCTEN M NPAMON KUII-
Ku roBsuHbl. OOpasisl oTOMpany Ha MsICOKOMOMHaTe
000 «KPPOC», MockoBckass o6m., VicTpuHckmit p-H,
Ii. JeHe)XKMHO. AKTMBHOCTD BBII€/IEHHBIX aHTUMUKPOO-
HBIX [eNITU0B PACCMATPVBA/IN B IIOTyYeHHDIX HATVBHBIX
9KCTPAKTAX IIOC/Ie HeMTpanu3alyy, B 9KCTPAKTAX MOCTIe
depmeHTONMM3a M yIbTpadUIBTPATaX C MOJIEKY/LIPHOI
Maccoi meHbie 50 x/]a.

O6pasipl CIM3UCTHIX 000/T0YEK IKCTPATUPOBAIN Pac-
TBOpOM 10 % YKCYCHOJ KMCIOTBI IIpU Tuppomopyine 1:5,
ckopocTu nepememnBanust 400 06/MuH, B TedeHUn 5 da-
coB nipu (4-5) °C na JIJY (Jlaborekc, Poccus). 3arem akc-
TpakThl HeHTpudyruposamu (Sigma 3K30, [epmanns) npn
15000 06/muH u 4,0 °C, B Te4eHMe 5 MUH, OTOMpaN Haflo-
CaJIOYHYI0 XXUAKOCTDb. CylepHAaTaHT HETPaaM30BaIn JO
pH=6 pactBOpOM IUppOKCHMAA HATPpMsA C KOHIIEHTpalu-
el 4 monb/n. Jlajee 4acTh HEMTPaNM30BaHHBIX 3KCTPAK-
TOB mopsepramu TpuncuHomusy (PanReac, akTmBHOCTDB
328 USP U/mg), yacTb — ynbrpadmibTpanny Ha LIEHT-
pudyxHbIX ynprpadmibTpax AMmkon Ymbprpa- (50K]la,
Millipore). Cxema Bbifie/ieH/sI HATTISFHO MIPEACTaBIeHa Ha
Puc. 1.

Ilnis omperienieHNss aHTUMUKPOOHO aKTUBHOCTY Heli-
TPa/M30BaHHBIX HATMBHBIX 00pas3loB ¥ 06pasIoB IO-
ce 06pabOTKM TPUICMHOM IO OTHOIIEHMIO K Listeria
monocytogenes ¢ ucnonbsoaHueM Eva Green 50 MK
obpasua cMemmBamyu ¢ 50 M1 Kynbrypsl (106 xi/mi),
MHKYOupoBamu Houb B Tepmocrare npu 37 °C. K 20 Mk
cMmecu mobasanu 5 M1 Eva Green, no6asnsamm 365 MK
nenoHusupoBannoit Bogel 1 10 Mrkn DMSO (4ro6sr
ybpaTtb (pOHOBYIO KpacHy0 (IyopecleHI0), NHKYOu-
poBamu B TeMHOTe 10-15 MUH, U3MepANN XUBbIE U Mep-
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O6paboTaHHbIN TPUNCUHOM

Puc. 1. Cxema BBIJICTICHUA aHTI/IMI/IKpO6HbIX TIIENTUIO0B U3 JXUBOTHOI'O ChIPbA

TBble KJIeTK!M Ha MpoToyHOM LyToMeTpe Guava EasyCyte
(MerkMillipore).

[lna ompepeneHna aHTMMUKPOOHON aKTUBHOCTU IIO
oTtHomeHnoo K Staphylococcus aureus w Pseudomonas
aeruginosa HEMTPaIM30BaHHBIX HATUBHBIX 00pasIioB
u obpasuoB mnocne yaprpaduiabrpaunu (MM MeHee
50 x/la) ¢ ncionpszoanneM Eva Green u PI 10 Mk 06pas-
1a cMemyBanm ¢ 90 M1 Kynbrypsl (106 ki1/Mit), UHKYOu-
poBanu HO4Yb B TepmocTtare npu 37 °C. K 20 M1 cMecn
pobassym 5 Mk Eva Green, mo6asisau 365 MK euno-
HusupoBaHHo# Bogel U 10 M1 DMSO (4to6nr ybparhb
($OHOBYI0O KpacHYI (IyopecleHLUI0), MHKYOupoBaIu
B TeMHOTe 10-15 MUH, U3MepAIN XUBbIE KJIETKM Ha IIPO-
tounoM muroMmerpe Guava EasyCyte (MerkMillipore).
K 20 mxit emecu nobasianu 3 mxi PI, go6asnsanm 377 MK
0,9 % pacTBOpa HaTpuA XJIOPUJA, MHKYOUPOBAIN B TeM-
Hote 10-15 MuH, U3MepANN MepPTBble KJIETK) Ha IIPOTOY-
HoM nuromerpe Guava EasyCyte (MerkMillipore).

PCSYJIbTaTI)I n 06CY)KJ.I€HI/IC

OrmpepneneHne aHTMMUKPOOHOI AKTMBHOCTM IO OT-
HOILIEHNIO K Listeria monocytogenes HaTUBHBIX 00pas1ioB
1 06pabOTaHHBIX TPUIICMHOM METOLOM IIPOTOYHOI IIUTO-
MeTpUM C MCIONb30BaHMeM Kpacurens Eva Green mpep-
craBieHo B Ta6m. L.

Hawnbornpieit akTMBHOCTBIO 06/afams o0pasipl Cu-
3UCTBIX HPSIMOJ KUIIKMA ¥ POTOBON IOJIOCTH, HOJISI XKM-
BBIX K/IETOK CHIDKamach 1o 2,7 %, 06paboTKa TPUIICMHOM
B OTHOIUCHWM CIM3UCTBIX 000/I0YEK s3bIKA, HMOTYETIOCT-
HBIX C/TIOHHBIX >Kerle3 U MMM(ATNuecKIX y3/10B IPUBOANIA
K YBE/IMIEHNIO aKTVBHOCTH, B C/Ty4Yae C/IM3UCTBIX 000/109eK
TOPTaHM, HOCOBOJT IIOJIOCTY 1 IIPSIMOL KUKV — He OKa3bl-
BaJIa BIVsIHE Ha aKTMBHOCTD, 2 B OTHOLIEHNN CIIM3UCTOM
0060/109KY POTOBOII OJIOCTY — HATPOTHB, CHIDKATIA.
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Taémuua 1. PesynbraTsl onperneneHis aHTUMUKPOOHOI
aKTUBHOCTH IO OTHOLIEHNIO K Listeria monocytogenes HaTUBHBIX
06pas31oB 1 06paboTaHHBIX TPUIICHHOM METOJOM IPOTOYHOI
IUTOMETPUH C MCIIONb30BaHMeM Kpacutensa Eva Green

% >KMBBIX KIIETOK

O6pasern O6pabdoranHbIe
HaruBHbie
TPUIICUHOM
Kontpons (1omoxuTenbHblit) 92,3%
KoHTpons (oTpuiaTebHbIii) 4,1%
Cnusucras a3bIKa 81,9% 36,2 %
CnmsucTas ropTanu 98,8 % 100,0 %
IToguemocTHBIE CTFOHHBIE >KeTTe3bI 82,3% 11,1%
IloguentoctTHbie MuMpaTHIecKue 62,5% 44,4%
Y3IIBI
Cnsucras HOCOBOII MOTOCTH 100,0 % 100,0 %
Cnusuctas mpsaMoi KUIIKN 20,8 % 96,4 %
Cnusucras poToBoii MOTOCTH 2,7 % 6,0%

OmnpeneneHnte aHTUMUKPOOHOI aKTUBHOCTH I10 OTHO-
meHnio K Pseudomonas aeruginosa HaTUBHBIX 0OpasLioB
u 06pasios nocie YO (MM menee 50 k[[a) MeTomoM mpo-
TOYHOJ LYITOMETPUN C UCIO/NIb30BaHMeM Kpacutens Eva
Green n PI npencrasneno B Taom. 2.

Hanb6ornpieit akTMBHOCTBIO 00/1ajjamm CIM3UCThIe 060-
JIOUKM fA3bIKA M HOCOBOIJI MOOCTH, IO/ BbDKMBUIMX KJle-
TOK CHIDKA/IACh 10 22,0 %, yBemyeHue KonmmecTsa KIeToK
B HEKOTOPBIX CTy4asX IPaKTUYeCKN B 2 pa3a HabO/IOAI0Ch
npy 106aB/IeHNN K KYIbTYpPe SKCTPAKTOB TMMpaTIIeCKIX
Y37I0B, CIMBMUCTBIX 000/I0UEK POTOBOIL MOMOCTU U TIPSIMOIL
KUIIKY, OfHAaKO B 3TUX ke 0Opasljax OTMeYasnoch Hajm-
YJie COXPaHMBIINXCA MEPTBBIX KIeTOK (IPOKPAIIVBA/INCh
PI), BemmumHa KOTOpBIX mocturana 51,6 % OT BceX KIIEeTOK.
I[Tpennono>xuTenbHoO, 3TO HAOMIOfEHNE CBA3AHO C TeM, 4TO
AMII «ynakoBaHbI» B O€KOBYIO MOJIEKYITY, KOTOpas MO-
JKeT MCIO/Ib30BaThCA MUKPOOPTaHM3MaMIU M3HAYa/lbHO
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Ta6muua 2. Pe3ynbrarsl onpefeneHnss aHTUMUKPOOHOII aKTMBHOCTH IO OTHOLIEHUIO K Pseudomonas aeruginosa HaTuBHBIX 00pa31ioB
u 06pasos nocine YO (Mum metee 50 k/la) MeTogoM MPOTOYHOI IIMTOMETPUH C MCIIONb30BaHueM Kpacuterneii Eva Green u PI

HarusHnble noce YO (Mm menee 50 kx]1a)
BBDKUBIIE JO7I MEPTBBIX KIETOK BBDKUBIIE /15 MEDTBBIE KIETKI
O6pasen K/IeTKU (1o oTHOLIEH IO KIeTKHI . H(rlo ol;ﬂomeﬂﬁm
(110 OTHOLIEHNIO K COXPaHUBIINMCS (Mo oTHOWIEH IO
K COXPaHUBIIMMCS K/TETKaM)

K KOHTPOITIO) KIIETKaM) K KOHTPOJIIO)
Cnusucras a3pika 22,0% 5,6 % 49,9 % 8,6 %
Cnusucras ropTaHn 77,1 % 1,1% 59,3 % 5,2%
IloguemoCcTHDIE CTIOHHBIE JKeTTe3bI 85,1 % 1,6 % 157,3% 8,4 %
IToguenrocTHbIe MUMpaTITIeCKIe Y37IbI 147,5 % 51,6 % 142,1 % 4,1%
Cnnsucras HOCOBOII MOTOCTH 40,5 % 4,7 % 44,4% 9,2%
CnusucTas npAMOi KUIIKK 144,3 % 10,2 % 49,5 % 9,7 %
Cnusucras poToBoil MOTOCTI 166,2 % 38,0 % 44,8 % 6,2%

Ta6muua 3. Pe3ynbrarsl ONpefielleHIA aHTMMUKPOOHOI aKTUBHOCTH II0 OTHOIIEHMUIO K Staphylococcus aureus HATUBHBIX 00pa31oB
n 06pasnos nocine YO (Mum meHee 50 k/la) MeTo0M MPOTOYHOI IMTOMETPUI C MCIIONb30BaHMeM Kpacuteneii Eva Green u P

HatusHbie nocie YO (Mm menee 50 x1a)
BBDKUBIIE JO/ISI MEPTBBIX KIIETOK BBDKUBIIE oI5 MEDTBBIE KIETKI
O6pasen KIETKU (110 OTHOLIEHMIO KIETKH A P
(110 OTHOLIEHMIO
(110 OTHOLIEHIO K COXPaHUBIINMCS (Mo oTHOUIEH IO
K COXPaHMBIINMCS K/IETKaM)
K KOHTPOJTIO) KIIeTKaM) K KOHTPOJIIO)
Crmsucras sa3bIka 32,1% 29,3% 62,1 % 10,8%
Cnusucras roprann 22,1% 34,0 % 49,0 % 25,8 %
Ilom4yentocTHBIE CTFOHHBIE JKeTe3bI 9,2% 66,8 % 17,8 % 18,5%
IToguenrocTHbIe MUMPaTITIeCKIe Y37bI 18,4 % 77,3 % 39,1% 38,7 %
Cnunsucrass HOCOBOI MOTOCTH 7,0 % 12,2% 24,2 % 14,9 %
CnusucTas npsMoi KUIIKN 21,8% 69,1 % 31,9% 30,3 %
Cnusucras poToBoil HOTOCTH 76,1% 54,6 % 83,3% 7,3%

KaK CyOCTpaT, a py BBICBOOOXKIEHNY OKa3bIBATh aHTUMM-
KpobHoe neiicTBre. OTMedeHHOe HAO/IOfieHNe IOATBEp-
XKJIATIOCh TeM, YTO B YAbTpaduIbTpaTax Takoro sddexra
He Habmoganoch. Kpome Toro, B HekoTopbix YO mpu yna-
JIHNM BBICOKOMOJIEKY/IAPHBIX BelLeCTB aHTMMMKPOOHas
aKTUBHOCTD Bo3pacTaja. HaruBHBIE SKCTPAKTBI CTIM3UCTON
000JI0YKY TOPTAHM M TTOIYETIOCTHBIX C/IIOHHBIX XKele3 He
OKasbIBA/IM CYI[ECTBEHHOTO AaHTUMUKPOOHOTO [eiCTBIIS
Ha KynbTypy. YO B OTHOLIEHMM 3KCTPAKTOB CIM3UCTBIX
0007104€K TOPTaHM, POTOBOJ MOMOCTU ¥ MPAMOJ KUIIKN
IPUBOAWIN K YBEIMYEHNIO aKTUBHOCTH, B C/Iy4dae nuMda-
TUYECKVX Y3/I0B — He OKa3bIBaJIa BIMsAHIE Ha aKTUBHOCTD,
a B OTHOLIEHNY CTM3UCTOl 000TOYKI 3bIKA VI TIOEITIOCT-
HBIX C/IIOHHBIX JKeJle3 — HaIlPOTUB, CHYDKAIA.

OmpeneneHrie aHTUMMUKPOOHON aKTMBHOCTM IO OT-
HomeHmio k Staphylococcus aureus HaTUBHBIX 0OpasIioB
u o6pasnos nocie YO (Mm menee 50 k]]a) MeTomoM Ipo-
TOYHOJ LMTOMETPUM C UCIIONb30BaHMeM Kpacutens Eva
Green u PI npencrasieno B Ta6m. 3.

AKTUBHOCTBIO OOTafany NPaKTUIeCKM BCe HATUB-
Hble 00pasipl, Hanbo/bIIee aHTUMMUKPOOHOE MeiiCTBIE
ObIIO OTMEYEHO y 9KCTPAKTOB C/IM3UCTOV 000TOYKM HO-
COBOJI TTOJIOCTH, O/ BBDKMBIINX K/I€TOK He IpeBbIIIana
7,0%. CTOUT OTMETUTH, YTO [0S COXPAHMBIINXCA Mep-
TBBIX K/IETOK BO BCeX 00pasiiax 6bl/1a 3HAYNTEIBHO BBILIE,
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4yeM B SKCIEpPUMEHTe II0 OTHOIIeHuI0 K Pseudomonas
aeruginosa, 9TO CBUIETENbCTBYET O 6oJee BBHICOKON aK-
TUBHOCTY 06Pa3I[0B OTHOCUTENTHHO I'PAMIIONIOKUTENbHbIX
6akrepuil. YO B oTHOMmeHNN GOMBIINHCTBA 00pa3IloB He
HNPUBOAN/IA K YBETNIEHUIO aKTUBHOCTH.

3akaroueHune

ITpoBeneHHOE MCCIEOBaHME AaHTUMUKPOOHOI aKTUB-
HOCTM IOTPAaHMYHbIX TKaHe! CIM3UCTBIX 000/I09eK TOBs-
OVIHBI B OTHOIIEHWM T'PAaMIIONIOKUTENIbHBIX U IPAMOTPH-
[JaTeJIbHbIX OAKTepUil METOLOM IIPOTOYHON LUTOMETPUN
CBUJIETE/IbCTBYIOT, YTO SKCTPAKTBI C/IM3UCTBIX 000/I04YeK
A3bIKa, POTOBOI M HOCOBOV ITOJIOCTEN ABIAITCA Hau-
6oree MepCreKTUBHBIMU. VIHTEpEeCHBIM TakoKe ABJIACTCA
HaO/TIofieHs], OOHApy>KeHHbIe B OTHOLIEHNM ITOYe/TI0CT-
HBIX TUM(ATIYECKNX Y3/I0B U CIM3UCTON POTOBOIL. Tak-
e B Xofie pabOoThI Obl/Ia YyCTaHOBJIEHA 11e71eCO00Pa3sHOCTD
IpUMEeHEHMsI 9H3MMATUYeCKOil 00pabOTKY st BBICBOOO-
xpeHnsas AMIT u3 npenpo6enKoBbIX MOJIEKYT U YIbTpa-
GUIbTpany A1 OYUCTKY OT MeHee 9P PeKTUBHBIX BBICO-
KOMOJIEKYTIAPHBIX COECNVIHEHMIA.

bnarogapHocTu

VccnenoBanue BBIIOTHEHO 3a cueT rpanTa Poccuiicko-
ro Hay4yHoro ¢onpa (mpoext Ne 17-76-10033).
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Introduction

Since ancient times, people have used completely dif-
ferent ways for extending the shelf life of food products:
smoking, drying, salting, adding spices, using sugar, fer-
mentation, efc. At present methods of food preservation
are classified into physical, chemical and biological [1,2].
Currently, various chemically synthesized preservatives
and antioxidants are used (for example, E-200-E-399). Ad-
ditives are used in all areas of the food industry, but most
of them are banned in many countries, including the Rus-
sian Federation, because of their insecurity for human
health and side effects as a result of constant consumption.
Therefore, the problem of finding alternative natural sub-
stances for prolonging the shelf life of products is particu-
larly acute.

Recently, the demand of consumers for healthy food
products, including those that do not contain synthetic
food additives, has been increasing [2]. Currently, com-
mercial natural preservatives such as nisin «Nisaptin»
(UK), lysozyme «Clerizym Granulate» (Italy), natamycin
«Natamycin» (France), as well as various spices or certain
antioxidants are already used [3].

In this regards, natural antimicrobial substances are
reasonable perspective. Numerous studies have contrib-
uted to the creation of the Antimicrobial Peptide Database
[4] containing systematic information about 2818 antimi-
crobial peptides from the kingdoms of bacteria, fungi, pro-
tozoa, archaea, plants and animals.

The most intensive antimicrobial peptides (AMP) study
has been observed over the last ten years. a-defensins
and cathelicidins were one of the first opened antimicro-
bial peptides [5], since this list was substantially enlarged
and includes magainins [6], histatins [7], azurocirins [8],
spheniscins [9], pleurocidins [10], dermaseptins [11], ce-
cropins [12], melittins [13], and many others.

In Russia, the founders of the study of antimicrobial
peptides were such scientists as V. N. Kokryakov. (Institute
of Experimental Medicine, St. Petersburg), O.V. Shamono-
va (All-Russian Center of Emergency and Radiation Medi-
cine of A. M. Nikiforov, Saint Petersburg) and T.V. Ovchin-
nikova (Institute of Bioorganic Chemistry. Akademy of M.
M. Shemyakina and Y. A. Ovchinnikova RAS, Moscow)
(14,15,16,17].

It is known that animal tissues contain a huge number
of bioactive compounds with different pharmacological
properties [18]. Most of the studied mammalian antimi-
crobial peptides (AMP) were isolated from neutrophil
granulocytes, but they were also found in the small intes-
tine, tongue, myeloid and epithelial cells, albeit in smaller
quantities. This fact allows us to consider as a source of an-
timicrobial substances not only the granular apparatus, but
also the tissues of the mucous membranes of mammals, in-
cluding farm animals. These tissues due to its border posi-
tion are constantly in contact with a wide range of different
biological agents, including pathogenic and opportunistic
microorganisms and viruses, agents of fungal nature, and
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therefore can potentially contain a set of substances with
antimicrobial action.

Particular attention should be paid to the isolation of
such proteins and peptides taking into account structure
and preservation of biological activity. For a sufficient de-
gree of grinding of border mucous membranes, it is con-
sidered appropriate to use the technology of cryo-grinding
in several repetitions. According to structure, most anti-
microbial substances have alkaline isoelectric point, so it
is preferable to use acidic solutions for extraction. In addi-
tion, at high ionic strength, they are prone to loss of their
biological activity, which is why the use of salt solutions
is undesirable. To remove colloidal suspension formed
during extraction due to the presence of a large number
of connective proteins (collagen and elastin) in the tissues,
centrifugation at high speeds of extracts is considered ra-
tional [19,20,21]. According to the international database
UniProt Protein Database, antimicrobial peptides are con-
tained in a living organism often in the form of prepropro-
tein, containing «prestructural region», signal peptide and
mature peptide [3,4], so it is advisable to apply proteolytic
enzymes (e.g. trypsin, pepsin, elastase). Ultrafiltration is
used quite effectively for molecular weight separation of
protein-peptide substances [22]. The material for the man-
ufacture of UF filters, usually inert to protein substances,
does not cause their adhesion and inactivation, and the
method is quick and easy.

Objects and methods

The objects of the study were the border areas of the
mucous membranes of the tongue, larynx, submandibu-
lar salivary glands, submandibular lymph nodes, nasal and
oral cavities and rectum of beef. Samples taken at the fac-
tory JSC «CRROS», Moscow region, Istrinskiy dis., vill.
Denezhkino. The activity of the isolated antimicrobial pep-
tides (AMP) were studied in the obtained native extracts
after neutralization, in extracts after fermentolysis and ul-
trafiltrates with a molecular weight less than 50 kDa.

Samples of mucous membranes were extracted with a
solution of 10 % acetic acid at a hydromodule of 1:5, stirring
speed of 400 rpm, for 5 hours at (4-5) °C at LDU (Labotex,
Russia). Then the extracts were centrifuged (Sigma 3K30,
Germany) at 15,000 rpm and 4.0 °C, for 5 min, the superna-
tant was taken. The supernatant was neutralized to pH=6
with a solution of sodium hydroxide with a concentration
of 4 mol/l. Next, part of the neutralized extracts were sub-
jected to trypsinolysis (PanReac, activity 328 USP U/mg),
part — ultrafiltration on centrifuge ultrafilters Amicon
Ultra-4 (50kDa, Millipore). The isolation scheme is clearly
shown in Figure 1.

To determine the antimicrobial activity of neutralized
native samples and samples after trypsin treatment against
Listeria monocytogenes, using Eva Green 50 pl of the sam-
ple was mixed with 50 ul of culture (10° cells/ml), incu-
bated overnight in a thermostat at 37°C. Then to 20 pl of
the mixture 5 pl of Eva Green was added, 365 ul of deion-
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Figure 1. Scheme of antimicrobial peptides (AMP) isolation from animal raw materials

ized water and 10 pl of DMSO (to remove background red
fluorescence), incubated in the dark for 10-15 min, living
and dead cells were measured on the flow cytometer Guava
EasyCyte (MerkMillipore).

To determine the antimicrobial activity against Staphy-
lococcus aureus and Pseudomonas aeruginosa neutralized
native samples and samples after ultrafiltration (Mm less
than 50 kDa) using Eva Green and PI 10 pl of the sample
was mixed with 90 ul culture (106 KL/ml), incubated over-
night in a thermostat at 37 °C. Then to 20 pl of the mix-
ture 5 ul Eva Green was added, 365 ul of deionized water
and 10 ul DMSO (10 ul DMSO to remove the background
red fluorescence), incubated in the dark for 10-15 minutes,
measured living cells on a flow cytometer Guava EasyCyte
(MerkMillipore). 3 ul PI was added to 20 pl of the mixture,
377 pl of 0.9 % sodium chloride solution was added, 10-15
min were incubated in the dark, dead cells were measured
on a flow cytometer Guava EasyCyte (MerkMillipore).

Results and discussion

Determination of antimicrobial activity against Listeria
monocytogenes of native and trypsin-treated samples by
flow cytometry using Eva Green dye is presented in Table 1.

Mucous of the rectum and the oral cavity possessed the
highest activity, the ratio of living cells decreased to 2.7 %,
treatment of trypsin in relation to the mucous membranes
of the tongue, submandibular salivary glands and lymph
nodes led to the increase in activity, in the case of the mu-
cous membranes of the larynx, nasal cavity and rectum —
no effect on the activity, and in relation to mucous mem-
brane in oral cavity, on the contrary, reduced.

Determination of antimicrobial activity against Pseu-
domonas aeruginosa of native samples and samples after
ultrafiltration (UF) (Mm less than 50 kDa) by flow cytom-
etry using Eva Green and PI is presented in Table 2.

32

Table 1. Results of antimicrobial activity determination against
Listeria monocytogenes of native and trypsin-treated samples by
flow cytometry using Eva Green dye

% living cells
Sample . Treated
Native by trypsin

Control (positive) 92.3%
Control (negative) 4.1%
The mucosa of the tongue 81.9% 36.2%
The mucosa of the larynx 98.8 % 100.0%
Submandibular salivary glands 82.3% 11.1%
Submandibular lymph nodes 62.5% 44.4%
The mucosa of the nasal cavity 100.0% 100.0%
The mucosa of the rectum 20.8% 96.4 %
The mucosa of the oral cavity 2.7% 6.0 %

The mucous membranes of the tongue and nasal cav-
ity were most active, the proportion of surviving cells
decreased to 22.0%. Adding extracts of lymph nodes,
mucous membranes of the oral cavity and rectum to the
culture lead to the increase in the number of survived cells
almost by 2 times, but the proportion of dead cells (stained
PI) reached 51.6 % of all cells.

Presumably, this observation is due to the fact that
antimicrobial peptides (AMP) are «packed» in a protein
molecule, which can be used by microorganisms initially
as a substrate, and only after releasing have an antimicro-
bial effect. The revealed observation was confirmed by the
fact that such effect was not observed in ultrafilters. In ad-
dition, in some UF when removing high-molecular sub-
stances, antimicrobial activity increased. Native extracts of
the mucous membrane of the larynx and submandibular
salivary glands did not have a significant antimicrobial ef-
fect on the culture. UF the larynx, oral cavity and rectum
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Table 2. Results of antimicrobial activity determination against Pseudomonas aeruginosa of native samples and samples after UF
(Mm less than 50 kDa) by flow cytometry using Eva Green and PI dyes.

Native After UF (Mm less than 50 kDa)

Sample survived cells 3 prf)portio.n pidead survived cells s prf)portio.n pidea]

(in relation to control) Cellsss:_lvli.‘e,t:ltlcoellll:‘)) i (in relation to control) cellssgrvgsizgtz?l:? L
The mucosa of the tongue 22.0% 5.6% 49.9% 8.6%
Mucosa of the larynx 77.1% 1.1% 59.3% 5.2%
Submandibular salivary glands 85.1% 1.6 % 157.3% 8.4%
Submandibular lymph nodes 147.5% 51.6% 142.1% 4.1%
The mucosa of the nasal cavity 40.5% 4.7% 44.4% 9.2%
The mucosa of the rectum 144.3% 10.2% 49.5% 9.7 %
The mucosa of the oral cavity 166.2 % 38.0% 44.8% 6.2%

Table 3. Results of antimicrobial activity determination in relation to Staphylococcus aureus of native samples and samples after UF
(Mm less than 50 kDa) by flow cytometry using Eva Green and PI dyes.

Native After UF (Mm less than 50 kDa)

Sample survived cells s prf)porthn T survived cells L3 prf)porthn of dead

(in relation to control) cells (in relation to the (in relation to control) cells (in relation to the

survived cells) survived cells)
The mucosa of the tongue 32.1% 29.3% 62.1% 10.8 %
The mucosa of the larynx 22.1% 34.0% 49.0% 25.8%
Submandibular salivary glands 9.2% 66.8 % 17.8% 18.5%
Submandibular lymph nodes 18.4% 77.3% 39.1% 38.7%
The mucosa of the nasal cavity 7.0% 12.2% 24.2% 14.9%
The mucosa of the rectum 21.8% 69.1% 31.9% 30.3%
The mucosa of the oral cavity 76.% 54.6 % 83.3% 7.3%
extracts led to an increase in activity, in the case of lymph Conclusion

nodes — did not affect the activity, and in respect of the
mucous membrane of the tongue and submandibular sali-
vary glands — on the contrary, reduced.

Determination of antimicrobial activity against Staphy-
lococcus aureus of native samples and after UF (Mm less
than 50 kDa) by flow cytometry using Eva Green and PI is
presented in Table 3.

Almost all native samples possessed antimicrobial ac-
tivity, the greatest antimicrobial effect was observed in ex-
tracts of the nasal mucosa, the proportion of surviving cells
did not exceed 7.0 %. It is worth noting that the proportion
of dead cells in all samples was significantly higher than in
the experiment with respect to Pseudomonas aeruginosa,
which indicates a higher activity of samples with respect to
gram-positive bacteria. UF for most of the samples did not
lead to increased activity.
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The study of antimicrobial activity of substances in-
cluded in the border tissues of bovine mucous mem-
branes against gram-positive and gram-negative bac-
teria by flow cytometry suggests that the extracts of the
mucous membranes of the tongue, oral and nasal cavi-
ties are the most promising. Interesting is also the ob-
servations found in respect of submandibular lymph
nodes and oral mucosa. Application of enzymatic treat-
ment for releasing the antimicrobial peptides (AMP)
from preproprotein and ultrafiltration for purification
from less effective high-molecular compounds were also
reasonable.
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AHnHomauyus

O0HUM U3 HANPABTIEHUTI PeUeHUsT CIMOSTUAUX Neped OMPACTIbI0 B0NPOCO8 KAUeCMBA NUMAHUS S6/ITeMCs Paspabomxa crmaH-
0apMu3UPOBAHHVIX U AMIMECIOBAHHDIX MEMOOUK, CBAZAHHDIX ¢ NPoBedeHUeM 2TTYOOKUX UCCTe008aAHULI OUOXUMUHECKUX NOKA-
3amerneil kavecmea u 6e30NACHOCMU MACA U MACHBIX npodykmos. Muposas 1abopamopHas npakmuxka 6 001acmu ka4ecrmea
u 6e30nacHoCcmu NPOOYKMo8 NUMAHUST CBUOEIMENbCMBYIOM 0 NOCMOSTHHOM PACUUPEHUU CRUCKA KOHMPOIUPYEMbIX NOKA3A-
mereti NUWLEB020 ColpbA U NPoOyKuuU. BaxHoii ocobentocmovio cospemenozo nepuoda 6 passumuu 6UOMeOUUUHCKUX U OU-
OMEXHONI0eUHECKUX UCCIe008aHUL ABIAeMCS 6HeOpeHUe Uesi020 KOMNIEKCA NOCM2EHOMHBIX MeXHONI0eUtl, 8 0CHOBe KOMOPbLX
JIeHUM CUCEMHDBLTL N00X00 K U3YHeHUI0 0cobeHHOCmell PYHKUUOHUPOBAHUS NPOMEOMA MAEKONUMAu,ez0 npu pasautHvix
PusUONnOUHECKUX U NATNONOZUYECKUX COCOSHUSX, 8 MOM HUCTe NPU GOPMUPOBAHUL U PA3EUMUL ATUMEHMAPHO-3A6UCUMDBLX
namonoeuti. B c653u ¢ smum npobnema MHO20COPOHHE20 U3YHeHUS NUU4EBbIX NPOOYKINO06, 8 HACHHOCINU UX UOEHMUPUKALU,
A67AemMcs HAUbOee aKMyanvHol, NOCKONLKY COBPEMEHHAS MeXHON02US UX NPoUu3so0cmea npemepnena cyujecmeenHole us-
MeHeHUsT U mpebyem pa3pabomxu «uddsuux» pexcumos o6pabomxu. OHU KACAIOMCST UCXOOHO20 CIPBST U BCHOMO2AMENLHIX
MAMePUaos, UCNONIL3YeMblX HA BCeX IMANAX NPOU3BO0CMEa NPoOyKyu. Mo U HOBble MEeXHONOZUU NPOU3B0OCMEa OeNKOBbLX
npoOyKmos U3 pactrmumenvHozo ColpvsA, a maxxie séedeHue 8 NPOOOBOTLCMBEHHOE Cbipve U NPOOYKMbL NUMAHUA NUULEEDIX
000a80K UCKYCCMBEHHO20 NPOUCXOHOEHUST U U3ObIMOUHOE BHeceHue 000AB0K PACUMENIBHO20 U HUBOMHO20 MONEN CIMamb
npuuuHoli Panvcudukayuu NpooyKmos, a Mmakie cKasamocs Ha 300posve nompedumend. OueHka Ka4ecmea NULLEBLIX NPO-
0yKMoe 8KII01aem KOHMPONb KOMNOHeHMO06 20mosbix usdenuil. Haubonee cnoxto onpedenumo 0070 MolideyHOMKAHHO020 Oer-
KA 8 MHO20KOMNOHEHMHBIX MACHLIX NPOOYKMAX, NPoueduwux mepmudeckyto oopabomxky. Ilosmomy 6 npaxmuxe npu ovyeHxe
KAuecmea nuuesvlx npooyKmos 603HuKAem He0OX00UMOCb UOEHMUPUKALUL €20 PeaibHO20 COCMABA 8 COOMBEMCMBUL ¢ Oe-
KAAPUPOBAHHDIM HOPMAMUBHBIM 00KYMEHMAM. B Hacmosiujee 8pemst nepcnexmusHbiM HaNpasneHuem HayUHvIX UCCTed08aHUTl
8 0071acMU ONpedeneHUs COCIMABA 20MOBbIX NUUEBbIX NPOOYKINO08 AB/IAeMCS BvideeHUe 6UOMAPKEPOs PASTUUHBLX KOMNOHEH-
Mo8. B c6s13u ¢ amum akmyanvHvim S6/sIemcst paspadomxa mermooonozuu u0eHmuduKayuu GUOXUMUHECKUX USMEHEHUTI Nil-
6020 CHIPLS NOO OeticMBUeM MeXHON0ZUUeCKUX PaKmopos ¢ UCNONIb308AHUEM COBPEMEHHBIX MeO0d08 uccnedosanus. B oan-
Hoil pabome npedcmasner 0030p MemMo00n02UU AHANU3A 6ENKO8 U NeNMUO08, BKIIUAIULULL NOCTIEOHUE MEXHON02U, KOMOpPbie
npuobpemarom 6cio 60bULYI0 AKIMYATIHOCb.
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METHODOLOGICAL ASPECTS OF IDENTIFICATION
OF TISSUE-SPECIFIC PROTEINS AND PEPTIDES FORMING
THE CORRECTIVE PROPERTIES OF INNOVATIVE MEAT PRODUCTS

Natal’ya L. Vostrikova', Irina M. Chernukha', Daniil V. Khvostov >
' V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia
% Scientific Center of Biomedical Technology of the Federal Medical-Biological Agency of Russia, Moscow region, Russia

Key words: proteomics, two-dimensional electrophoresis, biomarkers, mass spectrometry

Abstract

paper

One of the ways to address the food quality issues facing the industry is the development of standardized and certified methods
related to the conduct of in-depth studies of biochemical indicators of quality and safety of meat and meat products. The world
laboratory practice in the field of food quality and safety shows a constant expansion of the list of controlled indicators of food
raw materials and products. An important feature of the modern period in the development of biomedical and biotechnological
research is the introduction of a whole complex of postgenomic technologies, which are based on a systematic approach to the study
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of the functioning of the mammalian proteome in various physiological and pathological conditions, including the formation and
development of alimentary-dependent pathologies. In this regard, the problem of multilateral study of food products, in particular
their identification, is the most relevant, because the modern technology of their production has undergone significant changes and
requires the development of “gentle “ processing modes. They concern raw materials and auxiliary materials used at all stages of
production. This and new technologies of production of protein products from plant raw materials, as well as the introduction of
food raw materials and food additives of artificial origin and the excess introduction of additives of plant and animal origin can
cause falsification of products, as well as affect the health of the consumer. Food quality assessment includes the control of com-
ponents of finished products. It is most difficult to determine the proportion of muscle protein in multi-component meat products
that have undergone heat treatment. Therefore, in practice, when assessing the quality of food products, there is a need to identify
its real composition in accordance with the declared normative documents. Currently, a promising area of research in the field of
determining the composition of finished food is the selection of biomarkers of various components. Therefore, it is important to
develop a methodology for the identification of biochemical changes in food raw materials under the influence of technological fac-
tors using modern research methods. This paper provides an overview of the protein and peptide analysis methodology, including
the latest technologies that are becoming increasingly important.

BBenenne

Benku mpepncraBisooT coboit KpymHbIe 0MOMOJIEKY-
JIBL VJIM MAaKPOMOJIEKY/IbI, COCTOAIINE 13 OFHOI WIN He-
CKOJIBKMX JIMHHBIX LIeleil aMUHOKUCIOTHBIX OCTATKOB.
BenKky BBIONHSAIOT MMPOKUI CIEKTP QYHKIVIT BHYTpK
OpraHM3MOB, BK/IIOYas KaTa/lusupymolye MeTabosmde-
ckme peakuuy, pernkanuio JHK, peaxiuio Ha pasgpa-
JKUTENMN U IIePeHOC MOJIEKY/I U3 OJHOTO MecCTa B IpyTroe.
Benky oTamyaroTcsa Apyr OT Apyra B HEpBYIO Odepedb
MOCTIEeIOBATETbHOCTBI0 aAMUHOKICIOT, KOTOpas MPOJUK-
TOBaHA HYK/JIEOTHUITHOI IOC/IeOBATe/IbHOCTBIO VX I€HOB.
Kak mpaBuio, 3T0 NpuBOAUT K crubaHmio OeKa B Crienu-
(udeckyio TpeXMepHYI0 CTPYKTYPY, KOTOpas OIpefie/seT
ero akTuBHOCTD [1]. JIMHelHasA Lielb aMUHOKUCIOTHBIX
OCTaTKOB Ha3bIBAETCs MOMUIENTUNIOM. BemoK comepsxuT,
II0 MeHbIIIeNl Mepe, OfiH J/IMHHBIN nomumentus. Kopot-
Kue MOoMMIENTUAbI, cofepxkaiine meHee 20-30 ocTaTKoB,
PenKo CYMTAIOTCS OeNKaMy U OOBIYHO HA3bIBAIOTCS II€II-
TUZAMU VIU MHOTHA onuro nentugamu. OTienbHble aMi-
HOKJC/IOTHBIE OCTATKI COENMHEHbl BMECTe MENTUTHBIMIU
CBI3AMM M COCEJHUMM aMUHOKMUC/IOTHBIMU OCTaTKAMMU.
ITocemoBaTeIbHOCTh AMUHOKMC/TIOTHBIX OCTaTKOB B 6ell-
Ke OIIpefie/isIeTCs MOCIeiOBaTe/IbHOCTBIO T'eHa, KOTOPBIil
KOJMPYeTCsl B TeHEeTHYeCKOM Kofe. B obuiem, reHernde-
CKMiT KOJ yKasbiBaeT 20 CTaHAAPTHBIX aMUHOKICIIOT; Ofi-
HAaKO B HEKOTOPBIX OPraHM3MaX reHeTUIEeCKIUI KOJ MOXKeT
BKJIIOYATh CEJIEHOL[MICTEVH U B HEKOTOPBIX MUPPOTU3LH.
Bckope nocrte miu jaske BO BpeMsi CHHTe3a 4acTO IPOMC-
XOIAT TMOCTTPAHC/LALVOHHBIE MOAUQUKALNMA OCTaTKOB
B 0e/iKe, KOTOpble N3MEHSIOT GU3NIECKIE U XUMIIECKIE
CBOJICTBA, CKJIafiblBaHue, CTaOWIbHOCTb, AKTUBHOCTD
U, B KOHEYHOM cueTe, pyHKIuIo 6enkoB [2]. ViHorzma Gen-
KI COflepyKaT He MeNTHUIHbIE IPYIIIIbI, KOTOPbIe MOXKHO Ha-
3BaTh IPOTE3HBIMU Tpynnamu uiy kopakropamu. benkn
MOTYT TaK>Ke paboTaTh BMeCTe /I HOCTVDKEHNA Olperie-
JIeHHOJ (DYHKI[MY, ¥ OHYM YaCTO aCCOLMUPYITCA ¢ 0bpa-
30BaHMEM CTaOMIbHBIX OETKOBBIX KOMIIIEKCOB [3,4].

I[Tocre o6pazoBaHmsA OEIKY CYILIECTBYIOT TONBKO B Te-
JeHIe ONpefle/IeHHOTO IIepIoia BpeMeH, a 3aTeM Jierpa-
[UPYIOT ¥ IepepadaThIBAIOTCS AINApaTOM KJIETKM depes
nporiecc 6enkoBoro nukaa. [IpogomKNTeNbHOCTD XU3HN
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Oenka M3MepsieTCsA MEPUOLOM €ro IOIypaciajia M OXBa-
ThIBAeT WIMPOKMII AyuanasoH. OHM MOTYT CYyIIeCTBOBATbh
B Te4YeHJe HeCKOIbKIX MMHYT WIN JIeT CO CPelHeil Ipo-
JIO/DKUTENIBHOCTBIO JKM3HM 1-2 Mecslja B KJIeTKaX M/IeKO-
NUTAIOMMX. AHOMaJIbHbIE VTN HeCOINIACOBAaHHBbIE OeKM
[leTpaiMpyIoT OBICTpee 6/1arofiaps TOMY, 4YTO OHY HOfIBEP-
raloTCsA paspyLIeHnIo, 160 13-3a HeYCTOMYMBOCTH [5].
Kak u gpyrue Omomorndeckme MakpOMOJIEKY/IBI, Ta-
Kye KaK IOJICAaXapyUabl X HYK/IEMHOBBIE KMCIOTDI, OeIKN
ABJIAITCA BOXHBIMU YaCTAMYU OPTaHU3MOB U Y4aCTBYIOT
IPaKTUYECKV BO BCeX Mpoljeccax B KieTkax. MHorue 6er-
KU ABJIAITCA pepMeHTaMy, KOTOpble KaTaIM3UpYIT 61o-
XUMWIYECKIe PeaKIUy 1 SIB/ISIOTCS SKM3HEHHO BaYKHBIMU
g MeTabonmusMa. Benky Takke MMEIOT CTPYKTYpHBIE
WIN MeXaHW4yecKye (QyHKIUM: aKTVH ¥ MMO3VH B MBIII-
1ax, 0elKM B IUTOCKe/IeTe, KOTOpble 00pasyloT CUCTEMyY
MUKPODUIAMEHTOB, MOAJEP>KMUBAILINX (OPMY KIETOK.
Ilpyrue 6enky Ba>KHBI B KI€TOYHOI Iepefjade CUTHAIOB,
MMMYHHBIX peaKLAX, KIETOYHOI afire3uy U KIeTOYHOM
LVKJIe. Y )KMUBOTHBIX B Pal[IOHe HEOOXOAMMBI O€/IKM, /I
obecriedyeHns He3aMEHUMBIMM aMMHOKUCTIOTaMM, KOTO-
pble HEBO3MOXXHO CHHTe3upoBarh. [InieBapenne paspy-
maeT OeIKy /Il MCIIO/Ib30BaHMA B MeTabonusme [6].
Yr10o6blI BBIIOMHNUTD CBOIO (PYHKINMIO, O€IKM B3auMO-
JIeVICTBYIOT C ;PYTUMM BelljeCTBAMU C APYTMMH BellieCTBa-
MM Ha MOJIEKY/ISIPHOIT VI IOHHOM YPOBHE WM IPYTVMU
6ermkamu. benky B3aMOIEICTBYIOT B Pa3/INMYHBIX KOHTEK-
CTax U C pasHbIMU pesynbraTamu. HekoTopsie 6enku ak-
TUBUPYIOT WM Jie3aKTUBYUPYIOT IPyTVe OeIKY Iy TeM CBS-
3bIBaHMA C HUMM win 1yTeM (fe-) dochopumpoBaHy
ux. B mporecce pocdopunuposanus, pocparnyto rpyniy
100aBNIAIOT (MM YRAIAIOT) 13 6€/Ka, YTO aKTUBUPYET MIN
fie3akTUBUpYeT 6enok. [Ipyrue 6enku CBA3BIBAIOTCA APYT
C IpyroM, co3/aBas TaK Ha3blBaeMble O€TKOBbIE KOMITIEK-
cbl. OHN MIMEIOT BayKHbIE POJIM BO BCell K/IeTKe, HaIIpuMeD,
B permkauuu JTHK. [Ipyroit kmacc 6e1KoB CBA3BIBAETCA
IIPYT C APYTOM 1A CO3JaHMA CTPYKTYPHBIX KOMIUIEKCOB,
KOTOpbIe TIepefjaloT KIeTKe CBOI TPEXMEPHYIO CTPYKTY-
py. Bce atm B3ammopeiicTBuA, ABIANTCA LEHTPAIbHON
9acThI0 (YHKUMOHMPOBaHMS KIeTKy. [IoHMMaHMe 3Tux
OCHOBHBIX B3alMOJIEVICTBUI MMeET >XU3HEHHO Ba)KHOE
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3HauYeHNUe I NOHUMAHUA BHYTPeHHeN paboThbl >KM3He-
IeATe/IBHOCTY OPraHU3Ma.

TkaHecnendnyeckas sKCIpeccus FeHOB MOXeT IIpU-
BOAMTH K HA/IMYMIO MM OTCYTCTBUIO OIpefie/IeHHbIX Oer-
KOBBIX B3aMMOJEVICTBUII U KOMIUIEKCOB, YTO IPUBORUT
K [IyOOKMM (YHKLIMOHAIBHBIM Pa3InyysM O1osIornye-
CKVIX IIPOLIeCCOB B TKaHsAX [7].

[TonnMaHMe XapaKTepa 3TUX B3aMMOJEVICTBUI BaX-
HBI [/ U3YYEHMs TOTO, KaK U I0YeMy paboTaioT KieT-
Ki. BaaumopericTBuA Mexay BceMu OenkaMu B KIeTKe
COCTaBJIAIOT TaK HasblBaeMoe 0elIKOBO-0eIKOBOe B3alu-
MmopevicTBue (Protein-protein interactions-PPI) cetu. He
Bce OeIKM IPUCYTCTBYIOT BO BCeX K/IETKAX M TUIIAX TKa-
HAX, I09TOMY O€JIKOBbIE B3aVIMOJEICTBIA OTPAHNYCHBDI
K/IETOYHBIMM VI TKAHEBBIMM TUIIAMI, IZie 00a B3auMoyeri-
CTBYIOIUX Oe/IKa MPUCYTCTBYIOT. T TKaHe3aBUCHMBIE
B3aMMOJIeIICTBMsI 00pasyloT TKaHecnenududeckue PPI
(TSPPI) [8].

C 9TOJl LIe/IbI0 M3YYAIOT METOJONIOTMYECKUE ACTIEKThI
aHa/!MM3a ¥ BBIOMPAIOT, WM pa3pabarbiBaloT 3PQPeKTnB-
Hble AJITOPUTMBI, KOTOpbIe IIOKa3bIBAlOT Hambojee Jo-
CTOBEpHBIE pe3ynbTaTbl. KpoMe TOro, m3y4aroT OCHOB-
Hble cBoiicTBa TSPPI, 4T06bI mOMy4nTh TIpencTaBIeHMe
0 CTPYKType B3aMOJIENICTBUIL, a TAK)Ke CBOVICTBA OIIpefie-
JIEHHBIX Ipynn 6enkoB. HakoHell, NCIIOMB3YIOT alropur-
MBI K/IaCTEPU3ALUM C LIe/IbI0 BBLAB/ICHUA TKaHeCHendu-
4ecKMX (YHKI[MOHA/IbHBIX Mo#yeit B pamkax TSPPIs [9].

3HauNTE/TbHBIN HTEpeC MpPefICTAB/IAeT U3ydeHNe Me-
XaHM3MOB 00pa3oBaHMs BelleCTB 0€/IKOBOI U IeNTUHO
IPUPOJBI, 00YCIOBINBAIOLINX OMOKOPPUTHPYIOLIVE I Ka-
JeCTBEHHbIE XapaKTePUCTUKY ITyTeil ux 61ocuHTesa [10].

Bce 6onblie BHUMaHUA yaenseTcs 6uonHpopMaTuke
KaK MHCTPYMEHTY M3y4YeHNUA IPOTEOMa, C TOUKI 3PEeHNA
TUIIOTETMYECKOTO Ha/IMYMA B HEM, TeX WM MHBIX O10JI0-
TMYeCK) aKTUBHBIX IENTHOB 1 6enkoB-mapkepos. Co-
IJIACHO MUPOBBIM 0a3aM [aHHBIX B MBIIIEYHBIX Oe/lKax
IPOAYKTUBHBIX >KMBOTHBIX COZIEP)KAaTCs aMUHOKMUCIIOT-
Hble IOC/IeJOBATe/IbHOCTY, OO/Iafjalolyie pPasINIHBIMU
6uonormyeckumu csoiictsamu [11].

OcHOBHaA 4acTh

ITooxo00v! k uzyuenuio 6enkos

AKTUBHOCTb ¥ CTPYKTYpbl O€IKOB MOXXHO MCC/IEHO-
BaTh in vitro, in vivo u in silico. Vicciegosauns in vitro
OYMIIIEHHBIX 0€/IKOB B KOHTPOJIMPYEMBIX CPefiaX MO/Ie3HbI
VISl M3YYeHMsI TOTO, KaK 0e/IOK BBIIONIHACT CBOIO (PYHK-
LIVI0: HAaNlpMMep, MCCIEOBaHMs KMHETUKN (epMEHTOB,
BBIABJIAIOT XMMMYECKMII MEeXaHU3M KaTaIUTHYeCKON
aKTMBHOCTU (pepMEHTa M er0 OTHOCUTETbHOE CPOCTBO
K pasJIM4HBIM BO3MOXKHBIM MOJIeKynaM cybcTpara. Ha-
IPOTUB, SKCIEPVMEHTBI in Vivo MOTYT IIPeJOCTaBUTb MH-
¢dopmaiyio o GpU3NoIOrnIecKoit ponu 6enka B KOHTEKCTe
KJIETKV VIM JlaKe BCEro opraHmsMa. B mccnegoBanmaAx in
silico MCTIONMB3YIOTCA BBIYMCINTEIBHBIE METOABI IJI U3-
y4eHus 6eKoB.
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VisydeHne 6elKOB in Vivo 9acTO CBSI3aHO C CHHTE30M
1 moKanusamyeil 6enka B kaerke. OueHb 9acToO He SICHA
CrIenpUIHOCTb TOTO, KaK Oe/KM HallelleHbl Ha OIpefie-
JIeHHBbIE OpTaHE//Ibl MIN K/IETOYHblE CTPYKTYPBI, XOTS
U3BECTHO O MHOTMX CHHTE3MPOBAaHHBIX B I[MTOIUIa3Me
BHYTPUK/IETOYHBIX O€/IKax, CBSI3aHHBIX ¢ MEMOPAHOI MK
CEeKpeTUPYeMbIX Oe/Kax B SH/IOIIa3MAaTIYeCKOM PETUKY-
nyme [4]. Ilone3Hblil METOX OLeHKM KIeTOYHOI JIOKasIy-
3aIMM UCTIOIb3YeT TEeHHYIO0 MH>KEHePUIO [/l 9KCIIPeCCUN
B KJIETKe CJIUTOTO Oe/Ka MM XMMepBbl, COCTOSIIIel 13 TIPU-
pomHOro 6enKa, MpeCcTaB/IsAoIEero NHTEPEC, CBI3aHHOTO
C «penopTepoM», TAKUM KaK 3eJIeHbII (IyopeclieHTHBIN
6enok (GFP) [12]. TTonmosxxkenue cnmmuToro 6enkKa B KIETKe
MOXKeT ObIThb 4MCTO U 3P(PEKTUBHO BMU3YaTU3UPOBAHO
C UICIIO/Ib30BaHyeM MUKpockomuu [13].

CylIecTBYIOT 9KCIIepUMEHTANbHble METObl, HAlpu-
Mep, A1l OOHAPY’>KeHMsA, BBIJENCHUA Y OYMCTKY OENKOB,
a TaKxoKe /1 pacinpoBKY CTPYKTYPbI 1 QYHKIINIT, 4aCTO
TpeOyeTCcsl OYMCTKM MCXOFHOTO Oenka. BrrumcmuTeibHbIe
MeTOZbI OOBIYHO VICHONB3YIOT KOMIIBIOTEPHbIE IIPOTpaM-
MBI 11 aHamn3a 6enkoB. OTHAKO MHOTVE 9KCIEPUMEH-
TaJibHble MeTOAbl (HampyuMep, MaccC-CIIeKTPOMEeTPIsI)
TpeOYIOT BBIYMCIUTEIBHOTO aHaaM3a HeoOpabGOTaHHBIX
IAHHBIX.

Tenemuueckue memoowt

OKCIIepUMEHTa/IbHBIN aHaMN3 OOBIYHO TpebyeT aKc-
Ipeccuy M OYNMCTKU OeKOB. BbIpakeHme pgocTuraercs
nyteM MaHunymposanua [JHK, xotopas xopupyer,
npepcTaB/Aomnil nHTEpec 6emok. CreoBaTenbHO, aHa-
mm3 6enka o6pryHO Tpebyer MeromoB JHK, ocobenno
KIOHMpoBaHMA. HekoTopble 6e/ky HUKOT/A He ObIIM He-
IOCPEJICTBEHHO CEKBEHMPOBaHbl, OJHAKO, IIyTeM IIepeBO-
Ila KOTOHOB M3 M3BECTHBIX MocaegoBaTenbHocTelt MPHK
B aMMHOKMUC/IOTHI C IIOMOILbIO METOMA, M3BECTHOIO KaK
«KOHIIeNITya/IbHasI TPAHC/IALMSI», ObIIO IPOaHAIN3UPOBa-
HO GO/IBIIMHCTBO 6€lKOBBIX MOJIeKyl. CaiiT-HaIpaB/ieH-
HBII MyTareHe3 M30MpaTeJIbHO BBOAUT MyTaIVM, KOTO-
pble USMEHAIOT CTPYKTYpY 6enka. DyHKIuA yacTeit 6enKka
MO>KeT OBITb JTy4llle IIOHATA ITyTeM U3y4eHUs U3MEHEHMs
(deHOTHIIA B pe3y/nbTaTe 3TOTO BO3ZENCTBUA. bemkoBble
CHalKM MOMY4aloT IIyTeM BCTAaBKM IPOTEMHOBBIX METOK,
takux kak His-tag, misa nmonydennst MopnduiypoBaHHO-
ro 6efKa, KOTOPBIiT /ierde OTCIeXUBaTh. IIprmMepom aToro
MoxeT cnykuTb GFP-Snf2H MeuyeHbIX KoMIIIeKcoB (Xpo-
MaTVH-peMOJIeIMPOBaHe), KOTOPbII COCTOUT 13 Oeska,
CBSI3aHHOTO C 3€/IEHOII (PITyOpecIieHTHON MeTKoI1 [14].

Anamms [IHK-ammeneit mMoxer ObITh MAeHTUUINU-
POBaH KaK CBA3aHHBIN C 0OJIe3HEHHBIM) COCTOSHUAMI,
HanpuMep, npu Beraucnenun oneHkn LOD, paspaboran-
Hoit Hpioronom MoproHom. OHa mpepncraBisfeT co6oit
CTAaTUCTUYECKNI TECT, KOTOPBIN 9aCTO UCIIONb3YeTCH JI/IA
aHa/M3a CIEN/IeHNA B MIONYAALMAX YeTI0BEKa, )KUBOTHBIX
n pactennii. Onenka LOD cpaBHMBaeT BepOATHOCTD II0O-
JTy4eHNsl TeCTOBBIX HAHHBIX, €C/IM 3TU JIBa JIOKyca Jieli-
CTBUTEJIBHO CBS3aHBI, C BEPOATHOCTBIO HAOMIONEHNA
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cny4daiHbIx cobbrtuit. [losutusHble onenkn LOD 6maro-
OPUATCTBYIOT HAIMYMIO CBA3M, TOTFA KAaK OTpPUIATe/b-
Hble onleHKM LOD ykasbIBaloT Ha TO, YTO NPUBA3Ka Me-
Hee BeposATHA. KOMIIbIOTepU3VpPOBAaHHBIN aHA/MN3 OL[eHKN
LOD — 3T0 mpocToit crnocob aHamm3a CIOXKHBIX ceMeli-
HBIX POJOCTIOBHBIX, YTOOBI OLIPEE/INTD CBSI3b MEXXY MEH-
JIe/IeBCKMMU YepTaMy (MM MeX[y TIPU3HAKOM U MapKe-
poM, mwnu aByMs Mapkepamu) [15].

CymecTByIoT 1 gpyrue Bo3aMoxHoCTI. Hampumep, nm-
MYHOTMCTOXVMMUS OOBIYHO MCIIONIb3YeT aHTUTENIO K OHO-
MY VIV HeCKOJIBKMM IIPefCTaB/IAIIIIM HTepec Oenkam,
KOTOpble KOHBIOTMPOBaHbI ¢ depMeHTaMM, AaBas 1160
TIOMUHECI[EHTHbIe, MO0 XPOMOTeHHbIe CUTHAJIbI, KOTO-
pble MO>KHO CPaBHUTDb MeX/ly 00pasliaMi, 4TO ITO3BOIAET
HOMTY4YUTb MHGOPMALIMIO O JTOKanu3anuu. [Ipyrum npume-
HUMBIM METOJOM SIB/ISIETCSI KOPPaKIMOHMPOBaHNUE B TPa-
[MeHTaX Caxapo3bl (M/IV JPYroro MaTepuana) ¢ UCIoIb30-
BaHIEM M30IVKHIYECKOTO LeHTpudyruposanus [16].

Yepes pyroe npyMeHeHMe B 00/IaCcTV TeHHOI MHXe-
Hepuy, M3BeCTHOE KaK CajiT-HallpaBJIeHHbII MyTareHes,
UCC/IeNloBaTeI MOTYT M3MEHATh MOC/IeNOBaTeIbHOCTD
6eska 1, CIIelOBATENbHO, €r0 CTPYKTYPY, KI€TOYHYIO JIO-
KaIM3alMio0 ¥ BOCIPUMMYMBOCTD K PETyIALMM. IDTOT
METOJ aKe TTO3BOJISET BKIYNTD HEECTECTBEHHbBIE aMMU-
HOKMCTIOTHI B O€JTIKe C MCTI0/Tb30BaHeM MOIUMUIMPOBaH-
ueix TPHK [17] u panmonanpHblil An3ailH HOBBIX 0€IKOB
C HOBBIMM cBolicTBamu [18].

Ipomeomuxa

K OCHOBHBIM 9KCIlepMMEHTA/IbHBIM METOJaM MPOTEO-
MUKV OTHOCSTCSA JABYMEpHBIl a/iekTpodopes [19], koTo-
PBII TaeT BO3MOYXHOCTD PasfensiTh 60/bIIOe KOTNIECTBO
6€/1KOB, MacC-CIeKTPOMETPUIO, YTO IO3BOJISET OBICTPO
ueHTNUIMPOBaTh O€NKM M CEKBEHMPOBATDH IENTHU/IBI
C BBICOKOJI ITPOIYCKHOI CIOCOOHOCTDIO (Yallje BCETo I10-
Crle TlepeBapuBaHUs B refe), OeMKOBble MUKPOUUIIBI, KO-
TOpBIE NTO3BOJIAIT OOHAPYXXMBATh OTHOCUTE/IbHBIE YPOB-
HU OOJBIIOrO KONMM4YecTBa OEIKOB, IPUCYTCTBYIOLINX
B KJI€TKe, U1 IBYXTMOPUIHBIN CKPYHUHI, KOTOPBII T03BO-
JIIeT CUCTEMATUYECKM UCCIEJ0BaTh OeloK-0eIKOBbIe B3a-
umopeicTBus. CructeMaTnveckasi MOMBITKA OIMPENeTUTD
CTPYKTYpbI 0€/IKOB, M3BeCTHA KaK CTPYKTYpHas IPOTeO-
MuKa [20,21].

Buoungopmamuxa

Il aHanm3a CTPYKTYpBI, PyHKIWIT U sBOIOLMN Oer-
KOB ObII pa3paboTaH IMPOKMII CIIEKTP BBIYMCIUTETbHBIX
METOJIOB.

PasBuTiie TaKMX MHCTPYMEHTOB ObIIO OOYCIIOBIEHO
OONBIINM KOMMYECTBOM I'€HOMHBIX U IPOTEOMHBIX JaH-
HBIX, JOCTYIIHBIX J/IA Pa3/NYHbIX OPIaHU3MOB, BK/IIOYAs
4eJIOBEUECKIIT TeHOM. DKCIIePMMEHTA/IbHO M3Y4aTh BCe
OelKM MPOCTO HEBO3MOXKHO, IIOITOMY JIMIIb HEMHOTUe
U3 HMX IOJiBEPraloTcs TaO0OPaTOPHBIM IKCIIEPMMEHTaM,
a BBIYMCIMTETbHbIE MHCTPYMEHTBI UCHONMB3YIOTCH LA
SKCTPAIIOALIMM aHAIOTMYHBIX OenkoB. Takme romorno-
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rMYHble 6€NKM MOTYT OBITh 9PQPEeKTUBHO MAEHTUDUIV-
pOBaHbI B OTAAJIEHHBIX POACTBEHHMKAX IyTeM BBIPaB-
HMBAHMA IIOC/IE[OBATeNIbHOCTEll. [eHOMHbIE U Te€HHbIe
HOCTIE{OBATe/IBHOCTY MOTYT OBITh Pa3IMIHBIMU UHCTPY-
MEHTaMI JyIsi OIIPefe/IeHHbIX CBOMCTB. VIHCTPyMeHTHI
npoGUINpPOBaHKs IIOCTENOBATENIBHOCTY MOTYT HATH
caifTbl pepMEHTOB PeCTPUKILUY U IPefcKas3aTb BTOPUY-
Hble CTPYKTypbl. PUIOTeHeTH4ecKne «IepeBbsS» MOTYT
OBITh IIOCTPOEHDI, U 3BOJIIOLVIOHHBIE TUIIOTE3bl Pa3BMBa-
I0TCSL C VICTIONIb30BAHMEM CIIeLMaIbHOTO MIPOrPaMMHOTO
obecnevyenns, Takoro kak ClustalW, oTHocuTenbHo mpo-
VICXO)KEHMST COBPEMEHHBIX OPTaHM3MOB U BBIPA)KaeMBbIX
umy reHoB. [Tose 61onHpOpPMATHKY Tellepb He3aMeHIMO
JUIsI aHA/IM3a TeHOB U O€JIKOB.

Onpedenenue cmpyxmypot

O6Hapy>XeHNe TPEeTUYHON CTPYKTYpbl Oenka wn
4eTBEPTUYHOI CTPYKTYPBI €0 KOMIIIEKCOB MOXKET JIaTh
Ba)KHBIE CBEJIEHNA O TOM, KaK 0€/lOK BBIIONIHAET CBOIO
¢dyukumio. O61ye sKCIepUMeHTaNTbHble METOMBI OIpe-
ileTIeHVsl CTPYKTYPbl BK/IIOYAIOT PEHTTEHOBCKYIO KpH-
crajtorpaduio u IMP-crieKTpocKonmio, KOTOpble MOTYT
reHepypoBaTh NHPOPMALINIO IPY ATOMHOM paspeleHN.
Tem He MeHee, skcriepuMeHThI SIMP MoryT pefocTaBuTH
nH(pOpMaLIO, U3 KOTOPOIl MOXXHO OLIEHUTb HOJMHOXKe-
CTBO PacCTOSHMII MEXy ITapaMy aTOMOB, a OKOHYATe/Ib-
Hble BO3MOXXHble KOHpoOpMaruy Oeka OIpenensoTCs
HOyTeM pelleHnsaA IpoOJIeMbl TeOMETPUM PaCCTOSHMA.
JIBOiiHasA TNONAPU3ALMOHHAA MHTepdepoMeTpusa SABIA-
eTCsl KOJMYEeCTBEHHBIM aHAJIMTUYECKUM METOLIOM IS
usMepeHns o61eit Konpopmaunu 6enka u Koupopmary-
OHHBIX M3MEHEHUIT M3-3a B3aMMOJECTBUII MU APYTLOro
crumya. LIMpKy/IApHBI AUXpOU3M — ellje Ofj1H 1abopa-
TOPHBIII METOJ OTIpefie/IeHsI BHYTPEHHETO P-11CTOBOro/
Q-CIMpajIbHOTO cocTaBa 6enkoB. KpnoanekrpoHHas mu-
KPOCKOMMA UCIONb3yeTCsl /LA TOMYYeHUA CTPYKTYPHOI
nH(pOpMaLNU MEHBIIETO paspeleHs 06 04eHb 6OMbIINX
6e/IKOBBIX KOMIIEKCaX, BK/II0Uast COOpaHHbIe BUPYCHI, Ba-
PMAHT, M3BECTHBII KaK 9/MeKTPOHHAsI KpUCTaIorpadus,
TaKoKe MOXKET aBaTh MHPOPMAIINIO C BBICOKMM paspele-
HJeM B HEKOTOPBIX CITy4asX, OCOOEHHO /I JBYMEpPHBIX
KPUCTA//IOB MeMOpaHHbIX 6enKoB. PaspeleHHbIe CTPYK-
TYPBI OOBIYHO JIeTIOHKUPYIOTCS B baHke JaHHBIX O OenKax
(PDB), mocTymHOM pecypce, 13 KOTOPOTO MOXKHO IIOJTY-
YUTh CTPYKTYPHBIE TaHHbIE O THICAYAX OEIKOB B BUJE Jie-
KapTOBBIX KOOPAMHAT /I KaKIOT0 aToMa B Oerlke.

MeTozabl MPOTHO3MPOBAHUA CTPYKTYpPhI Oe/Ka IbITa-
I0TCs1 00eCIeynTb CIoco6 Cco3/jaHMs IPaBONOROOHOI
CTPYKTYPBI [yisi OENKOB, CTPYKTYPbl KOTOPBIX 3KCIIEPH-
MEHTAJIbHO He OnpefeneHs! [22,23].

Xpomamozpagpuueckue memoovt

Hanbonee yHuBepcalbHBIM METOHOM OIIpefe/IeHNUs
YIMCTOTHI IENTUOB U O€NKOB siB/IseTCs obpaleHHO-da-
3oBasg xpomatorpadus (OD BIKX), ocHoBaHHas Ha
VICIIO/Ib30BAHUY LIMPOKOTO CIIEKTpa TUAPOPOOHBIX He-
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Polypeptide enters the
column in the mobile phase

Polypeptide adsorbs to
the reversed-phase surface

Polypeptide desorbs from

the RP surface when the
organic modifier concentration
reaches the critical value

Puc. 1. «I'mgpodpobHas Hora» momumenTna afcopbupyercs Ha rufpodobHyI0 HOBEPXHOCTh MaTepHasa ¢ 00palleHHOI (asoit, ITie OH OCTaeTcs
110 TeX 0P, I0Ka KOHI[eHTPALMs OPraHN4IecKoro MoAn(pIKaTopa He IIOBBICUTCS A0 KPUTUIECKOI KOHIeHTparmu [27].

HOZIBYDKHBIX (a3 [24]. [lns pasaeneHnst KOMIIOHEHTOB Jie-
KapCTBEHHBIX CPEACTB MENTU/HON U OeIKOBOI IPUpPOJIbI
Jallje OCTa/IbHBIX VICIIONIB3YIOTCA OOpaliieHHbIe (asbl C UC-
[IO/Ib30BAHVEM CHUJIMKAre/is C MPUBUTBIMU aNTKUIbHBIMU
rpynnamu C8 u Cl18. co cpeguumu pasmepamu mop 300 A.
OonpoBaHye IeKapCTBEHHBIX CPENCTB MENTUIHON MIN
6€/IKOBOJI CTPYKTYPBI WM UX (HParMeHTOB, TOTYYeHHbIX
B pesynbrare (epMeHTATUBHOTO pacujervieHusa, B OP
B3JKX, B OCHOBHOM ITPOBOJUTCS B peXKMIMe IPajIeHTHOTO
anmouposanuA npu pH=2-3 npyu KoMHaTHOI TeMIlepaTy-
pe, IIOCKO/IbKY IIPM TIOBBILIEHN TeMIIePaTypbl BO3MOYKHA
YJacTUYHAsA WIN HOJHAs JleHaTypanusa Oe/ka, 4To TakxkKe
B/IMSIET HAa XPOMATOrpapyecKyo IMOABIDKHOCTD [25,26].

[TonnMaHMe MeXaHM3Ma B3aMMOJEIICTBNS IIO/INIIeII-
TUJIOB C MOBEPXHOCTBIO C OOpaiieHHOi (Ha3oil BaXKHO
nnsg noHuMaHuA paspenenusa ux RP-HPLC. Paspenenne
MaJIbIX MOJIEKY/ CBA3aHO C HEIPepbIBHBIM pasfie/leHM-
eM VX MeXJy HOBJDKHON M TuApo(OOHOIT HEITOABIIK-
Hoil pasamy. OfHAKO IOMMUIIENTH/BI CIIMIIKOM BeIVKMI
IS pasfeneHns Ha rufpodo6Hoit dase; oHM agcopobu-
pytorcsi Ha ruapodo6HON MOBEPXHOCTM IOC/TIe BXOJa
B KOJIOHKY U OCTAIOTCS a/ICOPOMPOBAHHBIMIU IO TeX IIOP,
[IOKa KOHIIEHTPALMs OPraHMYeCKOTO PacTBOPUTENs He
JNOCTUTHET KPUTUYECKOl KOHIIeHTpanuy, HeoO0Xomu-
Moit i gecopbuuu (Puc. 1). 3atem oHu fecopbupyror-
Csl U, CIerKa B3aMMOJIEICTBYs C MTOBEPXHOCTBIO, CXOMAT
C KOJOHKU [27].

[TonmumenTabsl MOXKHO pacCMaTpuBaTh KaK «CUMS-
mye» Ha HEIOABIDKHON ase, mpuyeM 60bluas 4acTb
MOJIEKY/IbI TOIBEPraeTCs BO3AEIICTBIIO IIOABIKHON (asbl
Y TOZIBKO 9aCTh MOJEKY/IbI — «TUAPOGOOHDI XBOCT» —
B KOHTaKTe ¢ obpaiiennoin ¢asoit. OD-BIKX orpenser
HO/IMATIETITH/BI HA OCHOBE TOHKMX PasiuMuMil B «ITUIPO-
¢$hobHOM XBOCTe» OTHENAEMOro MOoMuIenTuaa. Pasmmansa
B «ruApopOOHOM XBOCTe» OOYC/IOBJICHBI Pa3INYUAMU
B aMMHOKIVIC/IOTHBIX ITOC/IE[IOBATE/IbHOCTSX M pasImdmsi-
M1 B KoH(popMarun [27].

Memoovt macc-cnekmpomempuu

B Hacrosiee BpeMs BbICOKO3((deKTUBHAS KIUIKOCT-
Hasi Xxpomarorpadusi B COYeTaHUY C MACC-CIIEKTPOMETPH-
eit (MC) sB/sAeTCs OHUM U3 CaMbIX PaclpOCTPaHEHHBIX
METOJOB B MCC/IENOBAHMAX ENTUIOB 1 6enKkoB [28,29].
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HepmaBHMe ycmexu WIIIOCTPUPYIOT POIb IPOTEOMU-
K/ Ha OCHOBE MacC-CIIeKTPOMETpPUM KaK He3aMeHVMOTO
MHCTPYMEHTa /IS CUCTEM MOJIEKY/ISAPHON ¥ KIeTOYHOI
61oorum 1 1A HOBBIX obOjacreil. K HUM oTHOCATCA U3-
ydeHue 6e/IKOBO-0eTKOBBIX B3aMOJIe/ICTBUI C IOMOIIBIO
adpUHHO-3aBUCUMBIX M3O/ALUI B MaJOM U IIMPOKO
pacupocTpaHeHHOM Maciitabe, KapTHMpOBaHME MHOTO-
YIC/TEHHbIX OPTaHe/I, MapajielibHOe OIMCaHMe TeHOMa
napasurta Masipun 1 GOpMUPOBaHME KOTMYECTBEHHBIX
npoduiert 6eNKOB y pasHbIX BUIOB, MOXXHO OXXMATD, YTO
CIIOCOOHOCTD MaCC-CIIEKTPOMETPUM MAEHTU(DUIMPOBATD
U, BCe Yallle, KOMMIeCTBEHHO OIPeie/IsTh THICAYM Oe/IKOB
U3 CTIO>KHBIX 00Pas0B, MOXKET LIVPOKO BIUATD Ha O110/I0-
TUIO VI MEULIUHY.

Macc-CrieKTpoMeTpuIecKne M3MepeHusl MPOBOMATCS
B ra3oBoit (pase Ha 3apsDKEeHHBIX MOHaX. [1o onpenenennio,
Macc-CIIeKTPOMETP COCTOUT U3 MCTOYHMKA MOHOB, Macc-
aHa/M3aToOpa, KOTOPbII M3MepsieT OTHOLIEHME MacCChl
K 3apAay (m/z) MOHM3MPOBAHHbIX AaHAJIUTOB U IETEKTOP,
KOTOPBII PETUCTPUPYET KOMMYECTBO MOHOB TIPK KaXKOM
3HaYeHUU m/Z.

B Hacrosiiiee BpeMs B MCC/IENOBAHUAX IPOTEOMUKNI
VICIIO/IB3YIOTCSL YeThIpe OCHOBHBIX THUIIAa MAacCOBOTO aHa-
nM3aropa. OTO aHA/IM3ATOPBI MOHHOM JIOBYIIKM, BpeMeH!
nponera (TOF), kBagpynonsHoro u Oypbe-MOHHOTO 1K-
knoTponHoro (FT-MS). OHu orTnmyanTcs Apyr OT Apyra
[0 [iM3aliHy U IPOU3BOAUTETBHOCTI, KaXKABIl U3 KOTO-
pbIX obmajjaeT COOCTBEHHOI CWION M CMaboCTbi0. ITH
aHaJIM3aTOPBI MOTYT OBITh ABTOHOMHBIMU VIV, B HEKOTO-
PBIX C/Ty4asix, 00beIMHEHbI B TAHEMe, YTOOBI BOCIIONb30-
BaTbCs1 MPEVMYILIeCTBAMIU KXKAOTo 13 Hux [30].

151 OCTYDKEH VS pasfie/ieH st MacC MOTYT IIPYMEHSTh-
Cs1 TPM Pas3HbIX IPUHIUIIA: pasfie/ieHne Ha OCHOBE BpeMe-
Hu nponera (TOF MS), paspeneHue KBajgpynoabHbIMU
97IEKTPUYECKUMIY TIOJISIMYU, T€HEPUPYEMBIMY MeTajlInde-
ckumy crepxxHsamu (kBazgpynonpHas MC), nnn pasperne-
HII€ [Ty TeM CeIeKTVBHOTO BBIOPOCA IOHOB U3 TPEXMEPHOTO
0JIA 3aXBaTa (MOHHAs JIOBYIIKA VI 9IEKTPOHHO-IIMKIIO-
TpOHHOTO pe3oHaHca Oypse). [l CTPYKTYpHOTO aHaM-
3a, TAKOTO KaK IENTUIHOE CEKBEHUPOBAHIE, IPOBOMISIT
JiBe CTa/iuy Macc-CIIeKTPOMEeTpPUY B TaHeMe (TaHIeMHas
Macc-crekTpometpusi win MS / MS), 4T0 MO>KeT OBITH BbI-
HIO/THEHO C VICIIO/Ib30BaHVeM OTHOTO U TOTO JKe IIPUHIUIIA
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pasjeneHns [BKAbI WIN ITyTeM 00beIHEeHNs IBYX pas-
HBIX IpyHIUIOB paspenenua MS. VI MALDI, un anextpo-
pacIbIeH1e MOTYT OBITh CBSI3aHBI C JIIOOBIM U3 9TUX TPeX
MeToyioB pasfenenns. Tor ¢pakt, uto MALDI npoussoput
KOPOTKM€ BCIUIECKM MIOHOB B BaKyyMe, a 3/IEKTPOPACIIbI-
JIeHMe CO3/IaeT HellpephIBHBIN ITy4OK MOHOB B aTMocdepe,
KaK NpaBuiIo, NpuBoauT K coenyHernnio MALDI ¢ TOF
MS u anexTpopacublieHNe ¢ KBAaPYIIOJIEeM M MIOHHO-3a-
XBaTBIBAIOLIE TOBYLIKOI [29].

Hoenmugukayus nenmudos u 6enkos

OnHot M3 BaXKHENIINX 3a/jad OILpeie/leHNsI KadeCcTBa
JIEKApCTBEHHBIX CPEJCTB MENTUIHO 1 OeIKOBOI CTPYK-
TYpBbI sAB/sIeTCsT uaeHTnMKanus 6enkoB. benku ngeHTH-
GULIMPYIOTCSA ITTaBHBIM 06pa3oM O MX aMUHOKICIOTHOM
HOCTIefIOBATeIbHOCTI. [Ipy Macc-CrIeKTpoMeTpriecKoM
aHa/M3e MeNTU/OB U O€/IKOB Pas/INyaioT TPY MOfXOA.

Hamn6ornee mmpoko mpuMeHsAeMbIM METOLOM HO-TIPeX-
HeMY SIB/IIETCSI IIPOTEOMIUKA «CHI3Y BBEPX», I7ie O€/IOK Ie-
peBapuBaeTcs B IEITUMBI, KOTOPble MOTYT ObITb 9¢pdek-
TMBHO ITPOAHA/IM3NPOBAHBI C CIIO/Ib30BAHNEM LIMPOKOTO
cnektpa nHCTpyMeHToB LC-MS mmn MALDI-TOF-MS.
[TogroToBka o6pasua i 3KCIHEPUMEHTOB IIO METORY
«CHM3Y BBEpX» TpebyeT HeCKOMbKUX TPYAOEMKIUX STAIIOB
nepexofia oT 6e/ka K mentugHoMy yposHIo. Hambornee
B)XHBIM IIIATOM B TaKMX MOAXOJaX SIB/ISETCS IlepeBapu-
BaHIIe Oe/IKa, KOTOPOe YacTO SAB/ISAETCA Y3KMM MECTOM, TaK
KaK 3aHMMaeT MHOro BpeMeHu. CiefoBaTeIbHO, 3HAYM-
Te/IbHOE YBelMYeH)e IMPOIYCKHO CIOCOOHOCTM MOXKET
OBITh JOCTUTHYTO ITyTeM YCKOPEHUS IIpoliecca NulleBa-
pennsi. CoBpeMeHHBbIe MeTObI IO3BOJSIIOT COKPATUTh
BpeMs IlepeBapuBaHMsl OT HOYHON MHKy6Oarum (~ 15 va-
COB) IO MUHYT WIM JJaXKe CeKYHJ. DTO MIPOJBIDKEHNE TaK-
Ke JiellaeT BO3MOYKHBIM MHTETPALMIO B OHJIAH-CUCTEMBI,
TeM CaMbIM yMEHbIIAs KOINYECTBO YTOMUTE/IbHBIX IIIa-
roB 00paboTKM 00pasioB U pucK motepu obpasma [31].
B sToM paspene faerca 0630p MMEIOMIMXCA B HACTOsAIEe
BpeM: CTpaTeruii MUILeBapeHs M MOC/IeHIX U3MeHEeHUI
B YCKOPEHMM NpOoLiecca MyIeBapeHmus.

[TepeBapuBanme Oenka, Kak (epMEHTATUBHO, TaK
" HepepMEHTATUBHO, SIB/ISIETCS BOXHBIM U (IIOYTH) He-
3aMEHUMBIM VHCTPYMEHTOM WJEHTU(NKALNY, XapaKTe-
PUCTUKYU ¥ KOMYECTBEHHOI OL[EHKM MPOTENHA C IIOMO-
mpl0 cTparernit mporeomrku [32]. Ilporeomuka urpaer
JKM3HEHHO B@KHYIO PO/Ib B OCHOBHBIX 00/TacTsAX McCie-
JIOBaHMUIT, BKIIOYas OOHapy)XeHMe 61oMapKepoB 60Ie3HN
u 6mocucreM, U, KaK TAKOBasI, 3HAYUTE/IBHO CIIOCOOCTBYeET
MOHMMAHNIO OGMOTOTMYEeCKUX MPOLECCOB, KOTOPbIe HEOO-
XOIUMBI I XKU3HM [33].

Beibop mopxoma MpPOTEOMMKM [JO/DKEH OCHOBBIBATH-
Cs Ha THUIIE BOIIPOCA, Ha KOTOPbII HYXXHO OTBETUTb.
[1o6anbHas MPOTEOMUKA, TaKas KaK HaXOXKeHue Omo-
MapKepa B O4YeHb C/IOXKHOM 00pasiie, KacaeTcst UAEHTH-
¢duKanyuy 9acTo MaTOYNMCIEHHOTO HEM3BECTHOTO Oeska,
KOTOPBIIT IPUCYTCTBYET B CTIOKHOM 06paslie ¢ MIMPOKUM
AVHAMMYECKVM AMaIa3oHoM OenkoB. /A aToro tpedy-
eTCs1 COBCEM JPYTOil TOAXOM, YeM Lie/ieBoil aHanus benka,
HAIpUMep, XapaKTePUCTUKA COCTOSHUI TOCTTPAHCIISALN-
onHoit Mmogudukauyu (II'TM), rae Tpebyercs mogpobHOE
UCCIelOBaHNe ¥ MMOJTHOe KapTUPOBaHNUE MOC/IETOBATE/b-
HOCTY M3BECTHOTO OefKa ISl JIOKa/IM3aluy, BO3MOXHO,
manoobecneueHHbix [ITM. Kpome Toro, (kmaccor) 6enkos
CO CIIeIMaIbHBIMM XapaKTePUCTUKAMU, MOTYT TpeOoBaTh
0c000J1 TIOATOTOBKY J/Is HUX.

ITopxozbl B IPOTEOMIUKE MOXKHO pas3nyarh 10 yPOB-
HIO, Ha KoTopoM mpoBoputcs anamus (Puc. 2). JocTtu-
>KeHUs1 B obmactu macc-cuekrpometrpun (MC) Termeps
HO3BOJ/IAIOT HANIPAMYIO aHAIM3UPOBaTh Oenku. B Takom
9KCIIepUMEHTe «CBepXY BHIU3» OUNII[eHHbIE OeNKI [leTeK-
TUPYIOTCSI MHTAKTHBIMU U TOCTIe (parMeHTaluu ¢ ¥c-
HO/Tb30BAHMEM YapHO-aKTVBYPOBAHHON JVICCOLALINN
(CAD), pucconmanum asnextpon-zaxsara (ECD) wmnnu
pucconyanuy nepexoca anexkrponos (ETD), obecrneun-
Bas mHpopMaIMio 06 MHTAKTHOI Macce Oenka M aMu-
HOKIC/IOTHON IociegoBaTenbHocT  [34,35]. Ananmus
HIDKHVX HUTeJ MTHTaKTHBIX 0€/IKOB CBOAUT K MUHUMYMY
HOATOTOBKY NpOo6 U coxpaHseT NHPOPMALNIO, KOTOPas
VHOT[A TepsieTCsl B JPYTUX CTPATETMAX NPOTEOMMUKI,
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Puc. 2. 0630p nopxon0B mporeoMuku [31]
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TaKMX Kak CBA3bIBaHMe Heckonbkux IITM, HO oTHOCH-
TeJIbHO HeYyBCTBUTeNbHA [36]. VI3-3a 60npiIoro pasmepa
aHa/mMTOB TpeboBaHMA K prbopaM MS ¢ Toukn 3peHus
paspelIeHnsa M MacCOBOJ TOYHOCTM OCYIIEeCTBIIAITCA
TO/NBKO BBICOKOIPOM3BOAMUTENTLHBIMU MacC-CIIeKTpOMe-
TpaMM, TaKMMIU KaK JMOHHO-IMKJIOTPOHHBINM Pe30HAHC
®ypre MS (FTICR-MS) u Orbitrap MS [37]. Tem ne
MeHee, MHTAKTHBIJI aHaIu3 OelIKOB Tak>Ke MPOBOAIICA
C NCIO/Nb30BaHNeM 0osiee JOCTYIHBIX MHCTPYMEHTOB,
TaKMX KaK TaHJEMHBIN KBaJIpyNoab ¥ KBaJpyIOIbHBI
BpeMsAnposneTHbiit Macc getekrop (QTOF) MS. Ha mpa-
KTMKE MAacCCOBBIII OMAIla30H OEIKOB, KOTOPBINI MOXET
OBITh IPOAHAIM3NPOBAH C UCIIO/NIb30BAHNEM IIPOTEOMI-
KI1 «CBepXy BHI3», OrpaHmyeH Jo ~ 50 x/la, Takum obpa-
30M, npumepHo 500 amuHokucnot [38]. B mporuBHOM
crydae ceKBeHMpYTca TonbKo C- u N-xoHmper [39,40].
HecMoTps Ha oueBUHBIE IPEUMYIIECTBA IPOTEOMUKA
«CBepXy BHU3», HeOOXOAMMa JajipHeillnas paspaboTka
MHCTpyMeHTapusa MS, mpex/ie 4eM OHa CTaHET OCHOB-
HOJI TeXHOJIOTHENA.

I[Topassomiee 6OMBIINHCTBO 9KCIIEPUMEHTOB C IIPO-
TEOMMKOJ TIpefIonaraeT IpoLenypy IepeBapuBaHus
6enka B menTupasl neper aHanmusoM MC. AHanus mentu-
JIOB MMeeT HEeCKO/IbKO IPEUMYIIeCTB Iepel Oenkamn,
BKIIOYasg 6oree 3¢ ekTUBHOE pasfie/neHne >KUAKOCTHON
xpomarorpadueit (LC), 6omee HU3KYI0 MOJIEKYIAPHYIO
MacCy ¥ MeHblllee KOIMYECTBO 3apAJOBBIX COCTOSHUIA,
YTO NPUBOAUT K YIYYIIEHNIO YYBCTBUTEIbHOCTM [41].
B 3aBucuMocTy OT pasMepa MONTyYeHHBIX HENTU/OB MOI-
XOJ] MO>KeT Ha3bIBaTbCS «CHU3Y BBEpPX», MO0 «C cepeny-
HBI BHU3». B cTparernu «cHu3y BBepx» O0€/I0K I'MApPONN3y-
eTcs B enTu bl B npefenax ~ 500-3000 [la. 9T mentupsl
3aTeM aHAIMSUPYOT C ITOMOLIBI0 KMAKOCTHON XpoMa-
Torpadum C 31eKTPOPACHBUINTEIbHOI MOHM3aIyenn MS
(LC-ESI-MS) unu MeTomOM JNa3epHON J1eCOpPOLMOHHOIM
nonusanuu ¢ Bpemsnponerasiv MC (MALDI-TOF-MS).
Vnentuduxaius 6emKa BbITIONTHsIETCSA Ha OCHOBE aHaIu3a
OTIIeYaTKOB IA/IbIIeB B IENTIHOM Macce VN eI TUIHO
nocnenoBarenbHOCT [34]. CekBeHMpOBaHME NENTHUIOB
MOXKeT ObITh 9(p(PeKTUBHO HOCTUTHYTO IyTeM JAVCCOLI-
auyn, BoIsBaHHOM cTonkHOBeHMeM (CID), B 6omee mmpo-
KOZIOCTYTIHBIX Macc-clieKTpoMeTpax ESI-noH-noBymkn
u ESI-QTOF unu c ucnonpsoBauem MALDI- TOF / TOF
npubopos [30].

[TepeBapuBaHue CIOXXHOTO 0bpasia Oenka, HapuMep
11€7I0T0 IIPOTEOMA C «CHI3Y BBEPX» IOZIXOIOM, JaeT OTPOM-
HOe KOJIMYeCTBO IeNTUIOB, I JjaKe OOJIbIle, YeM MOXKeT
aHaM3MPOBATH JJaKe CaMblil 9P eKTUBHbI MHCTPYMEHT.
C/10)XHOCTh Habopa HENTU0B MOXET ObITh YMEHbIIeHa
6e3 ymepba mia MHPOPMALMOHHOTO CONEP>KMMOro 3a
CYeT MOMY4eHMA MEHBILIEro KOMMYeCTBa, HO OO/MBIINX T10
pasMepy HenTuaoB. ITO, TaK Ha3bIBAEMBIIl, CPEIHMIIL YPO-
BeHb IIPOTEOMHOTO IIOAIXO/ia, COYeTaeT B cebe yulee 13
HUICXOJAIIIETO ¥ BOCXOJAIIETO, VCIOMb3ys IPeVMYILIeCT-
Ba YCOBEPIIEHCTBOBAHHONM M3MEPUTENLHONM allapaTyphl
MS u [OCTYIHOCTb METOAOB (parMeHTalV}i Ha OCHOBE
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9NIEKTPOHOB [42], cOXpaHAs NpM 3TOM YPOBEHb YYBCT-
BUTEIbHOCTI, CBA3AHHBIN ¢ aHanmm3 merntunos [37]. Ilemn-
TUBI cpegHero ypoBH: (~ 3000-20000 [Ja) mokassiBaioT
ynydimeHnHoe paspenenue LC, n nocime ESI HecyT 607b-
IIee KOIMYECTBO 3apsA/iOB, YTO yBeInduBaeT pparMeHTa-
uio CID [43], ETD [44] unu ECD [45] B Orbitrap MS,
KBaJPyIO/NbHLIN nuHeiHo noH noBymky (QTrap) MS
u kBajpynonbubie npuboper FTICR-MS. Ilo cpaBHeHuI0
C MEHBIIVMM HeNTHUAAMM IONy4aloT 0ojiee yBEpeHHYIO
UIeHTU(UKAIINIO TIETITU OB, YTO IIPUBOANT K YTy 4ILICHNIO
OXBaTa TOCIEOBATENbHOCTY Oenka U uaeHTUdUKannm
IITM [46].

IIpenckasyemas mpupopa (parMeHTanum IENTUIOB
MO3BOJIAET CONOCTAB/IATb SKCIEPYMEHTAIbHbIE CIIeKTPBI
MS / MS ¢ npefckasaHHbIMU crIeKTpamu 1pu in silico us-
BECTHBIX 0€/TKOBBIX ITOCTIefIOBATEIbHOCTEI JI/ISl YCTAHOB-
JIeHMST UOEeHTUYHOCTU Oenka [47]. B sTtom oTHOIIEHUU
HepefoBble CpeficTBa 6MOMH(OPMATHUKM UIPAIOT KITI0Ye-
BYIO POJIb B JIIOOBIX CTpaTernsx nporeoMuku. OfHaKo 9Tu
CpeficTBa OCHOBAHbI Ha IPENTIONI0KEHNM, YTO ITPOIiecc Ie-
peBapuBaHKsA (BKII0Yas BOCCTAHOBJIEHNE U QIKVINPOBa-
HIe IVCYIb(PUIHBIX MOCTIKOB) SAB/IAETCS ONTYMA/IbHBIM.
Ecmu ato He Tak, HampuMmep, KOT[a IENTHU/bI CBSI3aHBI
yepe3 HENOBPEX/EHHDIN AMCYIbQUIHBI MOCTHUK, TeHe-
PUPYIOTCS HeMpefcKasyeMble eNTU/bI U / WAV CIIeKTPbI
CJIOXHOII (parMeHTalu, KOTOpble He OyAyT naeHTnM-
IIVPOBaTbCSl B aBTOMATUYECKOM IIOMICKe 0a3bl JTaHHBIX.
[TepeBapuBaHMe 6€KOB MOXKET NPUBECTY K IOTEpe UH-
¢dbopmarnym, HanpuMep, Hamumio u cBsasHocty [ITM [39]
VI CHOCOOHOCTM OT/INYATh ONM3KOPOACTBEHHBIE OeNKM
u3-3a c00s1 B OOHAPy>XeHNM OIpe/e/leHHBIX YacTell ber-
KOBOIl IOC/IeOBaTeIbHOCTY 13-32 HeaJ|eKBaTHOIO pas-
Mepa WM HeOTaronpusATHBIX MOHM3ALMOHHBIX CBOJICTB
reHepMpyeMbIX IenTruaoB. HakoHell, Ka4ecTBO IOTy4eH-
HBIX UJIeHTM(UKATOPOB U MOAUPMKALNIL GelKa MOXHO
KOHTPOJIMPOBATh C IOMOIIBI0 JIOKHBIX CKOPOCTeil 00-
Hapy>keHNs, IOPOTOBbIX 3HAYEeHMIT OeKa ¥ MeNnTusa, HO
JUISL 9TOTO TpeOyeTcss KPUTUIECKUIT 0030p MOTy4eHHBIX
Ppe3y/nbTaToB.

[TepeBapuBanme Oenka ABIAETCS Ba)KHBIM IIATOM
B CTpaTerny MpOTEOMUKI «CHU3Y BBEPX» U «C CepeUHBbI
BHU3» U OKa3blBaeT 3HAUYUTENbHOE BMAHME Ha Ka4eCTBO
upenTuuKkanyy 6enxa [48]. Ha mpoTsskeHnn MHOTUX JIeT
nepeBapyuBaHye OeKa yIydIIasoch 3a C4eT pa3paboTKu
HOBBIX METOJIOB /I YBe/IMYEeHNM s IIPOITYCKHON CIIOCOOHO-
CTU Y BOCIIPOM3BOAMMOCTH [31].

Basvt dannvix 6enxos

Ha nmpaxTrke menTupabl uaeHTUOUUMPYIOT, KaK Ipa-
BIJIO, MCIIO/Ib3Ysl CUCTEMbI IIONCKa 110 6a3aM JaHHBIX Oel-
KoB, HapuMmep Mascot [49], SEQUEST [50], X! Tandem
[51], Inspect [52], OMSSA [53], MassMatrix [54], Crux
[55], MyriMatch [56], MS-GFDB [57] u ap.

Hawubonee pacnpocTpaHeHHBIMM TOMCKOBBIMU CHUCTE-
MaMU SIBJSIFOTCS [IEpPBble TPY U3 IEPEYNCIEHHOTO BBIIIIe
CIIVCKA.
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PMF Search Results

Sample 1D (c t): Enter_C

Datab searched: SwissProtdeer.fasta Parameters used in Search
Number of database entries 60632

PMF search selects 25 entries.

®

Dynamic Static # (%) Mass Error Protei Protei
Rank Probability Probability Masses Mean (Std Dev) . 'o'€¢" fotei  gpecies Accession# Protein Name
Coverage MW (Da)/pl
Score Score  Matched (ppm)

1 0.00012 0.00115 4/251 (1%) -7.1(0.9) 1% 11135.1/435 CEREH A0A212DJ27 CNTNS5 (Fragment)

1 0.00012 0.00115 4/251 (1%) -7.1(0.9) 4% 15190.6/5.70 CEREH A0A212CZ48 USP42 (Fragment)

2 0000278 0.00266 4/251 (1%) -2.2(0.9) 6% 14770.2/8.82 9BILA A0A238BXI2 Uncharacterized protein

2 0.000278 0.00266 4/251 (1%) -7.1(0.9) 1% 10379.9/9.21 IXOSC B7Q5Z0  Uncharacterized protein (Fragment) (Fragment)

3 0.000525 0.00854 5251 (1%) -2.3(0.9) 9% 16142.0/8.86 1XOSC B7Q3Q6 Uncharacterized protein

4 0.000554 0.00528 4/251 (1%) 22(09) 11%  7376.3/515 9ADEN AO0A223PYX7 22K

4 0.000554 0.00528 4/251 (1%) -7.1(0.9) 3% 21470.3/4.87 CEREH AO0A212CJ52 Apolipoprotein D

5 0.000994 0.00945 4/251 (1%) -7.1(0.9) 4% 19460.4/4.65 1XOSC ATLFJ Salp20-like protein 11

MS/MS Search
SSTL TS Delta Filename @
MH*

67 6 22.0 0.0 PantM0218 Pept_Tryp60C.0792.0805.2.pkLtxt 1 Sigeiter S Sinnst d Y A e
53 7253 0.0 PantM0218_Pept_Tryp60C.0203.0234.2.pkltxt I Viasdhimn™ 1 3 HET ¥ 1A asdhy VA Y wdan” S hmel
50 5 9.4 16.0 PantM0218_Pept Tryp60C.0201.0212.2.pkltxt | giaen’ 1 e LA N ™0 feaol 0 B &
5 5215 0.0 0. o 060C.0459.046 Lt ARIV T 1A S Nigtsalt R
a7 5175 0.0 PantM0218_Pept_Tryp60C.0408.0414.3.pkltxt §I M 1 Ho B O e ot ™ 1 om0 b 18 1 & N T R |

®

Detailed Results

1. 41251 matches (1%). CEREH. CNTN5 (Fragment) ( 11135.1 Da) pl = 4.35

miz MH* Delta Score jloletance
submitted matched ppm Counte
819.4549 819.4611 -7.5 1 0 93
819.4552 819.4611 -7.2 1 0 93
819.4565 819.4611 -5.6 1 0 93
819.4545 819.4611 -8.0 1 0 93
Mean: -7.1
Stddev: 0.9

1l
81 LAANTFGSIL SREVILQFA

99
99
99
99

d Bin Index start end Peptide Sequence
(0-0)

(R)EVILQFA(.)
(R)EVILQFA(.)
(R)EVILQFA(.)
(R)EVILQFA(-)

®

SVDYGPVFVQ EPDDIIFPTD SDEKKVALNC EARGNPVPNY RWLRNGTEID LESDYRYSLI DGAFIISNPS EAKDFGHYQC 80

99

Puc. 3. Vigentnduxanus 6enka mo MexayHapopsHoit 6ase fanHbix HaronanpHoro 1eHtpa 6notexsonornyeckoit nudopmaryu CIIA (NCBI)
(mporpamma Mascot«MatrixScience», CIIIA) [59]. (1 — crucok moTeHIaMbHbIX 6eMKOB-KaHAMAATOB; 2 — paciindpoBKa TPUITHIECKUX e -
TUJIOB C OTIPeieNIeHIEM YMCITa COBIIAJIEHNIT; 3 — paclpeie/ieHIe BbIABNEHHBIX MENTUIOB IO aAMIHOKICTIOTHO TTOC/IEOBATENBHOCTI; 4 — UTO-

TOBBLIT pe3y/bTar)

ITouckosasa crcrema Mascot OCHOBaHa Ha aJrOpUTMe
MOWSE (MOlecular Weight Search), mpemnosxennoM
B 1993 ropy Pappin c coasr.[58].

JlaHHBII AITOPUTM VCIIONIB3YeT MOKCK 110 MAaCCOBBIM
«OTIIeYaTKaM IaJblieB» MENTU0B. BHavane mpoBoput-
Csl CpaBHEHNMe MacC NeNTUAOB U3 6asbl JaHHBIX C 9KC-
HepUMEHTATbHBIMY TAHHBIMU MacC IENTU/IOB C YIeTOM
3aJJaHHOJI TTOTPEIIHOCTY. 3aTeM /IS KaXKIOTo COBIIafe-
HUA pacCYMTBIBAETCA BeMMuMHa Score (Tak HasbIBaeMas
Be/IMYMHA YPOBHA [IOCTOBEPHOCTU) B COOTBETCTBUM
¢ hbopmyroit:

5000

Score = )
x II m. .
n i, j

prot

rme Mpmt — MOJIEKY/ISIpHAst Macca KaXX[0ro COBIABIIEro Oeka,
IIn — mpousBefeHNe, KOTOpPOE pacCINTHIBAETCA 13 Mowse-
MATPUIIBI BECOB, M, ,— JUIA KQX/IOTO COBIA/IeHNA IKCIIepH-
MEHTAJIbHBIX JaHHBIX ¥ MacC MENTUOB, paCCINTAHHBIX U3

3amucell B TeHOMHOI 6a3e JaHHbIX.
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JJaHHDBIVI ANTOPUTM MOXXHO HPUMEHATDH [/ IOMUCKA
MC/MC. B arom ciydae B popmyrie i Score ponb benka
BBIIIO/IHSAET MENTI, @ PO/Ib enTruaa — gparmeHt. Cymma
Score menTuoB gaet Score ms Oenka. Taxoke, Iy1s Kax/0-
TO U3 KAHOWJATOB, YKa3aHbl BUJOBAs IIPUHA/IEXKHOCTD,
YTO MOXKET CTaThb peIlAIMM IIpY MHTepIpeTalun,
U CCBUIKM Ha IIepCOHA/IbHble CTPAaHMIbI (MTOTOBBIN pe-
3y/IbTAT), COAEpKallyie MCYEPIIbIBAIOLIYI0 MHPOPMAIINIO
0 TIOTEHIMATbHOM OejKe (3HaYeHWUs ero MOJIEKY/LIPHOI
MacChl ¥ M309JIEKTPUYECKOIl TOYKY, pacimppoBKa IO-
ClIef[0BaTeNbHOCTY TPUNTUYECKUX MENTUIOB, YMCTIO COB-
najeHmnit,% IOKPhITUA IOTHOVM aMUHOKMCIOTHOMN T10CTIe-
JI0BaTeNIbHOCTYU Oe/Ka BBISB/ICHHBIMU INENTUAAMY U T.JI.)
[60,61]. [JaHHBIT aATOPUTM MOXKET OBITH MPUMEHEH s
MC/MC-noncka.

ANTOPUTM OLIeHKM OCHOBAaH Ha BEpPOSATHOCTU, KOTO-
peil umeer psap npeumymects: (a) ITpoctoe mpasmto
MOJKET MCIIO/Ib30BaTbCA MJIA OLEHKM 3HAUMMOCTU pe-
3y/lIbTaTa WM HeT. ITO 0OCOOEHHO IIOIE3HO I 3allNThI
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OT TOXKHBIX cpabarbiBaHuil. (b) O1leHKM MOXKHO CPaBHUTD
C pesynbTaTaMi APYTYUX BUJOB IIOMCKA, TAKMMY KaK TOMO-
norust nmocnenoBatenbHocTn. (c) [lapaMeTpsl moncka Mo-
TYT OBITH JIETKO ONTMMM3VMPOBAHbI ITyTeM UTepaunu [62].

[TonckoBas cucremMa Sequest OCHOBaHa Ha OTHE/IbHOI
upeHTMPUKALIMM KaKgoro Macc-crektpa [50]. Osha-
KOMUTbBCSL C peCypcoM MOXKHO Ha caiite [63,64]. B aTom
MeTOfie HYKIeOTHAHble 0as3bl MAHHBIX TPAHCIUPYIOTCS
B IIECTM KaJipaX CUMTBIBAHMSA, M NTOTy4eHHbIE aMIHOKVIC-
JIOTHBIE IIOCTIE{OBATEIbBHOCTY OOBICKMBAIOTCS «HA XOLY»
Vst UeHTUPUKALUMY Y TOTOHKM JIMHEHBIX TTOCTIe0Ba-
TENIbHOCTEN K LIabnoHaM QparmMeHTanyy, HabMoOgaeMbIM
B TaH/JIEMHBIX MacC-CIIeKTpax IeNTH/IOB. 3aTeM JCIIONb3y-
eTcst QYHKUMA B3aMMHOI KOPpe/LALMN I 06ecriedeH s
M3MEepPEeHNsI CXOICTBA MEX/y OTHOLIEHVSIMU MAcChl K 3a-
PAAY Ui NOHOB (PPAarMeHTOB, IIPeiCKa3aHHbIX AMITHOKVIC-
JIOTHBIMY IIOC/IEOBATENbHOCTSMM, IepPeBeIleHHbIMYU U3
6a3bl HYK/IEOTU/IOB, U1 MIOHaMM (PAarMeHTOB, HabO/TI0jaeMbl-
MU B TaHJEMHOM CIIeKTpe Macc. B obijem ciydae pasHu-
1a Mexay 0,1 1 2 MeXXy HOpMUPOBaHHBIMU QYHKIMAMU
B3aMIMHOJ KOPPEJLALNN J/IS1 pe3y/IbTaTOB MOMCKA IePBOTO
Y BTOPOTO PAaH)XMPOBAHVS YKa3blBaeT Ha YCIIEIIHOEe COB-
HajieHre MeX/y MOCIe0BaTeIbHOCTDIO U CIIeKTpoM [45].

[TouckoBas cucrema X! Tandem Hambormee pasBura,
TaK KakK SBJISIETCS MPOTPAMMHBIM ObecriedyeHneM C OT-
KPBITBIM MCXOIHBIM KofoM. O3HaKOMMTBCA C PeCypcoM
MO>KHO Ha caiite [65].

TANDEM 6b11 HanmcaH Aj1A 3aIycka M3 KOMaH/[HON
CTpoku C ¥MeHeM BXxopHoro XML-daiima B KadecTBe
eIVHCTBEHHOTO TapaMeTpa it KOMaHgHoit cTpoku. Kox
ObUI CO3/IaH C MICIIO/Ib30BaHVeM Habopa K/1accoB, KOTOpBIe
BBITIO/THSAIOT C/IEAYIONIe 3a1adiL:

(1) urennme ¢ainos mapameTpos BBosia XML;

(2) cuuTpiBaHMe TOCIeROBaTeNbHOCTU Oenka u3 ait-
noB FASTA;
4TeHue CrekTpoB MS / MS B obmmx ¢dopmarax
ASCII (DTA, PKL n Matrix Science);
cocrosaHme MS / MS crieKTpoB i1 yaneHus nyma
" 001myx apTeaKkToB;
00paboTKa TMENTUAHBIX  ITOC/TENOBATEbHOCTEN
C peareHTaMM pacILIeIUIeHNs], TOCTTPAHCIIALMOH-
HBIMU U XMMUIECKUMI MOAUPUKALMAMI;
OLIEHKA IIOC/IENOBATEIbHOCTY MENTUIOB;
co3fjaHue q)aﬁna BbiBOfla XML, B koTOpOM 6y11yT
OTOOpPa>KEeHbI JIyUIlIie CKOPUHIOBBIE TTOC/IE0BATE Ib-
HOCTM ¥ HEKOTOpbIE CTAaTMCTUYECKye paclpefiere-
HYISL, OTHOCAIINECS K IIPOL[ecCy MOficyeTa 04KoB [51].

OmnucaHHble ATOPUTMBI He JIUIIEHBI HEZOCTATKOB.
Hanpumep, Mascot npucBauBaeTt BbICOKIE 3HAYEHVIS VH-
JleKca KOPOTKVM IIeNTHAaM, KOTOpble He BCer/ja sIB/ISIOT-
Csl YHUKA/IBHBIMU JUIsS VICCTIEAYeMOro Oefka, Takxe Ipu
aHa/MM3e MPOTEOTUTUIECKMX CMeCell MEeNTUIOB B CIIMCKe
KaH/IMIATOB IPUCYTCTBYeT MHOXXECTBO IOC/IeOBaTe/Ib-
HOCTell ¢ ONMM3KUMM 3HAYEHUSAMU ScOre, HO MpOrpaMma
OKOHYATe/IbHOM PAIlOpPTe OCTABJIAET TONBKO OJHY HOCTIe-
IOBATEIbHOCTD.

(3)

(4)

@)

(6)
(7)
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Henocratkom anroputMa Sequest SBISeTCS BBICO-
Kasi CJIO)KHOCTb BBIYMCIIEHWIT M 00OOOLIEHNIT CIIeKTPOB.
A X! Tandem, kak BepOSATHOCTHBIII IIOAXOJ, B OT/eTbHBIX
CIy4asx He II03BOJIAET IIPOBECTU JOCTOBEPHYIO WIEH-
tudukannio. Kparkoe omnmncanme 6omee 100 pasmmaHbIx
QITOPUTMOB ¥ IIAKeTOB IIporpaMM o00pabOTKM Macc-
CIIEKTPOMETPUYECKMX NAHHBIX IO IHENTUAaM 1 OenKam
npefcraBleHbl Ha caiitax http://en.wikipedia.org/wiki/
Mass_spectrometry_software 1 http://www.ms-utils.org.
Vcnonb3oBaHye 6a3 TaHHBIX 11 MAeHTH(UKALY 0eTIKOB
U TIENTHJOB II03BOJIAET pacinpOBbIBATh MACC-CIIEKTPBI
CJIOXKHBIX CMeceil 3a KOpoTKoe BpeMs [66]. [Toutn Bce us-
BeCTHbIE B HACTOAIINI MOMEHT aMMHOKVCTIOTHBIE IOCTIe-
IOBATENbHOCTY OEIKOB U MENTUOB 0O beNHeHbl B 6a3bl
JlaHHBIX, KOTOPbIe HAXOMATCA B OTKPBITOM JJOCTYIIE B CETH
VuTtepret. Kaxkpas n3 Hux umeeT cBoit popMaT XpaHeHUA
JIAaHHBIX, Pa3/JIMYHYI0 CTENeHb M30bITOYHOCTH, B3aMMOC-
BA3Y C POACTBEHHBIMU VIV aHAJIOTMYHBIMYU 0a3aMu JlaH-
HbIX. Bce 6aspl JaHHBIX MOXKHO Pa3fIe/INTh Ha IIATD TUIIOB.
ITepBbIit TUIT — 3TO apXMBHBIE 6a3bl JAHHBIX, B KOTOPBIX
nHdopmanus pobasnsercs nuccnegoBarensimu. K takum
6azam manHbIX oTHOCsATCS GenBank, EMBL, PDB. Bropoit
TUII — 3TO KypupyeMble 0asbl JAHHBIX — COJflep>KaHue
3amiceil KypupyeTcs ClieliMaaucTaMy, K HUM OTHOCUTCH,
Hampumep, Swiss-Prot. Tpetuit Tun — aBTOMaTu4ecKue
6a3bl MAaHHBIX, B HUX 3alMCU T€HEPUPYIOTCS KOMIIBIO-
TePHBIMM IIPOTPAMMaMM, K HUM OTHOCUTCS, HAaIpuMep,
TrEMBL. Cnenyommit Tl — Ipou3BOAHbIe 6a3bl laH-
HBIX, KOTOPbI€e TOIO/HAITCS 32 C4eT 00pabOTKM JAHHBIX
u3 6a3 JaHHBIX NepBbIX ABYX TUIOB. Cloga BxoasaT SCOP,
PFAM, GO u gp. ITATBIT TUI — MHTETPUPOBaHHBIE 6a3bI
JIaHHBIX, KOTOPble 00BeANHAIT MH(OPMAIIVIO U3 pasind-
HbIx 6a3. K Takomy Ty ornocurca ENTREZ [67]. Onpe-
JieTleH1ie aMIHOKVIC/IOTHOM TOC/Ie0BATe/IbHOCTY e TH-
0B 11 6€/1KOB 0e3 VICIIO/Ib30BaHV IOVICKOBBIX IIPOrpaMM
u 6a3 JaHHBIX Ha3bIBaeTCs1 de Novo cekBeHMpoBaHueM. Ta-
KOJI TIOZIXOfl IPUMEHACTCS I MACHTU(UKALNY He OIIN-
CAaHHBIX paHee 0€/IKOB, IPU HAMYUY HEVCCIEOBAHHBIX
MyTaLuii, IOCT- TPAHCALVMOHHBIX MOAMPYKALUI U T.J.
[Tpumensemble anroputMsl de novo 36 ceKBeHMPOBAHUA
OCHOBAaHbl Ha pas3INYHBIX MAaTeMaTHYEeCKUX MeTOJax.
ITepBble anrOpUTMBI OIpefe/eHNsA aMIHOKICTIOTHOI IO~
cnemoBarenbHOCTH [68,69] pencTaBsiiu coboit mepebop
BCEX BO3MOXXHBIX KOMOMHAIINIT aMUHOKIC/IOT, COCTaBIIA-
IOLINX MAcCy POAUTENTbCKOTO MIOHA, (PparMeHTalnIo KOTo-
PBIX CPaBHUBAJIY C 9KCIIEPUMEHTAIbHBIM MaCcC-CIEKTPOM.
OueBMUHO, YTO MOTPEIIHOCTb M3MEPEHMUs MAcCChl POAM-
TE/IbCKOTO JIOHA B/IeYeT 3a CO00i1 yBe/IMYeHe KOMM4ecTBa
COOTBETCTBYIOLIMX eMy KOMOMHAIIVIIL.

3akaroueHune

B Hacrosiee INOABJIAITCA HOBble JIEKAPCTBEHHbIE
IperapaTbl O€IKOBOJ ¥ MENTUIHON IPUPORbI, METOMbI
KOHTPO/II KOHKPETHBIX 0€/IKOB B INIIEBOIt oTpacin. s
olpefie/ieHNs CI0XKHbIX, MHOTOKOMIIOHEHTHbBIX M3MEHe-
HUII, KOTOpbIe IPOVCXOAAT B MACHBIX IIPOAYKTAX, HEOO-
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XO/IMMO VCIIOIb30BaTh METOJOIOIMYeCKIe TIOAXOMIbI, IPH
KOTOPBIX BO3MOXXHO DPErMCTPMPOBATb COTHU M TBICAYN
6emxoB. OFHUM U3 TaKMX MOJXOJ0B AB/IAETC MPOTEOMIU-
Ka, KOTOpas I03BOJAET VAECHTU(QUIVPOBATD U BBIABIATD
KONMYeCTBEHHbIE 1 Ka4eCTBEHHbIE M3MEHEHNA B Oe/Ko-
BOM COCTaBe KJIeTOK ¥ TKaHei1. JJoCTVKeHus IPOTeOMIKI
IIOMOTAIOT WCC/IEIOBATE/IAM pelIaTh 3afjauy IIOCTTPaH-
CIALMOHHBIX MOAMMUKALNIL, KIeTOYHOI CUTHAIM3ALNN,
(YHKIMOHA/IBPHOM U CTPYKTYPHOJ TOMOJIOTMY O€/IKOB,
onpefieNieHNsA YPOBHA 9Kcnpeccuu reHos. Hanbornee 3Ha-
YMMbBIM MHCTPYMEHTOM IIPOT€OMMUKY ABJIACTCA M3ydeHMe
0€/KOBBIX KapT TKaHell Ye/loBeKa 1 XMBOTHBIX.
I[TpoTeoMHbIe TEXHOIOTM IPECTAB/IAITCA BeChMa Iep-
CIeKTUBHBIMM 11 9)DEKTVBHBIMI [/Is1 BBIABICHIA B MACHDIX
IPOIYKTaX OMOXMMIIECKIX M3MEHEHIA, TAKMX KaK U3MeHe-
HIA TEPMOYCTONUMBBIX ¥ BUAOCHEIM(IYHBIX O€/IKOB, CIIO-
COOHBIX CTaTh COOTBETCTBYIOLIMMY GMIOMapKepaMIL.

Introduction

Proteins are large biomolecules or macromolecules
that consist of one or several long chains of amino acid
residues. Proteins have a wide spectrum of functions in-
side organisms, including catalyzing metabolic reactions,
DNA replication, a response to stimuli and transport of
molecules from one place to another. Proteins are different
from each other, primarily, by the amino acid sequence,
which is determined by the nucleotide sequence of their
genes. As a rule, this leads to protein folding into a spe-
cific three-dimensional structure, which determines its
activity [1]. A linear chain of amino acid residues is called
a polypeptide. A protein contains, at least, one long poly-
peptide. Short polypeptides that contain less than 20-30
residues are seldom recognized as proteins and usually
called peptides or sometimes oligopeptides. The individ-
ual amino acid residues are linked together by the peptide
bonds and adjacent amino acid residues. The sequence
of amino acid residues in a protein is determined by a
sequence of a gene that is encoded in the genetic code. In
general, the genetic code specifies 20 standard amino ac-
ids; however, in some organisms the genetic code can in-
clude selenocysteine and in some organisms pyrrolysine.
Shortly after or even during synthesis, post-translational
modifications of the protein residues often occur, which
change the physical and chemical properties, folding, sta-
bility, activity and, finally, the protein function [2]. Some-
times proteins contain non-peptide groups, which can be
called prosthetic groups or co-factors. Proteins can also
act together achieving a certain function and they are al-
ways associated with the development of stable protein
complexes [3,4].

After formation, proteins exist only for a particular
period of time, then they are degraded and processed by
a cellular apparatus though a process of the protein cycle.
The lifespan of proteins is measured by the period of their
half-decay and comprises a wide range. They can exist for
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B nocrepHime rofpl IpoTEOMMKa CTasIa MIMPOKO IpUMe-
HATBCS B ob6/mactu 6uorexHonornu. B pabore, mponenau-
Hoit B ®TBHY «®HII nuiessix cucrem um. B.M. Topba-
toBa» PAH, ¢ mOMOIIIbI0 IPOTEOMHBIX T€XHOJIOTHIT ObLIN
paspaboTaHbl MeTORMYECKME TTOAXOAbI 10 MAEHTU(NKA-
1y 6€1KOBOTO MPOduIs MACHBIX IPOAYKTOB 1 B MCCIIe-
IlyeMBIX 00pasljax MsAca 1 B CIIELMATbHO BBIPAOOTaHHBIX
KOTOACHBIX M3[eNNAX, ObUIM OIpefeneHbl TKaHeCIel-
¢uaHble 6€/KI, KOTOpPbIe MOTYT OBITH MCIIONTB30BAHBI KaK
VHAVBUAYaNTbHble 6MOMapKepbl IpY KOHTPOJE MACHBIX
M3JIeTINIT Ha COOTBETCTBIUE 3asIBIEHHOMY COCTaBY. Taroke
OBV 3aperMCTPUPOBAHBI COEBBIIT 1 KYPUHBIIL O€/IKN, 4TO
ABJAeTCA MapkepoM anbcudukanym [70,71].

Bpipa’keHue NpU3HATETbHOCTH

Vccnenosanue BbIIOTHEHO 3a cyeT rpanTa Poccuiicko-
ro HayyHoro ¢oHpa (mpoexT Ne 16-16-10073).

several minutes or years with an average lifespan of 1-2
months in the mammalian cells. Abnormal or misfolded
proteins degrade faster because of destruction or instabil-
ity [5].

Like other biological macromolecules, such as polysac-
charides and nucleic acids, proteins are crucial parts of
organisms and participate almost in all processes in cells.
Many proteins are enzymes that catalyze biochemical reac-
tions and are essential for metabolism. Proteins also have
the structural and mechanical functions: actin and myo-
sin in muscles, proteins in the cytoskeleton, which form
the system of microfilaments for maintenance of the cell
shape. Other proteins play an important role in cell sig-
naling, immune reactions, cell adhesion and the cell cycle.
Proteins are necessary in animals’ diets to provide the es-
sential amino acids, which cannot be synthesized. Diges-
tion disintegrates proteins to use in metabolism [6].

To perform their function, proteins interact with other
substances on the molecular or ionic level, or with other
proteins. Proteins interact in different contexts and with
different results. Several proteins activate or deactivate
other proteins by bonding with them or by their (de) phos-
phorylation. In the process of phosphorylation, the phos-
phate group is added (or removed) from a protein, which
activates or deactivates a protein. Other proteins are linked
with each other forming the so-called protein complexes.
They play important roles in the whole cell, for example,
in DNA replication. Other class of proteins is linked with
each other to form structural complexes, which give a cell
their three-dimensional structure. The understanding of
these main interactions has a vital importance for the un-
derstanding of the internal processes of the vital activity of
an organism.

Tissue-specific gene expression can lead to existence
or absence of certain protein interactions and complexes
resulting in deep functional differences of biological pro-
cesses in tissues [7].
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The understanding of the character of these interac-
tions is important for studying how and why cells function.
The interactions between all proteins in a cell comprise the
so-called protein-protein interactions (PPIs) of a network.
Not all proteins are present in all cells and tissue types;
therefore, protein interactions are limited by cellular and
tissue types, where both interacting proteins exist. These
tissue-dependent interactions form tissue-specific PPIs
(TSPPIs) [8].

To this end, the methodological aspects of analysis are
studied and effective algorithms, which show the most sig-
nificant results, are chosen or developed. In addition, the
main properties of TSPPIs are studied to gain an insight
about the structure of interactions and properties of par-
ticular protein groups. Finally, the algorithms of clusteriza-
tion are used to reveal tissue-specific functional modules
in the framework of TSPPIs [9].

It is particularly interesting to study the formation
mechanisms of substances of protein and peptide nature
that determine bio-corrective and quality characteristics of
the pathways of their biosynthesis [10].

More and more attention is paid to bio-informatics as
an instrument for studying proteome from the viewpoint
of the hypothetical presence of certain biologically active
peptides and marker proteins. According to the world da-
tabases, the muscle proteins of productive animals contain
amino acid sequences that have various biological proper-
ties [11].

Main part
Approaches to studying proteins

The protein activity and structures can be studied in
vitro, in vivo and in silico. In vitro investigations of puri-
fied proteins in the controlled environment are useful for
studying how a protein executes its function: for example,
studies of enzyme kinetics reveal the chemical mechanism
of the catalytic activity of an enzyme and its relative affinity
to different possible substrate molecules. On the contrary,
in vivo experiments can give information about the physi-
ological role of proteins in the context of a cell or even the
whole organism. When using in silico investigations, the
computational methods are used to study proteins.

In vivo investigations of proteins are often connected
with protein synthesis and localization in a cell. The spe-
cifics of how proteins are targeted to specific organelles or
cellular structures is often unclear, although it is known
about many intracellular proteins synthesized in the cyto-
plasm and membrane-bound or secreted proteins in the
endoplasmic reticulum [4]. A useful method for assessing
cellular localization applies genetic engineering for expres-
sion in a cell of a fused protein or chimera that consists
of the natural protein of interest linked with a «reporter»,
such as the green fluorescent protein (GFP) [12]. The fused
protein location in a cell can be clearly and effectively visu-
alized by microscopy [13].
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There are experimental methods (for example, for de-
tection, extraction and purification of proteins, as well as
for deciphering the protein structure and functions, puri-
fication of the initial protein is often required). Computa-
tional methods usually use computer programs for protein
analysis. However, many experimental methods (for exam-
ple, mass-spectrometry) require computational analysis of
raw data.

Genetic methods

Experimental analysis usually requires protein expres-
sion and purification. Expression is achieved by manipu-
lating DNA, which encodes a protein of interest. Therefore,
protein analysis usually requires the DNA methods espe-
cially cloning. Several proteins have never been directly se-
quenced; however, by translating codons from the known
mRNA sequences into amino acids by the method known
as «conceptual translation», the majority of protein mol-
ecules were analyzed. Site-directed mutagenesis differen-
tially introduces mutations that change the protein struc-
ture. A function of protein parts can be better understood
by analyzing changes in a phenotype as a result of this
impact. Fusion proteins are obtained by inserting protein
tags, such as His-tag to obtain a modified protein, which
is easier to trace. An example of this can be Snf2H-GFP
labeled complexes (chromatin-remodeling), which consist
of protein linked with the green fluorescent label [14].

Analysis of DNA alleles can be identified as associated
with diseases, for example, when calculating a LOD score
developed by Newton Morton. It is a statistical test which
is used for linkage analysis in human, animal and plant
populations. The LOD score compares the likelihood of
obtaining test data, if the two loci are really linked, with
the likelihood of observing random events. Positive LOD
scores favor the presence of linkage, while negative LOD
scores indicate that linkage is less probable. Computerized
analysis of a LOD score is a simple method for analysis
of complex family pedigrees to detect a linkage between
Mendelian traits (or between a trait and a marker, or two
markers) [15].

There are also other possibilities. For example, immu-
nohistochemistry usually uses an antibody to one or sever-
al proteins of interest, which are conjugated with enzymes
giving either luminescent or chromogenic signals that can
be compared between samples allowing obtaining infor-
mation about localization. Another useful method is co-
fractionation in gradients of sucrose (or other substance)
with the use of isopycnic centrifugation [16].

Through another application in the field of genetic
engineering, known as site-directed mutagenesis, the re-
searchers can change the protein sequence and, therefore,
its structure, cellular localization and susceptibility to
regulation. This method even allows incorporation of non-
natural amino acids into proteins using modified tRNA
[17] and rational design of new proteins with new proper-
ties [18].
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Proteomics

The main experimental methods of proteomics are two-
dimensional electrophoresis [19], which makes it possible
to separate a great quantity of proteins, mass-spectrom-
etry, which allows rapid protein identification and high-
throughput peptide sequencing (most often after digestion
in a gel), protein microarrays, which enable detection of
relative levels of many proteins that are present in a cell,
and two-hybrid screening, which allows a systematic study
of protein-protein interactions. The systematic endeavor
to detect the protein structure is known as structural pro-
teomics [20,21].

Bioinformatics

For analysis of the structure, functions and evolutions
of proteins, a wide spectrum of computational methods
was created.

The development of such instruments was conditioned
by a large number of genomic and proteomic data available
for different organisms including the human genome. It is
impossible to study all proteins experimentally; thus, only
several of them are subjected to laboratory experiments,
and computational tools are used for extrapolation of simi-
lar proteins. These homologous proteins can be effectively
identified in distant relatives by a sequence alignment. Ge-
nomic and gene sequences can be different tools for certain
traits. Sequence profiling tools can find sites of restriction
enzymes and predict secondary structures. Phylogenetic
trees can be built, and evolution hypotheses are developed
using the special software, such as ClustalW, regarding the
origin of modern organisms and their expressed genes.
The bioinformatics field is now irreplaceable for the gene
and protein analysis.

Structure determination

Determination of the protein tertiary structure or the
quaternary structure of its complexes can give important
information about how a protein executes its function.
Common experimental methods for structure determina-
tion include X-ray crystallography and NMR spectroscopy,
which can generate information at atomic resolution. Nev-
ertheless, NMR experiments can give information that al-
lows assessing a subset of distances between atom pairs, and

Polypeptide enters the
column in the mobile phase

the final possible protein conformations are determined by
solving the distance geometry problem. Dual-polarization
interferometry is a quantitative analytical method for mea-
suring general conformation of proteins and conformation-
al changes due to interactions or another stimulus. Circular
dichroism is the other laboratory method for detection of
the internal -sheet/a- helix protein composition. Electron
cryomicroscopy is used for gaining structural information
of lower resolution about very large protein complexes
including assembled viruses, a variant known as electron
crystallography can also give information with high resolu-
tion in some cases, especially, for two-dimensional crystals
of membrane proteins. Determined protein structures are
usually deposited in the ProteinData Bank (PDB), a freely
accessible resource, from which structural data about thou-
sands of proteins can be obtained as Cartesian coordinates
for each atom in a protein.

Methods for prediction of a protein structure thrive
to provide a way of creating credible structure for pro-
teins, which structures are not determined experimen-
tally [22,23].

Chromatographic methods

The most universal method for detection of peptide
and protein purity is reversed-phase chromatography
(RP-HPLC) based on the use of a broad spectrum of hydro-
phobic stationary phases [24]. To separate the components
of the pharmaceutical preparations of peptide and protein
nature, the reversed phases are most often employed with
the use of the silica gel bonded to C8 and CI18 alkyl groups
with the average pore size of 300 A. In RP-HPLC, elution
of the pharmaceutical preparations of the peptide and pro-
tein nature or their fragments obtained as a result of the
enzymatic degradation is usually performed in the mode
of gradient elution at pH=2-3 and a room temperature as
partial or complete protein denaturation is possible when a
temperature is increased, which also affects the chromato-
graphic mobility [25,26].

The understanding of the mechanism of the polypep-
tide interaction with the reversed phase surface is impor-
tant for the understanding of their separation in RP-HPLC.
Separation of small molecules is connected with their con-
tinual partitioning between the mobile phase and the hy-

Polypeptide adsorbs to
the reversed-phase surface

Polypeptide desorbs from

the RP surface when the
organic modifier concentration
reaches the critical value

Figure 1. The «hydrophobic foot» of the polypeptide adsorbs to the hydrophobic surface of the reversed-phase material where it remains until
the concentration of the organic modifier increases to the critical concentration [27]
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drophobic stationary phase. However, polypeptides are too
large for partition into the hydrophobic phase; they adsorb
to the hydrophobic surface after they enter the column and
remain adsorbed until the concentration of the organic
modifier reaches the critical concentration necessary for
desorption (Figure 1). Then, they desorb and, slightly in-
teracting with the surface, elute down the column [27].

Polypeptides can be regarded as «sitting» on the sta-
tionary phase; with that, most of the molecule is exposed
to the mobile phase and only a part of the molecule (the
«hydrophobic foot») is in contact with the reversed-phase
surface. RP-HPLC separates polypeptides based on the
slight differences in the «hydrophobic foot» of the poly-
peptide being separated. The differences in the «hydropho-
bic foot» are conditioned by the differences in amino acid
sequences as well as in conformation [27].

Mass spectrometry methods

At present, high performance liquid chromatography
coupled with mass spectrometry (MS) is one of the most
common methods for protein and peptide analysis [28,29].

Recent advances illustrate the role of proteomics based
on the mass spectrometry as an irreplaceable instrument
for systems of molecular and cellular biology, as well as for
new fields. They include analysis of the protein-protein in-
teractions through affinity-based isolations on a small and
widespread scale, mapping of multiple organelles, simul-
taneous description of the genome of the malaria parasite
and generation of the quantitative protein profiles in dif-
ferent species. It can be expected that the ability of mass
spectrometry to identify and increasingly often to quantify
thousands of proteins in complex samples can profoundly
affect biology and medicine.

Mass-spectrometric measurements are carried out in
the gas phase on the charged ions. By definition, a mass
spectrometer consists of a ion source, a mass-analyzer,
which measures the mass-to-charge ratio (m/z) of the ion-
ized analytes, and a detector, which records the number of
ions at each m/z value.

At present, in proteomic investigations, four main types
of mass analyzers are used. These are the ion-trap, time-
of-flight (TOF), quadrupole and Fourier transform ion
cyclotron (FT-MS) analyzers. They differ from each other
in design and performance and each of them has its own
strengths and weaknesses. These analyzers can be auto-
nomic or, in some cases, combined in tandem to take ad-
vantage of each of them [30].

To achieve mass separation, three different principles
can be used: separation based on time of flight (TOF MS),
separation by quadrupole electric fields generated by metal
rods (quadrupole MS) or separation by selective ejection
of ions from a three-dimensional trapping field (the ion
trap or Fourier transform ion cyclotron resonance). For
structural analysis, such as peptide sequencing, two stages
of mass spectrometry are carried out in tandem (tandem
mass spectrometry or MS / MS), which can be achieved
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using the same principle of separation twice or by combi-
nation of two different principles of MS separation. Both
MALDI and electrospray can be coupled to any of these
three methods of separation. The fact that MALDI pro-
duces short bursts of ions in the vacuum, and electrospray
creates a continuous beam of ions in atmosphere, as a rule,
leads to coupling MALDI to TOF MS and electrospray to
quadrupole and ion trap [29].

Identification of peptides and proteins

One of the main tasks of quality assessment of phar-
maceutical preparations having the peptide and protein
structure is protein identification. Proteins are identified,
mostly, by their amino acid sequence. There are three ap-
proaches to mass spectrometric analysis of peptides and
proteins.

The most common method is still «bottom-up» pro-
teomics, when a protein is digested into peptides, which
can be effectively analyzed using a broad spectrum of LC-
MS or MALDI-TOF-MS instruments. Sample preparation
for an experiment by the «bottom-up» method requires
several laborious stages of transition of proteins to the
peptide level. The most important step in these approaches
is protein digestion, which is always a bottleneck as it re-
quires a lot of time. Therefore, a significant increase in the
throughput can be achieved by acceleration of the diges-
tion process. Modern methods allow reducing digestion
duration from overnight incubation (~ 15 hours) to min-
utes or even seconds. This achievement also makes pos-
sible integration into on-line systems, thereby, reducing
the number of tiresome steps for sample processing and a
risk of sample loss [31]. This section gives an overview of
the available digestion strategies and recent changes in ac-
celeration of the digestion process.

Protein digestion (both enzymatic and non-enzymatic)
is an important and (almost) irreplaceable tool for iden-
tification, characterization and quantitative assessment of
proteins using proteomics strategy [32].

Proteomics plays a crucial role in the main fields of
investigations, including detection of disease biomarkers
and biosystems and, as such, significantly contributes to
the understanding of the vital biological processes [33].

The choice of proteomics approach should be based on
a type of the question, which is to be answered. Global pro-
teomics, for example, finding a biomarker in a very com-
plex sample, deals with the identification of an often low-
abundant unknown protein, which is present in a complex
sample with a broad dynamic range of proteins. To this
end, it is necessary to use a completely different approach
than targeted protein analysis, such as, characteriza-
tion of the post-translational modification (PTM) states,
which requires a detailed study and complete mapping of
a known protein sequence for localization of the possibly
low-abundant post-translational modifications (PTMs). In
addition, protein (classes) with certain characteristics may
need special preparation.
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Approaches in proteomics can be distinguished by the
level of the analysis (Fig.2). Achievements in the field of
mass spectrometry now allow direct protein analysis. In
this «top-down» experiment purified proteins are detected
intact and after fragmentation with the use of collisional-
activated dissociation (CAD), electron capture dissocia-
tion (ECD) and electron transfer dissociation (ETD) giv-
ing information about the intact protein mass and amino
acid sequence [34,35]. Analysis of the intact proteins by the
«top-down» method minimizes sample preparation and
saves information which can be lost in other proteomics
strategies, such as connectivity of several PTMs, but it is
comparatively insensitive [36]. Since analytes have large
sizes, the requirements to the MS equipment in terms
of resolution and mass accuracy are met only by high
throughput mass spectrometers, such as Fourier transform
ion cyclotron resonance mass spectrometer (FTICR-MS)
and Orbitrap MS [37]. Nevertheless, intact protein analysis
was also carried out using more available equipment such
as tandem quadrupole and quadrupole time-of-flight mass
spectrometer (QTOF MS). In practice, the protein mass
range that can be analyzed using «top-down» proteomics
is limited to ~ 50 kDa, therefore, about 500 amino acids
[38]. Otherwise, only the C-terminal and N-terminal ends
are sequenced [39,40]. Despite the obvious advantages of
«top-down» proteomics, the further development of MS
equipment is necessary before it will become the main
technology.

The overwhelming majority of proteomic experiments
envisage a procedure of protein digestion into peptides
before MS analysis. Analysis of peptides has several ad-
vantages compared to proteins, including more effective
separation by liquid chromatography (LC), lower molec-
ular mass and lower number of charge states resulting in
an increase in sensitivity [41]. Depending on the size of
the obtained peptides, an approach can be called «bot-
tom-up» or «middle-down». In the «bottom-up» strat-
egy a protein is hydrolyzed to peptides in a range of ~
500-3000 Da. Then, these peptides are analyzed by liquid

chromatography coupled to electrospray ionization MS
(LC-ESI-MS) or matrix-assisted laser desorption/ion-
ization time-of-flight mass-spectrometry (MALDI-TOF
MS). Protein identification is carried out based on pep-
tide mass fingerprints or peptide sequences [34]. Peptide
sequencing can be successfully performed by collision-
induced dissociation (CID) in more available ESI-ion
trap and ESI-QTOF mass-spectrometry or MALDI-TOF/
TOF equipment [30].

Digestion of the complex protein sample, for example,
the whole proteome using the «bottom-up» approach gives
a large number of peptides and even more that can be ana-
lyzed by the most powerful instrument. The complexity of
the peptide set can be reduced without loss of the informa-
tion content due to production of lower quantity of larger
peptides. This is the so-called «middle-down» proteomic
approach, which combines the best of the «top-down» and
«bottom-down» approaches using the advantages of the
improved MS measuring equipment and availability of the
fragmentation methods based on electrons [42], maintain-
ing the same sensitivity level associated with the peptide
analysis [37]. Peptides of the middle range (~ 3000-20000
Da) show improved separation by LC and after ESI carry
a higher number of charges, which enhances fragmenta-
tion by CID [43], ETD [44] or ECD [45] in Orbitrap MS,
quadrupole-linear ion trap (QTrap) MS and quadrupole-
FTICR MS instruments. Compared to smaller peptides,
more reliable peptide identification is obtained resulting in
an improvement of protein sequence coverage and PTM
identification [46].

The predictable nature of peptide fragmentation allows
comparing the experimental MS / MS spectra with pre-
dicted spectra in in silico of known protein sequences for
protein identification [47]. In this regard, the advanced
tools of bioinformatics play a key role in all proteomics
strategies. However, these tools are based on an assump-
tion that the digestion process (including reduction and
alkylation of disulfide bridges) is optimal. If it is not true,
for example, when peptides are bond through the intact
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Figure 2. Overview of proteomics approaches [31]
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disulfide bridge, the unpredictable peptides and/or com-
plex fragmentation spectra are generated, which will not
be identified in an automated database search. Protein
digestion can lead to loss of information, for example,
the PTM presence and connectivity [39] or an ability to
distinguish closely related proteins due to a failure in de-
tection of certain parts of a protein sequence because of
the inadequate size or unfavorable ionization properties
of the generated peptides. Finally, the quality of the ob-
tained protein identifications and modifications can be
controlled by false detection rates, protein and peptide
score threshold; however, a critical review of the obtained
results is necessary.

Protein digestion is an important step in the «bottom-
up» and «middle-down» proteomics strategy and signifi-
cantly effects protein identification quality [48]. For many
years, protein digestion has been improved due to the de-
velopment of new methods for increasing throughput and

Protein databases

In practice, peptides, as a rule, are identified by search-
ing protein databases using the search systems, for exam-
ple, Mascot [49], SEQUEST [50], X! Tandem [51], Inspect
[52], OMSSA [53], MassMatrix [54], Crux [55], MyriMatch
[56], MS-GFDB [57] and others.

The most common search systems are the first three of
the above-mentions list.

The search system Mascot is based on the MOWSE al-
gorithm (MOlecular Weight Search), proposed by Pappin
et al. in 1993 [58].

This algorithm uses the search by mass fingerprints of
peptides. At first, the peptide masses from a database are
compared with the experimental data on peptide masses
with consideration for the specified error. Then, for each
match, the Score value (the so-called confidence level) is
calculated according to the equation:
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where M — molecular mass of each matching protein,
IIn — is a product, which is calculated from the Mowse-
weight matrix, m, - for each matching between the experi-
mental data and peptide masses calculated from the entries
in the genomic database.

This algorithm can be used for an MS/MS search. In
this case, in the equation for Score, a peptide plays a role of
a protein, and a fragment plays a role of a peptide. The sum
of the peptide scores gives the Protein Score. Also, for each
candidate, the species origin is given, which can become
decisive for interpretation, and references to the personal
pages (final result) that contain the comprehensive infor-
mation about a potential protein (values of its molecular
mass and isoelectric point, decryption of a tryptic peptide,
a number of matches,% of coverage of the complete amino
acid sequence of a protein by peptides and so on) [60,61].
This algorithm can be used for an MS/MS search.

The assessment algorithm is based on probability,
which has several advantages: (a) a simple rule can be used
for assessment whether a result is significant or not. This
is especially useful for protection from false responses. (b)
Scores can be compared with the results of other types of
search, such as sequence homology. (c) Search parameters
can be easily optimized by iteration [62].

The Sequest search system is based on the individual
identification of each mass spectrum [50]. This resource
can be found on the site [63,64]. In this method, the nu-
cleotide databases are translated in six reading frames and
obtained amino acid sequences are searched during the
process to identify and fit the linear sequences to the frag-
mentation templates found in the tandem mass-spectra of
peptides. Then the mutual correlation function is used for
measuring the similarity between the mass-to-charge ratio
for the ions of fragments predicted by the amino acid se-
quences translated from the nucleotide database and the
ions of fragments observed in the tandem mass spectrum.
Generally, the difference of 0.1 to 2 between normed mu-
tual correlation functions for the results of the search for
the first and second ranking indicates a successful match-
ing between a sequence and a spectrum [45].

The X! Tandem searching system is the most developed,
as it is a software with an open source code. The informa-
tion about the resource can be found on the site [65].

TANDEM was created for running from the command
line with the name of the input XML file as a single param-
eter for the command line. The code was developed with the
use of a set of classes that can accomplish the following tasks:

(1) reading XML input parameter files;

(2) reading protein sequences from FASTA files;

(3) reading MS / MS spectra in common ASCII formats
(DTA, PKL and Matrix Science);

(4) conditioning MS / MS spectra to remove noise and
common artifacts;

(5) processing peptide sequences with the cleavage
reagents, post-translational and chemical modifica-
tions;
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(6) scoring peptide sequences;

(7) creating an XML output file that will reflect the best
scoring sequences and several statistical distribu-
tions relevant to the scoring process [51].

The described algorithms are not without drawbacks.
For example, Mascot assigns high values of the index to
short peptides, which are not always unique for the stud-
ied protein; also, in analysis of the proteolytic peptide mix-
tures many sequences with close score values are present
in the list of candidates; however, the program in the final
report leaves only one sequence.

A disadvantage of the Sequest algorithm is the high com-
plexity of calculations and generalizations of spectra. X! Tan-
dem, as a probabilistic approach, in certain cases does not al-
low performing reliable identification. A brief description of
more than 100 different algorithms and software packages for
processing of mass spectrometry data on peptides and pro-
teins are presented on the sites http://en.wikipedia.org/wiki/
Mass_spectrometry_software u http://www.ms-utils.org.

The use of the databases for protein and peptide identifi-
cation allows deciphering mass-spectra of complex mixtures
over a short period of time [66]. Almost all known amino
acid sequences of proteins and peptides are combined in
web open-access databases. Each of them has its own for-
mat for data storage, various degree of redundancy, interac-
tion with related or similar databases. All databases can be
divided into five types. The first type is archive databases,
where information is entered by users. These databases in-
clude GenBank, EMBL, PDB. The second type is curated
databases, which content is curated by specialists, such as
Swiss-Prot. The third type is automated databases, where
entries are generated by computer programs; they include,
for example, TTEMBL. The next type is derivative databases
which are supplemented by processing data from databases
of the first two types. They include SCOP, PFAM, GO and
others. The fifth type is integrated databases, which com-
bines information from different databases, such as EN-
TREZ [67]. Detection of an amino acid sequence of peptides
and proteins without using search programs and databases
is called de novo sequencing. This approach is used for iden-
tification of proteins that were not described earlier, in case
of the presence of unstudied mutations, post-translational
modifications and so on. The used algorithms for de novo
36 sequencing are based on different mathematical meth-
ods. The first algorithms for determination of amino acid
sequence [68,69] represented a search of all possible com-
binations of amino acids comprising the mass of the parent
ion, which fragmentation was compared to the experimen-
tal mass spectrum. It is obvious that an error in measuring
the mass of the parent ion leads to an increase in the number
of corresponding combinations.

Conclusion

At present, new pharmaceutical preparations of protein
and peptide nature, the methods for control of specific pro-
teins emerge in food sector. To detect complex, multi-com-
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ponent changes occurring in meat products, it is necessary
to use methodological approaches, which allow register-
ing hundreds and thousands of proteins. One of these ap-
proaches is proteomics, which makes it possible to identify
and reveal quantitative and qualitative changes in the pro-
tein composition of cells and tissues. The advances of pro-
teomics help researchers to solve tasks of post-translational
modifications, cell signaling, functional and structural ho-
mology of proteins, detection of a gene expression level. The
most significant instrument of proteomics is investigation of
the protein maps of human and animal tissues.

Proteomic technologies are considered quite promising
and effective for detection of the biochemical changes in
meat products, for example, the changes in the thermally
stable and species specific proteins, which are capable of
becoming corresponding biomarkers.

Recently, proteomics became widely used in the field
of biotechnology. Using the proteomic technologies, the
Gorbatov Research Center for Food Systems has devel-
oped the methodological approaches for identification of
the protein profile of meat products, experimental meat
samples and specially produced sausage products, deter-
mined tissue-specific proteins, which can be used as in-
dividual biomarkers upon controlling meat products for
correspondence to the stated composition. Also, soya and
chicken proteins were registered, which are the marker of
falsification [70,71].
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ABTOJIMTUYIECKUX M3MEHEHUN TIPOTEOMA
MBIHNIEYHON TKAHV CBVMHVHDBI 1 TOBAOVHDI
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AHnnomauyus

B pabome npedcmasnervl UCCIe008aHUS N0 U3YHEHUIO ABMONUMUYECKUX NPeBPaUeH ULl 8 MIUUAX CBUHUHDL U 2085I0UHbL NPO-
meomHbIMU Memodamu. Vizmenenus 6enxo6vix Ppakyuti ananusuposani 00HOMEPHbIM 1 08YMEPHBIM INEKMPOPope3om ¢ 0asb-
Hetiwell udeHmuguxayueil Macc-cNeKmMpoMempu4eckumu memooamu, Oviiu 00HAPYIeHbl USMEHEHUS 8 MblUeHHbIX 0enKax,
¢ meueHueM ABMONUMUYECKUX npoteccos. Tax, UHMeHCUsHOCMYb 6enKoBbIX NSMer NUPYBAMKUHA3YL, JIE2KUX yenell MUO3UHA
U adeHUnAMKUHA3bL YBeTUMUBANAct 8 npoyecce agmonusd. Ommeuaemcs noseneHue Ppasmenmos nezkux yeneti MUOIUHA.
Taxoce 6vina U3yueHa AKMUBHOCIb IHOO02EHHDIX (PEPMEHIMO08, MAKUX KAK Kanvnaut 3 u kamencun D 6 xode asmonu3a. B nep-
6vle 24 waca nocrne y00s HUBOMHO20 AKMUBHOCHb OAHHBIX PepMeHIMN08 J0CMULANA MAKCUMAILHOZ0 3HAMEHUS, 3A1eM CHUNA-
n1acv. Pe3ynvmamul npoeedeHHbIX UCCTIe008aAHUTI NOOMEEPOUTIU, IO Y C6UHUHDL U 208A0UHDL PASTTUYHAT CKOPOCMYb NPOMEKAHUS
ABMONU3A, HO CXOOHDbLE NPOMEOMHDLE USMEHEHUT.
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COMPARATIVE STUDY OF AUTOLYTIC CHANGES
IN PORK AND BEEF MUSCLE TISSUE PROTEOME

Irina M. Chernukha, Anastasiya G. Akhremko*
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: autolysis, pork, beef, proteomics, electrophoresis, protein

Abstract

The paper presents the studies on the autolytic transformations in pork and beef samples by proteomic methods. The changes in
the protein fractions were analyzed by one-dimensional and two- dimensional electrophoresis with the following identification by
mass-spectrometric methods. The changes in muscle proteins in the course of autolytic processes were found. For example, the in-
tensity of the protein spots of pyruvate kinase, myosin light chains and adenylate kinase increased during autolysis. The fragments
of myosin light chains appeared. The activity of the endogenous enzymes, such as calpain 3 and cathepsin D in the course autolysis
was also studied. During the first 24 hours after animal slaughter, the activity of these enzymes reached the maximum level and
then decreased. The results of the performed investigations confirmed that pork and beef have different rate of autolysis but similar

proteomic changes.

BBenenne

benku ABnAIOTCA BaKHBIM HYTPUEHTOM B palno-
He 4YelloBeKa. B KauecTBe NUIIEBBIX MHIPENVEHTOB OHMU
B OCHOBHOM IIOCTYIIAIOT 13 IIPOAYKTOB >KMBOTHOTO U Pa-
CTUTENIbHOTO IPOUCXOXKeHNus. [IpoTeoMuka umMeeT B CBO-
eM apceHasie TaKye MeTOJbl, KOTOPbIe CIIOCOOHBI OXapaK-
TepU30BaTh OEIKOBBINI COCTAB IPOAYKTOB, KaKye Oenku
MPUCYTCTBYIOT B KaXK/IOM TUIIE TKaHU, a TAK)Ke MO3BOJIA-
eT MCCIe0BaTh UX Pasnuyuns B 6ENKOBOI KOMIIO3UIINN.
Kpome TOro, mpoTeoMHBIE METO[bI IIO3BOJIAIOT OTCIIE-
JKMBATh M3MEHEHMs IIPOTeoMa 10 1 Mocye y6os, a TakxKe
OlleHVBaTb BJIMAHME IOCIEAYIOMINX IPOLECCOB, TAKUX
KaK aBTONM3. B [ONONHeHMe K MOCTTPAHCIALVOHHBIM
MozMUKAIAM, KOTOpPbIe IIPOUCXOAT iN Vivo, UIIeBble
6e/IKM TOiBepraloTCs MUPOKOMY CIEKTPY HOC/IeYOOTHBIX

IpOLecCOB. OTM MOAM(UKALMY BKIIOYAIOT OKUCTIEHME
60KOBOIT Liem, 0Opa3oBaHIe IOIEePEYHbIX CBs3elT 1 pac-
1jernieHye 6eNMKOBbIX MOTIEKY/T ¥ KPUTUYIECKN BIMSIOT Ha
TaK1e OCHOBHbIE CBOJICTBA MsICa, KAK CPOK XPaHEHN, 1IN~
I[eBast IIeHHOCTh, YCBOSIEMOCTb U MOC/IEACTBUS IS 310~
poBbs [1].

3a nocienHMe IATH €T B 0071aCTU IPOTEOMMKM MsACA
Ha0JTI0/Ia/ICS YCTOMYMBBIN POCT HAYYHOTO MHTepeca. bbuto
IPOBefIeHO 6OJIbIIOe KOMNYECTBO UCC/IETOBAHNUI C MOSAB-
JIeHMeM HECKOJIbKMX OTHEeNbHBIX Kareropumit. OTKpbITIE
0€/IKOB-MapKepoB I Pa3INYHBIX aTpUOYTOB KadyecTBa
Msca — ellle OfjHa BaXKHaA 06macTb. [Ipomeccs mocmepr-
HOTO TIpeBpalleHlie MBIIII] IPUB/IEKAI0OT 0COObIIT MHTEpeC
U TIPEACTaB/IsAeT COOOI 3HAUYNTEIbHYIO CepUI0 COOBITUIL,
CBSI3aHHBIX ¢ MofgudUKauyer 1 paspylieHneM 6enka [2].
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Bo Bpems mpollecca IpeBpalleHNusl MBI B MSICO
IIPONCXOJAT CYIeCTBEHHbIe OuoxyMumdeckue / 6uodusn-
YecKie M3MEeHEHUA B MBIIIIAX, ¥ 3TU M3MEHEeHUs HeIlo-
CpefCTBEHHO BANSIOT Ha XapaKTEePUCTUKM KadeCcTBa Msca
[2,3]. TloaToMy LienbIO JAHHOTO MCCIEHOBAHMSA OBIIO 13-
ydeHMe aBTOMUTUYECKNX IPOLeCCOB B CBUMHMHE U TOBS-
[iMHe, 2 TAKXKe X CPaBHEHNE C IIOMOIIbI IIPOTEOMHBIX
METOJIOB.

OO0'BEKTHI I METOIbI

O6bexTaMu MCCIefOBaHNUs AB/UINCD: 1) BBIpe3Ka ro-
BSDKbA, IPUOOpeTeHHass B MarasyHe TOPrOBOJl MapKnu
«XanAnb». Msco mocraBlieHo B MarasyH u3s Bragummp-
cKkoll obmacTu. Bpems ot ybos mo MOMeHTa Hadaza 9KC-
IIEpMMEHTa COCTABU/IO 15 Y, YTO COOTBETCTBYET CTALUMU
IIOCMEPTHOTO OKo4yeHeHM:A. IIpollecc aBTonmMsa INpoxo-
o npu Temnepartype 4+2 °C B TedeHne 12 CyTOK B Ba-
KyyMHOM KOHTeliHepe. 2) M. longissimus dorsi CBUHMHBIL,
oroOpaHHas Ha MscollepepabaThIBaloLIeM MPeAPUATIN
r. PoctoB-Ha-lony. O6pasiipl XpaHUIN IIpY TeMIIepaType
242 °C B yCc/IOBMAX IPOMBIIIEHHOTO XONIOiM/IbHUKA B Te-
veHne 120 4. [Ipo6bI Ha McCIenoBaHUsA OBUIM OTOOPAHBI
yepes 24 4,72 4 120 4.

Omnpepenenne BOLOCBA3BIBAIOLIEN CIOCOOHOCTI IPO-
BOAM/IOCH TI0 MeToxy [pay-Xamma (MeTop ImpeccoBaHnus).
Brara B MSCHOM ChIpbe OIpefie/isiiaCh METOJOM BBICY-
IIMBaHMUA HABECKM INPOOBI C MECKOM [0 IHOCTOSHHOIN
Mmaccel npu temieparype (103+2) °C B cOOTBeTCTBUMK
¢ TOCT P 51479-99 (MICO 1442-97)«Msco u MsCHbIe
IpOAYKTBL. MeTop ompefenieHNs MacCOBOI JOIN BIIATH».

Vsmepenne pH npoBopnnioch NoTeHIMOMEe TPUIECKUM
MeTomoM Ha pH-moHOMeTpe «IDKCIepT» B COOTBETCTBUN
¢ TOCT P 51478-99 (MICO 2917-74)«KoHTponbHBIIT Me-
TOJI OIpefe/leHNs KOHIEHTPAIy BOJOPOJAHBIX JMOHOB
(pH)».

AHanm3 ¢ppaKIMOHHOTO cOCTaBa 0€/IKOB VICC/IEYeMbIX
00pasI[oB NPOBOAMIN METOLOM OFHOMEPHOTO 3JIEKTPO-
¢dopesa B 12,5 % monmakpuIaMuHOM rejie B IIPUCY TCTBUN
momeryicynbgara Hatpua B kamepe «VE-10» (Helicon,
CIIA). B xayecTBe cTaHmapTa i aneKTpodopesa muc-
monb3oBanu Mapkep ¢upmsl « Thermo», CIIIA, mpencras-
SO co6011 cMech 11 pekoMOMHAHTHBIX 6enkoB (250,
150, 100, 70, 50, 40, 30, 20, 15, 10 u 5 x/la). OxpamnBa-
HIle TIPOBOAMIN C UCIIONb30BaHMeM Kpacurensa Kymaccn
G-250.

B xadecTBe OCHOBHOI IPOTEOMHOI TEXHOJIOTUY
NpUMEHAMN JBYMepHbIil anmektpodopes (JIP) mo
O’ ®appemnny ¢ 130971eKTpodOKyCrpoBaHUEeM B aMpO-
HoBoM (IEF-PAGE), metekuuio 6enkoB Ha 9P mposo-
munu oxkpamuBaHyeM Kymaccu R-250 u a30THOKMCTIBIM
cepebpoMm. [l mpoBefeHNsA KOMIIBIOTEPHON JIeHCUTO-
MeTpUNU MCIIONb30Ba/IM JIBYMEPHBbIE 3/IeKTpodoperpam-
MBI, HAXO[[UBIIVECS BO BJIAYXHOM COCTOSAHUN. VX mo/HbIe
¢poBble M300paKeHNs W/WIN U300paXKeHNsT OT/eNb-
HBIX (pparMeHTOB IOTy4Yaay C MOMOIbI0 CKaHMPOBAHIA
Ha ckaHepe Epson B pexxume 300 dpi, 48 bit Color [4,5].
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OrmpepeneHrie KOMMYeCTBEHHOTO COfePIKaHMsA KajlbIIa-
yHa 3 u KaTercuHa D IpoBOAWIIN C TOMOIIBIO XMMIKO-VIM-
MYHOJIOTMYecKoro aHanmsa, MetogoM ELISA Ha nMMmyHo-
dbepmentHoM aHanmm3arope ImmunoChem (HTI, CIIIA)
C wucrnonbp3oBaHreM KomMepdeckux Habopos (Cloud-
Clone Corp., Knrait). IIpo60noaroToBky ocyuiecTBIsAImN
CIEAYIOIIUM CIIOCOOOM: MBIIIEYHYIO TKaHb TOMOTEHU3M-
poBany B CTyIKe ¢ fobasneHneM pocdarHo-coneBoro 6y-
depa (pH 7,41X), KOMU4eCTBEHHO MEPEHOCUIN B SIIEH-
nopd, nenrpudyruposanu npu 5000g B TedyeHme 5 MuH,
oTOMpaM CylepHAaTaHT ¥ IIPOBOMVIIN MCC/IEIOBaHNE.

Pe3ynbrarsl 1 06cyxeHne

Buoxmummyeckne MexaHUsMbl, NPUBOJAINE K M3Me-
HEHVSIM B MBILIEYHON TKaHY, 3aBUcAT oT pH. B o6pasmax
CBVHVHBI OTMeUYeHO n3MeHeHne pH uepes 24 4,724 120 y,
IIPY 9TOM BOJOCBSA3BIBAIOIAS CIIOCOOHOCTb IIOCTENIEHHO
cHIDKanach ¢ 92,05 % mo 87,66 % k 120 4 aBTONMM3Aa.

B cnydae aBTo/M3a Msaca ropaivHbl 3HadeHue pH ¢ 5,65
CMECTUJIOCDH B KJICTYIO CTOPOHY K 6 CyTKaM 0 MUHMMaJIb-
HOrO 3HayeHuA 5,15, a 3areM CTajo pacTu B ILETOYHYIO,
u focturno 6,04 Ha 9 cytku. Ilokaszarenb BOgOCBA3bIBAIO-
el CIIOCOOHOCTU CHU3WIICA ¢ 67,29 % 1o 66,83% K 6 CyT-
KaM aBTOJIM33, 3aTeM Hadasl pacTu.

Vsy4eHne BMMAHUA aBTOMUTUYECKUX IPOLIECCOB Ha
U3MeHeHMs 6eKOBOro MpoduIA MACA CBHUHBI METOJOM
OJHOMEPHOTo 971eKTpodopesa MOKa3ano, YTo (GpaKuyn
cepie 100 x/Ja yBennunBaroTCcA B MHTEHCMBHOCTH OKpa-
CKM To7oc K 120 4 aBTO/MM3a, HO KOMMYECTBO (paKIuit
cTabuIbHO. VIHTEHCUBHOCTD QpPaKIUil C MOJIEKY/ISPHOI
maccoit B obmactu 90-100 kJla yBenmmumBaeTcsi OT Iep-
BBIX CYTOK K IATBIM. B gmamasone ot 50 kx/la mo 70 x[a
MHTEHCUBHOCTD II0JIOC HeM3MEHHA, HO Ha IIATble CYTKU
MOSIBJISIIOTCS JIBeé MUHOPHbIE 1MONOCHl B obmactu 80 k/la.
OTMedeHO yBe/mueHne MHTEHCUBHOCTY O€/IKOBBIX I10I0C
¢ MoneKynApHoi Maccoit 30-32 x/la, a TakxXe 1oJ, BelicT-
BUEM 9HJJOT€HHBIX ()epMEHTOB IPOMCXOANT JeTpafalys
6€e/IKOB ¢ MOJIEKY/IIpHOI Maccoit Hipke 15 k[]a.

OTMedeHBl WM3MEHEHUA COOTHOIIEHUA MaKOPHBIX
Y MUHOPHBIX 0€/TKOBBIX (QDPaKIIMiL.

ITpn anammse ogHOMEpHBIX 3/meKTpodoperpamMm ben-
KOBOTO ITpo(umIsA cKelmeTHbIX MbIIIL Bos Taurus moxasa-
HO yBe/IM4eHNe KOHLIEHTPALMiT Ma>KOPHBIX ¥ MMHOPHBIX
6e/1KOBBIX PpaKILMil KO BTOPBIM CYyTKaM, a 3aTeM 3aMeTHOe
yMeHbIIIeHVe KOMM4ecTBa (Qpakiuil K JeBATBIM CyKaM,
TaK Ha IlepBble CyTKM HaOMOmanoch 32 6eIKoBble IOJIO-
CBI, a Ha JieBATble CyTKM 23 monockl. IIpenmonoxmrenn-
HO, 3TO CBA3aHO C M3MeHeHMeM BenuunHbl pH, Koropas
CMeIljaeTcs B IEJIOYHYIO CTOPOHY Ha 9 cyTku (c 5,65 o
6,04), Takoe 3HaueHue pH 6/1M3K0 K ONTUMYMY aKTUBHO-
CTU IIPOTeNHA3 — Ka/lbIIMaHOB, NOJ, IeJICTBYEM KOTOPbIX
IPOVCXOAUT Jerpafamysi 6eIKOBBIX MOIEKYII [6,7].

Ha Puc. 1 u Puc. 2 npepcraBiens! pparMeHTHI iByMep-
HBIX 371eKTpodoperpamm (JI9) 6eMKOB CBUHUHBI U TOBSI-
JIHBI, COOTBETCTBEHHO, B KOTOPBIX Ha1bo/Iee BBIPa)KeHHA
nedopmanus 6eTKOBBIX (HPaKIINIL.
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HanmenoBanue

Oeka 24

72 4 120 4

IMupyBaTknHaza

Jlerxue nemnu 20k0a
MHO3HHA :
15 kAa

Piic. 1. ©parmentst [I9 ¢ BbIABICHHBIMY IPU3HAKAMI ABTOJITIMECKIIX M3MEHEHIII B MICCIeOBAHHBIX 06pasljaX CBUHMHbI Ha 1, 3 11 5 CYTKM aBTONM3a

HammenoBanue

Oenka 48 4

96 gy 168 u

IIupyBarkuHaza

Jlerkue nenu
MMO3UHA

AJleHMIIaTKNHA3a

Puc. 2. q)PaI‘MeHTI)I Hg C BbIAB/IECHHBIMM ITPY3HAKAMU aBTO/IMTUYIECKUX M3MEHEHMI B UCCTIEIOBAHHBIX 06pa3uax TOBAOVHDBI HA 1,5u9 CYTKI aBTO/IN3a

OTMe4eHO yBelMYeHMe MHTEHCUBHOCTM OT II€PBBIX
CYTOK K IIATBIM CYTKaM 3KCIepUMeHTa Oe/Ka MyUpyBart-
KIHAa3bl, MMO3MHOBON jerkoi uenm 15 kJlla, MMO3MHO-
Boit nmerkoit uenu 20 kJ/la u ameHMmaTKMHA3bl. Takas ke
TEeH/ICHIIVIA ISMEHEHM A IHTEHCUBHOCTY IIATEH OTMEeYeHa
y obpasioB msca rosaauuel (Puc. 2). 3a mckiodeHneMm
(dpakLuy NMpyBaTKMHA3bI, KOTOpas K 9 CyTKaM aBTO/MM3a
YIIPOIIAeTCs 10 KOPOTKMX IENTU/OB IIOf [IeiiCTBUEM SH-
JIOT€HHBIX ()ePMEHTOB.

[lna nmonydenust 6onee AetanbHO MHPopMauum o6
M3MeHeHVSIX 0e/IKOB ObII IIPOBEJieH ABYMEPHBIIl 9/IEKTPO-
¢dopes ¢ nocnexyromeit ugeHTN UKLV METOJOM Macc-
criekrpometpuyt MALDI-TOF MS n MS/MS (Tab6m. 1).

ITonyueHHBIe pe3y/IbTaThl IPOTEOMHBIX CC/IEOBAHMI
HO3BOJIAIOT 3aMETUTD CXOXKMe MeXaHM3MBI JedopManum
6e/1KOBBIX (HPPAKIINIL, HO C PA3IMYHON CKOPOCTDIO, B MbIIII-
I1aX TOBANVHBI JAHHBIE M3MEHEHM ITPOXOAAT 6osiee Ipo-
JO/DKUTE/IBHO, YeM B MBIIIIAX CBMHUHBL DTO CBS3aHO
C TeM, YTO MbILIEYHble BOJIOKHA TOBAAMHBI O0O/Iee KpyIl-
Hble, COOTBETCTBEHHO aBTOMUTIYECKIIE TIPOL[eCChI TPOXO-
AT MeJlIeHHee.

J3BecTHO, 4TO aBTOMMTUYECKUE M3MEHEHV B MBbIII-
11ax postmorthem MpOUCXOAAT 0K AeiicTBUEM (pepMEHTOB
IPOTEONUTNYECKIe CUCTeMbl — KaJIbIIa/fHOB 1 KaTeIlCH-
HOB, CBSI3aHHBIX C KaTa/ju30OM HeNPepbIBHOIO paclaja
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[JIaBHBIX CTPYKTYPHBIX 3/IEMEHTOB MBILIEYHOTO BO/IOKHA,
B T. 4. aKTOMIO3MHOBOT'0O KOMILIeKca. IIpu aToMm sk3omen-
TY/a3bl HanmboJee aKTUBHBI Ha MOC/IEHNUX CTAAMAX pac-
IjenIeHNst 6€IKOBBIX MOJIEKYI, IO IeVICTBYEM SHJIOIIETI-
T3 00pasyeTcsi MHOTO HOBBIX KOHIIEBBIX T'PYIII, YTO
ObIIO OTMeueHO Bbllle. V3ydeHne IMHAMMKY V3MEHEHNA
KaterncuHa D u KanpItanHa 3 B MBIIIEYHOV TKaHU CBUHU-
HbI ¥ TOBA/IVHDI NIPEACTABIAIO, B 9TOM CBA3U, HECOMHEH-
HBII MHTEpPEC.

KanpnanHoBas cucTeMa, BKIIOYAIOIIAs IOPSAKa BOCh-
MM POJCTBEHHBIX OATPYIII U «Ka/IbIIaMH Of0OHbIe Oer-
KI», SIBJISIETCs Hambojiee BaXKHOI C TOUKM 3peHMs IPO-
I1eccoB co3peBaHus Msca. [Tog BospeiicTBreM pepMeHTOB
IPOVCXOJAT M3MEHEHNsA B CTPYKTYpe ¥ CBOVICTBAX O€/IKOB
MsAca. KaTencuHbl, 10KanM30BaHHbIE NPEUMYILIeCTBEHHO
B IM30COMAX, BBICBOOOXKIAIOTCS IPU aKTUBALMN KICTON
peakuuet cpeibl KIETKA Y BbI3bIBAIOT JECTPYKIIMIO BBICO-
KOMOJIEKY/IIPHBIX O€/IKOB.

OTHU JaHHbIE KOPPeNUpYyIoT co 3HadeHuaAMu pH: ka-
tericH D, ABIAACH KapOOKCWIBHONM SHIONENTHUAA30,
pacienIAmIell HU3KOMONEKY/IAPHbIE IENTHbI IIOCTPO-
eHHble U3 5 1 6ojee aMMHOKMCIOTHBIX OCTaTKOB, 6erl-
K — TPOIIOHUH, TPOIIOMUO3UH, KOHHEKTUH, IPOSBIAET
MaKCMMaJbHYyI0 aKTMBHOCTh npu pH 2,8-5,0, Torma kak
npoTeornukansl — npu pH 5,0-6,0.
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Ta6muua 1. Pesynprarsl Macc-ciekrpoMeTpideckoii mgenruduxanuu (MALDI-TOF MS u MS / MS) 6enkoBbix ¢ppakiuii,
npossiAouMx usMeHeHns Ha 2[1E 6enkos M. longissimus dorsi, Sus scrofa u Bos taurus B mpoljecce aBTONN3a

HanmeHoBaHIe 6e/Ika; HEKOTOPbIe CHHOHMMBI, Honfepa S/M/C* Mwm/pl m/pl
(cumBOI rena) B ProteinNCBI (akcm.)** (pacuet.)**

Sus scrofa

pyruvate kinase PKM isoform X6 (PKM2)*****(3) 545841009 242/92/82 58,0/6,80 58,0/7,62
adenylate kinase isoenzyme 1 isoform X2 (AK1) 350579686 264/32/83 21,0/6,70 21,6/8,38
MLCI1f (MYL1) 117660874 278/25/86 20,0/4,80 21,0/4,90
gg;ﬁfg‘z‘g‘;ﬁﬂﬂjg‘; chain 2, skeletal muscle isoform 54607195 452/47/88 15,0/4,65 19,0/4,90
Bos taurus

pyruvate kinase PKM isoform X1 (PKM)***(1) XP 005211367.1 78/45/72 56,0/7,10 58,0/7,62
11311}:):::: l‘fl‘; fll)‘;;‘r‘h}é f_’I’T ghastalipusct ol NP 001073046.1  186/18/71 20,0/4,96 21,0/4,96
adenylate kinase isoenzyme 1 (AK1) NP 001013600.1 188/16/65 20,5/7,15 21,6/8,40

*S§ / M/ C:: Score — mokasaTellb COOTBETCTBUS MU «c4eT 04KOB»; Match peptides — xonmdectBo coBnaBuux nentunos; Coverage —%
MOKPBITIA TIOTTHOI aMMHOKMCTOTHOI MOCTIE0BATETbHOCTY (e/IKa BBIsIBIEHHBIMI MENTHUIAMI.

** Mm/pI (9KCII.) — NOMy4YeHHbIe OLIEHKM 110 Pe3yIbTaTaM 31eKTpodopeTndeckoii mogsInKHocT Ha [19, a Mm/pl (pacyer.) — pacuyeTHbie

OLIEHKN, CAeTaHHbIe U3 JAHHBIX 00 AMITHOKMCTIOTHOI ITOC/IEA0BATETBHOCTH C y4ETOM ya/leHIsl CUTHAIBHOTO NENTH/a, HO 0e3 ydera aApyrux

HOCTCHMHTETNYECKUX MOTVIIKAIIit
** TIpemcKkasaHbl MO TPAHCKPUIITAM MV TeHaM

B0t OxapaKTepu30oBaHbl MPOrpamMmMoit Mascot o aHa/Iornu ¢ COOTBETCTBYIOIIMM G€TKOM, TeHOM WIM TPAHCKPUIITOM Y IPYTOro B/ Mile-
Konurtapmux (Koposa, Bepomrox aukmii); B crondue «Homepa B Protein NCBI» cchIKu Ha CBefeHIIsI Y COOTBETCTBYIOIETO KIUBOTHOTO.
B msms — yKasaHue Ha OATBEP)KAAOLIYIO0 MAEHTU(UKALMIO C IOMOIIHI0 TAHAEMHO MaCcC-CIEKTPOMETPUN, B CKOOKAX YKa3aHO KO/IIye-

CTBO CEKBEHVPOBAHHBIX TPUINITUYECKNX NENTUTOB.

ITonyyenHble pe3ynbTaThl HE BBIABUIN 3HAYMMOTO W3-
MeHEeHMA Ka/IbIlaMHa 3 B CBUHIHE, YTO MOYKET OObICHATHCS
HE3HAYNTEIbHON POJBIO KajIbllaVHA 3 B aKTMBALMM IIPO-
11eCCOB OMOXMMMYECKNX IpeBpalieHNiT O€TKOB CKeJIeTHBIX
MBI, cBUHeN. Hamm pesynbTaThl COINIACyIOTCA C HaH-
ueiMi Geesink et al. [8], B ombiTe Ha MbIIIIaX-HOKAyTax I10
KaJIbIIaVHY 3, He BbIABMBUIIEM pas3/IN4uil XOJe IIPOTe0n3a
TKaHel postrmortem 10 CPABHEHMIO C KOHTPOJIbHBIMIA.

BreiBogbr

OTMedeHa aKTMBHOCTD KaTencuHa D, n3MeHAoImagCcsa
B IIpoljecce IOCMEPTHBIX IIpeBpalleHnil. YCTaHOBJIEHA
KOppenanys MeXAY aKTMBHOCTbIO KaremcuHa D u us-

Introduction

Proteins are important nutrients in human diet. As food
ingredients, they mainly come from the products of animal
and plant origin. Proteomics has such methods in its ar-
senal that can characterize protein composition of prod-
ucts, determine what proteins are present in each tissue
type, and study the differences in the protein composition.
Moreover, the proteomic methods allow tracing changes
in a proteome before and after slaughter, as well as assess-
ing an effect of the subsequent processes such as autolysis.
In addition to the post-translational modifications, which
occur in vivo, food proteins are subjected to a broad spec-
trum of the postmortem processes. These modifications
include side-chain oxidation, formation of cross-links and
cleavage of protein molecules, and critically affect such
main meat properties as shelf life, nutritional value, as-
similability and consequences for health [1].

During the last five years, a stable growth of the scien-
tific interest has been observed in the field of meat pro-
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MEHEHVSAMM IIPOTeOMa MCC/IeAYeMbIX CKETeTHBIX MBIIIIIL.
[IpoTeOMHBIMM UCCITIEIOBAHNUAMY OBUIO AMIIUPUIECKU
MOATBEPXK/IEHO, YTO aBTOMUTUYECKME IPOLECChl Kak
Y CBUHVHBI, TaK 1 Y TOBSIJHBI IPOVICXOMSAT C Pa3HOIL CKO-
POCTBIO, HO TTO CXOHBIM MeXaHM3MaM: BO BCeX 00pasiax
CBMHMHBI B IIpoOLiecce aBTO/MN3A MIPAKTUYECKN UEHTUIHO
IPOVICXOAUT PacIafi BBICOKOMOJIEKY/ISIPHBIX 0€/IKOB, Kpo-
Me TOrO IPOVCXOAMIN M3MEHeHMs B OIU3KMX TIpYIIIax
MBIIIEYHBIX 0€/IKOB, TaKMX KaK MMPYBATKMHA3a, MUO3U-
HOBBIE JIETKIeE eI U aleHMIaTKIHA3a.

He BbIsIB/IEHO [JOCTOBEPHOTO M3MEHEHNs KajblianHa 3
B TeueHMe 5 (B cBMHUHe) win 9 (TOBAAMHE CYTOK) HOCIIe

y6osi.

teomics. Many studies were carried out with appearance of
several individual categories. Discovery of marker proteins
for different meat quality attributes is another important
field. The processes of muscle postmortem changes attract
particular interest and represent an important series of
events that are connected with protein modification and
destruction [2].

In the process of muscle transformation into meat,
significant biochemical/biophysical changes in muscles
occur, and these changes directly influence meat quality
characteristics [2,3]. Therefore, the aim of this research was
to investigate the autolytic processes in pork and beef, and
to compare them using the proteomic methods.

Objects and methods

The objects of the research were: 1) beef tenderloin
bought in a shop of the «Halal» brand. Meat was supplied
to the shop from the Vladimirsky region. The time from
slaughter to the beginning of the experiment was 15 hours,
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which corresponds to rigor mortis. The process of autoly-
sis occurred at a temperature of 4+2 °C for 12 days in a
vacuum container. 2) pork M. longissimus dorsi taken from
the meat processing plant in the city of Rostov-on-Don.
The samples were stored at a temperature of 2+2 °C in the
conditions of the commercial refrigerator for 120 hours.
The samples for investigations were taken at 24 h, 72 h and
120 h.

The water holding capacity was measured by the Grau
and Hamm method (filter paper press method). Moisture
in meat raw materials was determined by the method of
specimen drying with sand until the constant mass at a
temperature of (103+2) °C according to GOST R51479-99
(ISO 1442-97)«Meat and meat products. Method for de-
termination of moisture content».

pH measurement was carried out by the potentiomet-
ric method on the pH- ionometer «Expert» according to
GOST R51478-99 (ISO 2917-74)«Meat and meat products.
Reference method for measurement of pH».

The protein fractional composition was analyzed by
one-dimensional electrophoresis in 12,5 % polyacrylamide
gel in the presence of sodium dodecyl sulfate in the cham-
ber VE-10 (Helicon, USA). As a standard for electrophore-
sis, the marker of the «Thermo» company (USA) contain-
ing a mixture of 11 recombinant proteins (250, 150, 100, 70,
50, 40, 30, 20, 15, 10 and 5 kDa) was used. Staining was
performed using Coomassie G-250.

As a main proteomic technology, two-dimensional
electrophoresis (2DE) by O’Farrel was used with isoelec-
trofocusing in the ampholine gradient (IEF-PAGE); pro-
tein detection in 2DE was carried out by staining with
Coomassie R-250 and silver nitrate. To perform the com-
puter densitometry, two-dimensional electropherograms
being in a wet state were used. Their complete digital im-
ages and/or images of individual fragments were obtained
by scanning using an Epson scan in the mode of 300 dpi,
48 bit Color [4,5].

The calpain 3 and cathepsin D were quantified by immu-
nochemical analysis, the ELISA method on an immunoas-
say analyzer InmunoChem (HTI, USA) using commercial
kits (Cloud-Clone Corp., China). Sample preparation was
carried out by the following method: the muscle tissue was
homogenized in a mortar with addition of the phosphate-
buffered saline (pH 7.41X), quantitatively transferred to
Eppendorf, centrifuged at 5000g for 5 min., supernatant
was taken and an analysis was carried out.

Results and discussion

The biochemical mechanisms leading to changes in the
muscle tissue depend on pH. In the pork samples, a change
in pH was noticed after 24 h, 72h and 120 h; with that, the
water binding capacity gradually decreased from 92.05%
to 87.66 % by 120 h of autolysis.

In case of beef autolysis, the pH value of 5.65 moved to-
wards the acid side by the 6th day up to the minimal value
of 5.15, and then began to grow towards the alkaline side
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and reached 6.04 by the 9th day. The water holding capac-
ity decreased from 67.29% to 66.83% by the 6th day of
autolysis and then began to rise.

The investigation of the effect of the autolytic processes
on changes in the pork protein profile by the method of
one-dimensional electrophoresis showed that the fractions
higher than 100 kDa increased in the staining intensity of
the bands by the 120th hour of autolysis, but the number of
the fractions was stable. The intensity of the fractions with
the molecular weight in the range of 90-100 kDa increased
from the first day to the fifth. In the range from 50 kDa
to 70 kDa the intensity of bands was constant; however,
on the 5th day, two minor bands at the 80 kDa region ap-
peared. An increase in the intensity of protein bands with
a molecular weight of 30-32 kDa was noticed; in addition,
degradation of proteins with a molecular weight of lower
than 15 kDa took place under the effect of endogenous en-
zymes.

Changes in the ratio of the major and minor protein
fractions were observed.

It was shown in the analysis of the one-dimensional
electropherograms of the protein profile in the skeletal
muscles of Bos Taurus that the concentrations of the major
and minor protein fractions increased by the second day,
and, then, the number of the fractions decreased markedly
by the 9th day as 32 protein bands were observed on the Ist
day and 23 bands on the 9th day. Presumably, it is associ-
ated with changes in the pH value, which is moved towards
the alkaline side by the 9th day (from 5.65 to 6.04); this
pH value is close to the optimal activity of proteinases —
calpains, under which impact protein molecules degrade
[6,7].

Figure 1 and Figure 2 present the fragments of the two-
dimensional electropherograms (2DE) of pork and beef
proteins, respectively, in which the deformation of the pro-
tein fractions is most pronounced.

An increase in the intensity of the protein pyruvate
kinase, myosin light chain 15 kDa, myosin light chain
20 kDa and adenylate kinase was observed from the 1st
day to the 5th day of the experiment. The same trend to-
wards changes in the spot intensity was found in the beef
samples (Figure 2), with exception for the pyruvate ki-
nase fraction, which was simplified to short peptides by
the 9th day of autolysis under the action of endogenous
enzymes.

To obtain more detailed information about changes
in proteins, two-dimensional electrophoresis was carried
out with the following identification by mass spectrometry
MALDI-TOF MS and MS/MS (Table 1).

The obtained results of the proteomic investigations
allow observing similar mechanisms of protein fraction
deformation, but with different rate; these changes occur
over a longer period of time in beef muscles than in pork
muscles. It is associated with the fact that beef muscle fi-
bers are larger; consequently, the autolytic processes occur
slower.
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Protein 24 h 72 h 120 h

Pyruvate kinase

Myosin light chains

20kDa
15 kDa

Figure 1. 2DE fragments with revealed signs of the autolytic changes in the studied pork samples by the 1st, 3rd and 5th days of autolysis

Adenylate kinase

Protein 48 h 96 h 168 h

Pyruvate kinase

Myosin light chains

Adenylate kinase

Figure 2. 2DE fragments with revealed signs of the autolytic changes in the studied beef samples by the 1st, 5th and 9th days of autolysis

Table 1. Results of the mass-spectrometric identification (MALDI-TOF MS and MS / MS) of protein fractions showing changes in 2DE
of proteins from M. longissimus dorsi, Sus scrofa and Bos taurus during autolysis

Proteins; several synonyms, Numbers in S/M/C* Mm/pl Mm/pl

(gene symbol) ProteinNCBI (exp.)** (calc.)**
Sus scrofa
pyruvate kinase PKM isoform X6 (PKM2)*****(3) 545841009 242/92/82 58.0/6.80 58.0/7.62
adenylate kinase isoenzyme 1 isoform X2 (AK1) 350579686 264/32/83 21.0/6.70 21.6/8.38
MLCI1f (MYL1) 117660874 278/25/86 20.0/4.80 21.0/4.90
E‘ggﬁ‘;{fﬁ;};‘;ﬁﬁ'}j’fgt chain 2, skeletal muscle isoform 54607195 452/47/88 15.0/4.65 19.0/4.90
Bos taurus
pyruvate kinase PKM isoform X1 (PKM)***(1) XP 005211367.1 78/45/72 56.0/7.10 58.0/7.62

myosin light chain 1/3, skeletal muscle isoform (MYL1)
N-terminal fragment

adenylate kinase isoenzyme 1 (AK1) NP 001013600.1 188/16/65 20.5/7.15 21.6/8.40

*S / M/ C: Score — an indicator of matches or scoring; Match peptides — the number of matched peptides; Coverage — the percentage of
the complete amino acid sequence of a protein covered by identified peptides.
** Mm/pI (exp.) — scores obtained by the results of the electrophoretic mobility on 2DE, Mm/pI (calc.) — estimates made on the basis of
the data on the amino acid sequence with consideration for signal peptide removal, but without regard for other post-synthetic modifications
** Predicted on the basis of transcripts or genes.
% Characterized by the Mascot program by analogy with the corresponding protein, gene or transcript in the other mammalian species
(cow, wild camel); in the column «Numbers in Protein NCBI», the references to the information for a corresponding animal are given.
0t msms — indication on the confirming identification by tandem mass-spectrometry; in parentheses, the number of sequenced tryptic
peptides is indicated.

NP 001073046.1 186/18/71 20.0/4.96 21.0/4.96
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It is known that postmortem autolytic changes in
muscles proceed under an impact of the proteolytic en-
zymes — calpains and cathepsins, associated with catalysis
of continuous breakdown of the main structural elements
of muscle fibers, including the actomyosin complex. With
that, exopeptidases are most active at the last stages of pro-
tein molecule disintegration; under the action of endopep-
tidases many new terminal groups are formed, which was
mentioned above. Therefore, a study on the dynamics of
changes in cathepsin D and calpain 3 in the pork and beef
muscle tissue was of undoubted interest.

The calpain system, which includes about eight related
subgroups and calpain-like proteins, is the most important
with respect to the meat ageing processes. Under the effect
of enzymes, the structure and properties of meat proteins
change. Cathepsins localized mainly in lysosomes are released
upon activation by the acid reaction of the cell environment
and cause destruction of high molecular weight proteins.

These data correlate with the pH values: cathepsin D
being a carboxyl endopeptidase that cleaves low molec-
ular weight peptides built from 5 and more amino acid
residues, proteins — troponin, tropomyosin, connectin,
exhibits the maximum activity at pH 2.8-5.0, while pro-
teoglycans at pH 5.0-6.0.

The obtained results did not show a significant change
of calpain 3 in pork, which can be explained by the minor
role of calpain 3 in activation of the processes of biochemi-
cal changes in pork skeletal muscle proteins. Our results
correspond to the data of Geesink et al. [8] obtained in the
experiment on calpain 3 knockout mice, who did not re-
veal differences in the postmortem tissue proteolysis com-
pared to the control.

Conclusions

The activity of cathepsin D that changes during post-
mortem transformations was observed. The correlation
between the activity of cathepsin D and changes in the
proteome of the studied skeletal muscles was found. It
was empirically confirmed by the proteomic investiga-
tions that autolytic processes in pork and beef proceeded
with different rates but by similar mechanisms: during
autolysis, the breakdown of high molecular weight pro-
teins was practically identical in all pork samples; more-
over, the changes in the related groups of muscle proteins
such as pyruvate kinase, myosin light chains and adenyl-
ate kinase took place.

Significant changes in calpain 3 were not revealed dur-
ing 5 days (in pork) or 9 days (in beef) after slaughter.
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Annomauus
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npodyxmos. ITpusedervt Knaccuduxayuu cyonpooykmos, Komopuie cyuiecnsyiom 6 pasnuunoix cmpanax. Ilokasano enusHue
NPUNUSHEHHBIX PAKIOPO6 HA KauecmBo cyOnpodykmos. OOHOBPEMEHHO ¢ IMUM PACCMOMPeHbL NY MU ONMUMATILHO20 UCHOTTb-

308aHUs CyONPOOYKMOB 8 3a8UCUMOCY OM 8UOA.
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Abstract

The article describes rationale for using by-products as a source of high-value protein and a number of macro- and micronutrients.
The main directions of using the different types of by-products are discussed. Classifications of by-products in different countries are
given. The influence of antemortem factors on the quality of by-products is shown. Simultaneously, the ways of optimal by-product

utilization are considered depending on their type.

BBengenne

Msico 1 MsICHasi IPOAYKLMS BO BCEM MMpPe COCTABJISA-
10T BXXHBII CETMEHT palllOHa, TOCKO/IbKY OHM obecIe-
YMBAIOT JKMUTEJNEN IIaHeThl HeOOXOJUMBIMU IUTATE Ib-
HBIMIU BeI[eCTBaMM, KOTOpPble HEBO3MOXKHO IIOTYYNTb
yrnoTpebnAs, HampuMmep, pacTuTelbHyn mmmy [1]. 3a
nocnepHue 20 et Hab/II0AaeTCs MOBBILIEHHBII CIPOC Ha
MSICO U MSCHBIE IIPOAYKTHI B PAas/IMYHBIX YaCTSAX MUpa
(Bxmouas Appuky, Asuio, EBpony, Coenuuennsie [llta-
TBI AMEPUKI), 9YTO 00YC/IOB/ICHO NOBBIIIEHNEM KauecTBa
JKU3HY, YBeJIMYEHMEM J0XOf0B HaceneHus. OpgHOBpe-
MEHHO C 3TUM, BCe 0OoJIblllee BHUMaHIE CTAJIO YAEIATh-
Cs1 He TOJIBKO MSACY, HO U c60py 1 06paboTKe MOOOUHBIX
npopykroB. CoracHo faHHBIM [2] cTOoMMOCTH 1M060Y-
HBIX IPOJYKTOB MOXET JocTUraTh npumepo 10-15% or
CTOMMOCTH >KMBOTO YXMBOTHOTO B CTPaHaX C Pa3BUTHIM
JKMBOTHOBOJICTBOM, XOTSI BCETO Ha ITOOOYHBIE PO YKTHI
IPUXOAMUTCS OKOIO 2/3 Macchl )XMBOTHOTO IHOCIE YOO
[TpomykTsl y6osi B Mupe pasfie/iAloTcs Ha ABe Oobline
rpynnsl Edible (cpemobuble, muineBsie) m non-edible
(Hecpenmobuble, HemuieBble). CbefoOHBIE IPOLYKTHI
y6o0s, mpefcTaBieHsl cyonpofykTaMn (Ie4eHb, MOYKIH,
SI3BIK, CepALle U [IP.), K HeCheJOOHBIM OTHOCATCA (Kepa-
TUHCOJiep)Kalliee ChIpbe — pOora, KOIbITa U AP).

OcHOBHaA 4acTh

[TuieBble, chef0OHBIE TIPOAYKTHI Y0OOsI, ellje Ha3bIBa-
emble EBPs — 9T0 mpoAyKThl, KOTOpbIe NPOILIN IKCIep-
TI3Y Ha OOJIHe TOCYapCTBEHHBIM MHCIEKTOPOM M HOITy-
IIeHbl IS TepepabOTKy Ha muiieBble menn. Hampotus
IEBPs-He pmomycKawTca IS MOTpeO/eHns U HaIpaBiIA-
I0TCS1 Ha TIepepaboTKy /i IPOM3BOACTBA HEINMIIEBOI
npopgykuyn. Cunraercs, uto EBPs, oco6enHo nevens, mo-
YK, A3BIK 1 CEpALie MOTYT 00ecIednBaTh HeOOXOMMbIMU
MATaTeIbHBIMY Bell[eCTBAMM B Te€X PETMOHaX, IJie MsICO
U MACHBIE IIPOJYKTbI OTPaHMY€HbI MM MX KOIMYEeCTBO He-
JIOCTAQTOYHO IS YAOBIETBOPEHNS IOTPeOHOCTel ofieit
B rntaHuy [3]. ITocKo/IbKy M3BECTHO, 4TO C YBeIMYeHNEeM
JKUTeTIell TUTaHeThl Ha IepPBbIJl IIaH BBIXOAMUT OIPOMHAs
mpobremMa TMPOOBONBCTBEHHOI 0€30MacHOCTH, M3MeHe-
HIe KJIMMara ¥ HeXBaTKa >XMBOTHOTO Oeka, 0COOEeHHO
B Pa3BUBAIOIXCS CTPaHAX.

VMeromyiecst maHHbIe, ONMyOMMKOBaHHBIE BceMupHOI
Opranusanyeit 3apaBooxpaHeHns [4] cBUEeTENbCTBYIOT
0 TOM, 4TO O0JIee IBYX MIUINAPAIOB YeJIOBEK B MIpe, 0CO-
0eHHO B PasBUBAIIINXCS CTPaHaX, VCHBITHIBAIOT fedu-
LT OCHOBHBIX NUIIIEBBIX BEIIECTB, TAKNX KaK BUTaMVHBI
U MUHepajIbHbIe BEI[eCTBA, B YaCTHOCTYM BUTAMUH A, 1107,
JKene30 ¥ UVMHK. [IIs1 MUHMMAa/IbHOTO YIOBIETBOPEHMS
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HOTPeOHOCTH ITUX /Iofel moTpebyeTcs: okomo 20 T Xu-
BOTHOTO 6€e/IKa Ha 4e/IoBeKa B [I€Hb, VIN 7,3 KT O€JIKa B Iojj,
[4]. Vicxons u3 aTOro McTOYHMKM Oenka, Takue kak EBPs
MOTYT OBITD MCIIO/Ib30BAHBI J/I CHVDKEHMSI yTPO3bI Hefloe-
nanus. Yuensle u3 Hupepnaugos Ockerman, H.W. u Basu
IPOBE/IN MCCIeNOBAHNUA IMIEBOI LEHHOCTU Cy6mpo-
IYKTOB ¥ YCTaHOBM/IM, YTO OHV COJiepP>KaT HeOOXO/MIMble
HUTaTe/IbHbIE BEIeCTBA, TaKle KaK BUTAMMHBI TPYIIIbI
B, aMMHOKMC/TOTBI 11 )KUPHBIE KMC/IOTHI, MITHEPA/IbHBIE Be-
IIeCTBa, KOTOPble COOTBETCTBYIOT UX COJEP>KAaHUIO B MbI-
mevHol TKaHM [5]. Poccuiickue y4eHble Ha IPOTSOKEHNUN
MHOTUX JIeT 3aHUMAIOTCS M3y4eHeM MUIIeBOIl LIeHHOCTH
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MSACHOTO CBIPbSI I CyOIPOAYKTOB, IOTyYeHHbIE NaHHBIE
OITyO/IMKOBaHBI B Psifie OTPAC/IEBBIX CIIPABOYHIKOB [6].

C gpyroit croponsl, IEBPs (He muiueBble IpOAyKTHI
y60s1), Takye KaK KOCTH, IIKypa, KOXa, Iepbs, KOIbITA,
pora, BOJIOCHI, I[eTUHA ¥ Jp. TOC/Ie NepepaboTKN MOTYT
ObITb TpaHC(OPMUPOBAHBI B IOJNE3HbIE U IIeHHBbIE IIPO-
NYKTBL JyIA 4YelloBeKa WM >XKMBOTHBIX [7] (Puc. 1). Us-
BECTHO, YTO KOCTb MOXKeT OBbITb IepepaboTaHa B KOpPM
IUI CKOTa, B KayeCTBe MCTOYHMKA MIHEPA/IOB, OFHOB-
PEMEeHHO C 3TMM KO>Ka/LIKypa ¥ Hepbs HAIUIMA IIMPOKOe
IpUMEHEeH)e B JIETKON HPOMBIIUIEHHOCTU U TEeKCTWU/Ib-
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IPOJYKTOB MCIIONb3YeTCA [/ IPOM3BOACTBA JI€KapCT-
BEHHBIX IIPEIIapaToB.

CTONT OTMeTWUTb, 4YTO KIaccUPUKAUMs HOOOYHBIX
IPOAYKTOB JKMBOTHOIO IIPOMCXOXIEHMSA OTIMYAeTCs
B Pa3HbBIX CTpaHaX. B psAjie cTpaH CylecTByeT pasfieneHne
Ha ChefloOHbIe U HeCheoOHbIe (MIIIeBble U HElMILEeBbIe),
KaK y>e ObIJIO OTMEYEeHO BbIIlle, B [PyIUX — Ha OpTaHMu-
JecKue ¥ HeOpraHm4decKue mpogyKThl [7]. OnHOBpeMeHHO
C 3TUM CYOIPOAYKTHI MOTYT OBITH CTPYIIMPOBAHbI B TPU
rpynmnbl: Oerble CyONpPORYKTBI, TeMHble CYOIPOTYKTHI
" KpacHble cybrnponykrsl [8]. Hanpumep, B Bermko6pu-
TaHUY CyOIPOANYKTBI IOApPA3NE/AIT Ha KpacHble — Ile-
4eHb, JIeTKNe, A3bIK, XBOCT U T.J., Oe/ble — XXUp 1 MsiC-
Hyi0 06pe3b. B Poccun, cormacuo pevictytomemy TOCT
32244, cyOnIpoRyKThl, B 3aBUCHMOCTHI OT BMAA YOOITHOTO
JKMBOTHOTO, TIOAPasfe/A0T Ha TOBSKbM, CBUHBIE, 6apa-
HBM 1 [IP., @ B 3aBYCYMOCTI OT MOPOIOrMYECKOTO0 CTpoe-
HIA U CIOCOO0B 06pabOTKM CYOIIPOYKThI IOZIPA3IETIAIOT
Ha MAKOTHbBIE, MAICOKOCTHbIE, HIEPCTHDIE U C/IU3UCTDIE.

Bo BceM Mmpe mpaBmiIa IO MHCIIEKTMPOBAHMIO CYO-
IPOAYKTOB MOBOJIbHO CXOXXM U IPOBOIATCS BETBPAuYOM
cpasy mocne y6os >KUBOTHOTO Ha IIPeMeT OTCYTCTBIA
uHdekuit (Hanpumep, Gubpos, Tybepkynes u ap.) [7].
Taxke crenmamict obpaimlaeT BHUMaHNMe Ha HaIMdye
CMHSAKOB, €C/I OHM OOHAPY>KMBAKOTCA B /MOOBIX OpraHax
TYLIY, TO IIOPa)KeHHbIE YaCTU WM JJaXKe Lie/ible OpraHbl
00BIYHO M3OMMPYIOTCA U He MOCTYIAOT Ha JaTbHENIIYI0
nepepaboTky. Kuireynoe cppbe mopBepraeTcs IpOMBIB-
Ke 11 00paboTKe, CYyOIPORAYKTH MHCIEKTUPYIOTCS, B TOM
qyCle ¥ Ha TpeAMeT Ha/In4Ms ITOBEPXHOCTHBIX fledek-
TOB, K KOTOPBIM OTHOCATCS Pa3pesbl, Ha/mm4uye 60pogaBok
U gpyTHe.

[lInpokoe ImpuMeHeHNe CyOIPOAYKTHI MOMYIUIN IIO-
CJIe TOTo, KaK OBUIO IIPOBEfieHO OO0bIIOe KOMNYeCTBO pa-
60T /IOKA3bIBAIONINMX MX BBICOKYIO INNUINEBYIO LI€HHOCT.
OHM cTanu mMMpoKo UCHONb30BaThcA B EBporte, IOxHOI
Awmepuxke, CeBepHoit AMepuke, A3un, Appuke u ABcTpa-
nmun. B Adpuke Bce cyOIIPOYKThI MCIIONB3YIOTCSA B IHIILY,
TaK MCCefloBaHMe, nposefeHHoe B CoMany, MOKasaso,
9TO CyOIpPORYKTBI MOTPEOIAIOT XNUTEMN BCEX BO3PACTOB
[8]. Kak mpaBuo, CyOIpoyKThI TOJBEPTarOTCs TPAULIV-
OHHBIM CITI0OCOOAM TEPMUYECKOI 00pabOTKM: KapKe, Bap-
Ke, TYIIEHMIO C OBOLIAMI MM JPYTUMU MHTPeJYeHTaMI.
B HeKOTOpBIX CTpaHaX M3 IeYeHV TOTOBAT HAlLITeT, dya-
rpy mwmu konbacst [9,10,11]. Yto 06ycoBIeHO He TONBKO
CBOEOOpa3HbIMIU OPraHONIEITUYECKIMI XapaKTepUCTIKA-
MM, HO TaloKe ¥ BBICOKMM COTep>KaHMeM Oellka, xeresa,
MeJy I BUTAMIHOB.

CornacHo onpocy, npoBefieHHOMY cpenu 1030 >xurerneit
Benmuko6puranuy, 6p10 0OHAPY>KEHO, YTO JIIOAU B BO3-
pacTe oT 18 y1eT u crapie JOBOIBHO YaCTO YIIOTPEOIAIT
B NIy KYPUHYIO TTe4eHb [12]. OGHOBpeMeHHO € 3TUM, ro-
BsDKbe cepfilie U ITe4eHb ABIAITCA UCTOYHMKAMY KOIH3M-
Ma QI0, ero cofep)XaHue B JaHHBIX BUJAX CYyOIPOITYKTOB
BbIIlle, YeM B MBIIIEYHON TKAaHU. B JoIoONHeHNe K 9TOMY,
Ercan, P. 6p110 ycTaHOB/IEHO, 4TO mepeBapumocth Q10
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B Cepfilie U MevYeHN 3HAYUTENbHO BbIllle, YeM TiepeBapuBa-
emoctb Q10 B mbrmeuHoi Tkaun. KodepmenTsr Q10 mpo-
U3BOJATCS IIABHBIM 00pa3oM B MUTOXOH/IPMSIX, KOTOPbIE
MOKA3bIBAIOT, UTO ME€YeHb U CepeyHas MbIIILa CoflepyKat
60s1ee BBICOKIIE MUTOXOHPUM, YeM JAPYTue YacTy MbIIIed-
HoJT TKauu [13].

VI3BECTHO, YTO TeY€EHb ABIAETCA KM3HEHHO Ba>KHbBIM,
CheOOHBIM OPTaHOM, KOTOPBII COCTaB/IsieT 0Komo 1-2%
OT >KMBOJ MacChl KPYITHOTO POraToro ckora u 6oyee Gorar
MUHepaJlaMy ¥ BUTAaMUHAMU 10 CPaBHEHUIO C MbIIIeY-
HOJ TKaHbio [14]. VccmemoBaHus mokasanm, 4TO IedeHb
TOBAVIHBI COfilepXXuT oT 3,5 o 7,8% >xupoB. B ocHOB-
HOM >KVPbI IIeYeHN >KBauHBIX )KMBOTHBIX COfiep>kaT 6oree
IUIMHHOLIETIOYeYHble MOITHEeHACHII[eHHbIe KUPHBbIE KUC-
JIOTBI, CTEAPMHOBYI0 KIC/IOTY ¥ MeHee IaJbMUTUHOBYIO
KICJIOTY, B OT/IYME OT MBIIIIL TeX ke XMBOTHBIX [15,16].
Yuennie ns I0xxnoit Kopen Seong u ap. yctaHOBU/IN, 9TO
Cofiep)KaHue K1pa B CBUHOI TIeYeHN COTIOCTABUMO C CO-
ilep>KaHMeM >K/pa B MBIIIEYHON TKaHV KPYITHOTO POraTo-
ro ckora [17].

[Touyku u medeHb 6OraThl BUTAMUHOM PrOOQIaBUHOM
(1,677-3,630 mr/kr), uto B 5-10 pa3 mpeBbILIaeT €ro Co-
Iep>KaHue B MbllieyHOil TKaHu. OHOBpPEMEHHO C 9TUM
neyeHb — 3TO MCTOYHMK HUAIlMHA, BUTaMUHOB Bl2, B6,
¢donannHa, acKOpOMHOBOI KMCIOTHL ¥ BUTaMMHa A. Cun-
TaeTcs, 4To 100 r medyeHM CBMHMHBI UM TOBSAAMHBI, I10-
3BOJIAIOT 06ecrieunTdb ot 450-1100 % oT TpebyemMoro Komm-
yecTBa BuTaMuHa A [18].

Benok nedyeHyu MeHee (pyHKLMOHAJIEH, B OTINYNE OT
6e/IKa MBIIIEYHOI TKAaHM, YTO CBSI3aHO C MOHHON CUJION
U Ccoliep)KaHMeM BOopacTBOpuMbIx OenkoB [19]. Viccre-
IOBaHUA OBeubel medenn [16] mokasany Hambosee BbICO-
KOe COfiep)KaHue MOVHEeHACHIIEHHBIX >KUPHBIX KUCIIOT
B IeYeHU B OTAMYME OT [IMHHENIIEe MBIIIIbI CIUHBI.
AHamornyHele UCCIENOBAHNS, IO TOATBEPKIEHNI0 6ortee
BBICOKON IIMINEBO LIEHHOCTU II€YeHU, a MMEHHO C He-
CKO/IBKO MEHBIINM COfiep)KaHMeM B Hell HaCBII[eHHBIX
SKMPHBIX KJCJIOT II0 CPAaBHEHMIO C [UIMHHENIIel MbIIILEN
CIIMHBI OBIIV IPOBEEHbl YYeHbIMM U3 APYIUX cTpaH [18].
Vyeubimu Purchas u Busboom 6b110 mokasano, 4To Ie-
4YeHb COfIep>KUT OOsblile yKeme3a, YeM MBIIIeYHasl TKaHb
TOBSI/IMHBI, YTO IOATBEP)KIAaeT HEOOXOAVMOCTb IOTpe-
OrneHusi medeHr OGepeMeHHBIMU >KEHIIVHAMM U [eTbMU,
BBIUAY obeclieyeHMsi HEOOXOAMMOTO COfiep)KaHMs B MX
paluMoHe xenesa I MPaBWIBHOTO (YHKIVIOHVPOBAHNSA
KpoBu. Takxe ObIIO OOHAPY)KEHO, YTO MeYeHb COfICP>KUT
yMepeHHOe KOMYeCTBO TaypyHa, KAPHO3MHA U KpeaTuHa
B CpaBHEHUM C MBILIIEYHON TKaHbio [20].

Ceppiie cofiepXXUT 6O0JIBIIOE KOMMYECTBO He3aMeHMU-
MBIX aMIHOKMCIIOT, KaKMX KaK TPEOHUH, JIeMIIVH, TU31H
u tpuntodan [20, 21]. Arafa ycTaHOBWI, YTO >KeTyHOK
MITUIB MMeeT OTU3KIUIT COCTaB ¥ aMUHOKUCTIOTHBIN MPO-
(Wb B CpaBHEHUM C MACOM ITHIBL. TaK, KypMHBII XKey-
JIOK MIMeeT BBICOKOe cofepKaHme 6enka (26 %) u HuU3Koe
copep>xanue xupa (0,9 %) [22]. Yuensimu Madruga, M.S.
u Dos Santos, M.N. [23] 6b1710 ycTaHOB/IEHO, YTO BHY TPEH-
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HI€ OpraHbl MEJIKOTO POraTOro CKOTa COTEpIKaT COIMOCTa-
BUMOE C MBIIIEYHOJ TKaHbIO KOJIMYECTBO OEIKOB, XXMPa,
MUHepPaTbHBIX BEIECTB, TakuX Kak dochop u xemeso.

SI3bIK, 1103BO/IAET 00ECIEUNTDh PALVIOH ITOTHOLIEHHBIM
OeNIKOM ¥ COTEP>KUT TAaKXKe BUTAMMHBI ¥ MUHEpa/lbHbIE
BelecTBa. fI3bIk 6orar >kene3oM, IMHKOM, XO/IMHOM U BU-
tamuHoM B12. ViccnenoBanms, mpoBeieHHbIe TI0 obecrede-
HUIO JKe/Ie30M OpraHNu3Ma, II0Ka3ajli, 4TO yHoTpebieHue
A3bIKa KPYITHOTO POTaTOrO CKOTA IO3BOJIAET 00ECIeunTh
0K0710 28 % 11 12 % e>xeTHeBHOTO MOTpebIeHns Xernesa i
MY>KUJH J >KeHIIVH COOTBETCTBEHHO [24]. B cBA3M ¢ a1N1M,
A3BIKM KPYITHOTO POTaTOrO CKOTA, CBUMHEN M MEIKOro po-
raTOTO CKOTA LIVPOKO IPUMEHAITCA B MUILY IOC/Ie MIpef-
BapUTE/IbHOI TePMUIECKOil 00pabOTKM: BapKy, KOTYEHNUs
u pp. B crpanax Cesepnoit Amepukn, Appuxu, EBporsr
" A3uM A3BIK KPYITHOTO POTaTOTO CKOTa OTHOCUTCA K JIe-
JIMKaTecaM U PacCMaTpyUBaeTCs, KaK UCTOYHUK IOTHOLIEH-
HOTO XMBOTHOTO 0Oenka. HecMOTpst Ha 9TO, KOMIUIEKCHBIX
VICCTIEIOBAHMII, BK/IIOYAIOIIVX W3Yy4eHUe CTPYKTypHO-
MeXaHWYeCKMX I OPTaHOJIENTNYECKUX CBOVICTB SI3BIKA IO-
BSIIUHBI TI0C/Ie TEPMUYECKOIT 00pabOTKM He IPOBOANIIVCH.

J3y4yeHne sAndeKk TOBAAMHBI M CBMHMHBI II0OKa3aJo,
YTO OHVM OTHOCUTEIBPHO OOraThl >KMpPaMI, XKene3oM, Oern-
KOM U IIO/IMHEHACBIIIIeHHBIMY XXVPHBIMU KUCTOTaMu [25].
Pucciarelli, D.L. ¢ xommeramyu ycTaHOBM/IN, YTO CBMHBIE
Aandku copepxxar 10,5 % 6enka, 2,9% xupa u 1,3% yrie-
BONOB [26]. KoHIleHTpaIsa reMoBOro yene3a B CBUHBIX
AMYKAX COCTaB/AeT 0Koo 2 Mr/100 T mpoxyKTa, 4TO Kak
MIHMMYM B 2,5 pasa IIpeBbIIIaeT ero Cofiep>KaHue B CBU-
HOJI KOpeJiKe, I B COOTBETCTBUM C peKOMeHaanuaMu Mu-
HucrepcrBa Cenbckoro xossiictBa CIIIA obecreunsaer
1o 25% OT PEeKOMEH[YEMOIO yPOBHA CYTOYHOrO IIOTpe-
6meHns oA My>k4rH. Bo MHOTMX CTpaHaxX Mupa CUnTaeT-
A1, YTO YHOTpebIeHNe CeMEeHHVKOB U TIeHMCa JJOMAIIHETO
CKOTa CIIOCOOCTBYET YCUIEHWIO MYKCKOM CHIIBI [27].

B BenmukobpuTaHuM MMPOKO KCIONb3YeTCA B IMILY
Cele3eHKa, KaK IIPaBUIo, ee IPUMEHAT IIpY IPOU3BOJ-
CTBe KOJ0ACHBIX M3JIeNNil, Torga Kak Ha Cunyimm cese-
3€HKa JICIIOIb3YeTCA [/ M3TOTOBJIEHMA COH/BUYeil [28].
HecMotpst Ha 3TO, mOTpeOUTENN, BCe Ke OTHAIOT IIpef-
HOYTeHMe MACY, YTO MOXKeT ObITh 00yC/I0BIEHO OoJIee fo-
CTYIHOI MH(pOpMaIMeil 0 ero NUIEeBOI e HHOCTH, Peyy-
TUO3HBIX yOX/ICHIUAX U pasHULIE B IeHe.

YBenmndyeHne Hace/leHMs IUIAHETHI ¥, KaK CJIe[CTBIE,
yBe/IM4YeHne IOTPeOHOCTM B >XMBOTHOM Oeke Oymer
CrIoco6CTBOBATh BO3PACTaHMIO MHTepeca K IepepaboTke
U TOTpebeHNo CyOIPORYKTOB. B cBsA3M ¢ aTMM HeobXo-
IMMO orpefennuTh GaKTOPBI, KOTOPbIe CIIOCOOHDBI OKa3bl-
BaTb B/IMsAHNE Ha Ka4eCTBO CyOIPOAYKTOB.

Beixom M KayecTBO CYyOIPOAYKTOB, TaK >e, Kak
U B LIEJIOM BCEX IPOAYKTOB y0OsA 3aBUCAT OT MHOXECT-
Ba INIPIDKU3HEHHBIX (PaKTOPOB, TAKMX KaK IOPOfA, IO,
UCTIONIb3yeMble CHCTeMbl BBIPAIIMBAHUSA, BeC >KMBOTHO-
ro u ycnoBuil yb6os u nepsuyHoi nepepab6otkn. Florek
C KOJ/UIeTaMM YCTAHOBWJIYM, YTO M3MEHEHNUe BBIXOAa CYO-
IPOJYKTOB HAIIPAMYIO 3aBUCUT OT Beca XMBOTHOTO, TaK
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JKMBOTHOE TOVI Ke ITIOPOJbI ¥ BUJIA C BBICOKUM IPUPOCTOM
Macchl Tena 6yieT COOTBETCTBEHHO JaBaTh OOIbIIe KIJIO-
IPaMMOB CyOIIPOJYKTOB, 4YeM IPU HU3KUX Becax [29].

Hoftfman ¢ xommreramu npoBeny MccaefoBaHuUe, CO-
I7IACHO KOTOPOMY II0Ka3aHO 3HaYNTeNbHOE BINAHNE I10-
POZABI Ha MNIIEBYIO LIEHHOCTD CYOIPO/IYKTOB, TaK IIeYeHb
U A3BIK, IIOJTy4eHHBbIE OT OBl MOpofbl MeprHOC OT/IN-
JaMch 6ojiee BBICOKMM COflep>)KaHMeM XXVPA, YeM OBIIbI
Dorper [30]. OnHOBpeMeHHO ¢ 3TUM OBITIO YCTaHOBJIEHO,
YTO cepplie, MOYKM U Celie3eHKa, MOy4eHHbIe OT OBell
nopopasl Dorper copepxar 6onblie 6enka, B OT/IN4Me OT
osel] noponbl MepuHo. Yuenble u3 Kuras ycranosumu,
4TO NMIeBas [eHHOCTb IIeYeH) KPYTIHOTO pOraToro CKo-
Ta mopoabl Wagyu u Qinchuan Bblie, yeM nevenn, momy-
YEeHHOJI OT KPYIIHOTO pOraToro ckota mopozas! Qinchuan
IpY YC/IOBMM OAVIHAKOBBIX YC/IOBUII cofepykaHms [14].
OpnoBpemeHHO ¢ atuM Puschas ¢ komneramu [20] o6na-
PYXXWIN, 9TO MYHEPa/IbHBIN COCTaB, B YaCTHOCTY COZlep-
JKaHNe MefIM, 3aBUCUT OT BO3pacTa I IO/Ma >KMBOTHOTO,
UMM ObUIO MONTY4YEHO, YTO COfiep>KaHNe Mefiu B Ie4eHN
MOJIOYHBIX TEJIAT BBIIIIE, YeM B MOJIOIHAKE KPYITHOTO pO-
raToro ckora. Kpome Toro KoHmeHTpanusa Meau B mede-
HJ MOJIOYHBIX TeJIAT YBEINYMBATACh B TeYEeHUeE IePBBIX
IByX MecCAIeB, B 3aTeM Hadaza CHIDKarbcs. Viccmepmosa-
HJA 110 CPAaBHEHMIO MaCChl CyOIIPOAYKTOB, IOMTyYeHHBIX
OT IITHUIIBI Pa3IMYHOTO MOJIA, II0KA3a/IN, YTO BeC IeYeHNn
U KeTTyAKa ObUI BBbILIE Y KYPUIBI, YEM Y NETYXOB, B TO
BpeMsl, KaK BeC cepfilia y Kypulj ObII MeHbIIIe, YeM Y Iie-
Tyx0B [30]. Ecin cpaBHUBATH Bec CyOIPOAYKTOB, IOTY-
YeHHBIX OT OYIBOJIOB U KPYIIHOTO POTaTOro CKOTa, TO
OBLIO TIO/TyYeHO, YTO CepAlLle, IeTKNe, IIOYKI 1 CeTe3eHKN
HOJTy4eHHbIe OT OYIIBOJIOB O0JIee TsKesble, B CPAaBHEHNIO
C 9TUMU XK€ CYOIPOAYKTaMU, TOTy4YeHHBIMIU OT TOBAM-
HbI [19].

IIpn pabote ¢ cybmnpopykTaMmu HEOOXOAUMO Y4UTHI-
BaTb, YTO OHU OTHOCATCA K CKOPOIIOPTAIIENICA IMPOAYK-
. HemocpepcTBenHO mocre y6os cyOImpogyKThl Ipo-
MBIBAIOT YMCTOM IPOTOYHOI BOZON M OTIPAB/IAIT Ha
OXJIQXKZIEHNE JI0 JOCTVDKEeHM S TeMIlepaTyphl He Bbite 6 °C
B Te4eHMe 16 9acoB 1IN OX/IXXJAI0T IIPY TeMIIepaType OT
0 o 2 °C B reuenne 7 gHeit. KoHeuHO, Han6OMbIINIT CPOK
XpaHeHUsA CyOIPOAYKTOB MO>KHO HOMYYUTH TONBKO IpPU
YC/IOBUY VX XPaHEHUA IPU OTPULATENTbHBIX TeMIIepaTy-
pax munyc 12 °C, munyc 18 °C u munyc 24 °C B TedyeHue 4,
12 1 18 MecsA1eB cOOTBETCTBEHHO [31].

BBupy ocobeHHoOCTeil cocTaBa CyOIpPORYKTOB, Iep-
CIIEKTVIBHBIM HAIIPaBJIeHVEM VX VICIIOIb30BAHYIS, IOMIMO
NNILEBbIX LIeJIell, AB/IAeTCA UX IpUMeHeHre B papMarieB-
TUYECKOJ NPOMBIIUIEHHOCTH. B HacTrosulee BpeMs 3KC-
TPAKT HeYeHN JCIO/Ib3yeTCsA B KaueCTBe JIeKapCTBEHHOTO
npenapara. [Inpoko M3BeCTHBINI aHTUKOATYIAHT — Te-
HapyH, VCIONb3YeMbIl /I IpPefOTBpAlLeHUsA CBEPTbI-
BaHNA KPOBU BO BPeMA XMPYPIMUYECKUX BMEIIATeIbCTB
WIN TPAaHCIUVIAHTALlMM OPTaHOB, IPOM3BOAMUTCA M3 Ilede-
HI, JIETKVX U TOHKOJ KMIIKYM KPYIHOTO POTaToro CKOTa.
B Poccun umeetcst 607bloe KOMMYECTBO HapabOTOK IO
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UCTIONIb30BAHNUIO CYOIPOAYKTOB I IPOM3BOACTBA JIe-
KapCTBEHHBIX IIpenapaTos [32].

Cneunanuctsl n3 Jlenapramenta CelbCKOTO XO3SMCT-
Ba Kuraiickoit pecry6mmkim, mpoBefst IpefBapuTe/IbHbIe
UICCTIEI0OBaHN, IIpeAaraloT ONTYMaAbHOE TepMUYecKoe
COCTOSIHIE JJIA peann3aluy KaX/Ioro Ba CyOIpoayKra,
a TaK)Ke CIoco0 MX TEIIOBOI 00pabOTKM, pe3y/IbTaThl UX
UCCefoBaHms npuBenensl B Taom. 1 [18].

Ta6muua 1. Tepmirdeckoe cOCTOAHIIE U CIIOCO0 TENIOBOI
06paboTKu CyOpoxyKTOB

HanmenoBanmne Tepmuueckoe Crroco0 TemnoBoit
cybnpogykTa COCTOSTHME 06paboTkn
OxnakeHHoe
Ileyenn A i Tymenne, xapka
3aMOpOXKEHHOE
JKapxka, Bapka B Bofie
Ioukn OxmaXEeHHoe pKa, Bap He>
TyLIeHMe
Ceppue Oxnaxpennoe, Tymenne, Bapka B Bofe
A 3aMOPOKEHHOE yu > Bap o
OxmaxxaeHHoe
SI3pIK a > Bapxka B Boe
3aMOpOKEHHOE
Py6ery OxnakgeHHoe JKapxka, Bapka B Bojie
Introduction

Meat and meat products are important part of the diet
all over the world, as they provide people with essential
nutrients that cannot be obtained from other food, e.g.
vegetables [1]. Over the past 20 years, there has been an
increased demand for meat and meat products in vari-
ous parts of the world (including Africa, Asia, Europe, the
United States of America), due to improved quality of life
and increased income. At the same time, more attention
was paid not only to meat, but also to the collection and
processing of by-products. According to [2], in countries
with developed livestock, the cost of by-products may
amount to about 10-15% of living animal cost, although
after slaughter, by-products comprise about 2/3 of the ani-
mal weight. In the world, the slaughter products are di-
vided into two large groups, i.e. edible (food grade) and
inedible (non-food grade). Edible slaughter products in-
clude by-products (liver, kidney, tongue, heart, etc.), while
inedible ones are represented by keratin-containing raw
materials (horns, hooves, etc.).

Main part

Edible slaughter products, also called EBPs, are prod-
ucts that have passed evaluation by a state inspector in a
slaughterhouse and allowed for processing for food pur-
poses. In contrast, IEBPs are not allowed for human con-
sumption and are processed to produce non-food products.
It is recognized that EBPs, especially liver, kidneys, tongue
and heart, may provide the necessary nutrients in those re-
gions where access to meat and meat products is limited or
their quantity is insufficient to meet the nutritional needs
of people [3]. It is known that with the increase in popula-
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3akiaodyeHne

[TpoBeneHHBII aHAIN3 TUTEPATYPbI 06061IIAIOINIT OC-
HOBHBbIE HAaIpAB/IeHNA MCIIONIb30BAHNA Pa3/INYHbIX BUJOB
CYOIPOAYKTOB C y4eTOM UX NMILEBOJ LIeHHOCTHU, XUMMI-
4eCKOr'0 COCTaBa U APYIMX XapaKTEePUCTUK, II0KA3aJl, YTO
3aTpOHYTas TeMa SIB/IACTCS MHTEPEeCHO! M 0e3yCTIOBHO
HEepCIIeKTVBHOM /IS Ja/IbHeIIero U3y4eHns, 0CoOeHHO
nna Poccun. IIockonmbKy, cOITacHO MMEIOMIMMCA CTaTU-
CTUYECKVIM JJaHHBIM, HECMOTPSI Ha YBeIUYEHNUe II0r0JI0-
Bbsl KPYIIHOTO POTaTOrO CKOTA M CBMHEN, U, KaK C/IeACT-
BUe yBe/lnYeHue oObeMa IPOM3BOACTBA CYOIPOYKTOB,
Ha IuieBble Ienmu B Poccun nepepabaTbiBaercs He 6onee
60% ot ux ob6bema. Vcxons us aToro, TpedyeTcs: Kapyu-
HaJIbHBII [1ePEeCMOTP CTPYKTYPHI UX IepepabOTKM U KC-
HO/Ib30BaHMA.

VI3MeHeHMe TOAXO/[0B MO3BOMNUT JOCTUYD CIEAYIOMINX
Ppe3y/nIbTaToB:

— yBenM4eHye noTpebeHst 60/IbIIero KOMM4IecTBa K-

BOTHOTrO 0eJIKa;

— CHIDKeHMe o01ieil ce6ecTOMMOCTU TMPOU3BOAUMON

MACHOII PO YKLIVN;

— IOBBIIIEHNE ITyOVHBI IepepabOTKIM ChIPBSI.

tion, a huge problem of food security, climate change and
lack of animal protein is emerging, especially in develop-
ing countries.

Available data published by the World Health Organi-
zation [4] indicate that more than two billion people in the
world, especially in developing countries, have deficiency
of essential nutrients such as vitamins and minerals, in
particular vitamin A, iodine, iron and zinc. To meet these
people’s nutritional requirements, at least about 20 g of
animal protein per person per day is needed, or 7.3 kg of
protein per year [4]. Thus, protein sources such as EBPs
may be used to reduce malnutrition. Scientists from the
Netherlands, Ockerman, H.W. and Basu conducted a study
of by-product nutritional value and found that such prod-
ucts contain essential nutrients such as B vitamins, amino
acids, fatty acids, and minerals that correspond to their
content in muscle tissue [5]. For many years, Russian sci-
entists have been studied the nutritional value of meat raw
materials and by-products, and the data obtained are pub-
lished in a number of reference books [6].

On the other hand, IEBPs (not-food slaughter prod-
ucts) such as bones, skin, feathers, hooves, horns, hair,
hog wool, etc., may be transformed into useful and valu-
able products for humans or animals [7] (Figure 1). It is
known that bone may be processed into livestock feed, as
a source of minerals, while skin and feathers are widely
applied in consumer goods industry and textile industry,
and a number of by-products are used for production of
medicines.

It should be noted that the classification of animal by-
products differs from country to country. In a number of
countries there is a division into edible and inedible (food
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and non-food), as already noted above, while in other coun-
tries, by-products are classified into organic and inorganic
products [7]. Furthermore, by-products may be grouped
into three groups: white by-products, dark by-products
and red by-products [8]. For example, in the UK, by-prod-
ucts are divided into red ones, i.e. liver, lungs, tongue, tail,
etc., and white ones, i.e. fat and meat trimmings. In Rus-
sia, according to the current GOST 32244, by-products are
divided into beef, pork, sheep, etc. depending on the spe-
cies of slaughtered animal, and into meat, meat-and-bone,
wool and mucous depending on the morphological struc-
ture and ways of processing.

Liver

Brain Trimmings
Lung Spleen Trachea, etc.
Food

Throughout the world, the rules for inspecting by-
products are quite similar and the inspection is conducted
by veterinarian immediately after the slaughter to exclude
infections (e.g., fibrosis, tuberculosis, etc.) [7]. Also, the
specialist draws attention to the presence of bruises. If they
are found in any organs of the carcass, the affected parts or
even entire organs are usually isolated and discarded. The
intestinal raw material is subjected to washing and pro-
cessing, by-products are inspected, particularly for surface
defects, which include cuts, warts etc.

Wide use of by-products began after a large number
of works supporting their high nutritional value. They

Enteric Stomach

membrane

Tails

Heads, etc.

Food/Non-food

- o
-

g

Horns

Feathers

l

Hooves Skin etc.

Non-food

Figure 1. Food and non-food slaughter products
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have become widely used in Europe, Americas, Asia, Af-
rica and Australia. In Africa, all by-products are used for
food. The study conducted in Somalia has shown that by-
products are consumed by people of all ages [8]. Typically,
by-products are exposed to traditional methods of heat
treatment: frying, cooking, stewing with vegetables or oth-
er ingredients. In some countries, pate (foie gras) or sau-
sages are prepared from the liver [9, 10, 11]. This is not only
due to the specific sensory properties, but also due to the
high content of protein, iron, copper and vitamins.

According to a survey of 1,030 UK residents, it was
found that people aged over 18 years often eat chicken liver
[12]. At the same time, beef heart and liver are sources of
coenzyme QI0, and its content in these types of by-prod-
ucts is higher than in muscle tissue. In addition, Ercan,
P. found that the digestibility of Q10 in the heart and liver is
significantly higher than in muscle tissue. Coenzyme Q10
is produced mainly in mitochondria, which shows that the
heart and liver contain more active mitochondria than the
muscle tissue [13].

It is known that liver is a vital organ, which is about
1-2% of cattle live weight and is higher in mineral and
vitamin content compared to muscle tissue [14]. Stud-
ies have shown that beef liver contains 3.5 to 7.8 % fat.
In general, liver fats of ruminant animals contain longer-
chain polyunsaturated fatty acids, stearic acid and pal-
mitic acid, in contrast to the muscles of the same animals
[15, 16]. Scientists from South Korea, Seong et al., found
that the fat content in pork liver is comparable to bovine
muscle tissue [17].

Kidneys and liver are rich in riboflavin, i.e. 1,677 to
3,630 mg/kg, which is 5-10 times higher than in muscle
tissue. At the same time, liver is the source of niacin, vi-
tamins B12, B6, folacin, ascorbic acid and vitamin A. It is
recognized that 100 g of pork or beef liver provide 450 to
1100 % of the reference daily intake for vitamin A [18].

Liver protein is less functional, in contrast to muscle
protein, which is associated with ionic strength and the
content of water-soluble proteins [19]. Studies of lamb
liver [16] showed higher content of polyunsaturated fatty
acids in the liver compared to Longissimus dorsi muscle.
Similar studies on the confirmation of a higher nutrition-
al value of liver, i.e. slightly lower content of saturated
fatty acids in comparison with Longissimus dorsi muscle,
were conducted by scientists from other countries [18].
Purchas and Busboom showed that liver contains more
iron than beef muscle tissue, which confirms the need for
liver consumption by pregnant women and children to
provide adequate iron intake for the proper blood func-
tioning. It was also found that liver contains a moderate
amount of taurine, carnosine and creatine in comparison
with muscle tissue [20].

Heart contains a large number of essential amino acids,
such as threonine, leucine, lysine, and tryptophan [20, 21].
Arafa found that poultry stomach has a close composition
and amino acid profile compared to poultry meat. Thus,
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chicken stomach has a high protein content (26 %) and a
low fat content (0.9 %) [22]. Madruga, M.S. and Dos San-
tos, M.N. [23] found that the internal organs of small cattle
contain a comparable to muscle tissue amount of proteins,
fat, and minerals, such as phosphorus and iron.

Tongue allows to provide the diet with a high-value
protein and also contains vitamins and minerals. It is rich
in iron, zinc, choline and vitamin B12. Studies on iron in-
take showed that tongue of cattle may comprise about 28 %
and 12% of daily iron consumption for men and women,
respectively [24]. In this regard, tongue of cattle, pigs and
small cattle are widely used as food after heat treatment:
cooking, smoking, etc. In the countries of North America,
Africa, Europe and Asia, tongue of cattle is considered as
delicacy and is a source of high-value animal protein. De-
spite this, complex studies involving evaluation of struc-
tural, mechanical and organoleptic properties of beef
tongue after heat treatment have not been conducted.

The study of beef and pork testes showed that they are
relatively rich in fat, iron, protein and polyunsaturated fat-
ty acids [25]. Pucciarelli, D.L. at al. found that pork testes
contain 10.5% protein, 2.9% fat and 1.3% carbohydrates
[26]. The concentration of heme iron in pork testes is about
2 mg/100 g of product, which is at least 2.5 times higher
than in pork loin, and in accordance with the recommen-
dations of the US Department of Agriculture, provides up
to 25 % of the recommended daily intake for men. In many
countries of the world it is believed that the use of testes
and penis of livestock contributes to the strengthening of
male potency [27].

In the UK, spleen is widely used for food, mainly in the
production of sausages, while in Sicily, spleen is used in
sandwiches [28]. Despite this, consumers still prefer meat,
which may be due to more information about its nutrition-
al value, religious beliefs and price difference.

An increase in the world’s population and, as a conse-
quence, in the demand for animal protein will contribute
to an increase in interest in processing and consumption of
by-products. In this regard, it is necessary to identify fac-
tors that may affect their quality.

Yield and quality of by-products, as well as all slaughter
products in general, depend on a variety of antemortem
factors such as breed, sex, breeding systems used, animal
weight and conditions of slaughter and primary process-
ing. Florek et al. found that by-product yield directly de-
pends on animal weight, i.e. animal of the same breed with
a high body weight gain will give more by-products than
animal with low weight [29].

Hoftman et al. conducted a study that showed the
significant effect of the breed on the nutritional value
of by-products, i.e. liver and tongue from Merino sheep
had higher fat content than from Dorper sheep [30]. Si-
multaneously, it was found that heart, kidney and spleen
from Dorper sheep contain a higher protein content
compared to Merino sheep. Scientists from China deter-
mined that under the same conditions, the nutritional
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value of liver from Wagyu and Qinchuan cattle is higher
than from Qinchuan cattle [14]. Puschas et al. [20] found
that the mineral composition, in particular copper con-
tent, depends on the age and sex of the animal, and that
copper content in liver of veal calves is higher than in
young cattle. In addition, copper concentration in liver
of veal calves increased during the first two months, and
then began to decline. Studies comparing the weight of
by-products from poultry of various sex showed that
the weight of liver and stomach was higher in chickens
than in cocks, while the weight of heart in chickens was
less than that in cocks [30]. Comparison of the weight of
by-products obtained from buffaloes and cattle revealed
that heart, lungs, kidneys and spleens from buffaloes are
heavier compared to the same by-products obtained from
cattle [19].

When working with by-products, it is necessary to take
into account that they are perishable products. Immediate-
ly after slaughter, by-products are washed with clean run-
ning water and cooled down to a temperature not more
than 6 °C for 16 hours or cooled at a temperature of 0 to
2 °C for 7 days. Long shelf life of by-products may only be
obtained if stored at negative temperatures of minus 12 °C,
minus 18 °C, and minus 24 °C for 4, 12, and 18 months,
respectively [31].

Due to the composition of by-products, the promising
direction of their use apart from food purposes is phar-
maceutical industry. Currently, liver extract is used as a
medicine. The widely recognized anticoagulant, heparin,
used to prevent blood clotting during surgical interven-
tions or organ transplantation, is produced from the liver,
lungs and small intestine of cattle. In Russia, there are large

number of methods for using by-products in the produc-
tion of medicines [32].

After preliminary studies, specialists from the Depart-
ment of Agriculture, Republic of China, found the optimal
thermal state for each by-product sale, as well as the method
of their heat treatment; the results are given in Table 1 [18].

Table 1. Thermal state and method for heat treatment
of by-products

By-product Thermal state Heat treatment
Liver Cooled, frozen Stewing, frying
Kidneys Cooled Frying, boiling in water, stewing
Heart Cooled, frozen Stewing, boiling in water
Tongue Cooled, frozen Boiling in water
Rumen Cooled Frying, boiling in water
Conclusion

The literature analysis summarizing the main directions
of using different types of by-products, taking into account
their nutritional value, chemical composition and other
parameters, showed that the problem under discussion is
interesting and promising, especially for Russia. According
to available statistics, despite the increase in the number of
cattle and pigs, and, as a consequence, the increase in the
volume of by-product production, in Russia, no more than
60 % of their amount is processed for food purposes. Thus,
a cardinal revision of the structure of their processing and
use is required.

Changing approaches will achieve the following results:
— increase in animal protein intake;

— decrease in production cost of meat products;
— increase in processing rate of raw materials.
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AHnHomauyus

Lns obecneuenus npohunaxmuueckux mep no ycmpareruio npoonemvt Oeuuyuma MuKposnemMennos paspadoman Hoeviii Ou-
onozuyecku 6esonacHuili u sdexmusHolli Memoo 0602aueHUs OAPAHUHBL C UCNONL30BAHUEM 6 PAUOHAX CKOMA KOPMOBbIX
000460k, codepicauyux iiod u cener 6 opearuyeckoil opme. Ommeneno ysenuuerue cOOePuaAnus 100a, cefleHa U YUHKA 6 MAce
HUBOMHBIX ONBIMHBIX 2PYNH, BLIPAULEHHDIX ¢ NPUMEHEHUEM 0002AU4EHHBIX PAYUOHO8, nputem 6osee 3HAUUMENbHAS TIOKANU-
3aUUA INEMEHMO8 3aPUKCUPOBAA 8 Msce 6aPaHUUK0B, NOMYHABUUX KOPMOBYto 006asKy «Voddap-Zn» coemecmHo ¢ cenerop-
eanuueckum npenapamom «JADPC-25» (Zn - 980 mxe/100 &; Se — 53,9 mk2/100 &; I — 77,6 mxe/100 2). Taxum obpaszom, 6 100 ¢
m. longissimus dorsi codepucumcsa coomeemcmeenno 8,2; 77,0 u 5L,7 % om ycmaHoeneHHozo YpoBHA NOMpPeOHOCU 8 Iux
anleMeHmax, 4mo 000CHO8bI8AEM UeIeco00PA3HOCb JasibHeliuiez0 UCNOMb308AHUA 0AHHO20 Cblpbs 0N BblPAOOMKU MACHDIX
npooyKmos PyHKUUOHATLHO20 Ha3Ha4eHus. Ha ocHosanuu 60nee 3HaUUmMeNbHOU TOKATUSAUUU MUKPOSTIEMEHINO06 6 Msce 0a-
panuukos, nonywasuux cosmecmuo «Moodap-Zn» u «[JADC-25», u3 coipvsi amoti 2pynnovl Gvilu U320MOBTIEHDL CHLPOBATIEHDLE
cHexu. B npoyecce mexmonozuueckoti 06pabomxu codepicarue UUHKAa 8 npooykme cHusunocv Ha 21,3 %, cenena na — 16,3 %,
i100a — Ha 26,5 % u cocmasuno 771 mxe/100 ¢, 39,72 mx2/100 2 u 57,01 mxe/100 2 coomeemcmeeHHo, 4mo no3eosnsiem yoosemn-
8opumv Cymounyo nompebHocmyv 6 Hux Ha 6,4; 56,7 u 38,0 % (u3 pacuema na 100 ¢ npodyxma). Ilomepu yunka 6 cHexax,
YNAKOBAHHBIX 10O BAKYYMOM, 8 npouecce XpaneHus 6 meuerue 3 mecsiues cocmasunu 11,3 %, cenena — 12,6 %, tioda — 14,3 %
om ucxooHozo. Codeprucanue yunka 6 100 2 20mM06020 NPOOYKMa No UCeHeHUr0 3 MecsAues XpaneHUs cocmasuno 5,7; cenena —
49,6; 1i00a — 32,6 % om ycmaHoeneHHo20 YposHs nompebHocmu. IIposedervr uccned08amust PuduUon02UecKo20 6030eiiCmeust
COLPOBATIEHBIX CHEKOB HA 0P2AHUSM NIAO0PAMOPHBIX HUEOMHBIX. BoLaeneHno cmumynupyouee snusHue ceiena U 1io0a Ha 2emo-
noamMuUecKyio pyHKUUIo ONbIMHLIX HUBOMHYLX. B x00e uccnedosanus PyHKyuoHanvHoT aKmueHOCHU WUMOBUOHOLL Jcere3bl
YCIMAHOBTIEHO, YN0 Y HUBOMHDIX ONbIMHBIX 2PYNN COOepiHaHUe MUPEOMPONHO20 20PMOHA 68 CblBOPOMKe KPOBU 0CHOBEPHO
8blule, UeM Y KPblC U3 KOHMPOIbHOTL.
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IN VIVO ENRICHMENT OF THE LAMB
OF ESSENTIAL TRACE ELEMENTS FOR ITS USE
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Abstract

To provide preventive measures for solving the problem of micronutrient deficiency, a new effective biologically safe method of en-
richment lamb through the intervention of the cattle rations with feed supplements containing iodine and selenium in organic form
has been developed. An increase in the iodine, selenium and zinc content in meat of the test animals fed enriched diets was noted,
with more significant localization of elements to be registered in the meat from the ram lamb fed the «Yoddar-Zn» feed supplement
together with organic selen preparation «DAFS-25» (Zn - 980 mg/100g; Se — 53.9 mg/100 g; I — 77.6 mg/100 g). So, 100 g of m.
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longissimus dorsi contained 8.2; 77.0 and 51.7 % of the recommended daily intake of these elements, respectively, that proved the
feasibility of further output of the functional products with balanced essential nutrients. Based on the data on greater localization
of microelements in meat from the ram lamb fed «Yoddar-Zn» with « DAFS-25», we made jerked snacks from the raw materials
obtained from the animals of this test group. In processing, the zinc content in the product decreased by 21.3 %, iodine — 26.5 %,
selenium — 16.3 % and made 771 mg/100 g, 39.72 mg/100 g, and 57.01 mg/100 g, respectively, that met the daily norm for 6.4; 56.7
and 38.0 % (for 100 g of product). In the vacuum-packed snacks, the loss of zinc was 11.3 %, iodine — 14.3 %, selenium — 12.6 %
from the original content. After 3 months of storage, the zinc content in 100 g of the finished products was 5.7; selenium — 49.6;
iodine — 32.6 % of the daily requirement. Investigations of physiological effect of the jerked snacks on the body of the laboratory
animals were performed. Stimulating effect of selenium and iodine on the hematopoietic function of the experimental animals was
revealed. The study of the functional activity of the thyroid gland found that the experimental animals’ content of thyroid stimulat-
ing hormone in blood serum was significantly higher than that of the control rats.

BBenenue

B cBere mpoekTa «OCHOBBI TOCYJapCTBEHHOI IIO-
mutuku Poccuiickoit @emepanuu B 06/1acTi 30pOBOTO
NUTaHUA HaceleHNA Ha nepuop fo 2020 roga» ofHOM U3
IJIaBHBIX 3a/ja4 SIB/IIETCS BBIIIO/IHEHJE KOMIUIEKCa Mepo-
HPUATUI, HAIIPAaB/IeHHbIX Ha CO3[aHue yC/IOBuUIi, obecrie-
YMBAIOIMX YHAOBIETBOPEHIE, B COOTBETCTBUM C TpehoBa-
HYAIMM MEJMLMHCKON HayKM, TOTPeOHOCTEN pasIMuHbIX
TPYIIII HaceeHVsI B 30POBOM IIMTAHNM C YI€TOM UX Tpa-
OMLMIT, TIPUBBIYEK UM SKOHOMUYECKOTO MOMOXKeHus [1].
Ha ceropusantamit nensb paspaborana «Konuenmus passu-
TVsI IPOU3BOACTBA QYHKIVMOHAIBHBIX IPOAYKTOB B POy,
IpefycMaTpUBaolas MCIONb30BaHME IPOIPECCUBHBIX
METOJ[OB TTOJTyYeHVsI OPTAaHNIECKOTO )KIBOTHOBOYECKO-
TO CBIPbs C OIpefie/IeHHbIMYU (YHKIMOHATbHBIMU XapaK-
TEPUCTUKAMM ¥ COCTAaBOM ITyTeM HPVKU3HEHHOTO ¢op-
MUPOBaHMs QYHKIVOHATBHO-TeXHOTIOTMYEeCKIX CBOJICTB.
[Ipu stoMm masi obecredeHus: HOPMAJIbHON >KU3HeTes-
TE/IPHOCTM ¥ HOBBIIIEHNUS POAYKTUBHOCTU >KMBOTHBIX
HeoOXO/VIMO CO3/IaHIe TIPOYHOI KOPMOBOIL 6a3bl 3a CYeT
paspaboTKy cOaraHCUPOBAHHBIX PAIVIOHOB KOPMJICHWS
10 KOMIUIEKCY OCHOBHBIX ITITATe/IbHbIX BEIIeCTB 1 MUHe-
PaIbHBIX TOOABOK IO HELOCTAIOUIVM MaKpO- ¥ MUKPO3-
nementam [2]. IIpo6nema kauecTBa KOPMOB MM€ET MUPO-
BOIT MacuITab u TpebyeT HGojee MPUCTATBHOIO BHYIMAHISA
K YIPaB/IeHNIO TeXHOTOTMYECKOI 1[eTbl0 «KOPM-IIPOYK-
usa-norpeburens» [3]. Takum o6pasom, pemrast mpobie-
MY 3J0pOBBSI XMBOTHBIX, Mbl B KOHEYHOM MUTOT€ pellaeM
po6ieMy 310pOBbsI YeJIOBEKa I HALlMM B 11e/IoM [4,5].

ObecneueHne MOTPeOUTENA MACHBIMM IPORYKTAMMU
(bYHKIMOHAIBHON HAIPABIEHHOCTY HO/DKHO OCYILeCTB-
JIATBCS 4epe3 B3aMMOCBA3AHHYIO IOC/IE[OBATETbHOCTD
OT/IeTIbHBIX 3BEHBEB eIVMHON TPOQOTOINIecKOl Lienu
«OT TIOJISI IO IPYJIaBKa», MpUjaHue IPORYKTY QYHKIO-
HAJIbHBIX CBOJICTB — IIOCPEACTBOM HAIPaBIEHHOTO IPU-
JKU3HEHHOTO (hOPMUPOBAHMS 3a[JAHHBIX XaPaKTEPUCTUK
JKBOTHOBOJYECKOTO CBIPBS, UCIONb3YeMOTO B MX IPOU3-
BogcTBe [6]. Takoil mopxop MO3BOJsAeT OOOramarh Mpo-
IYKTBI 9CCEHI[Va/IbHBIMM HYTPUEHTAaMM, UCKTIOUNB PUCK
nepenosnpoBKy. Kak u3BecTHO, MIHepanbHble BelecTBa
ABJISIIOTCSL CTPYKTYPHBIM MartepuazoM Ipu ¢popmupo-
BaHNM TKAaHEl, OPraHOB, BXOMAT B COCTaB OPTaHMYIECKUX
BEIL[eCTB, YYaCTBYIOT B IIPOIieccax JbIXaHMs, KPOBETBO-
peHus, TepeBapyMBaHNs, BCACBIBAaHMA, CUHTE3a, pPacxofa
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U BBbIJIE/ICHNs NIPOAYKTOB OOMeHa 13 OpraHM3Ma, B3au-
MOCBSI3aHBI C JIeATEeNbHOCTHI0 MHOTUX OMOJIOTMYECKN aK-
TUBHBIX BEIECTB U, B I[€/IOM, BO3AEICTBYIOT Ha OOMeH
BeIL[eCTB ¥ MHOTOYMC/IEHHBIe (131oIorndeckue GyHKIIn
opraHmsMa. BBICOKYI0 3HaUMMOCTb B OOMEHHBIX IIpOIiec-
cax opraHyusMa UMEIOT /0], CeJieH ¥ LIMHK. B cBsA3M ¢ 9TMM
IpUMEHeHNe OpraHudYeckux (OpM [aHHBIX 9/IeMEHTOB
B COCTaBe 0€NIKOBO — YITIEBOJJHBIX KOMIIIEKCOB B KOpMJIe-
HUU CETbCKOXO03/ICTBEHHDIX >KMBOTHBIX SIBJISIETCS OTHNM
u3 Hanboee 6e30MACHBIX ¥ HEJOPOTUX METOMOB IIOTy4e-
HYs1, 000TaIleHHOTO MSICHOTO M MOJIOYHOTO CBIpbs [7,8].

OpuyM 13 cioco60B NOTy4YeHus 6apaHNHBI BBICOKOTO
KauecTBa, obecrieymBaroileil 4YeoBeKa HEOOXOMMMbIMMU
MUKPO3JIEMEHTaMU, SIBJIITCS IIPVOKM3HEHHAs! ONITUMU3a-
VIS XMMIYECKOTO COCTaBa MsCa yTeM KOPPEeKIUI paIy-
OHOB 32 CYeT 00OTalIeHN MX 9CCEHIIMATbHBIMI HY TPUEH-
tamu [6]. IIpuMeHeHNs 6€1KOBO-YIIeBOZHOIO KOMITIEKCa
c opraHudeckoi (GopMoit ofja 1 CeJieHa CIOCOOCTBYeT
MIOBBIIIEHNIO IIePEeBAPMBAEMOCTI ¥ YCBOSEMOCTY KOPMOB,
CTUMY/IALNA POCTA M Pa3BUTHA KUBOTHBIX, OBBILICHNIO
HecrenupnIeckoro MMMYHNUTETa, YTO B COBOKYIIHOCTHU
BefleT K BBICOKOI NPORAYKTVBHOCTY ¥ YIy4IIEHNIO Kade-
CTBa IIOJTy4aeMOT0 MACHOTO ChIPbA [7].

[TosroMy, onTUMM3anyA payiOHOB OBeL, KOPMOBBIMI
106aBKaMI, COfIEPKAIMMI JIOJ] 11 CeleH B OpraHNIeCKOil
dbopme 111 Tpon3BOACTBA GapaHMHBI, 06OTAIeHHOI MU-
KpO3/ieMeHTaMI C L[e/IbI0 ee MCIONb30BaHMS B Ppelen-
Typax IPOAYKTOB (PYHKI[MOHAJIbHOI HAIPaBIEHHOCTH,
ABNAETCA AKTYa/JbHON 3ajadell, I peanusaluu Ipo-
rpaMMbl IIPOIOBO/IbCTBEHHOII Ge3omacHocTu Poccuiickoin
Depepanumn.

C yenpio MPYDKU3HEHHON ONTUMU3ALUN XUMUIECKO-
rO COCTaBa Msca IS Aa/IbHENIIero Ipou3BoAcTBa PyHK-
I[VIOHAJIPHBIX IIPOZIYKTOB U3 OapaHMHbI aBTOpaMy OblIa
IIOCTaB/IeHa 3ajiadya U3Y4InTh 3PPEeKTUBHOCTD MCIIOIb30-
BaHNA B KOPM/IeHUM 6apaHIMKOB KOPMOB, 00OOTaI[eHHbIX
opranmdeckumu Gopmamu itofia, ceneHa u munka («Voj-
nap-Zn» u «JADC-25»).

«VMopmap-Zn» (per. Ne TIBP-2-10.9/02488 o1 29.12.2014)
B KayecTBe JIEMICTBYIOIIEIO BELIECTBA CONEP)KUT MOMM-
poBaHHBIe O€/IKM KOPOBBETO MOJIOKA, OpraHNYecKye
coeguHennss UMHKAa (aMUHOKUCIOTHI). «JJADC-25»
(TY 9337-001-26880895-96) — opranmyeckas popma ce-
JIeHa, O/Ty4eHHasl ITyTeM XMMUYeCKOTO CHHTe3a.
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OO0'BEKTHI I METOIbI

OmbiT npoBopuics Ha 6ase CIIK komxo3 «PomaHoB-
ckui» CapatoBckoit obmactu. BelpamyBaHue ATHAT
OCYIIECTBIIANOCh KOIIapHO-6a30BbIM MeTofoM. C 4,5-Xx
MECAYHOTO BO3PACTa BCEX >KMBOTHBIX IOCTaBMIN Ha 4-X
MECSYHBIJ MHTEHCUBHBIN HAryJa Ha eCTeCTBEHHbIE IIacT-
6uina (oKoOHYaHMe Haryma — B 8,5 MeCsIYHOM BO3pacre).
L7151 IpoBeieHNsA OIBITA B OTape SITHAT CTaBPOIIO/IbCKOI
IIOpOAbl B BO3pacTe 4,5 MecAlleB II0 METO[Y aHajO0roB
6b11M1 cHOPMMPOBAHbI YeThIPE IPYIIIBI MOIOIIBITHBIX JKM-
BOTHBIX 110 10 T0/10B B Kaxkz10it. KopmoBbIe 06aBKM BHO-
CUJIN JIOTIOTHUTENbHO K OCHOBHOMY PAalMIOHY COITIACHO
VMHCTPYKIUY 10 IPYMEHEHNIO OfiMH pa3 B CYTKU BMeCTe
C 3epHOBBIMJ KOpMaMM (STYMEHHasl IepPTh) B KOJMYECTBE
10 % ot ux komuyectsa. Jlosuposka «Vlonmap-Zn» — 100 v
Ha 1 ToHHY KopMma, «JADC-25» — u3 pacyera 1,6 Mr Ha
1 Kr KopMa B cocTaBe NpeMMUKCOB. KoHTponbHasA rpym-
IIa IO/TydYaja K OCHOBHOMY PaLMOHY TO/IbKO SUMEHHYIO
nepTb B KommdectBe 250-300 rpaMM Ha rONIOBY B CYyTKU
(OP); I onbITHAaA — AYMEHHYIO IEPTh + KOPMOBYIO 106aB-
Ky «I7[o;map-Zn»; II ombITHAsA — AYMEHHYIO JEepTh + ce-
neHopranndecknit npenapar «JADC-25»; 111 onpiTHasg —
AYMeHHYI0 1epTh + «Vonmap-Zn» + « JADPC-25» (Tabm. 1).

Bo Bcex omblTax IpMMEHEHbI UIEHTUYHbIE CIOCOOBI
TPAHCIIOPTUPOBKYU ¥ NPeRyOOITHOI MOATOTOBKYU >KMBOT-
HbIX. B KoHIe ombiTa (255 cyrok) mo meromuke BVDK
1985 ropa ObUT IMpoM3BeneH KOHTPOIbHBI yooit 40 moa-
oNbITHBIX XXNBOTHBIX B ycrnoBusax CIIK konxo3 «<PomaHOB-
ckuit» CapaToBcKoit 00/1acTul.

Ha pasgenky m 0o0BajKy TyIIM HAaIpaB/Is/IM B OXJIa-
XJIEHHOM COCTOSIHUM 4epe3 24 4. mocne y6os. [ns uc-
cnefoBaHmit orbupamu obpasusl m. longissimus dorsi
KOHTPOJIDHOL ¥ ONBITHBIX I'PYIII, YIIAKOBBIBAIN B IIOMMN-
3TUJIEH-TIO/IMAMUJHYIO TUIEHKY U ITPOBOJIM/IM MICCIIEfi0Ba-
HIA 10 HYDKE OIVICAHHBIM METOJAM.

MuHepanbHBIl COCTaB MBbILIEYHON TKaHM OapaHu-
HBI ¥ TOTOBBIX M3[e/INII XapaKTepy30BalIl 110 Ha/lTNINIO
U COfIepXKaHMI0O MUKpOanieMeHToB (Se, Zn, I). ITpn ompe-
lelleHN) MMHEPAIbHOIO COCTaBa PYKOBOJCTBOBA/INCDH
I'OCTamu (I'OCT 26927-86, TOCT 26930-86) u us-
CTPYKLMAMMU, PEKOMEHJOBAHHBIMM Hay4yHbIM CoBeTOM
o a"anutndeckum Mmetogam (HCAM 3x, 160x, 172x, 138x,
450c). Onpepenenye MaKpo- ¥ MUKPO3/IeMEHTOB BeJIl Me-
TOJIOM aTOMHO-20COPOIMOHHOI CITEKTPOCKOTINA.

Ta6muia 1. Cxema sxcnepumenta (n=10)

Ipynma Kontponp I onbiTHAA

KopmoBas go6aBka OP OP + «Mommap-Zn»

Ta6muia 2. Cxema sxcepnmenta (n=6)

XapakTepucTiKa rpymmn Kontponp
CocrosAHue >KUBOTHBIX B HayajIe 9KCIepMMeHTa
PaiyioH 1a60paTOPHBIX KUBOTHBIX (0) 4

00 beM BBeIEeHIA —

Pexxum BBeIeHISA —

C 1Lle/IbI0 OLIEHKM OVI0/IOIMYeCKON LIEHHOCTH 1 PO -
JTAKTU4YeCKOro 3¢ ¢eKTa CBIPOBSTIEHbIX CHEKOB 13 GapaHu-
HBI, 000TaIlleHHBIX 3CCEHI[MAaTbHbBIMI MUKPOHYTPUEHTA-
MM, IIPOBEIeHbI OMOIOTMYeCKe VICCTIeOBaHNS BIVSHIS
(YHKIMOHA/IBHBIX NPOAYKTOB Ha OOMEHHBIE IPOLIECCHI
B OpraHNM3Me KMBOTHBIX. B kadecTBe 1a60OpaTOPHBIX MO-
Jieriert ObLIV MCIIONIb30BaHbI KPBICHI-CaMIIbl IMHUY BricTtap
(Wistar) maccoit 50-65 1. []yist onbiTa 66111 CPOpMUpOBa-
HBI 10 IPYHIINITY aHAJIOTOB YeThIpe IPYIIIBL IO 6 XKUBOT-
HBIX B K&X/1011. KOHTpO/IbHaA IpyIa noryyana 0ObIYHbIIN
BuBapHblil paunon (OP); I onbITHas — JONONTHUTENTBHO
CBIPOBsI/IEHble CHeKM 13 GapaHMHbI, 000TaIleHHO JI0OM
(I); 1T onpiTHAST — CHEKM U3 GapaHMHBI, 0O0OTallleHHOIT Ce-
neHoM (Se); I1I ombiTHAast — cHeKu u3 GapaHUHbI, 06Ora-
meHHoi1 itogoM u ceneHoM (I-Se). Cxema akcriepuMeHTa
npusefieHa B Tabm. 2.

VccnenoBanys BBIIONMHAIM cornacHo «IIpaBumtam ma6o-
paropHoit npakTuku B Poccuiickoit Penepanym» (IIpnkas
MunucrepcTtBa 3npaBooxpaHeHnsa Poccuiickoit @epepa-
1y Ne 708H ot 23.08.2010 I.) 1 METOAMYECKUM YKa3aHNUAM
¢ «PyKoBO[ICTBOM I10 IPOBEAEHNIO JOKIMHIYECKIX ICCTIe-
JIOBAaHMII JIEKAPCTBEHHBIX cpefcTB. YacTp mepsasi» (2012).
OKCIepUMEHTbI Ha >KMBOTHBIX IIPOBOJWIN B COOTBETCT-
BN C TpaBMIaMy, IpuHATEIMY EBponeiickort KonBernmeit
IO 3all/Te TO3BOHOYHBIX KMBOTHBIX, MCIIONb3YEeMbIX IS
SKCIEePVMEHTA/IbHBIX 1 VHBIX Hay4yHbIX Ienell (European
Convention for the Protection of Vertebrate Animals Used
for Experimental and other Scientific Purposes (ETS123).
Strasbourg, 1986). ViccnenoBanms oCyIecTBIIAIN COIIACHO
YTBEpP>KJEHHOMY IICbMEHHOMY IPOTOKO/IY U B COOTBET-
crBuM co CTaHAAPTHBIMY OIIEPALIMOHHBIMU IIPOLefypaMu
uccnegosarens (COIT).

Jusaiis m opraHusanusa MCCIefOBaHNA HAIpPaBIeHbI
Ha pellleHNue ITOCTAB/IEHHOI Le/yu U 6asupynTcs Ha 00-
IIMX NPYHINIIAX OpPTraHM3aLVy VICC/IeJOBAHMI 110 TIPOBe-
JIeHUIO OMOTIOTMYeCKIX UCC/IeOBAHNUIT Ha TaO0PaTOPHBIX
JKVBOTHBIX. BHOBb NpMOBIBIINE )XMBOTHBIE HAXO[WINCDH
Ha KapaHTHUHe B Te4eHNe 7 CYTOK B KJIETKaX B OT/E/IbHOM
nomelnieHny. Bo BpeMs KapaHTHHHOTO IIePUOJA Y 5KMBOT-
HBIX KOHTPOJIMPOBA/IN K/IMHIYECKIe [T0Ka3aTe/IN COCTOsA-
HIA 300pOBbA. JKMBOTHBIX COflep>Kai B BUBapIM COITIAC-
HO CAaHUTApHBIM IIpaBUIaM M Ha CTaHAPTHOM paljyiOHe
B coorBeTcTBMM C IIpmxasom M3 CCCP Ne1045-73 or
06.04.1973, IlpaBunamu nabopatopHoit npakTuku u [Ipu-

I ombITHASK III onbiTHAS
OP + JIADC-25» OP + «Moamap-Zn» + «TA®C-25»
I ompITHAS II ombiTHAS 11 onbrTHASK
KIIMHITYeCKN 37J0pOBbIe

OP + unncsr (I) OP + yucsI (Se) OP + uuncsr (I-Se)

3-5 3-5 3-5
Ipo6Ho 2 pasa lIpo6Ho 2 pasa Ipo6Ho 2 pasa
B JleHb B [leHb B [leHb
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kazoM M3 CCCP Ne 1179 0110.10.1983 B monmmkapOOHaTHBIX
KJIETKaX MO 6 >KMBOTHBIX B KaKol. B xauecTBe mopcTu-
J1a UCIIONB30Ba/IN JipeBecHble onmku. Kpbic comepkann
pasfenbHO (B OTAEMbHBIX HOMEIeHNAX). [/ KopMIeH s
VICTIONIB30BAJICA CyXoil OpuKeTnpoBaHHbl KopM [1K-120
TOCT P 51849-2011 P.5 (OOO «JlabopaTopkopm», T. Mo-
ckBa). [I/11 IUThA UCIIONB30BAIACh BOLOIPOBOIHAS BOJIA,
KoTOpyw maBamu ad libitum W3 CTaHJAPTHBIX ITOMJIOK.
Temneparypy (20-22 °C) n BraxxsHoCTb (60-70 %) BO3ZTY-
Xa KOHTPO/IMPOBAIM B KXX/JOM ITOMEIIEHNN eXXeJHEBHO
U TOKasaHMs AOKYMEHTMPOBaIW. B IoMelieHmsx Iop-
[IeP>KMBA/IOCh €CTECTBEHHO-MICKYCCTBEHHOE OCBellleHIe
(12 4 cBe1/12 4 TemHOTa). [Tog6OpP KUBOTHBIX B I'PYIIIBI
IPOBOJVIIV TIPOU3BOIBHO METOIOM «CITy4aifHBIX YMCeN»,
VICIIONB3Ys1 B KaueCcTBe KPUTepMsi MacCy Tena. VIHauBupy-
a/IbHbIe 3HAYEHMsI MACChl Te/la He OTKJIOHSJIUCDH OT Cpef-
Hero 3HaveHuA B rpymme 6onee yeM Ha 10 %. KuBoTHBIX
B3BemnBaaum Ha Becax PA2102C (OHAUS). Macca xu-
BOTHBIX YKa3aHa B IlepMOj, BBelleHMsA mHpemapaTtos. Ka-
XKJI0€ KMBOTHOE VIMEJIO OTYET/IMBYI0 MeTKY (pacTBOpoOM
NVKPUHOBON KMCIOTbI); HA 9THKETKe Ha K/IeTKe yKasa-
HO HasBaHME OIIbITA, €r0 IPOJO/DKUTETBHOCTD, HOMEp
TPYIIIBI, KOMNYECTBO >KMBOTHBIX, OTBETCTBEHHOE JIMIIO.
B Teuenne 70 cyTok mpoBopunu HabmofgeHne 3a 00IM
COCTOSIHUEM U TTOBEJIeHVIEM )XVMBOTHBIX; €XKeJHEBHO peru-
CTPMPOBA/IN KIMHUYECKOE COCTOSIHME KVBOTHBIX, OTMe-
Jajm 0COOEHHOCTH IOBEIeHNsA, TIpMeMa KOpMa U BOJBI;
YIUTBIBA/IN COCTOSIHIE BOIOCSIHOTO IIOKPOBA, CIM3UCTBIX
U T.7. ONBITHBIX 1 KOHTPOJIbHBIX )KMBOTHBIX B3BeIINBa/IN
nepey;, BBefleHIEM IIperapara, a TaKXKe eXeHefleNIbHO [0
OKOHYaHM OIbITa. [10 OKOHYaHNIO 9KCIIepYIMEHTa y BCeX
JKUBOTHBIX ITPOBOAMIN OTOOP P06 KPOBM B BaKyyMHbIe
npobupku masA in vitro gmarHoctmkm «Improvacuter»
(Guangzhou Improve Medical Instruments Co. Ltd,
China). [Ins1 remaTonornyeckux UCCiaefoBaHuil OTOMpanu
110 0,5 MJ1 KpOoBU B IIPOOMPKY ¢ aHTUKOAry/ssHToM D/ TA,
JUTsE OMOXVMUYECKMX — 110 1-2 MJI B IPOOYMPKY € UCTIOND-
30BaHUeM TPOMOJHA B KaueCTBe aKTUBATOPa CIYCTKA.
Mopddonorndecknit cocTaB KpOBI MCC/IETOBAIM Ha Te-
MaronornyeckoM aHanusarope HemaScreen Vet (Hospitex
Diagnostics, Italy). Buoxummyeckne mokasaTenu CbIBO-
poTku KpoBnu (comepkaHue obuiero 6enka, aIbOyMIHOB,
Kanpiysi, ¢pocdopa, MarHus, Kamus, ITIOKO3bI, XOJIecTe-
pUHa, aKTMBHOCTb aMI/Ia3bl, alaHMHAMIHOTpaHChepasbl
U aclapTaTaMMHOTpaHCQepaspl) ONIpene/siM Ha Ouo-
xumudeckoit ananmsatope BA-88A Mindray (Shenzhen
Mindray Bio-Medical Electronics Co., Ltd, China),
C UCIO/Nb30BaHNEM HAOOPOB pPeareHTOB IPOM3BOJCTBA
«Hospitex Diagnostics» (Italy). fopmonanbHbIit cTaTyc nc-

CTIe[IyeMBbIX )XMBOTHBIX OTIPeMIe/IsIN METOOM TBepaodas-
HOTO MMMYHO(EPMEHTHOTO aHa/IN3a, ¢ MCHO0Ib30BAHIEM
puargoctudeckux cucrem «I'P-MIGA» OO0 «XEMA»,
Ha aBTOMAaTM4YecKoM IUlaHmeTHOM ¢oTtomerpe PLATE
SCREEN, «Hospitex Diagnostics» (Italy).
Cratuctudeckyo 06pabOTKy IONTy4eHHBIX pe3y/bTa-
TOB IIO INHAMMKe M3MEHEHNIT reMaTo/IOTN4ecKux u 6uo-
XUMMWYECKMX IOKasaTesell CBIBOPOTKM KPOBU M ITOKa3a-
Te/eil MOYY IPOBOAMIN MO CTAHAAPTHBIM IIPOLiEypaM,
¢ momo1ipio npunoxenus Microsoft Excel 2010 (Microsoft
Corp. USA) u makeTa CTaTMCTUIECKOTO aHA/IN3A JAHHBIX
StatPlus 2009 Professional 5.8.4 for Windows (StatSoft
Inc., USA)., ¢ ucnonp3oBanuem t-kputepusi CTbrofieHTa
UL OLIEHKM JGOCTOBEPHOCTU Pas3/IMyuii MeXJy BBIOOp-
KaMJ Ji/IA ONBITHBIX M KOHTPOJIBHBIX SKCIIEPUMEHTOB.
ITo pesynbTaTaM BBIYMCIIEHUS CpefHeapudpMeTndecKoro
¥ CTaHJAPTHOTO OTKJIOHEHVIA [IA TaHHOI BEIOOPKM OIIpe-
eI CTaHAAPTHYI0 OUIMOKY cpenHeaprdMeTndeckoro
¥ TPaHNUIIBI €TO JOBEPUTEIBHOTO MHTEpPBaIa C Y4eTOM KO-
a¢durmenra CroiofieHTa t (11, p) IpU YpOBHE 3HAYUMOCTH
95% (p = 0,05) n uncne nsmepennit. OLleHKY TOCTOBEPHO-
CTU Pas/INyNii MEeXIY CPeHVMY 3HAYEeHVAAMU B OIIBITHBIX
Y KOHTPOJIbHBIX 9KCIIEPUMEHTaX MPOBOAVIIN 110 BETNYM-
He p-value B BapmaHTe [BYX-BbIOOPOYHOTO HEIIAPHOTO
t-recta (two-sample unpaired f-test) ¢ HepaBHBIMM AU-
criepcuaMu. Pasmnuus OpUHMMAMU JOCTOBEPHBIMU IIPU
BBIMIOJTHEHNN HepaBeHcTBa P > 0,05. Kpome Tor0, B 9TNX
CTy4asiX KOHTPOMPOBAIN TaKXe COOTIofieHIe HepaBeH-
ctBa t, t (n, p) npu n = (df +1) (rne df — uucno crenene
cBobozpl), p = 0,05,
‘xl - x2|

)1/2 >

re X, u X, — cpefHeapudMeTHIecKie SHaYEHNA, S, U S, —
UX CTaHJApTHBIE OMIMOKM ML IBYX BBIOOPOK 3KCIEpH-
MEHTa/IbHbBIX JaHHBIX [9].

rge = 5

(512 +5,

PesynpraTsl u 06CcyXKmeHme

CopeprkaHie IIMHKa, JIOfja U CelleHa B 6apaHMHe Haxo-
IUTCA B IPAMON 3aBYICMMOCTY OT COEP>KaHNA 3TUX MU-
KPO3/IeMEHTOB B pallJOHAX, IpKUdeM Oojiee 3HAYMTeTbHAS
uX JoKanu3auus 3adukcupoBaHa B Msce OapaHYMKOB
TpeTbeil onbITHOM rpynmsl (Ta6. 3).

Takum 06pasom, ycTaHOBJIEHO, YTO OOOTalljeHNe paLy-
OHOB, OpraHM4ecKuMy popMamMu celeHa 1 Jiofia B TEXHO-
JIOTMV BBIPAIIVMBAHNUA MEIKOTO POTATOrO CKOTA SIB/IACTCA
HepCHEeKTUBHBIM ¥ aKTyaJbHbIM ¥ NO3BOJIAET HMOMYYNUTD
6apaHMHY ¢ BBICOKOJ MUILEBO U OMOIOTMYECKOI 1IeHHO-
croio (Puc. 1).

Ta6muua 3. CopepkaHyie MUKPo31eMeHTOB B 100 I B 3aBICHMOCTH OT PAIjYIOHa KOPM/IEHNA

IToxasarenn Kontpons I onpiTHAA II onpITHAA
[InHK, MKT 0,492 +0,11 0,806+0,14 0,470+0,10
CerneH, MKT 9,8+0,23 13,4+0,17 19,3 +0,19

Vlom, Mxr 68,5+0,26 76,40+ 0,18 68,60+0,23
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III onpITHASA YcTaHOB/TEHHBIIT YPOBEHb IOTPEGHOCTH B CYyTKIT®

0,980+0,12 9,5-15,0
53,9+0,41 30,0-75,0
77,60+ 0,31 130,0-200,0
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Puc. 1. Comepxxanne B 100 r 6apaHMHDI B 3aBUCUMOCTH OT PaloHa
kopmienuisi: (A) nuuka, (B) cenena, (B) itopa

Jlna usydeHus [VHAMMKM M3MEHEHMS KOHIIEHTpa-
LIVIJI MUKPO3JIEMEHTOB B IIPOLieCce TeXHOTOIMYeCKoit 00-
paboOTKM IIpM IPOU3BOACTBE HMPOAYKLMM U3 OapaHMHBI
6bUIN BBIpabOTaHBI CHeKY U3 m. longissimus dorsi 6apaH-
YMKOB PA3/IMYHBIX TPYIIL

YcraHOBIIEHO, YTO comep)KaHye iofia B m. longissimus
dorsi 6apaH4MKOB | ONBITHOJN IPYIIIBI, ONTYYaBIINX [O-
nonuutenbHo «Voamap-Zn», MPEBBINANO COfleP>KaHMe
B KOHTpOJ/IbHOI Tpymie Ha 11,53 % (P <0,001); comepska-
HUe UMHKa — Ha 63,82 % (P <0,001). Conep>kanne ceneHa
B m. longissimus dorsi 6apanuukos II onmbpITHON IpymIIbl,
MO/TyYaBUINX HONOMHUTENBHO «JADC-25», ObIIO BBILIE,
4eM B KOHTpPO/IBHON Ha 96,94% (P <0,001). Comepika-
HUe ceJieHa B Mbluine m. longissimus dorsi 6apaHYNKOB
I11 ONBITHOI TPYIIIIBI, IONYYABIIMX COBMECTHO «lonmap-
Zn» n «JADC-25», B 5,5 pas (P <0,001) mpeBbIIano ero
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cofep>kaHue B KOHTPOJIE, a CofiepKaHue Jofa U IIHKa —
Ha 13,29 % (P <0,001) 1 99,19 % (P <0,001). Ha ocHOBaHuUM
6oree 3HAUUTENBHON JIOKA/IM3ALUY MUKPO3JIEMEHTOB
B 6apanuHe III ONBITHOI IPYIIIBI U3 CHIPbS ATOI TPYIIIIbI
ObUIM M3TOTOBJIEHBI YMIICHI CHIPOBsTEHble «Bomxckue»
(TY 9213-012-00493497-2012).

J7151 MU3rOTOB/IEHNA CHIPOBAJIEHBIX YMIICOB «BomKcKme»
6apaHMHy (J/IMHHeIIAas MBI CIVHBL, Ta300eIpeHHas
YacTh, I/IA3HON MYCKY/I) MOAMOPa’KMBAIOT, HApe3aloT Ha
cmaiicepe Ha TOHKMeE KYCOYKM, COMIAT MOKPBIM CIIOCO60M
U cymar B Kaumar-kamepe npu 30°C ¥ OTHOCUTENbHOI
BJIXKHOCTM BO3flyXa 75-78 % [0 mpuoOpeTeHns mpoayK-
TOM HeOOXOAVIMbIX HOTPEeOUTETbCKIX CBOJCTB. YIIAKOBKY
YUIICOB IPOMU3BOAV/INM HA BaKyyMHOI MyHMY Tina Mult-
vac R530 u Supervac, ucnonbsya nakersl Tuma Cryovac
TM-DLY9235. TexHomorns mO3BONAET XPaHUTb YMUIICHI
npu temneparype 12-15°C B TeueHme 6 MecsAIeB B 3aKpbl-
TOI1 YIIaKOBKe.

AHanus pesynbTaTOB XMMUYECKOTO COCTaBa ChIPOB:-
JIHBIX YMIICOB, OOOTAI[eHHBIX MUKPOJ/IEMEHTaMI, CBUIe-
Te/IbCTBYET 00 MX BBICOKOI IuIeBoil ieHHOCTH (Tabm. 4).

Tabmuua 4.
Du3NKo-XNMIYecKIe IoKas3aTenn Yuncos «Bomkckue»

HanmeHnoBaHue moka3ares

MaccoBas
HaumenoBanme Maccopaas MaccoBas MaccoBas OIS
TpoxyKTa MO oS nonsA TOBapeH-
Oenka, %  >kupa, %  Bmaru, %  HOIL cOmu,
%
‘et 48,5 11,0 38,7 1,8
«Bomxkckue»

VI3yyeHne fyHaMUKY M3MeHEHMs KOHL[EHTPalUy MU-
KpO3/IeMEHTOB B CHeKaX I0Ka3ajo, YTO B IPOIiecce TexX-
HOJIOTMYECKOl 00paboOTKM cofep)KaHMe LMHKa B IIPO-
IOYKTe CHM3MIOCh Ha 21,3%, 1ioga — Ha 26,5%, ceneHa
Ha — 16,3% u coctasmwio 0,771 mkr/kr, 57,01 mxr/100
u 39,72 mxr/100 1 coorBetrcTBeHHO (P <0,001).

B cBA3UM C TeM, YTO CHIPOBS/ICHbIE CHEKM — IIPORYKT
JUTUTETIBHOTO XpaHeHVs, ObIIO U3y4YeHO BVSHNE CPOKOB
XpaHeHMsI Ha TOTEPU MUKPOITEMEHTOB. YCTaHOBIIEHO,
9TO HOTEpU LMHKA B CHEKAX, YIAKOBAHHBIX IIOJ BaKy-
yMOM, B IIpoliecce XpaHeHMs B TedeHue 3 MecsAlleB CHU-
3unoch Ha 11,3 %, itoma — Ha 14,3 %, cemena — Ha 12,6 %
OT MCXOJHOro u coctaBuan 6,84 MKr/kr; 34,72 mkxr/100 ¢
u 48,86 Mxr/100 r coorBeTcTBeHHO (Tab71. 5).

Tabnmuua 5.
JIuHaMMKa cofiepKaHIA MUKPO31eMeHToB B 100 r mpogyKroB
Ilocne
ITocne
B macHom . XpaHeHMsA
ITokasarenn TeXHONIOTIYeCKOii
chIpbe B TeYeHNN
06paboTKI
3 mec
IIMHK, MKT 0,980+0,12 0,771+0,23 0,684+0,15
CerneH, MKT 53,90+ 0,41 39,72+0,42 34,72+0,17
Vo, mxr 77,60+ 0,31 57,01+0,22 48,86+0,21
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Takum o6pasom, cofepkaHye IMHKA B CHIPOBSITIEHBIX
cHeKax «Bo/mkckue» 1o McredeHunIo 3 MecsALeB XpaHeHs
cocTaBuUIIO 5,7; cenena — 49,6 %; itoma — 32,6 % ot cy-
TouHOII norpe6HocTH (Puc. 2), 4TO B JTaHHOM CiTydae s
JIofia U CceJieHa COOTBETCTBYET IPUHIMIIAM O00OTalleHNs:
15-50 % B ycpepmHeHHOI cyTouHOoI opuuu (100 r) ot ¢u-
3M0JIOTMYECKOJ HOPMBI.

9,5-15,0
16,000

14,000
12,000
: 10,000
8,000
6,000
4,000

2,000 % 0,771 0,684

0,000

Copepsxanue B 100 T roTOBOTO
HPOIYKTA, MK

B MACHOM CBIpBE Ilocte Iloc.1e XpaHeHNs B CyTounas
TeXHOIormdeckoii TedeHme3 MeC. MOTPESHOCTH, MKT
odpadoTku

A

130,0-200,0
200,0
180,0
160,0
> 140,0
: 120,0
100,0 77,6 77,6
< 80,0 5379 ,01
60,0
40,0
20,0

Coaeprxanue B 100 T roToBOrO
IIPOYKTA, MK

B MsIcHOM cBIpBe IIocae Ilocae xpaHeHns B

Cyrounas
TeXHOIOTIrdecKoli  TedeHme 3 Mec.  NMOTPEGHOCTH, MKT
o0padoTki

W ceneH Mitoa

Puc. 2. [lunamuka conepxauns (A) unuka, (b) cenena u itoga 8 100
FOTOBOTO IIPOJIYKTA B IIPOLIECCE XPaHEeHNsI

Ta6muua 6. Q6uMit aHaMKM3 KPOBM TaGOPATOPHBIX KUBOTHBIX (N=6)

TaxuMm obpasoM, onTMMM3anyss KOPMICHUA METKOTO
pOraToro CKoTa IO IIMHKY, IOy ¥ CeJleHy IyTeM ofora-
1IeHNs UX PalMoHOB KOPMOBbIMU Jlo6aBKamu «Vlommap-
Zn» u «JADPC-25» okasano MOIOXKUTETbHOE BIVSHME
He TO/IbKO Ha Ka4eCTBO MACHOTO CBIPbsA, HO U CIIOCOOCT-
BOBAJIO IOTYy4YeHNI0 OOOTAIIEHHON MMUKPOIIEMEHTaMU
6apaHuHbl s QYHKIMOHAABHOTO nurtaHus. Paspabo-
TaHHAs TEXHOJIOIVs CBIPOBSIEHBIX CHEKOB, 00OTaIlleHHbIX
opramdeckumu GopMaMi ITHKA, Ce/IeHa 1 110714, TI03BOJIAT
YaCTUYHO KOMIIEHCHPOBATh JeUIUT 3TUX MUKPO3IIEMEH-
TOB B IIMTAHNUM Hace/leHNs. Tak, yInThIBasd, YTO B CpeJHEM
CyTOYHasA NOTPEOHOCTb B3POC/IOTO Ye/OBeKa B IMHKE —
12 MKr/cyT., B fiofie — 150 MKT/CyT., B cenneHe — 70 MKI/CYT.,
notpe6neHne B cyTku 100 T cHeKoB 6yfeT crocoO6CTBOBATH
KOMIIEHCAL[MY CYyTOYHOU HOTPeOHOCTY IO IMHKYy — Ha
5,7 %; 1o 1iomy — Ha 32,6 %; 1o cenieny — Ha 49,6 %.

B xope nmpoBefieHNA 3KCIEPUMEHTA il Vivo C Lie/IbI0
u3ydeHus: (QU3NONIOINYECKOrO BO3JIENCTBMsA paspabo-
TAaHHOTO IPOAYKTA Ha YXMBOJ OPTaHM3M YCTAaHOBJIEHO,
4TO B IPYIIAX KPbIC, KOTOPBIM B COCTaB paljiOHA BBO-
[T IPOAYKTHI, 0OOTallleHHbIe CeTIEHOM, a TaKXKe cee-
HOM B COYETaHWM C J10J0M, 00ljee KOMNIeCTBO JIeVKO-
IIVITOB JOCTOBEPHO BBIIIE 10 CPAaBHEHNIO C KOHTPOJIbHOII
rpynmnoit (Ta6m. 6). laHHble M3MEHEHUA KOPPEIUpyoT
IPSIMO IPOIOPIMOHAIBHO C KOMNYeCTBOM MMMQOINTOB
U CpeJHUX KJIeTOK B IepudepudecKoir KpoBy, 4TO CBU-
IeTebCTBYET O TOBBIIIEHNN Pe3UCTEHTHOCTU Y KUBOT-
HbIX. Hapanmy ¢ 9TuM BBIABJIEHBI JOCTOBEPHO OOjIee BbI-
COKMe ITOKa3aTelny KOHIIEHTPAluy IreMornobuHa 1, Kak
CleficTBYe, 60/Iee BBICOKNE IIOKA3aTeNN CPeTHETO Cofiep-
JKaHMs TeMOITIOONHA B 9PUTPOLUTAX, a TAKXKe CPeJHEro
o6beMa SPUTPOLUTOB Y >KMBOTHBIX JJAHHBIX TPYII IO
CpaBHEHUIO C KOHTponeM. [laHHBI (PaKT ykasplBaeT Ha
CTUMYNUpYOllee BANAHNE CeJIeHa I i10fja Ha TeMOII03TH -

Ne i/ IToxasarenn En.usm I onmbiTHAS
1 WBC x109/L 7,97 £2,67
2 LYM x109/L 4,70+ 1,96
3 MID x109/L 1,73+£0,48
4 GRA x109/L 1,53+0,24
5 LYM % 55,00+ 5,89
6 MID % 22,40 +£2,05*
7 GRA % 22,60 + 4,02
8 RBC x109/L 8,07 £0,41
9 HGB g/L 121,33 £ 6,98*

10 MCHC g/L 295,67 £ 6,89
11 MCH Pg 15,03+0,12
12 MCV Fl 50,80+ 1,01*
13 RDW-CV % 14,53 +0,75
14 RDW-SD Fl 37,00+2,71
15 HCT % 41,00+ 1,53
16 PLT x109/L 615,33 +90,29
17 MPV Fl 6,43+0,17
18 PDW Fl 4,50+ 0,55
19 PCT % 0,40+ 0,20
20 P-LCR % 8,10+1,01

*P< 0,05 OTHOCUTETHLHO KOHTPOTA
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IT ompITHASA III onpITHAS Kontpons
11,78 £1,38* 13,47 +0,80* 7,12+0,73
7,92 £0,98* 8,60 £0,59* 3,72+0,41
2,08 +0,20* 2,42+0,25* 1,28 +0,12
1,78 +0,24 2,45%0,17 2,12+0,34
66,70 +£1,01* 63,63 +1,85* 52,46 £2,81
17,90+ 0,82 17,83+1,24 17,88 +0,76
15,40 +0,90* 18,53 +1,23* 29,66 £2,95
7,51%0,25 7,11+0,29 7,18%0,26
115,83 +3,15* 107,50 3,31 101,20 4,21
305,33+2,94 307,50+ 3,51 298,40+ 2,77
15,45 +0,20* 15,17 £0,33* 14,10£0,29
50,60+ 1,10* 49,30+0,63 47,22 +0,65
14,47 £ 0,45 14,20+0,13 13,96 £0,21
36,60 +1,30* 35,00 £0,55* 32,94 +0,60
37,95+1,03* 35,00+£1,20 33,90+1,18
620,17 + 87,68 587,50+ 30,20 519,20 80,24
6,15+0,13 5,92+0,14 6,22+0,16
5,07 £0,26 4,57 0,20 4,84+0,12
0,38+0,06 0,35+0,02 0,32+0,07
7,10+ 1,04 5,83+1,41 7,02+0,86
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Tab6nmuia 7. Buoxummyeckuii aHans KpoBu 1a00paTOPHbBIX KMBOTHBIX (N=6)

Ne i/ IToxa3arenp Ep.mu3m I onbiTHASK II onmbiTHAS III ompITHAS Kontpons
1 AcT En./n 101,10£12,29 146,85+9,91* 124,20 £22,49 84,10+12,94
2 AnT Ep./n 118,20 + 4,43* 123,72 +4,97* 120,40 = 16,95* 80,10+8,37
3 Benox o6mmit r/n 143,30£29,73 132,67 £13,50* 106,10 13,41 89,23 £12,67
4 I'mokosa MMONb/I 12,20 +£2,35* 8,79+ 0,40* 8,40+1,12* 3,52+0,45
5 Amnnasa En./n 547,80 +32,72* 529,00 +18,68* 558,40 +59,83* 394,54 + 39,03
6 Kanpumit MMONb/N 2,40+0,10 2,61+0,22 2,7£0,15 2,79+ 0,31
7 Docdop MMONb/ N 2,00+0,32 1,72+0,18 1,60+0,18 2,19+0,24
8 Maruamin MMOJIb/TT 1,30+0,17 1,25+0,06 1,30+0,19 1,35+ 0,06
9 Xonecrepux MMOTb/ 1 2,30+0,06 2,24+0,06* 2,50+0,19* 3,82+0,52
10 Kammii MMONb/1 5,40 +0,60* 4,64+0,57 5,40 +0,53* 3,92+0,29
11 Anp6ymMmuH r/n 9,2 +4,84* 19,35+ 8,94 20,50+ 7,41 26,9+ 3,59
12 JInmasa Ep./n 23,1£2,72 21,50+1,19 34,10+7,62 22,68+2,35
*P<0,05 OTHOCUTETBHO KOHTPOJIA
ITpumeuannue: AcT — acnmaprataMmuHoTpancdepasa
AnT — amannHamMmHoTpaHcdepasa
Ta6muua 8. [opMOHATBHbIIT CKPUHIHT 1a60PaTOPHBIX )KUBOTHBIX (n=6)
Ne i/ Iloxasarenn Ep.msm I onbiTHAS IT onbrTHAS III ompITHAA Konrtponp
1 Tupeorponnblii ropMoH MkE][/mn 3,00+ 0,67 2,85+0,51* 2,55+0,56 2,52+0.29
2 TpuitopTupoHNH HMOIB/T 1,43 £0,20* 1,55+0,41 2,23+0,56* 3,92+0,50
3 OO0t THPOKCHH HMOJIb/TI 34,13+7,16* 40,32 +5,12% 47,98 +5,48* 67,84+5,93

4eCcKyI0 (YHKINIO KOCTHOTO MO3ra B OPTaHM3Me OIIBIT-
HBIX KUBOTHBIX.

Kpome ToOro, B X0zie OMOXMMMYECKMX MWCCIeTOBAHUI
KPOBM YCTAQHOBJIEHBI JJOCTOBEPHO 60Jiee BBICOKME MOKa3a-
Temu aKTUBHOCTY TpaHcamyHas (AnT u AcT) B OIBITHBIX
TPYIIIaX )KMBOTHBIX 110 CpaBHEHUIO ¢ KOHTporeM (Tab1. 7).

JlaHHbBIE M3MEeHeHMA NPAMO IPONOPINOHATBHO KOp-
PEeMPYIOT € IOKa3aTeIsAMM 0611ero 6eka, ITI0KO3bI 11 aK-
TMBHOCTY aMWIa3bl B CBIBOPOTKE KPOBU. JTO yKa3bIBaeT
Ha IOBBIIIeHVe KOHBEPCHUM IIUTATe/IbHBIX BEIIeCTB KOpMa
Y HOJOIBITHBIX )KMBOTHBIX, O YeM CBUICTE/IbCTBYET TAKXKe
HOBBIIIEHNE CBIBOPOTOYHOTO 6e/Ka y >KMBOTHBIX, KOTO-
PBIM B COCTaB pallfOHa BBOAW/IN IPOAYKTHI, obOraleH-
Hble 3CCEHIVIAIbHBIMY MUKpOa/ieMeHTamMu. IloBbleHe
KOHBEPCUU IINTATeTbHBIX BellleCTB KOpMa IIPUBEJIO K yBe-
JINYEHNIO AMMHOKIUCIIOT, KOTOpbIe ABJIAITCA CyOCTpaToM
VIS TlepeaMUHUPOBAHMS, YTO NPUBOAUT K aKTUBALVK
TpaHCaMIHa3 B Ipefenax (puanonorndeckmx rpaHul Hop-
Mbl. AMMHOTpacdepasbl OTLICIUIAT OT AMUHOKMCIIOT
aAMUHOTPYIIIIBI U IIEPEHOCAT X Ha aKIeNTOPHbIE MOJIEKY-
JIBL C TIOC/IEAYIONIMM OOpa3oBaHMeM He3aMEHMMBIX U 3a-
MEHVUMBIX aMMHOKICIIOT, VICIIONIb3YeMBIX KaK JMCTOYHUK
sHeprun. O IOBBIIIEHNN SHEPIeTUYECKOTO MeTabo3Ma
B OpraHU3Me OIBITHBIX IPYIII )KMBOTHBIX MOXKHO CYIAUTD
[0 AKTMBHOCTM aMIMIA3bl UM KOHIEHTPALMU IJIIOKO3BI
B CBIBOPOTKE KPOBMY, KOTOPbIE ¥ JaHHbBIX )KMBOTHBIX TaK-
JKe BO3PACTAlOT OTHOCUTENbHO KOHTposnA. OfgHaKko faH-
Hble [T0Ka3aTe/Il He BBIXOMAT 3a pedpepeHCHbIe 3HAYEHIA
JUISL JAHHOTO BUJIA KBOTHBIX.

B xope uccnenoBanys (QyHKINOHATBHON aKTUBHOCTHI
I[MTOBMIHOI >Ke/le3bl YCTAHOBJIEHO, 4YTO Y >KMBOTHBIX
OIIBITHBIX T'PYIII KOHIIEHTPAIVA TUPEOTPOITHOTO TOPMO-
Ha B CBIBOPOTKE KPOBM JOCTOBEPHO BBIIIIE, YeM Y KPBIC 113
KoHTponbHOI (Tabm. 7).
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YunteiBag TOT (aKkT, 4TO TUPEOTPOIUH Peryamnpy-
eT QyHKIUIO IIMUTOBUJHOI >Ke/le3bl, JAHHOE M3MEHEeHMe
MO>KHO paclleHMBaThb KaK IONOXXUTEIbHOE BIUAHNE TIPO-
JlyKTOB, 06OTallleHHbIX 9CCEHI[a/IbHBIMU MUKPO3/IeMeH-
Tamy, Ha (YHKIVOHA/JIbHYI AaKTMBHOCTDb ILIMTOBUJHOIN
KeJle3bl M KaK CJIefiCTBYE Ha MeTaboMdecKye IpOIecChl
B OpraHu3Me >KMBOTHBIX. [laHHBI (AKT MOATBEP)KIaeT-
Cs IMHAMMKOIN IPUPOCTA KMBOJ MacCChl IOFONBITHBIX
U KOHTPONBHBIX KpbIC (Puc. 3).

16 23 30 37 44 52 58 65 72

Bpems, AH.

300
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MpUpoCT KMBOM Maccbl, r

. iﬁii
0
0

HVon MOADC-25 HWoa+ladc-25 HKoHTponb

Puc. 3. J[lunamyKa >KuBOJi Macchl OONBITHBIX KPBIC, T

Tax B x0fle 9KCIIEpMMEHTA YCTAHOBJIEHO, YTO AVHAMMKA
IIPUPOCTA KMBOJ MacChl KPbIC, B COCTAB PaljiOHa KOTOPbIX
BXOIVIY CHeKM U3 GapaHMHbI, 0OOralieHHble KaK 0foM,
TaK U CEJIEHOM, U JIOIOM M CEJIEHOM COBMECTHO, OblIa [0-
CTOBEPHO BbIIlIe, YeM B KOHTPOJIbHOI TPYIIIe >KMBOTHBIX.

BriBogbr

Takum 06pasoM, ONTMMM3ALVSA PALVOHOB METKOTO
poraroro cCKoTa IO IVHKY, IOy U CeleHy IyTeM 000-
raijeHns panyuoHOB KOPMOBBIMY o6aBkamu «Mommap-
Zn» u «JJADC-25» okaszano HONMOXKUTEIbHOE BIANSIHIE
He TOJIbKO Ha IPOAYKTMBHOCTD >XMBOTHBIX, HO M CIIO-
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CO6CTBOBAJIO MOMY4YeHUI0 OAPaHMHBI [Isl Ha/TbHEIIIero
IPOM3BOACTBA (PYHKI[MOHA/IBHBIX MACHBIX IPOJYKTOB.
PagpaboTaHa TeXHOIOTMsI CBIPOBSIIEHBIX CHEKOB U3 Oa-
paHMHBI, OOOTalleHHBIX OpraHM4YecKUMM QopmMamn
[MHKA, CeJIeHa 1 i1oa. DKCIEePUMEHTaTIbHO 060CHOBAHO
[OJIOKUTE/IbHOE BJIVMSIHME Pa3pabOTaHHBIX CHEKOB U3
6apaHMHBI, 060TAlEHHOIT 10/J0M, CeIEHOM U IITHKOM, Ha
MeTaboyecKye MpoLecchl B OpraHM3Me MOJOIBITHBIX
JKUBOTHBIX, YTO TOATBEPXKIAET 1[€1eCO0OPA3HOCTD MX
VICTIONIb30BAHNA TIPY KOPPeKLMu 6elKOBOT0, YITIEBOHO-
0, XMPOBOTO 1 MUHEPaTbHOrO 0OMEHOB BelecTB. YKa-
3aHHbIe MUKPO3/TIEMEHTBI, BXOJ;IME B COCTaB JaHHOTO
IPOAYKTA, 06/1a/jaloT BBICOKOI OMOIOCTYIIHOCTBIO, YTO
CrIocoOCTBYeT HOpManu3auuy GU3NONOrndecKnx QyHK-
LMl OpPTaHM3Ma IIPY aJVMEHTAPHOM HEJOCTATOYHOCTIL.

Introduction

Within the project «Fundamentals of the state policy of
the Russian Federation in the field of healthy nutrition of
the population for the period up to 2020» one of the main
tasks is to implement the set of measures aimed at creating
conditions that ensure the satisfaction, in accordance with
the requirements of medical science, of the needs of dif-
ferent groups population in healthy nutrition, taking into
account their traditions, habits and economic situation [1].
Today has been developed the «Concept of development of
production of functional products in the Russian Federa-
tion», providing use of progressive methods of receiving or-
ganic livestock raw materials with certain functional char-
acteristics and structure by lifetime formation of functional
and technological properties. At the same time, to ensure
normal life and to increase the productivity of animals, it
is necessary to create a solid food base by developing bal-
anced diets for the complex of basic nutrients and mineral
supplements for the missing macro — and microelements
[2]. The problem of feed quality has a global scale and re-
quires more attention to the management of the technolog-
ical chain «feed-product-consumer» [3]. Thus, solving the
problem of animal health, we ultimately solve the problem
of human health and the nation as a whole [4,5].

Providing the consumer with meat products of func-
tional orientation should be carried out through an inter-
connected sequence of individual links of a single trophic
chain «from the field to the counter», giving the product
functional properties — through the directed lifetime for-
mation of the given characteristics of livestock raw materi-
als used in their production [6]. This approach allows to
enrich products with essential nutrients, eliminating the
risk of overdose. As you know, minerals are a structural
material in the formation of tissues, organs, are part of or-
ganic substances involved in the processes of respiration,
hematopoiesis, digestion, absorption, synthesis, consump-
tion and release of metabolic products from the body, are
interrelated with the activities of many biologically active
substances and, generally, affect the metabolism and nu-
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CospaHre OTe4eCTBEHHBIX MSACHBIX IPOAYKTOB, 000-
Tal[eHHbIX MUKPO3I/IEMEHTaMy aKTyaJbHO, ObecrednT
HaceJIeHNe AYeTUYeCKIIMIU IPOAYKTaMU C BBICOKVMMIU Op-
FaHOJIENTNYIECKMMU ¥ QYHKIVIOHATBHBIMI CBOICTBAMIL.
VIX pOM3BOACTBO MMeeT Ba)KHOE MeJUKO-COLMaIbHOe
3HaueHue Jyisi NpOPUIAKTUKY AeUITAa MUKPOIJIEMeH-
TOB B OpraHy3Me, IOBbILICHNS IMMYHNUTETa, HOPMaJIN-
3aryy 0OMeHa BellleCTB U 9HAOKPUHHOI cucteMsl. [Ipo-
NYKTbl PEKOMEHIYETCsl MCIIONb30BaTh I KOPPEeKIUN
0€e/IKOBOTO, YITIeBOHOTO, >KMPOBOTO ¥ MMHEPAJTbHOTO
0OMEHOB BelIeCTB.

bnarogaprocTun

VccnemoBaHme BBIIONHEHO 3a cYeT rpanTa Poccuiicko-
ro HayyHoro ¢onpa (I[Tpoext Ne 15-16-10000).

merous physiological functions of the body. Iodine, sele-
nium and zinc have high importance in the metabolic pro-
cesses of the body. In this regard, the use of organic forms
of these elements as part of protein-carbohydrate complex-
es in the feeding of farm animals is one of the safest and
most cheep methods of obtaining enriched meat and dairy
raw materials [7,8].

One of the ways to produce high quality mutton, which
provides a person with the necessary microelements, is the
lifetime optimization of the chemical composition of meat
by correcting diets by enriching them with essential nu-
trients [6]. Application of protein-carbohydrate complex
with organic form of iodine and selenium contributes to
increased digestibility and digestibility of feed, stimulation
of growth and development of animals, increased nonspe-
cific immunity, which together leads to high productivity
and improve the quality of meat raw materials [7].

Therefore, the optimization of sheep diets with feed
supplements containing iodine and selenium in organic
form for the production of lamb enriched with trace ele-
ments for its use in the formulations of products of func-
tional orientation is an urgent task for the realization of the
food security program of the Russian Federation.

In order to optimize the chemical composition of meat
in vivo for the further production of functional products
from mutton, the authors set the task to study the effi-
ciency of the use of feeds enriched with organic forms of
iodine, selenium and zinc («Yoddar-Zn» and «DAFS-25»)
in feeding lamb.

«Yoddar-Zn» (reg. Ne PVR-2-10.9/02488 from 29.12.2014)
as an active ingredient contains iodized cow’s milk pro-
teins, organic zinc compounds (amino acids). «<DAFS-25»
(TU9337-001-26880895-96) is an organic form of seleni-
um obtained by chemical synthesis.

Objects and methods

The experiment was conducted on the basis of SPK col-
lective farm «Romanovsky» Saratov region. The rearing of
lambs was carried out by the koshary-base method. From
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Table 1. Scheme of the experiment (n=10).
Group Control I experimental II experimental III experimental
feed additive MD  main diet (MD) + «Yoddar-Zn» main diet (MD) + «DAFS-25» main diet (MD) + «Yoddar-Zn» + «DAFS-25»

Table 2. Scheme of the experiment (n=6)

Characteristic of groups Control I experimental II experimental III experimental
Animal condition at the beginning of the experiment clinically healthy
. . .. main diet (MD) + main diet (MD) + main diet (MD) +
Diet of laboratory animals main diet (MD) snacks (I) snacks (Se) snacks (I-Se)
The amount of introduction — 3-5 3-5 3-5

fractional 2 times fractional 2 times fractional 2 times

Mode of introduction - a day aday aday

4.5 months of age, all animals were put on a 4 — month  perimental-additional dry-cured snacks of lamb enriched
intensive feeding on natural pastures (the end of feeding-at ~ with iodine (I); IT experimental-lamb snacks enriched with
8.5 months of age). To conduct the experiment in the flock  selenium (Se); III experimental — lamb snacks enriched
of Stavropol breed lambs at the age of 4.5 months by the  with iodine and selenium (I-Se). The scheme of the experi-
method of analogues four groups of experimental animals ~ ment is shown in Table 2.
0f 10 heads each were formed. Feed supplements were add- The studies were performed in accordance with the
ed in addition to the main diet according to the instructions ~ «Rules of laboratory practice in the Russian Federation»
for use once a day along with grain feed (barley turf) inan  (Order of the Ministry of health of the Russian Federation
amount of 10 % of their quantity. Dosage «Yoddar-Zn» -100  Ne 708n from 23.08.2010) and guidelines with the «Guide-
g per 1ton of feed, «<DAFS — 25» — at the rate of .6 mg per  lines for preclinical studies of drugs. Part one» (2012). Ex-
1 kg of feed in the premix. The control group received to the =~ periments on animals were performed in accordance with
main diet only barley turf in the amount of 250-300 grams  the rules adopted by the European Convention for the pro-
per head in a day day (MD); I experimental — barley turf  tection of vertebrate animals used for experimental and
+ feed additive «Yoddar-Zn»; II experimental-barley turf +  other scientific purposes (European Convention for the
selenorganic drug «DAFS-25»; III experimental-barley turf ~ Protection of Vertebrate Animals Used for Experimental
+ «Yoddar-Zn» + «DAFS-25» (Table. 1). and other Scientific Purposes (ETS123). Strasbourg, 1986).
Identical methods of transportation and pre-slaughter ~ The studies were carried out in accordance with the ap-
preparation of animals were used in all experiments. At  proved written Protocol and in accordance with the stan-
the end of the experiment (255 days) by the method of  dard operating procedures of the researcher (SOP).

VISION1985 control slaughter of 40 experimental animals The design and organization of the study are aimed at
in the conditions of SEC collective farm «Romanovsky» of  solving the goal and are based on the General principles
the Saratov region was made. of the organization of research on biological research on

The butchering and deboning of the carcasses were sent  laboratory animals. The newly arrived animals were quar-
in a refrigerated state after 24 h after slaughter. For research ~ antined for 7 days in cages in a separate room. During the
were selected samples of m. longissimus dorsi of the control ~ quarantine period were monitored the clinical indicators of
and experimental groups, Packed in polyethylene-polyamide  animals health status. Animals were maintained in the vi-
film and conducted research at the below described methods.  varium according to the sanitary rules and standard diet in

The mineral composition of muscle tissue of lamb and  accordance with the Order of MH of the USSR Ne 1045-73
finished products was characterized by the presence and  from 06.04.1973, good laboratory practice and the order of
content of trace elements (Se, Zn, I). In determining the = the Russian Ministry of health No. 1179 from 10.10.1983 in
mineral composition was guided by the state Standards  polycarbonate cages with 6 animals in each. Wood sawdust
(GOST 26927-86, GOST 26930-86) and recommended  were used as a litter. Rats contained separately (in separate
instructions by the scientific Council on analytical meth-  rooms). For feeding used dry briquetted fodder PK-120
ods (NCAY3, 160x, 172x, 138x, 450C). Determination of = GOST R51849-2011 R. 5 (Laboratorkorm, JSC, Moscow).

macro-and microelements was carried out by atomic ab-  For drinking was used tap water, which was given by ad
sorption spectroscopy. libitum from standard drinkers. The temperature (20-

In order to assess the biological value and preventive ef- ~ 22°C) and humidity (60-70 %) of the air were monitored
fect of dried lamb snacks enriched with essential micronu-  in each room daily and the indications were documented.

trients, biological studies of the effect of functional prod-  The rooms were supported by natural and artificial lighting
ucts on metabolic processes in animals were conducted. As (12 hours of light/12 hours of darkness). Selection of animals
laboratory models were used male rats of Wistar (Wistar)  in groups was carried out randomly by «random numbers»,
weighing 50-65 g. For the experiment, was formed on the  using body weight as a criterion. Individual values of body
principle of analogues of the four groups of 6 animals each.  weight did not deviate from the average value in the group
The control group received the usual Vivar diet (RR); I ex- by more than 10%. Animals were weighed on the scales

82



2018 | N23 TEOPUS1 U NPAKTUKA NEPEPAGOTKN MSICA

PA2102C (OHAUS). The mass of the animals specified in
the period of drug introduction. Each animal had a distinct
mark (picric acid solution); the label on the cell indicates
the name of the experiment, its duration, group number,
number of animals, the person in charge. Within 70 days,
the General condition and behavior of animals were moni-
tored; the clinical condition of animals was recorded daily,
behavior, feed and water intake were noted; the condition
of the hair, mucous membranes and etc. were taken into
account. Experimental and control animals were weighed
before administration of the drug, as well as weekly until
the end of the experiment. At the end of the experiment,
all animals were taken blood samples in vacuum tubes for
in vitro diagnostics «Improvacuter» (Guangzhou Improve
Medical Instruments Co. Ltd, China). For hematological
studies, 0.5 ml of blood was collected in tubes with EDTA
anticoagulant, for biochemical tests — 1-2 ml in tubes us-
ing thrombin as a clot activator.

The morphological composition of blood was studied
using HemaScreen Vet (Hospitex Diagnostics, Italy) He-
matology analyzer. Biochemical parameters of blood se-
rum (total protein, albumin, calcium, phosphorus, mag-
nesium, potassium, glucose, cholesterol, amylase activity,
alanine aminotransferase and aspartate aminotransferase)
were determined by biochemical analyzer BA-88A Min-
dray (Shenzhen Mindray Bio-Medical Electronics Co., Ltd,
China) using reagents of «Hospitex Diagnostics» (Italy)
production. Hormonal status of the investigated animals
was determined by ELISA with the use of diagnostic sys-
tems «C-ELISA» LLC «<HEMA», automatic tablet photom-
eter PLATE SCREEN, «Hospitex Diagnostics» (Italy).

Statistical processing of the obtained results on the dy-
namics of changes in hematological and biochemical pa-
rameters of blood serum and urine indices was carried out
according to standard procedures, using the application
Microsoft Excel 2010 (Microsoft Corp. USA) and statistical
package data analysis StatPlus 2009 Professional 5.8.4 for
Windows (StatSoft Inc., USA)., using student’s t-test to as-
sess the validity of differences between samples for experi-
mental and control experiments. Based on the results of
calculation of the arithmetic mean and standard deviation
for this sample, the standard error of the arithmetic mean
and the boundary of its confidence interval were deter-
mined taking into account the student coefficient t (n, p) at
the significance level of 95% (p = 0.05) and the number of
measurements. The significance of differences between the
mean values in experimental and control experiments was
evaluated by p-value in the variant of two-sample unpaired
t-test (two-sample unpaired t-test) with unequal variances.
Differences were accepted as accurate when the following

Table 3. The content of trace elements in 100 g depending on the diet

Indicator Control I experimental II experimental III experimental
Zinc, mg 0.492+0.11 0.806+0.14 0.470+0.10
Selenium, mg 9.8+0.23 13.4+0.17 19.3+0.19
Iodine, mg 68.5+0.26 76.40+0.18 68.60+0.23

inequality is satisfied P > 0.05. In addition, in these cases,
the observance of inequality t, t (n, p) at n = (df +1) (where
df is the number of degrees of freedom), p = 0.05,

‘xl _x2|
[=—————
(sl2 +522)”2 ’

where X, ML X, are arithmetic means, sl and s2 are their stan-
dard errors for two samples of experimental data [9] was
also monitored.

Results and discussion

The content of zinc, iodine and selenium in mutton is di-
rectly dependent on the content of these trace elements in
the diet, and their more significant localization is recorded in
the meat of sheep of the third experimental group (Table. 3).

Thus, it was found that the enrichment of diets, organic
forms of selenium and iodine in the technology of growing
small cattle is promising and relevant and allows you to
get lamb with high nutritional and biological value (Fig. 1).
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Figure 1. The content of 100 g of lamb depending on the diet: (A) zinc,
(B) selenium, (C) iodine
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To study the dynamics of changes in the concentration
of trace elements during of the processing in the produc-
tion of lamb were developed snacks from m. longissimus
dorsi rams of different groups.

It was found that the iodine content in m. longissimus
dorsi of lamb of the I experimental group receiving ad-
ditional «Ioddar-Zn» exceeded the content in the control
group by 11.53% (P <0.001); zinc content — by 63.82%
(P <0.001). Selenium content in m. longissimus dorsi of
lamb of the II experimental group receiving in addi-
tion «DAFS-25» was higher, than in control by 96.94 %
(P <0.001). The content of selenium in the muscle m. lon-
gissimus dorsi of lamb of the III experimental group re-
ceiving jointly «Yoddar-Zn» and «DAFS-25», in 5.5 times
(P <0.001) exceeded its content in control, and the content
of iodine and zinc — on 13.29% (P <0.001) and 99.19 %
(P <0.001). On the basis of more significant localization of
trace elements in lamb III experimental group of raw ma-
terials of this group were made chips dry-cured «Volga»
(TU9213-012-00493497-2012).

For the manufacture of dry-cured chips «Volga» the
lamb (of the longest muscle of a back, part of the hip, eye
muscle) freeze, cut on the slicer into thin slices, and salted
wet method and dried in a climate chamber at 30 °C and
relative humidity of 75-78 % to purchase of the product
necessary consumer properties. Packaging of chips was
made on the vacuum line type Multivac R530 and Su-
pervac, using packages type Cryovac TM-DLY9235. The
technology allows you to store chips at a temperature of
12-15°C for 6 months in a closed package.

Analysis of the results of the chemical composition of
dry-cured chips enriched with trace elements, indicates
their high nutritional value (Table. 4).

Table 4. Physico-chemical characteristics of potato chips «Volga»
Name of the indicator

Name
of the Mass Mass Mass Mass
product fraction of fractionof fractionof fraction of
protein, % fat, % moisture, % table salt, %
«‘cfl(’)ilg’:» 485 11.0 38.7 1.8

The study of the changes dynamics in the concentration
of trace elements in snacks showed that during process-
ing the zinc content in the product decreased by 21.3 %,
iodine — by 26.5%, selenium — 16.3 % and amounted to
0.771 mg/kg, 57.01 mg/100g and 39.72 mg/100g, respec-
tively (P <0.001).

Due to the fact that dry — cured snacks are a product
of long-term storage, the effect of shelf life on the loss of
trace elements was studied. It was found that zinc losses in
snacks, packed by vacuum during storage for 3 months de-
creased by 11.3 %, iodine-by 14.3 %, selenium-by 12.6 % of
the original and amounted to 6.84 mg/kg; 34.72 mg/100g
and 48.86 mg/100g, respectively (Table 5).

Thus, the content of zinc in dried snacks «Volzhs-
ky» after 3 months of storage was 5.7; selenium-49.6 %;
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iodine-32.6 % of the daily needs (Fig. 2) that in this case
for iodine and selenium corresponds to the principles of
enrichment: 15-50 % in the average daily portion (100g) of
the physiological norm.

Table 5. Dynamics of trace elements content in 100 g products

. After After storage
Indicator In raw meat .
processing for 3 months
Zinc, mcg 0.980+0.12 0.771+£0.23 0.684+0.15
Selenium, mcg  53.90+0.41 39.72+0.42 34.72+0.17
Iodine, mcg 77.60+0.31 57.01+£0.22 48.86+0.21
< 9.5-15.0
16.0 - ///
140 1 /"7
1207 ~
100 7 - ’
80 77~
60 77
40 // 0.980 0771 0.684
N 4 — A—
00 ' — . —_
In raw meat After processing  After 3 months Daily need, mg
storage
130,0-200.0
200 -
180 I
160 - T
140
120 - 7 — 30.0-75.0
100 ~ 539 57.01
gg | 39.72 3472 4886 -
40 . | T 7
i

In raw meat After processing After 3 months Daily need, meg

storage
B

Figure 2. Dynamics of content (a) of zinc, (B) selenium and iodine in
100g of the finished product during storage

Thus, optimization of feeding of small cattle for zinc,
iodine and selenium by enriching their diets with feed
supplements «Yoddar-Zn» and «DAFS-25» had a posi-
tive impact not only on the quality of raw meat, but also
contributed to the production of micronutrient enriched
lamb for functional nutrition. The developed technology
of dry-cured snacks enriched with organic forms of zinc,
selenium and iodine will partially compensate for the defi-
cit of these trace elements in the diet of the population.
So, given that the average daily requirement of an adult
in zinc-12 mg/day; in iodine-150 mg/day; in selenium-70
mg/day consumption of 100 g of snacks per day will con-
tribute to the compensation of the daily requirement for
zinc-by 5.7 %; iodine-by 32.6 %; selenium-by 49.6 %.

In the course of the experiment in vivo to study the
physiological effects of the developed product in a liv-
ing organism is established that in the groups of rats to
which the composition of the diet was introduced foods
fortified with selenium, and the selenium in combination
with iodine, the total number of leukocytes was signifi-
cantly higher compared to control group (Table 6). These
changes correlate directly with the number of lymphocytes
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Table 6. General blood test of laboratory animals (n=6)

Point

1. Indicator Measure I experimantal
1 WBC x109/L 7.97 £2.67
2 LYM x109/L 4.70+£1.96
3 MID x109/L 1.73£0.48
4 GRA x109/L 1.53+£0.24
5 LYM % 55.00+5.89
6 MID % 22.40+2.05*
7 GRA % 22.60+4.02
8 RBC x109/L 8.07£0.41
9 HGB g/L 121.33+6.98*

10 MCHC g/L 295.67 £6.89
11 MCH Pg 15.03+0.12

12 MCV Fl 50.80+1.01*
13 RDW-CV % 14.53+0.75

14 RDW-SD Fl 37.00x£2.71
15 HCT % 41.00+1.53*

16 PLT x109/L 615.33+90.29

17 MPV Fl 6.43+0.17

18 PDW Fl 4.50+0.55

19 PCT % 0.40£0.20

20 P-LCR % 8.10+1.01

*P< 0.05 relative to control

IT experimantal

11.78 +1.38*
7.92+0.98*
2.08+0.20*
1.78 £0.24
66.70+1.01*
17.90 +0.82
15.40 +0.90%
7.51+0.25
115.83 £3.15*
305.33+2.94
15.45+0.20*
50.60+1.10*
14.47 +0.45
36.60 +1.30*
37.95+1.03*
620.17 +87.68
6.15+0.13
5.07£0.26
0.38+0.06
7.10+1.04

III experimantal

13.47 +0.80*
8.60£0.59*
2.42+0.25*
2.45+0.17

63.63 +1.85*
17.83+1.24

18.53+1.23*
7.11+£0.29

107.50+3.31
307.50+3.51

15.17 +0.33*
49.30+0.63
14.20+0.13

35.00£0.55*
35.00+1.20

587.50+30.20
5.92+0.14
4.57+0.20
0.35+0.02
5.83+1.41

Control

7.12+0.73
3.72+0.41
1.28+0.12
2.12+0.34
52.46+2.81
17.88+0.76
29.66 +2.95
7.18+0.26
101.20+4.21
298.40+2.77
14.10+0.29
47.22+0.65
13.96 +0.21
32.94+0.60
33.90+1.18
519.20+80.24
6.22+0.16
4.84+0.12
0.32+0.07
7.02+0.86

and medium cells in peripheral blood, which indicates an
increase in resistance in animals. Along with this, signifi-
cantly higher hemoglobin concentrations and, as a con-
sequence, higher rates of average hemoglobin content in
erythrocytes, as well as the average volume of red blood
cells in animals of these groups compared with the control
were revealed. This fact indicates the stimulating effect of
selenium and iodine on the hematopoietic function of the
bone marrow in the body of experimental animals.

In addition, biochemical blood tests revealed signifi-
cantly higher transaminase activity (Alt and AST) in the
experimental groups of animals compared to the control
(Table 7).

These changes are directly proportional to the total pro-
tein, glucose and amylase activity in the blood serum. This

Table 7. Biochemical blood analysis of laboratory animals (n=6)

PI(:::-H Indicator Measure I experimantal
1 AsT U/l 101.10+12.29
2 AIT U/l 118.20 +4.43%
3 Common protein g/l 143.30+29.73
4 Glucose mmol/l 12.20+2.35*
5 Amylase ui 547.80+32.72%
6 Calcium mmol/l 2.40+0.10
7 Phosphorus mmol/l 2.00+0.32
8 Magnesium mmol/l 1.30+0.17
9 Cholesterol mmol/l 2.30+0.06
10 Potassium mmol/l 5.40 +0.60*
11 Albumin g/l 9.2+4.84*
12 Lipase un 23.1£2.72

*P< 0.05 relative to control
Note: AsT — aspartate aminotransferase

AIT — alanine aminotransferase
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indicates an increase in the conversion of feed nutrients
in experimental animals, as evidenced by the increase in
serum protein in animals, which were introduced into the
diet products enriched with essential trace elements. In-
creased conversion of feed nutrients has led to an increase
in amino acids, which are a substrate for transamination,
which leads to the activation of transaminases within the
physiological boundaries of the norm. Aminotrasferase is
cleaved from the amino group of amino acids and transfer
them to acceptor molecules with the subsequent formation
of irreplaceable and replaceable amino acids used as ener-
gy source. The increase in energy metabolism in the body
of experimental groups of animals can be judged by the ac-
tivity of amylase and serum glucose concentration, which
in these animals also increase relative to control. However,

II experimantal III experimantal Control
146.85+£9.91* 124.20+22.49 84.10+12.94
123.72+4.97* 120.40 +16.95* 80.10+8.37
132.67 +£13.50% 106.10 +13.41 89.23+£12.67
8.79+0.40* 8.40+1.12* 3.52+0.45
529.00+18.68* 558.40 +59.83* 394.54+39.03
2.61+0.22 2.7%0.15 2.79+0.31
1.72+0.18 1.60+0.18 2.19+0.24
1.25+0.06 1.30+0.19 1.35+0.06
2.24+0.06* 2.50+0.19* 3.82+0.52
4.64+0.57 5.40£0.53* 3.92+0.29
19.35+8.94 20.50+7.41 26.9+3.59
21.50+1.19 34.10+7.62 22.68+2.35
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Table 8. Hormonal screening of laboratory animals (n=6)

P::(l)nt Indicator Measure I experimantal II experimantal III experimantal Control
1  Thyroid stimulating hormone ulU/ml 3.00+ 0.67 2.85+0.51* 2.55+0.56 2.52+0.29
2 Triiodothyronine nmol/l 1.43+0.20* 1.55+0.41 2.23£0.56* 3.92+0.50
3 Comon thyroxine nmol/l 34.13+£7.16* 40.32+5.12* 47.98 +£5.48* 67.84+5.93

*P< 0.05 relative to control

these indicators do not exceed the reference values for this Conclusion

animal species.

During the study of the functional activity of the thy-
roid gland, it was found that in animals of the experimental
groups the concentration of thyroid stimulating hormone
in the blood serum was significantly higher than in rats
from the control group (Table 7).

Given the fact that thyrotropin regulates the function of
the thyroid gland, this change can be regarded as a positive
effect of products enriched with essential trace elements on
the functional activity of the thyroid gland and as a conse-
quence on the metabolic processes in animals. This fact is
confirmed by the dynamics of live weight gain in experi-
mental and control rats (Fig. 3).
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Figure 3. Dynamics of live weight of experimental rats, g

So in the course of the experiment it was found that
the dynamics of live weight gain in rats, the diet of which
included snacks from mutton, enriched with both iodine
and selenium, and iodine and selenium together, was sig-
nificantly higher than in the control group of animals.

Thus, optimization of diets of small cattle for zinc, io-
dine and selenium by enriching diets with feed supple-
ments «Yoddar-Zn» and «DAFS-25» had a positive impact
not only on the productivity of animals, but also contrib-
uted to the production of lamb for further production of
functional meat products. The technology of dry-cured
snacks from mutton enriched with organic forms of zinc,
selenium and iodine is developed. The positive effect of
the developed snacks from lamb enriched with iodine,
selenium and zinc on metabolic processes in the body of
experimental animals is experimentally proved, which
confirms the feasibility of their use in the correction of
protein, carbohydrate, fat and mineral metabolism. These
trace elements, which are part of this product, have high
bioavailability, which contributes to the normalization of
physiological functions of the body in alimentary insuffi-
ciency. The creation of domestic meat products enriched
with trace elements is important to provide the population
with dietary products with high organoleptic and func-
tional properties. Their production is of great medical and
social importance for the prevention of micronutrient de-
ficiencies in the body, improve immunity, normalization of
metabolism and endocrine system. The products are rec-
ommended for correction of protein, carbohydrate, fat and
mineral metabolism.
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OBO3HAYEHNA 1 COKPAIIEHIA:

WBC (white blood cells — 6eAble KpoBAHbIE TeAbLIA) — AENKOLMTbI
B aBCOAOTHBIX YUMCAAX

RBC (red blood cells — KpacHble KpOBSiHble TeAbL@) — 3PUTPOLIMTI
B aBCOAOTHBIX YUMCAAX

HGB (Hb, hemoglobin) — remMorr06uH, KOHLEHTpauus B LEAbHOM
KpOBU

HCT (hematocrit) — rematokput

PLT (platelets — kpoBsHbIE MAACTUHKW) — TPOMOOLIUTLI B aBCOATHBIX
yncnax

MCV -cpeaHuit 06bem apuTpoLmTa

MCH — cpeaHee copepxaHue reMornobuHa B OTAEAbHOM 3pUTPOLMTE

MCHC — cpeaHAst KOHLEHTPaLUUsa reMornobuHa B aputpoumTe

MPV (mean platelet volume) — cpeaHuii 06bem TpoM6OOLMTOB

PDW — OTHOCWTEAbHAA LUMPUHA pPaCNpPeAeAeHUs TPOMOOLIMTOB
no o6bLEMY

PCT (platelet crit) — TpomboKpUT

LYM% (LY%) (lymphocyte) — OTHOCUTEABHOE COAEPXaHWE AUMOO-
LMTOB.

LYM# (LY#) (lymphocyte) — abcoAtoTHOe copepxaHne AMMOOLIMTOB.

MID% — OTHOCUTEABHOE COAEPXaHWe CMecH MOHOLMTOB, 6a30pUAOB
1 303UHODUAOB.

MID# — abcoAOTHOE COAEpXaHWe CMecu MOHOUMTOB, H6a3opuAoB
1 303UHODUAOB.

GRA% — oTHOCHTEAbHOE (%) COAEPXAHWUE TPaHYAOLIMTOB.

GRA# — abCOAIOTHOE COAEPXAHME TPAHYAOLIMTOB.

RDW-SD — oTHOcUTEAbHas LIMPWHA pacnpeAeneHUss 3PUTPOLMTOB
no 06bEMY.

RDW-CV — oOTHOCUTEAbHAsA LMPUHA pacrnpeAereHnss SPUTPOLMTOB
no 06bEMY.

P-LCR — ko3 dUUMEHT HOAbLLMX TPOMOOLIMTOB.

DESIGNATIONS AND ABBREVIATIONS:

WBC (white blood cells) — leukocytes in absolute numbers
RBC (red blood cells) — erythrocytes in absolute numbers
HGB (Hb, hemoglobin) — hemoglobin concentration in whole blood
HCT — hematocrit

PLT (platelets) — platelets in absolute numbers

MCV — mean erythrocyte volume

MCH — mean amount of hemoglobin in individual erythrocyte
MCHC — mean concentration of hemoglobin in erythrocyte
MPV — mean platelet volume)

PDW — relative width of the platelets volume distribution

PCT — platelet crit

87

LYM% (LY%) (lymphocyte) — relative content of lymphocytes

LYM# (LY#) (lymphocyte) — absolute content of lymphocytes

MID% — relative content of the mixture of monocytes, basophils and
eosinophils

MID# — absolute content of the mixture of monocytes, basophils
and eosinophils

GRA% — relative (%) content of granulocytes

GRA# — absolute content of granulocytes

RDW-SD — relative width of the erythrocyte volume distribution

RDW-CV — relative width of the erythrocyte volume distribution

P-LCR — ratio of large platelets
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Opuzunanvnas HayuHas cmamos
MHOTOKPUTEPUAJIbHASA OIITUMMU3ALINA
PELHEIITYPHOI'O COCTABA ITPOIYKTA

Huxurnaa M.A.%, Yepnyxa V.M.
DenepanbHbIil HAYYHBI LEHTP MNIIEBBIX cycTeM M. B.M. [opbarosa PAH, MockBsa, Poccus

Kntrouesvte cnosa: Hapemo-onmumaﬂbﬂoe MHOMHCeCM B0, MHOMCeCma0o Hebomuﬂupyemmx anvmepHamue,
MHOOKPpUmMepuanvHas Oonmumu3ayus

Annomauus

Hayunoe nanpasnenue mM00enuposanus MHO20KOMNOHEHMHbIX NULLEBIX NPOOYKIMO6 C onpedenieHHbIM HA0pOM nokazamernei
NUU4eB0Ll U SHep2emuUecKoll UeHHOCMY 00 CUX NOP aKMYAanbHO 60 6ceM Mupe. B Hacmosujee 6pems XOpOUL0 U3yueHvl Marmema-
muueckue 0CHOBbI petieHust 3a0a4 no 00HoMY Kpumeputo (00HOKpumepuanvHas onmumusayus). OOHAKo 8 pasnuuHvIx 06nacmsx
UHIHCEHEPHDIX PetdeHUt], HAYYHO-UCCTIE008AMeNbCKOLE U YNPABTIeHHecKOl 0esmenbHOCHU 6CMPeYamcs MHO2OKPUMepUAanbHble
3a0a4u, 8 KOMOPbIX CUCIHIEMY HEOOX00UMO ONMUMUUPOBAIMDL NO HECKONLKUM KPUmMepUusm o00HospemeHHo. Llenv pabomoi meo-
pemuueckoe 060CHOBAHUE MeHO00NI02UL MHOZOKPUIMEPUATILHOT MOOEIU ONUMUAUUL Pel,eNnnyPHO20 COCNABA NULLe6020 NPo-
0yKma 6 pasnuuHbLX NOCMAHOBKAX OIS PA3TUMHBLX KPUMepues nuu4esoti, 610102u4ecKoll, IHepeemu1eckoti ueHHOCMmu, a max-
JHe AMUHOKUCTIOMHO20, HUPHOKUCTIOMHO20, BUMAMUHHO20 U MUHEPAnbHo20 coomeemcmeust. IIpednazaemcst Ucnonb308amo
apexmusHbLii Mermoo MHO20KpUmMepuanvHoti onmumudavyuu — memoo Iapemo. B céasu ¢ mem, umo Ilapemo-onmumanvHoe
petueriie Moxcern Obimb He eOUHCIMBEHHbIM 0aHo onpedernerue [1apermo-onmumManvHo20 MHOMECMBA peuleHUll, KaK MHOMecmea
HeOOMUHUPYeMbIX ANbmepHAMue. Aemopamu npeonazaemcs He 6bi0e/sIMb HEOOMUHUPYIOUiUE BAPUAHIBL NPOOYKINOE NUMa-
HUST, A HECKOJIbKO PACUAUPUND HOOMHONECIBO NyeM 6bl0e/IeHUs 8 UCXOOHOM MHOMeCBe A0Pd, 6ce AnbMepHAMUBbL KONOPO20
HecpasHumbl mexdy coboil, u 110001l 8apuarm, Heeouleduiuil 8 s0po, OOMUHUPyemcsi xoms Ovl 00HOL AnvmepHAMUBoLl A0pa.
Janvetiuiee yceuenue 6apuarmos mosxcem 6vims 00cmuzHymo 3adaruem opyaux 6osiee HecmKux 02panueruil, Hanpumep, yse-
JiuveHueM 1op0o206020 3HaueHUus: unoexca coenacus C u ymeHvuleHuem nopoza undexca Hecoenacus. Vlcnonv3osanue it-mexHono-
2uil, peanusyemvlx Memooamu MHO20KPUMEPUATIOHOTI CIMPYKINYPHOTI ONMUMUAUUU U MAMEMAIMUYECKO20 NPO2PAMMUPOEAHUS,
KOMOopble NO360TIAIOM CKOPPEKIMUPOBAMD U ONMUMUSUPOBAND Del,enypbl NULLEEbIX NPOOYKINOE MO PATIUMHBIM KPUMEPUIM
HeuHeliH020 xapaxmepa, CIMPYKmMypuposamv NOyHeHHOe MHOMECTNB0 A/lbMePHAMUS U ONpedesiumb ONMUMATbHBLL 8aPUAHIN
peuenmypot nuUEe6020 NPOOYKMaA 3a0aHH020 KA4ecmea, COCMABa U C60LICINE UM PALUOHA NUMAHUS O7I onpedeneHHOL Kame-
eopuu modeti ¢ yuemom neuedHo-nPoPuUNAKMUUecKoll HANPABTIEHHOC.

Original scientific paper

MULTI-CRITERIA OPTIMIZATION OF A PRODUCT
RECIPE COMPOSITION

Marina A. Nikitina*, Irina M. Chernukha
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

Key words: Pareto-optimal set, set of non-dominated alternatives, multi-criteria optimization

Abstract

The scientific direction of multicomponent food modeling with a certain set of indicators for nutritional and energy values is still
topical in the whole world. At present, the mathematical foundations of solving tasks by a single criterion (single-criterion optimi-
zation) are well studied. However, multi-criteria tasks, in which a system is to be optimized by several criteria simultaneously, exist
in various fields of engineer solutions, research and management activities. The aim of the work is to theoretically substantiate the
methodology of the multi-criteria model of food recipe optimization in different settings for different criteria of nutritional, biologi-
cal and energy values, as well as amino acid, fatty acid, vitamin and mineral adequacy. It is proposed to use an effective method of
multi-criteria optimization — the Pareto method. Since the Pareto-optimal solution can be not the only one, the definition of the
Pareto-optimal set of solutions is given as a set of non-dominated alternatives. The authors propose not to select non-dominative
options of food products, but slightly extend a subset by choosing a nucleus in the initial set, in which all alternatives are incompa-
rable to each other and any option that is not included in the nucleus is dominated by at least one alternative of the nucleus. The
following reduction of the options can be achieved by imposing other tighter constraints, for example, by increasing the threshold
value for the index of agreement C and decreasing the threshold value for the index of disagreement. The use of the I'T-technologies
realized by the methods of multi-criteria structure optimization and mathematical programming allows correcting and optimizing
food recipes by different criteria of the non-linear character, structuring the obtained set of alternatives and detecting the optimal
food recipe option with the targeted quality, composition and properties or a diet for a particular population category with consid-
eration for the therapeutic and prophylactic direction.

ANA UUTUPOBAHUA: HuxkutuHa M.A., YepHyxa U.M. MHorokputepuanbHasa onTMMU3aLUA peLLenTypHOro coctaBa NpoAyKTaro TeopHus U NpaKTUKa nepe-
pabotku msaca. 2018; 3(3): 89-98.D0I 10.21323/2414-438X-2018-3-3-89-98

FOR CITATION: Nikitina M. A., Chernukha I. M. Multi-criteria optimization of a product recipe composition. Theory and practice of meat process-
ing. 2018; 3(3): 89-98. (In Russ.). DOl 10.21323/2414-438X-2018-3-3-89-98
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BBenenne

Cpeny MHOXXeCTBa GaKTOPOB BHEIIHEI CPeJibl, OKa3bl-
BAIOIMX BO3JENICTBME HAa OPraHM3M ue/IoBeKa, IMUTaHNe
ABJIAETCA ONHMM 13 HaMBaKHelmux. Hapymenus rome-
ocrasa Hayubojee 4YacTO IPOSBIAITCA CUMIITOMOKOM-
[UTEKCaMy HEJOCTATOYHOCTI OenKOBOIl, OeTKOBO-IHEp-
TeTUYECKOl, BUTAMMHHON M MUHEPalIbHON IPUPOJBL,
4TO INPUBOAUT K OCTAONIEHMI0 MMMYHOOMOTOTMYeCKO
PE3UCTEHTHOCTM OPIaHM3MA, B Pe3y/AbTaTe Yero MOLYT
BO3HUKHYTb MH(QEKLIMOHHbIe 3a00/eBaHNs, CHIDKEHUe
3¢ PeKTMBHOI MeMKaMEeHTO3HOI Tepamni.

[IpyopuTeTHBIMM 3aZa4aMy TOCYLAPCTBEHHON I1OIN-
tuku Poccuiickoit @emeparuu B 06/1acTi 310pOBOTO N~
TaHUA ABJIAITCA yBeIueHye IPOU3BOACTBA I pacIlupe-
HJle aCCOPTMMEHTA MUILEBBIX MIPOAYKTOB, 0OOTaI[eHHbIX
(YHKIMOHA/IbHBIMI MHTPEAVYEeHTaMH, CIIelMaTN3UPOBaH-
HBIX IIPOAYKTOB NIATAHVS, IPOAYKTOB PYHKIVIOHAIBHOTO
Ha3HAuYeHMs, B TOM 4YMC/Ie JJIsl MUTAaHNSA B OPraHU30BaH-
HBIX KOJIIEKTUBAX, M OMONOTMYECKM aKTUBHBIX JOOABOK
K nue [1].

HoBble yMHbBIE TeXHOJIOTMN i/ IIPOM3BOJCTBA CIIELIN-
a/NM3MpPOBaHHBIX IPOJYKTOB, OPMEHTUPOBAaHHbIE Ha Ilep-
COHa/MM3ALVI0 MUTAHUA, 6A3MPYIOLeCs: Ha BHEAPEHUN
1MPPOBBIX TEXHOMOTWIA, TO3BOJIAT PACIIMPUTH aCCOPTU-
MEHT NUIEBBIX IPOAYKTOB, 4TO OyfieT cliocoOCTBOBAThH
HpeyIPeKACHNIO PasBUTUA MHOTUX HeMH(QEKIVOHHBIX
3a0071eBaHIL.

B HacrosAmee BpeMA 1A MPOEKTUPOBaHUA PELENTYp
MHOTOKOMITOHEHTHBIX NNILEBbIX IPOJYKTOB B OCHOBHOM
UCIOIb3YIOTCA METOAbl NMHENHOT0, 9KCIepYMEHTaNnbHO-
CTaTUCTUYECKOTO IPOrPaMMUPOBAHNUSA 1 00 BEKTHO-OPU-
€HTMPOBAHHOTO ITOAIXOMA.

ITpouecc onTMMM3anuy COCTaBa PELIENTYP OCHOBaH
Ha JCHOJIb30BAaHMM PacueTHBIX KpUTepueB U IOHATUIL,
npemyioxxeHHbIX Porosbim V.A., JIumatossiv H.H. (mi1.),
JucunpiaeiM A.B., Tutossim E.J., a Tak)ke MeTomax cu-
CTEMHOTO aHa/NN3a, MOJEIMPOBAHNA U ACCOPTUMEHTHO-
peLeNTYPHOI ONTUMM3ALVN, PACCMOTPEHHBIX B pabo-
tax Kagaposa B.B., Topaeesa JI.C., IIporononosa V.J1.,
MBamxkuna 10.A. n gp.

AHanm3 HayYHO-TEXHMYECKON ¥ TMATEeHTHOI MHPOp-
MaluM O COBPEMEHHBIX TEHAEHIMAX M IepCHeKTUBaX
COBEpPILIEHCTBOBAHMA KadecTBa IIPOJLYKTOB 3a CYeT IIPo-
eKTUPOBaHUA HYTPUEHTHOM M TEXHOIOTMYECKON ajieK-
BaTHOCTY MHOTOKOMIIOHEHTHBIX NMIIEBBIX cMecell (cper)
CBUJIETENbCTBYET O TOM, YTO 3TU BOIPOCHI HE OCTAIOTCA
6e3 BHIMaHNA BeAYIVX YIeHBIX /1 B Hallle BpeMsI.

JInnaroseiv H.H. (mn1.) [2,3] npoBopgunuce nccneno-
BaHMA IO BOIIPOCAM IPOEKTMPOBAaHMA MPOAYKTOB U pa-
IIIOHOB MMUTAHMUSA C 3aJaBaeMoOl MUIIEBON I[€HHOCTbHIO
¢ npuMenenreM OBM. HavanpHas ctagus paspaboTkm
TEOPEeTUYEeCKUX OCHOB U KOHKPETHBIX METOMIOB peannsa-
LUV IPUHIVIIOB HPOEKTMPOBaHUs COATaHCUPOBAHHBIX
IUIEBBIX NIPOAYKTOB ObIa CBsi3aHa ¢ (opmanusarueit
Ka4eCTBEHHBIX VI KOMYECTBEHHBIX NPEeJICTABIEHNII O pa-
IIMOHA/IbHOCTU MCITO/Ib30BaHMUsA He3aMEHVMBIX aMUHO-
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kucnoT. Popmanusanysi yYuThIBaeT B3anuMochaIaHCupo-
BaHHOCTb He3aMEHMMBIX aMUHOKMCIOT. Ha ocHoBaHum
npuHuMna Murdenna-broka um npepioxensl koaddu-
LVIEHTbl Pas3n4usl aMUHOKMCIOTHOTO COCTaBa, YTU/IN-
TapHOCTY AMIHOKIICJIOTHOTO COCTaBa 1 IIOKa3aTe/Ib COIO-
cTaBuMoOIt n36bITouHOCTH. HecMOTpst Ha TeopeTnuecKyo
000CHOBAHHOCTb, 9KCIIEPYIMEHTA/IbHAsA IIPOBEpPKa B3an-
MOc6a/TaHCHPOBAaHHOCTY aMMHOKMCTIOT BKIIIOYAeT B CeOs
MICCTIe[OBaHMsI MeTabo/3Ma B OpraHu3Me 4eJIoBeKa, YTo
ABJIAETCSA 0YeHb CIOKHBIM [3].

Jlist  HaxXoXfeHWsT dYacTHOro Kpurtepus JIumaro-
BeIM H.H. (M1.) ncrionp3oBasach QyHKILNA SKeIaTeTbHOCTH
XappuarroHa. IIpenmyiiecTBo QyHKIVIN XKeTaTeTbHOCTI
XappMHITOHA 3aK/TI04YaeTCs B €€ Ge3pasMepHOCTH, YTO I10-
3BOJIAET IIPOM3BOANTD MOJIIMPOBAHIE C UCIIOIb30BAHUEM
(baxkTOpOB pasIMYHOI Pa3MEPHOCTY M AMAINla30Ha 3Hade-
HIII BapbJPyeMbIX IIepeMEHHBIX. DTOMY IIOAXOY CBOJICT-
BeHeH HeJJOCTATOK, KOTOPbIiT 3aK/TI0YaeTCsl B 00 befMHEeHNN
MHOTVX (DaKTOPOB B OffH KOMIUIEKCHBINI KpUTEpPUIi, 4TO
3HAYUTEIBHO YMEHBIAET CTeIleHb KOPPEKTHOCTI MOJEIII.

ITpn pa3paboTKe MONIOYHBIX IPOAYKTOB [4] IOBBI-
IIEHHOJ OMOJIOTMYeCKOl 1[eHHOCTU IPUMEHSICS MEeTOJ
9KCIIEPUMEHTATbHO-CTATUCTUYECKOTO  MOJeMPOBAHNS,
OCHOBAHHBIII Ha BBIJIE/ICHNN KIII0Y€BOTO HYTPUEHTA MO-
fleTVPOBaHMA ¥ ONTUMM3ALINY €T0 KauecTBa.

B pa6ote [5] mpemnokeHa Tpex ITamHas MeETOAUKA
IPOEKTUPOBAHNUA PELEeNTyp TIepPOAMeTNYeCKUX MACHBIX
nponykToB. IlepBblil 3Tam CBsI3aH C MOJEMMPOBAHM-
€M aMUHOKMIC/IOTHOTO COCTaBa ¥ BBIOOPOM 3Ha4YeHMUIL,
B HamOOJIblIell CTEeHN YAOB/IETBOPSIOIINX KPUTEPUIO;
BTOPOJM — OLIEHKOJ >XVMPHOKMUCIOTHOIO COCTaBa; Tpe-
TUII — pacdyeToOM 3HEpreTmyeckoi neHHoctu. IIponecc
MOJIETMPOBAHNUA OCYIECTB/IANCS aBTOpaMu B 061ieM
BUJie LVIK/INYECKUM aITOPUTMOM, IPeIo>KeHHbIM JInma-
roseiM H.H. (m11.) [2].

Mypatrosoit EJI. u gp. [6] nmpumeHnsercs mopuduim-
poBaHHBII MeTop, vepapxuit (wim merop Caatu) n 06b-
eKTHO-OPMEHTUPOBaHHbI moaxon peutenns. OcobeH-
HOCTb JAaHHOTO MeTOJa — IpeJCTaBJIeHNe PeLeNTypbl
B BUJIe MepapXudyecKoi CTpyKTypbl. Kakpas u3 Bepiins
JIAHHOI CTPYKTYpbl — 00DbeKT (cblppe — momydabpu-
KaT — TOTOBBII HpoRyKT). Kaxaplii ypoBeHb — ompe-
JleTIeHHAs! CTAfiMsl TEXHOIOTMY VM3TOTOBJICHNS IUIIEBOTO
IPOAYKTA, B pe3y/IbTaTe MOXET UMeTb MHAVBUIYaTbHOE
4JICTIO BEPILIVH, PACIIONOXKEHHbIX HIDKe 110 Mepapxum. As-
TOPUTM pacyeTa MHOTOKOMIIOHEHTHOTO IPOAYKTa Ha4M-
HAeTCs C pacyeTa MOC/IEHET0 YPOBHA ¢ Hamboree [INH-
HOJ BETBU MEPAPXNYECKONM CTPYKTYPbI pacyeTa.

Bopucenko A.A. [7] Ha 6ase mMaTeMaTHYeCKUX Mofie-
leit M PeKypCUBHOTO LMK/Ia 00ecrednmBaeT MOMydeHMe
HeoOXOMMOro Habopa BapMaHTOB M COCTaBa MOMKOM-
IIOHEHTHBIX CMeCeil 110 KPUTEPUI0 MaKpO- ¥ MUKPOHYT-
PMEHTHOTO COCTaBa.

Becconosoit JI.V. [8] paspaboTaHa CTPyKTypupOBaH-
Hast QyHKIUA KadyeCTBa J/Isl MUIEBBIX IPOYKTOB, OCHO-
BaHHAas Ha OIIpefie/IeHNM aBTOKOPPE/IALVOHHON QYHKIINN,
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MI03BOJISIOIIMII TIOCTPOUTD IPOTHO3HYIO MOJIe/Ib YIIpaBie-
HYS TePCIEeKTVBHBIMYU I0OKa3aTesIMU TeXHOJIOTMYECKIX
IIPOLIECCOB, TOTOBBIX MUIIEBBIX IPOJYKTOB U YCIIYT.

Cannnoit T.B. u Cep6ynoseim 10.C. (2004) npensioxe-
Ha KOHIlenumA AuddepeHIPOBaHHOIO MOAX0a B KOM-
IJIGKCHOJI OIleHKe KadecTBa X/1e600Y/IOUHBIX W3JeIuil
HOBBIIIEHHON NNINEBON LEHHOCTU. ABTOPHI CUYMTAIOT,
4TO /Il OODBEKTMBHON OIIEHKV IOBBIMIEHNUS IMIIEBOI
LIEHHOCTY IIPUOPUTET B BBIOOPE ONpefe/IAI0IIX IT0Ka3a-
TeJleil KadyecTBa IO/DKEeH OBITh Ha CTOPOHE IOTpebuTeel
U OlLleHKa KadecTBa JO/DKHA BK/IIOYATDh ITOKA3aTelu Ipo-
IyKLMY, KOTOpPbIE Y/IOBIETBOPAIOT OIpee/leHHBbIM IO-
TPeOHOCTSIM B COOTBETCTBUMU C €e Ha3HaueHMeM [9].

3amopoxcknit A.A. ¢ coaBropamn (2012) mcronbsys
MEeTO[OTIOTMYECKIIT TTIOAXO0/, K KOHCTPYMPOBAHMIO HOBBIX
repOAMeTNYeCKMX MPOAYKTOB C NPMMEHEHUEeM HMpUHIIN-
IIOB COBPEMEHHOJ1 HY TPUIMOJIOT M, KBaTMMETPUU 1 T€O-
peTHYeCKUX IOCTY/IATOB MIIIEBOI KOMOVHATOPYKY Hell-
POCEeTEeBON AIIPOKCUMALINY TEOPETUYECKUX (PacueTHBIX)
M 9KCIIEPVMEHTAIbHBIX JJAHHBIX 000CHOBA/ pelenTypbl
HOBBIX IIPOAYKTOB I'€POAMETIYeCKOT0 Ha3HAYEeHUs C 3a-
JlaHHBIMY Ka4eCTBEHHBIMY XapaKTePUCTUKAMI Ha OCHOBE
IPUPOJHOTO ChIpbs [10].

Pesunuenko VL.IO. u gp. (2012) HayuHO 06OCHOBaH
KOMIUIEKCHBIJI TOBapOBELHO-TEXHOIOTMYECKIIT TTOAXO
K pa3paborke (YHKUMOHAIbHBIX HUIIEBBIX IPOLYKTOB,
000raleHHbIX OMOIOTMYEeCKN AKTUBHBIMM BellleCTBAMU
U NMIeBBIMM BOMOKHaMM. B Ipolecce mcciefoBaHMs
u3y4damich (akTopsl, GpopMupyoie KadecTBO CIIeLy-
a/IM3VPOBAHHbBIX M3JENINIL, OIpenesieHNe KPUTUIECKUX
KOHTPOJIbHBIX TOYEK B ITpOIlecce IPOMU3BOACTBA U Ha 3Ta-
IIe TOBapOABIDKEHS C Le/bl0 uaeHTnuKanmu GyHKIm-
OHAJIbHOJI HAIIPaB/ICHHOCTM IIPOAYKTA, pa3paboTKy HO-
MEHK/IaTypbl NOTPEONUTENbCKUX CBOJICTB, BK/IIOYAIOIIEIL,
KpOMe OPraHO/eNTHYeCKUX, PUSUKO-XMMIIECKUX ITOKa-
3aTerieit, mokasareay GyHKIMOHA/TbHOI HAIIPABIEHHOCTH
" paspaboTKy aIrOpUTMa SKCIepTH3bl PYHKIMOHATBHBIX
3aBTPAKOB CyXUX MIOC/N-6aToHuMKa [11].

Kucenes B.M. u [lepumnna E.I. (2009) paccmarpusana
IPONM3BOACTBO 1 TNOTpebieHre (QyHKIVOHAIbHBIX IPO-
JIyKTOB KaK COCTOsIHVe MHOTO(aKTOPHOI CHCTEMbI Ha OC-
HOBe METOOJIOTMH MUIIEeBOI KOMOMHATOPUKY, IIApUTETA
HOTPeOHOCTeN U Vital-KOHLIeNIVN C y9eTOM COBPEMEHHBIX
TpeOOBaHNUIT HAYKV O IMTAHUU U UX KOMIUIEKCHOJ TOBa-
poBenHoit oneHKN. [Ipu gaHHOM IHOAXOfe ObIIa M3ydeHa
BO3MOXKHOCTD 9BOJTIOIIMIOHHOTO Pa3BUTHA IIpoLecca Ipo-
eKTUpOBaHMs QYHKIVOHANTBHBIX IPOYKTOB MUTAHMS Ha
OCHOBE METOJIO/IOT MM IIMIIIEeBOI KOMOMHATOPYKMY, OIIpefe-
JIeHBI [TOKYTIaTebCKIe TPeAnoYTeH st PYHKIMOHATbHBIX
IPOAYKTOB NMUTAHNUA U IPOM3BEEHA MX CUCTEMaTU3aLVs
B BUJIe MOJIe/IN TIOTPeOUTENbCKO LIeHHOCTH [12].

Bornbiast porb B peleHny KOMIUIeKca Ipo6yeM, cBs-
3aHHBIX C COBEPLICHCTBOBaHMEM KaueCTBa U TEXHOIOTUI
CrienMan3upOBaHHbIX MHOTOKOMIIOHEHTHBIX IIPOAYKTOB
NUTaHMSA, TPUHALIOKAT MH(POPMALMOHHBIM acCleKTaM
MOJIeIMPOBAHNA U OLEHKU HYTPUEHTHON aJileKBaTHOCTU
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CBIPbA ¥ TOTOBOJI IPOAYKIMY, SABJISAIOMINXCSA 00beKTaMu
MIAIIEBBIX TEXHOTOTMIL.

K HacrosiiieMy MOMeHTY pa3paboTaHbl 1 aKTUBHO KC-
MO/Mb3YIOTCA Pas3/IMYHble IMPOrPaMMHbIE IIPOAYKTHI I
ABTOMATM3ALMM TEXHOJIOTMYECKUX PacyeTOB PeLeNnTyp
NUIEBBIX IPOAYKTOB Pa3IMYHBIX TPYIII ¥ pAIIOHOB
mutanust: Etalon [13], IIkoOntullur [14], «PaspaboTka
peLenTyp KOMIO3MUIMII U3 PAaCTUTENBHOTO ChIpbs» [15],
Generic 2.0 [16], «Cuctema pacyéToB yist 001IeCTBEHHO-
ro mutanus» [17], CheesePro 1.0 [18], mpopykT «BinkeH-
Codr: ITntanne B ferckom capy» [19], «cABEPC: Pacuér
MeHIo nutanus» [20], lled Sxcmepr [21] u 1.4

Bce mepeuncneHHble IPOrpaMMbl OCYIECTBIISIOT OII-
TUMM3ALNI0 IPOAYKTA, pallyioHa Ha OCHOBAHUU OZHOTO
Kputepus (Kak IMPaBUIO KpUTEpUsA SHEPreTUIeCcKO Win
MUIIEBOI [[eHHOCTH), OCTa/IbHble MTOKa3aTenn (comepka-
HIle KOHKPETHOTO MAaKpO — MMKPOHYTPUEHTA, COOTHO-
IIeHVe MeX/ly HMMI) YYUTBIBAIOTCA B KaueCTBe OTPaHMU-
YEeHUIA.

OpnHaKo MHOXKECTBO peajIbHbIX IIPO0/IeM B Pas/INIHbIX
cdepax MCCIeTOBaTeIbCKON M YIIPABIEHYECKOI JeATe/b-
HOCTY CBSI3aHO C MHOTO(AKTOPHBIM aHA/TN30M CTIOKHBIX
CHUCTeM U TIOSIBJIEHNEM KIacca MHOTOKPUTEPUATbHBIX 3a-
fad IPUHATUA PELIeHNI.

Lenp cTaTtby MoKasaTb METOLOIOTVI0 MHOTOKPUTEPU-
Q/IbHOIl MOJeNM ONTVMM3ALNU PEeLeNTypHOTO COCTaBa
IUIIIEBOTO IIPOLYKTa B PAa3/IMYHbIX IOCTAHOBKAX /IS pas-
MYHBIX KPUTEpUEB MUIIEBOI, OMOMOIMYECKON U JHepre-
TUYECKOI LEHHOCTY, aMUHOKVICIIOTHOTO, KMPHOK/CIIOT-
HOTO, BUTAMUHHOTO 11 MITHEPATbHOTO COOTBETCTBUSL.

OO0'BEKTHI 11 METObI

BonpIMHCTBO METONOB MHOTOKPUTEPMAIbHON OITH-
MU3aUMM IPUHATHUA PeLIeHUII OCHOBBIBAETCA Ha IIpefi-
CTaB/IeHMM O CYILIEeCTBOBAHMM TAaK HA3bIBAEMOTO JIMIA,
npunumamwomero peutenus (JIIIP). OcHOBHbIM TakuM
JINLIOM SIB/ISIETCSL YeloBeK. Ero mMHTepechl CyOBEKTUBHBI
U CIIy>)KaT OCHOBOI COM3MEpPEHMUs Pa3INYHbIX YaCTHBIX
kputepues. CylLecTBYIOT pasJINYHble CIOCOOBI BOB/IEYe-
HUA 4e/I0BeKa B IIPOLeCC IPUHATUS pelleHMit, Ha OCHO-
Be KOTOPBIX CTPOATCA pas3aMyHble MHOTOKPUTEPUAILHOI
METOJbl IPMHATAS pelleHnit. TV MEeTOAbl YCIOBHO pas-
6MBaIOT Ha TPy OGOJIbIINE TPYIIIIBL:

1 rpynma. MeTopibl, OCHOBaHHbIE Ha BBIAB/ICHUN IIpe]-
nourenuit JIITP un moctpoenns efuHCTBEHHOTO KPUTEPUS
Ka4yecTBa peIleHNs 0 PACCMOTPEHNUA KOHKPETHBIX alb-
TepHATIB;

2 rpynmna. MeToppl I1anorosble UTEpaliIOHHbIE YeJlo-
BEKO-Malll[HHbIE, COCTOsAIINE B IOC/IE[OBATEeIbHOM aHa-
JI13€ BO3MO>KHBIX PellleHNII C IIOCTelleHHbIM BblABJIEHIEM
npenmnourenuit JITIP u mepexomom K 6osee mpeamovTH-
TEeJIbHOMY pelleHMIO;

3 rpynmna. MeTofibl, OCHOBaHHbIE Ha NIPEBAPUTE/IbLHOM
BBIJIEJICHNM MHOXKECTBA OINTUMU3MPOBAHHBIX (3ddek-
TVMBHBIX) PelLIeHNII ¥ Ha IPeJCTaBIeHUN 3TOTO MHOXECT-
Ba JITIP [22,23].
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OpuyM n3 Hambosnee 9¢pPeKTUBHBIX METOLOB MHOTO-
KpUTepuarIbHOI ONTYMU3ALUY, KOTTIA YMCTI0 ITApaMeTpPOB,
10 KOTOPBIM IIPOM3BOANTCS OLIEHKA OTHOCUTEIbHO HeBe-
VKO, siBsieTcst MeTop [lapeTo [24,25,26,27], oTHOCAIIE-
ca K 3 rpynne metonoB. Tak kak Ilapero-onTumanbHoe
pellleHNe MOXKeT ObITb He eJVHCTBEHHBbIM, TO BO3HMKAET
noHATue Ilapero-onTuMaabHOTO MHOXECTBA PeEIleHMUI
KaK MHOYKeCTBa HeJIOMIHIIPYeMbIX a/IbTePHATUB.

Mertop, Ilapero gna pemenuda 3agaum. Mertop s
[IeMOHCTPALINY COCTOSHMS CUCTeMbl, IIpY KOTOPOM 3Ha-
YeHIe KaK/J0r0 YaCTHOTO IIOKA3aTesls, XapaKTepu3yolle-
rO CUCTEMY, HE MOXKET OBITb YIy4YIIeHO 0e3 yXYALICHMA
npyrux. Cornacao ITapeto: «Bcskoe n3MeneHne, KoTopoe
HUKOMY He IPUHOCUT YOBITKOB, @ HEKOTOPBIM JIIO[SAM
IPUHOCUT NO/MB3Yy (10 MX COOCTBEHHON OLleHKe), SBISA-
eTcs yrydileHuneM» [28]. 3HauMT, IpMU3HAETCA IMPaBO Ha
BCe MI3MEHEHNs, KOTOpble He IPUHOCAT HUKOMY JOIIOTHY-
TEJIbHOTO Bpefa.

Ilonatne Ilapero-onTMManbHOTO  MHOXKECTBa.
Omnpenenenne: anbTepHaTNBa A Ha3bIBACTCSA JOMUHUDY-
ou4ell IO OTHOIIEHMIO K a/libTepHaTuBe B, ecnu 1mo BceM
KPUTEpUAM OLIeHKM a/lbTepPHATUBBI A He Xy)Ke, YeM ajlb-
TepHATUBHI B, a XOTA OBl 10 OJHOMY KPUTEPUIO OLlEHKA
A ny4ute. AnbrepHaTuBa B Ipy 9TOM Ha3bIBaeTCs 0OMU-
HUpyemoti.

£,(x) = max

) R, =Y () 20 A ) # fy)], f,(x) > max

Ecmm nns HekoTopoil Touku )°€Y He cymiecTByeT
6oee mpepmouTUTENbHON NO [lapeTo TOYKY, T.e. TaKO
TOYKN Y, 4TO (Y, yo)eRp, TO TOTJja TOYKa )’ Ha3bIBaeTCS
a¢dexTrBHBIM Wy IlapeTo-OoNTUMAaNbHBIM pelleHueM
MHOTOKPUTEPMAIbHON 3a1aun (OTHOCUTCA K MHOXECTBY
I[TapeTo).

INocrpoenna muoxecrsa Ilapero. IIpu6mmxeHHOE
IOCTpoeHMe MHO)KecTBa IlapeTo oTHocuTCA K 4McIy
OYeHb Ba)XKHBIX U TPYHHBIX 3ajad YMC/IEHHOTO aHaJIM3a.
C pacimmpenneM Kpyra mpo6ieM, 3HaueHue MeTOZIOB 3¢-

(deKxTMBHOrO aHanmM3a MHOXeCTBa IlapeTo HempepbIBHO
BO3pacTaer.

AKcHoOMDI, ABIAKOIINECA OCHOBON NPMHINIA
ITapero:

e AKCMOMA MCK/IIOYEHN JOMIHUPYOMNX pelennii: [l
BCAKOM MHapbl NONYCTUMBIX pelleHNI, I KOTOPbIX
MIM€eT MECTO COOTHOLIEHME, BHIITO/THEHO;

akcroMa Ilapeto: [Ind Bcex map JONYCTUMBIX pelle-
HMIA, IJ11 KOTOPBIX MIMeeT MECTO HEPaBeHCTBO, BBINOJ-
HAETCSI COOTHOLIEHNE;

npuHuun [lapeTo: HaumyulIee peleHie MHOTOKPUTe-
PpMaIbHOI 3ajauy Bceraa Bbioypaercs us [lapero- om-
TUMaJIbHOTO MHOXKECTBA.

Ecmu pna mapsl peuentyp (IIpOgyKTOB) HeNMb3s yCTa-
HOBUTb IIpEAIIOYTEHNE, TO TaKyue PallyiOHbl Ha3bIBAIOT
HeCpaBHUMMBbIMU. PellleHMe ABAsAeTCA ONTUMMAaNbHBIM IIO
ITapeTo, ecnu He CYIIECTBYET SPYTOTo peIleHNs, YIydllla-
IOIIETO 3HAa4eHMe OJHOTO M3 KpUTepyeB 0e3 yXYALIeHMNA
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IIpM 5TOM ApyTux Kputepues. Tak kak IlapeTo-ontumanin-
HOe pellleHye MOXXeT OBITb He eAVHCTBEHHBIM, TO BO3HM-
KaeT NnoHATKe [lapeTo-onTiManbHOIO MHOXKECTBA pelle-
HIIT KaK MHO>KECTBA HEJOMVHVPYEMBIX aJIbT€PHATHB.

Pesynbprarsl 1 06cyKeHMe

B 3agayax CTpPyKTYpHOI ONTMMM3ALVY COCTaBa MHO-
TOKOMITOHEHTHBIX IPOAYKTOB HAIPABIEHHOTO HeiCT-
BuA (CIeNVan3ypOBaHHOIO Ha3HA4YeHNA) MHOXKECTBO
KpUTepueB BBIOOPA ONTUMAIbHOTO BapMaHTA BKIIOYAET
KpUTEepUY MMHMMATbHOTO OTKIOHEHMS OT 3TAJIOHHBIX
CTPYKTYP:

— aMMHOKNCTOTHOTO COCTaBa IIPOAIYKTa;

— JKUPHOKIC/IOTHOTO COCTaBa;

— cofiep)KaHNe BUTAMIHOB;

— cocTaBa MUKPO3/IEMEHTOB,

a TaKKe KpUTepuy MepeBapuMOCTI NIV, IINIIEeBO, O11-
OJIOTMYECKOIT ¥ 9HEPreTUYEeCKOIT IleHHOCTH [29].

Vcxomnoe MHOXKeCTBO Kputepues F; i=1, n aBnseT-
CS1 OTKPBITBIM 1 MOXKET JOIOTHATHCA APYIMMM IIOKa3a-
TeJISIMU U OLIEHKaMy KadyeCTBa IPOAYKTOB, HAIpuMmep
ycBosieMocTy mumimy. Kakiplll pellenTypHbIl BapuaHT
(anbrepHaTyBa) [TapeTo-OoNTMMaNTbHOTO MHOXKECTBA pe-
MIeHNT [yIs 3aJaHHOTO Habopa MCXOAHBIX KOMIIOHEHT
pelenTypbl COOTBETCTBYET 9KCTPEMATbHOMY 3HAYEHUIO
opHoro us Kputepues extr{F,..., F} npu sajaHHbIx
OTpaHNYEHNUAX.

O6wras IOCTaHOBKA 3afaull MHOTOKPUTEPUATBHOTO
BBIOOpA ONTVMAIBHOTO IPOAYKTA MUTAHNS VIMeeT CIIefy-
ot Buj: p=(p,, p,ye.s p,) € P — MHOXX€CTBO a/IbTePHATUB
(peienITyp HpORYKTa NMUTAHUA); Fi(aj) i=1, m; j=1, n —
MHOXKeCTBO KPUTEPHEB OLIEHKI peLleNTyp IPOTYKTOB.

Ecnu my4imeii anprepHatise (p,) COOTBETCTBYET MIHM-
MYM KpPUTEpUs Fi(pj), TO IIOMCK OITVMAJIbHON PeLeNTy PbI
IPOJYKTa CBOAUTCA K MMHUMM3AINY BEKTOPHOTO KpUTe-
pus F(P) Ha MHOXeCTBe anbTepHaTUB P:

F(P)= {F1 (), F,(p), - E(p), .. F, (pj)}—> min peP (1)

B cmy4ae cpaBHenns AByx penentyp p,eP u p.€P, npu
YCIIOBUN Fi(pi)SFj(pj) I Beex i, j=1, m, 04eBUIHO, 4TO
IPOAYKT P, He XYXKe, YeM IPOAYKT p, U, eC/lit CyL[eCTBYeT
Takoe i=1, m, 4to F(p,) <Fj(pj), TO TIPOAYKT p, JIy4IlIe TIPO-
AyKTa p.

ITycts WP(P) — MHOXeCTBO HECPAaBHUMBIX PELEIITyp
(nmpomykToB), Torga anA p*eP u moboro ppyroro peP
BCeryia Haitjiercs Takoit kputepuit F(p) i=1, m, g xo-
Toporo F(p*) <F(p), To MOXHO yTBEP)X/IaTh, YTO Pellern-
TYpPbI IPOJIYKTOB MUTAHVA IIPeACTABIAIT coboit [Tapero-
OIITYIMA/IbBHOE MHO>KECTBO

WPP)={p* | VpeP (3i=Tm [Fp)<FP)])} @)

B cBAsu ¢ aTMM #1A 3alaHHOTO MPOAYKTA IOTyYaeM
MHOYKECTBO a/IbTEPHATUBHBIX PELIEHNI, COOTBETCTBYIO-
MIMX SKCTPEMA/IbHBIM 3HAYEHMAM OT/E/NTbHBIX KPUTEPUEB
C HEBO3MOXXHOCTDBIO JlaJIbHENIIEro yaydIleHMA [PYyTUX
KpuTepues 6e3 yXyAlIeHNs JAHHOTO.
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[ oleHKM M BBIOOpA JTy4IIell aTbTePHATUBHI (IIPO-
IYKTa) HeOOXOAMMO CTPYKTYPUPOBATh a/IbTePHATUBBI 11O
KpUTEpMAM afleKBaTHOCTU. MHOXeCTBO OILleHMBaeMbIX

alIbTEPHATUB 3aHOCUTCH B «KPUTEPUANBHYIO Tabmmiry»
(Tabn. 1).
Ta6muua 1. KputepuanpbHas MaTpuua albTepHaTHB
F, F, F, F
Pl Xll XIZ Xli le
) X, X,, X, X,,
P, %1 2 Xi Fim
P X, X, oee X, oo X

Iie X, — OIEHKA i-Oii a/nbTepHATUBBI (mpopyxTa) p, mo KpuTepuro

j-MY KpUTepuIo (Fj) i=l,m;j=1,n.

[l1a mocTpoeHNss OMHAPHOTO NPEAIIOYTEeHNA IKCIIep-
TOM B IaHHOII 0671aCTy KakgoMy 13 Kputepues F, HasHa-
YaeTCsl BEC W,, XapaKTEePU3YIOLINii eT0 BaXKHOCTb.

[l cpaBHEHMS anbTepHATUB (IPOJYKTOB) p, 1 p, mon-
HOe MHOXXeCTBO KpUTepleB pa3b1BaeTcs Ha TPY IIOAMHO-
KeCTBa {I+, I,1}:

I(p, pj) — KPUTepuy, 0 KOTOPbIM PeLenTypsl Ipo-
JyKTa P; TIPEBOCXOAAT PELENTYPbl IPOAYKTA p;

L(p,, pj) — KpUTepuy, 0 KOTOPbIM PeLeNTyphl IIPO-
JlyKTa p, M PELENTYPbl p; UMEIOT SKBUBA/IEHTHbIE OLIEHKI;

IL(p, pj) — KpuUTepuu, o KOTOPBIM peleNTyphl Ipo-
AYKTa p, IPEBOCXOAT PELIENTYPbI IPOJYKTA P,

Jlasmee SKCIIEPTHBIM IIyTeM OIpEME/IAI0TCS OTHOCHU-
TebHAA BKHOCTD @ ., W_,, W_, KKJOTO U3 9TUX IIOf-
MHOXXecTB. Kpome 9TOro 3amaeTcs HEKOTOPBIN IOPOT
C u cumTaercs, 4TO MPOAYKT p; IPEBOCXOMMUT IPOLYKT P,
TOZBKO B TOM C/Ty4ae, Korfa GyHKums f, (MHeKC corna-
CMI) YAOB/IETBOPSIET YCIOBIIO

©)

Ba)KHOCTD IpymIl KpUTepues I+(pi,pj), Iz(pi,pj), Ii(pi,pj)
ompefensgeTcs Kak CyMMa BeCOB, BXOJAILINX B HUX KpU-
TepueB

fs(wﬂ., w_ wfj) >C

Introduction

Among many environmental factors that affect the hu-
man body, nutrition is one of the most important. Dis-
orders of homeostasis are most often manifested by the
symptom complex of deficiency of protein, protein-energy,
vitamin and mineral nature, which leads to weakening of
the immune-biological resistance of the body and can re-
sult in infectious diseases and a decrease in the effective-
ness of pharmacological therapy.

The priority tasks of the state policy of the Russian Fed-
eration in the field of healthy nutrition are an increase in
production and extension of an assortment of food prod-
ucts enriched with functional ingredients, specialized
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4)

rme *e {+, -, =} [=I*(i).

JononHuTenbHO GOPMUPYIOTCA YCIOBUA, YIUTHIBAIO-
1[yie He TOJIbKO IOPANOK C/IeOBAHNA OLICHOK IPORYKTOB
IUTAHUA P, W P, IO KPUTEPUAM a[IeKBATHOCTH F(P), Ho
¥ 3HaUeHMsI X PasHOCTEN

d={F(p)-Fp)}i#,i=Lmk=ln (5

OTM yC/oBus, Ha3bIBaeMble UHOEKCOM HeCOLACUsT, MO-
TYT OBITH OlL|eHEHbI B BUJIE d,.j <d, rme d — moporoBoe 3Ha-
YyeHue MHIEKCAa HEeCOI/Iacus.

OtHomenne mnpemnoyreHus (R) ONTUMATbHOCTU
IPOAYKTOB MUTAHNA OIPeJeIAeTC YCIOBUEM

al_Ra].<:>fS(w+],, w:].,a)fj) > CJ/\LddeJ (6)
ITpenaraeTcs He BBIETATD HETOMUHMPYIOLVIE Bapy-
QHTBI IPOJIYKTOB MUTAHN, @ HECKOTIBKO PACIIVPUTB IIOf-
MHOXXECTBO IIyTeM BBIE/ICHVS B MCXOJHOM MHOXXECTBE
AApa, BCe albTePHATUBBI KOTOPOTO HECPaBHVMMBI MEXY
c0060it, 1 110007 BapUaHT, HEBOILEIIINI B SIPO, JOMUHML-
pyeTcst XOTs Obl OJHOV a/IbTepHATUBOI Axpa. [lanbHeit-
IIee ycedeH1e BapUaHTOB MOXKET ObITh JOCTUTHYTO 3aja-
HIeM Jpyrux 6ojee >KeCTKUX OTpaHMYeHUII, HAIpuMep,
yBe/lu4eHeM MOPOTOBOrO 3HAYEeHNS VHJEKCa COIIACKs
C u yMeHblIIeHVeM IIOPOTa MHIEKCa HeCOI/IacysL.

BriBoabr

AHanu3 OCHOBHBIX METO[IOB MHOTOKPUTEpUaIbHOI
OLIEHKN B IIPVHATUY YIIPaB/IEHYECKUX PelIeHNI TOKa3all,
4yTo Hanbonee apdextuBHbIl — Metox Ilapero. Cormac-
HO KOTOPOMY pelleHNe SAB/IACTCS ONTYMAIbHBIM, eC/II He
CYILIECTBYeT APYrOro pelleHNs, YIy4IIaolero 3Ha4eHme
OJIHOTO W3 KpuUTepueB 6e3 YXY/UIEHNS [IPU 3TOM JPYTUX
KputepreB. VIHGOpPMAIIOHHbIE TEXHOIOTUY MHOTOKpPHU-
TepUaIbHOTO BBIOOpA, peann3yeMbIMU MeTOHAMM Mare-
MaTU4eCKOT0 IpPOrpaMMUPOBAHNA, IO3BOMAIT CIPOEK-
TMPOBATb IIPOAYKTHI MMTAHNUA [10 MHOXECTBY Pa3/IMYHBIX
KpPUTEpUEB, CTPYKTYPUPOBATh IOTYYEHHOE MHOXECTBO
a/lbTepHATUB (palMOHOB, OO, IPOAYKTOB) U CHENIATH
000CHOBAaHHOE TIPENNIOYTEHNE ONTUMATbHOTO IPOAYKTa
HUTAHUA 3a[aHHOTO KAa4eCTBa, COCTaBa U CBOVICTB.

foods, functional foods including those intended for nutri-
tion in the organized groups, and biological active addi-
tives to food [1].

New smart technologies for production of specialized
products oriented on personalization of nutrition and
based on introduction of digital technologies will enable
extension of food assortment, which will facilitate preven-
tion of many noncommunicable diseases.

At present, the methods of linear, experimental statisti-
cal programming and object-oriented approach are mainly
used for designing multi-component food recipes.

The process of optimization of recipe compositions is
based on the use of the calculative criteria and concepts



THEORY AND PRACTICE OF MEAT PROCESSING N°3 | 2018

proposed by Rogov I.A., Lipatov N.N. (Jr.), Lisitsyn A.B.,
Titov E.I, as well as on the methods of the systemic analy-
sis, modeling and assortment and recipe optimization ex-
amined in the works of Kafarov V.V., Gordeev L.S., Proto-
popov LI, Ivashkin Yu.A. et al.

The analysis of the scientific-technical and patent in-
formation about the modern trends and prospects of the
product improvement by designing the nutrient and tech-
nological adequacy of the multi-component food mixtures
(media) suggest that nowadays these questions also attract
attention of prominent scientists.

Lipatov N.N. (Jr.) [2,3] carried out the studies on the
issues of the computer-based design of products and diets
with the targeted nutritional value. The initial stage of de-
signing the theoretical foundations and specific methods
for realization of the design principles for balanced food
products was associated with formalization of the qualita-
tive and quantitative concepts of the rational use of the es-
sential amino acids. Formalization accounts for the mutual
balance of the essential amino acids. Based on the prin-
ciple of Mitchell and Block, he suggested the coefficient
of amino-acid score difference, coefficient of amino acid
composition utility and coefficient of comparable redun-
dancy. Despite the theoretical substantiation, the experi-
mental testing of the mutual balance of the essential amino
acids includes the studies on the metabolism in the human
body, which is quite complex [3].

To find the partial criterion, Lipatov N.N. (Jr.) used the
Harrington’s desirability function. The advantage of the
function is its dimensionless, which allows modeling using
the factors with different dimensions and ranges of values
of varying variables. This approach has a disadvantage as
it integrates many factors in one complex criterion, which
significantly reduces a degree of model correctness.

When designing dairy products [4] with an increased
biological value, the method of the experimental-statistical
modeling based on the choice of the key nutrient of model-
ing and optimization of its quality was used.

In the study [5], the three stage method for designing
recipes of gerodietetic meat products was proposed. The
first stage is associated with modeling of the amino acid
composition and a choice of values that meet the criteria
to the highest degree; the second with the assessment of
the fatty acid composition; the third with calculation of the
energy value. The authors performed the process of model-
ing in the general form by the cyclic algorithm proposed by
Lipatov N.N. (Jr.) [2].

Muratova E.IL et al. [6] used the modified method of
hierarchy (or the Saaty method) and the objective-orient-
ed approach to decisions. The peculiarity of this method
is the presentation of a recipe as a hierarchical structure.
Each peak of this structure is an object (the raw material —
semi-finished product — finished product). Each level is a
certain stage of the food production technology and, as a
result, it can have the individual number of peaks located
lower in the hierarchy. The algorithm of the multi-compo-
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nent product calculation begins from calculating the last
level from the longest path of the hierarchical structure of
calculation.

Based on the mathematical models and recursive cycle,
Borisenko A.A. [7] ensures obtaining a necessary set of
options and compositions of multicomponent mixtures by
the criteria of macro- and micronutrient composition.

Bessonova L.I. [8] developed the structured quality
function for foods based on the detection of the autocorre-
lation function that allows constructing a predictive model
for management of prospect indicators of technological
processes, finished foods and services.

Sanina T.V. and Serbulov Yu.S. (2004) proposed a con-
cept of the differentiated approach in the complex quality
assessment of bakery products with enhanced nutritional
value. The authors believe that for an objective assessment
of an enhancement of the nutritional value, the priority in
the choice of the determinative quality indicators should
be on the consumer side and the quality assessment should
include product indicators that satisfy certain needs ac-
cording to its purpose [9].

Zaporozhsky A.A. et al. (2012) applied the methodolog-
ical approach to constructing new gerodietetic products
with the use of the principles of modern nutritiology, qua-
limetry and theoretical postulates of food combinatorics
of neural network approximation of the theoretical (calcu-
lated) and experimental data for substantiation of recipes
of new gerodietetic products with the targeted qualitative
characteristics based on the natural raw materials [10].

Reznichenko I.Yu. et al. (2012) scientifically substanti-
ated the complex product-technological approach to the
development of functional foods enriched with biological-
ly active substances and food fibers. During the investiga-
tion, he studied the factors that form quality of specialized
products, determined the critical control points in the pro-
cess of production and at the stage of product distribution
with the aim of identification of the functional direction of
a product, developed the nomenclature of the consumer
properties including the indicators of the functional direc-
tion in addition to the organoleptic and physico-chemical
indicators, and developed the algorithm of the expertise of
the functional breakfast dry muesli bar [11].

Kiselev V.M. and Perchishina E.G. (2009) regarded
production and consumption of functional products as a
condition of a multifactor system based on the methodol-
ogy of food combinatorics, parity of the needs and vital-
concept with consideration for the modern requirements
of food science and complex product quality assessment.
Using this approach, a possibility of the evolutional devel-
opment of the process of functional food design based on
the methodology of food combinatorics was studied, con-
sumer preferences of functional foods were determined
and systemized as a model of the consumer value [12].

The information aspects of modeling and assessment of
the nutrient adequacy of raw materials and food products,
which are the objects of food technologies, play an impor-
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tant role in solution to the complex of problems associated
with an improvement in quality and technologies of spe-
cialized multicomponent foods.

At present, different software products for automation
of technological calculations of food recipes for different
groups and diets have been developed and actively used:
Etalon [13], ShkoOptiPit [14], «Development of recipes of
compositions from plant raw materials» [15], Generic 2.0
[16], «Systems of calculations for foodservice industry»
[17], CheesePro 1.0 [18], product «Vision-Soft: Nutrition
in kindergarten» [19], »AVERS: calculation of nutrition
menu» [20], Chef Expert [21] and so on.

All listed programs optimize a product and a diet based
on a single criterion (as a rule, a criterion of the energy or
nutritional value); other indicators (content of the specific
macro- and micronutrients, their ratio) are taken into ac-
count as constraints.

However, many real problems in different spheres of re-
search and management activities are connected with the
multi-factor analysis of complex systems and emergence of
the class of multi-criteria tasks for decision-making.

The aim of this work is to present the methodology of
the multi-criteria model of food recipe optimization in
different settings for different criteria of nutritional, bio-
logical and energy values, as well as amino acid, fatty acid,
vitamin and mineral adequacy.

Objects and methods

The majority of the methods of multi-criteria optimiza-
tion of decision-making are based on the idea of the exis-
tence of the so-called decision-maker. The main decision-
makers are people. Their interests are subjective and serve
as a basis for measuring different partial criteria. There are
various methods for involving a person in the process of
decision-making, on which basis different multi-criteria
methods of decision-making are based. These methods can
be conditionally divided into three large groups:

1 group. The methods based on determining preferences
of a decision-maker and constructing a single criterion for
solution quality before considering specific alternatives;

2 group. The dialogue iterative human-machine meth-
ods, which consist in the successive analysis of possible
solutions with the gradual detection of preferences of a de-
cision-maker and transition to a more preferable decision;

3 group. The methods based on the preliminary deter-
mination of a set of optimized (effective) solutions and
presentation of this set to a decision-maker [22,23].

One of the most effective methods of multi-criteria op-
timization, when the number of assessment parameters is
relatively low, is the Pareto method [24,24,25,26,27], which
belongs to the 3" group of methods. As the Pareto optimal
solution can be not the only one, the concept of the Pareto-
optimal set of solutions as a set of non-dominated alterna-
tives arises.

The Pareto method for solving a task. This is the
method for demonstration of a system state, when a value
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of each individual indicator characterizing a system cannot
be improved without worsening the others. According to
Pareto, «any change that harms no one and brings benefits
to some people (according to their own estimation) is an
improvement» [28]. Therefore, the right to all changes that
do not bring any additional harm to anyone is acknowl-
edged.

The concept of Pareto-optimal set. Definition: It is
said that alternative A dominates alternative B, if alterna-
tive A is no worse than alternative B by all assessment cri-
teria, and alternative A is better than alternative B at least
by one assessment criterion. With that, alternative B is
called dominated.
£,(x) = max

0,9) <R, >, [F0) 2F 0N AU =) {

£,(x) > max

If for some point )°€Y, there is no Pareto-preferred
point; i.e., such point y, when (y, y°) R , then the point y°
is called the Pareto efficient or Pareto optimal solution to
the multi-criteria task (belongs to the Pareto set).

Construction of the Pareto set. The approximate con-
struction of the Pareto set belongs to the group of very
important and difficult tasks of the numerical analysis.
With extension of a problem range, a significance of the
methods for effective analysis of the Pareto set constantly
increases.

The axioms that are a basis of the Pareto principle in-
clude:
the axiom of exclusion of dominating solutions: for
each pair of feasible solutions, for which there is a rela-
tion, it is satisfied;
the Pareto axiom: for all pairs of feasible solutions, for
which there is inequality, the relation is satisfied;
the Pareto principle: the best solution of the multi-cri-
teria task is always chosen from the Pareto-optimal set.
If it is impossible to establish preference for a pair of
recipes (products), then, these diets are called incompa-
rable. A solution is Pareto-optimal, if there is no solution
which improves a value of one criterion without worsening
other criteria.

As the Pareto-optimal solution can be not the only one,
the concept of Pareto- optimal set of solutions arises as a
set of non-dominated alternatives.

Results and discussions

In the tasks of the structural optimization of the com-
position of multi-component products with the targeted
action (having specialized purpose), a set of criteria for se-
lection of the optimal option includes the criteria for mini-
mal deviation from the reference structures:

— amino acid composition of a product;
— fatty acid composition;

— vitamin content;

— microelement content,

as well as the criteria of food digestibility, nutritional,
biological and energy value [29].
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The initial set of criteria F; i=1, n is open and can
be complemented with other indicators and assessments
of product quality, for example, food assimilability. Each
recipe option (alternative) of the Pareto-optimal set of so-
lutions for a given array of the initial recipe components
corresponds to the extreme value of one of the criteria
extr {Fl,. e Fn} at the specified constraints.

The general task formulation for the multi-criteria
choice of the optimal food product has the following form:
p=(, P, p,) € P — a set of alternatives (food product
recipes); F, (a) i=1,m; j=1, n — a set of criteria for assess-
ment of product recipes.

If the minimum of the criterion F,»(Pj) corresponds to
the best alternative (p), than the search for an optimal
product recipe comes down to minimizing the vector cri-
terion F(P) on the set of alternatives P:

F(P)={F,(p), F,(p), .. E(p), ... F, (p)}>min peP (1)

In case of comparison of two recipes, p,€P and p.eP,
upon the condition F(p) <F(p) for all i, j= 1, m, it is evi-
dent that the product p, is no worse than the product p, and
if there is such i=1, m, that F. (p)<F, (p) then the product
p, is better than the product p.

Let us assume that WP(P) is a set of incomparable reci-
pes (products), then for p*eP and any other peP there is
always such criterion F(p) i=1, m, for which F(p*) <F(p),
and it can be concluded that product recipes represent the
Pareto-optimal set

WP(P)={p*| VpeP (Fi=Lm [F(p)<F(p)])} ()

Consequently, for a given product, we obtain a set of al-
ternative solutions that correspond to the extreme values of
the individual criteria without a possibility of the further im-
provement of other criteria without worsening the given one.

To assess and choose the best alternative (product), it
is necessary to structurize alternatives by the criteria of
adequacy. A set of assessed alternatives is entered into the
«criterial table» (Table 1).

Table 1. Criterial matrix of alternatives

Fl F2 Fi Fm

1 Xll XlZ Xli Xlm

P2 X21 X22 X2i X2m
1 b'd X, X X,

j j1 2 ji jm
P X X X X

n nl n2 ni nm

where, x, — is an assessment of the i™ alternative (product) p, by the
criterion j* (F) i=1, m; j=1, n.

To construct the binary preference by an expert in this
field, the weight w, which characterizes its importance, is
assigned for each criterion F..

To compare the alternatives (products) p, and p, the
total set of criteria is divided into three subsets {I+, I,I1}:
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I(p,> p) — criteria, by which the recipes of the product
p; are superior to the recipes of the product p;

1(p,, p) — criteria, by which the recipes of the product
p; and the recipes of the product p, have the equivalent
assessment results;

I (p,» p) — criteria, by which the recipes of the product
p; are superior to the recipes of the product p.

Then, the relative importance w, ;, w_;, w_; of each of
these subsets is determined by expertise. In addition, a cer-
tain threshold C is set and it is considered that the product
p, is superior to the product p only in the case when the
function f, (index of agreement) satisfies the condition

fs(a)+j, w_s w_j) >C (3)

An importance of the groups of criteria I (p,, p), 1(p,,
p), 1(p, p) is determined as a sum of weights of the in-
cluded criteria

w0 =YW

| @
where, *e {+, -, =}; [=T*(i).

Additionally, the conditions are formed that take into
account not only the sequence order of assessment results
for food products p, and p. by the criteria of adequacy F(P),
but also the values of their differences

d ={F(p)-F(p)} i#j,i=Lmk=Ln (5

These conditions, called the index of disagreement can
be assessed as di]. < d, where d is the threshold value of the
index of disagreement.

The preference relation (R) for food product optimal-
ity is determined by the condition

aiRaj<:>fS(w+]., w_ w_j) > CJ/\|_ddeJ (6)

It is proposed not to select non-dominating options of
food products, but slightly extend a subset by choosing a
nucleus in the initial set, all alternatives of which are incom-
parable to each other and any option that is not included in
the nucleus is dominated by at least one alternative of the nu-
cleus. The following reduction of options can be achieved by
assigning other tighter constraints, for example by increas-
ing the threshold value for the index of agreement C and de-
creasing the threshold value for the index of disagreement.

Conclusions

Analysis of the main methods of the multi-criteria as-
sessment in managerial decision making showed that the
most effective of them is the Pareto method. According to
this method, a solution is optimal, if there is no another
solution that improves the value of one of the criteria with-
out worsening the others. The information technologies of
the multi-criteria choice, realized by the methods of math-
ematical programming allows designing food products by
several different criteria, structurizing the obtained set of
alternatives (diets, dishes, products) and determining the
substantiated preference of the optimal food product with
the targeted quality, composition and properties.
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