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ANTIMICROBIAL SUBSTANCES: AN ALTERNATIVE
APPROACH TO THE EXTENSION OF SHELF LIFE

AHTVUMMKPOBHBIE BEHIECTBA: ATbTEPHATVBHBIN
IHOAXOI K ITPOI/IEHNIO CPOKOB XPAHEHIA

Lukinova E.A.,, Kotenkova E.A.’, Makarenko A.N.2
' V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia
> Bogomolets National Medical University, Kiev, Ukraine

KiroueBble crioBa: Muxpobuonozuueckas nopud, cpoxku xpare-
HUS, AHMUMUKPOOHDbIE 8eujecmaad, nenmuobvl, 6enku.

Annomauus

B nacmosweii cmamve paccmompena npobnema 6viCOKUX 1o-
mepo cuipbsi U NPoOyKMos 6 nuusesoti uHoycmpuu. Ilpedcmas-
JleH KPpAmKuti nepeueHv CYU,eCMByOuiUx NputuH Mukpoouo-
JI02U4eckoti nopuu U no0xo006 K ee MUHUMUSAUUL, BKIIIOHAS
mexHonozu4eckue, Pusudeckue u xumuueckue. B xauecmee
ATIbMEPHAMUBHL CYULECTNBYIOULUM N00X00aM PACCMOMPeHbL NPU-
DpOOHbIE AHMUMUKPOOHBLE BeL4eCiBa, O CYU4eCB08aHUL KOMO-
poLx ussecmHo yixce bonee 60 nem. AHMUMUKPOOHbLE nenmuodbL
ABTAOMCSA  I60/IIOUUOHHO OPesHUM PaKmopom 6poioeHH020
UMMYHUMEMA U 0OHAPYHUBAIOMCA 6 KAeMKAX U MKAHAX No-
360HOUHDIX U OECTIO3B0HOUHBIX HUBOMHDIX, PACHEHUAX, 2pUbaX
u 6axkmepusx. IIpedcmasnervl nodxoovl Kk ux Kaaccuguxauuu,
ocobeHHOCU CMpPOeHUsT U MexaHusmos Oeticmeust. Cucmema-
MU3UPoBanHa UHPOPMAUUT U3 8e0YULUX MUPOBLIX 043 OAHHbIX
The Antimicrobial Peptide Database u Uni Prot Protein Database
0 HATUMUU AHMUMUKPOOHBIX 6eU4eCTNE 8 IMKAHAX CBUHELl U KPYN-
HO20 P02atno20 CKOMaA, BKII0UAL UX MOJIEKYNAPHYI0 Maccy u besn-
K08-NpedulecmeeHHuKos (Npu HATUYUL), U30I/IEKMPUHECKYIO
Mouky, 3apsao, AMUHOKUCTIOMHYI0 NOC/Ie008aMENILHOCMb U 0070
2uOpoPobHOIL uacmu 6 Heil, a Makie cneKmp aKmueHoOCMu: a-
mubakmepuanvHas, NPoMuBoPUbKosas, MNPOMUBOBUPYCHAS,
npomusonapasumapuas u np. Ha ocnose nposedernozo 0630pa
1pediose bl ANbIMePHAMUEHbIE UCTOUHUKIU UX Bbl0e/IeHUS U HA-
MedeHa NepcreKmusa CO30aHus MexHOon0eul NoBbIUeHUS Xpa-
HUMOCHOCOOHOCU NUL4EE0TE NPOOYKUUU.

BBegenne

E>xerogHo HpoM3BOAMTENN IPOAYKTOB IUTAHMUA He-
CYT CylleCTBEHHbIe IIOTEpPU IPOU3BOAMUMON IPORYKIINN
JI0 TPeTH OT 00I1elt MacChl CheTOOHOTO POJOBOIbCTBIIS,
IIpe/{Ha3HAuYeHHOT0 /IS YHOTpebIeHNs B IMINY YeloBe-
KOM, 4TO COCTaBjseT okoio 1,3 miupx T B rop [1]. Cyme-
CTBEHHYIO PO/Ib B YPOBHE IIOTEpPb IUILEBON MPORYKIINK
urpaeT MUKpobmonorndeckas nopya. [Iockonpky Msco sB-
JI€TCs TIO/IHOLIEHHOV M TATE/IbHON CPEeNoI I/ Pa3BUTIA
MMKPOOPTaHM3MOB, II0CTIe Y6051, B IIpoliecce epepaboTKu
U XpaHeHWs ero MOBEPXHOCTb IMOfIBEpraeTcsi obceMeHe-
HUIO MUKPOOPTaHM3MaMI, BbI3BIBAIOIINX JOCTATOYHO ObI-
CTPYIO ITOPYY, KOTOpast IPUBOAUT K CHYDKEHUIO Ka4ecTBa,
YXYAIIEHUIO OPTaHOIENTHYECKUX Y (PUSUKO-XMMUIECKUX
CBOJICTB, HAKOIIEHNIO BPETHBIX ¥ OIMACHBIX IS 3[[0PO-
Bbs YeI0BEKA COeHEHMII, Pe3KOMY COKPAIL[eHII0 CPOKOB
xpaHeHus [2]. B 3aBucuMocCTy OT THIIa MUKPOOPTaHU3MOB,

Keywords: microbiological spoilage, shelf life, antimicrobial sub-
stances, peptides, proteins.

Abstract

The problem of high losses of raw materials and products in the
food industry is reviewed in the article. Brief lists of spoilage types
as well as the available approaches to meat preservation are dis-
cussed including technological, physical and chemical. Natural
antimicrobial substances are considered as alternative approaches,
the existence of which has been known for more than 60 years.
Antimicrobial peptides are the evolutionary ancient factor of in-
nate immunity and are found in the cells and tissues of vertebrate
and invertebrate animals, plants, fungi and bacteria. Present ap-
proaches to their classification, structure and mechanisms of ac-
tion are discussed. The information from the Antimicrobial Pep-
tide Database and the UniProt Protein Database is systematized in
relation to the presence of antimicrobial substances in the tissues of
pigs and cattle. Such parameters as the molecular weight, isoelec-
tric point, charge, amino acid sequence and share a hydrophobic
part, as well as a range of activities: antibacterial, antifungal, an-
tiviral, antiparasitic, etc. are presented in the article. On the ba-
sis of the review, alternative sources of antimicrobial proteins and

peptides are proposed as well as technology for shelf life prolonging.

Introduction

Every year, food industry loss considerable amount
of produced products, which account for about a third of
the total mass of food products intended for human nu-
trition or 1.3 billion tons per year [1]. A significant role
in the level of food losses plays microbiological spoilage.
Meat is a high value nutritive medium for microbial de-
velopment, therefore its surface is subjected to microbio-
logical contamination after slaughter, during processing
and storage. Microorganisms cause rather quick spoilage
leading to quality impairment, deterioration of organo-
leptic and physico-chemical properties, accumulation of
harmful and hazardous substances, and a sharp decrease

in shelf-life [2].Depending on a microorganisms, the fol-
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pasIMYaOT CIeAyIoLIMe TUIMBl IOpYM: HUTMEHTAIS
(B. Fluorescens, B. Pyocyanea, S. Marcescens, Tak ke IUI-
MeHTHBIE TPOXOKHU, Jalle Bcero poma Torula), cBedeHue
(Photobact. Phosphoreum), mnecueBenue (Thamnidium,
Rhizopusu Cladosporium), ocnusnenue (Pseudomonas)
n rtHuenue (Proteusvulgaris, Serratiamarcescens, Bac.
subtilis, Bac. mesentericus, Bac. Mycoides, CI. Sporogenes,
Cl. Putrificus, Cl. Perfringens). MHorue »e MMKpoOpra-
HU3MBI COXPAHSAIOT >KM3HECIIOCOOHOCTh B OX/IAXKIEHHOM
U 3aMOPOYKEHHOM MSCHOM ChIpbe (pop Enterobacteriaceae,
Bacillus, Clostridium, waubonee axtuBHbI Pseudomonas,
Achromobacter, mnecneBble rpubst Penicillium, Mucor,
Cladosporium, TpoxXcKU M HEKOTOPBIE ITaTOTeHHbIe MUKPO-
OpraHm3Mbl (307I0TUCTBI CTApUIOKOKK, CaTbMOHEIIBI,
BO30ynuTens 6orynmusma)) (3, 4, 5, 6].

C npeBHeINX BpeMeH, IOMUMO OX/IXKIEHVS, IO
HIPUMEHSIV Pas3/IMYHble NpYeMbl /IS MPOJJIeHNs Cpo-
KOB XpaHEHUs MsCa, MPUYeM HEKOTOpPbIe TEXHOIOTHYe-
CKYe ITOAXO/BI CIIOCOOCTBOBA/IN TIOBBIIIEHNIO BKYCOBBIX
Ka4yeCTB, a TaK)Ke YBEMNYMBAIN MMUTATENPHYIO LIEHHOCTbD
oIy, a GOMBIIMHCTBO TPAAUIMOHHBIX OO COXpaHU-
JIOCh M 110 celi ieHb. KolrueHne 1 Bsa/leHe — 3TO TEXHOJIO-
TUY, IPU3BAaHHbIE YAATUTH BIATY U3 MUY /I TOTO, 4TO-
Obl IpefoTBpaTUTh pocT Oakrepuii. Komuenne covyeraer
TePMUYECKYI0 06pabOTKy C IBIMOM, I7ie KII0YeBbIMIU CO-
eVHEeHVSIMM-KOHCEePBAHTAMU SIB/ISIIOTCST apOMaTIYeCKue
COeIVIHEHVsI IpeBeCUHbL. B cly4as BsIeHUSA KIIIOYEBBIM
ACIIEKTOM SIBJISIETCSI Pe3KO€e CHIDKEeHMe aKTUBHOCTY BOJ[BI
B ITIOACYLIEHHOM MsCe, Iie MUKPOOPTaHM3MBI y>Ke pas-
BuBaTbcs He cMoryT. CorleHnme U MUCIIONb30BaHME caxapa
HOMUMO MHUIIMMPOBAHNS BBIXOJA B/IATY U3 MsICa, TAKXKe
CIIOCOOCTBYET POCTY OCMOTIYECKOTO [JaB/IeHNsI, KOTOpOe
MUKpOOManbHas K/IeTKa BbIlep)KaTh He MOXKET U pa3pbl-
BaeTcs. Emje omHMM cioco6oMm siBisieTcst pepMeHTanys —
MHO)KECTBO TPAUIIMIOHHBIX KOJI6AC TOTOBUTCS U 110 Ceit
JleHb 110 CTapbIM perjentypam (40puso, caisMy, Ierre-
poHM). DTa TEXHONOTHS 3AK/ITI0YAETCS B MCIOTb30BAHUM
CTapTOBBIX KY/IBTYpP, KOTOpble 4acTO OO/Ialal0T aHTaro-
HJCTUYECKOJ aKTMBHOCTBIO II0 OTHOLIEHVIO K MUKPOOP-
raHu3MaM, BbI3bIBaOLIM 1opuy. Kpome Toro, mpakrude-
CKYI BO BCEX TPAAMILMOHHBIX TEXHOMOTVSX MCIIOb3YIOTCS
CIIeNUM M TPaBbl, OOraThle OPraHMYECKNMIU COETHEH-
AMI C BBICOKMMM aHTUOKCUJAHTHBIMM CBOJMCTBAMMU, YTO
HOMMMO YBeJIMYeHNsI BKYCOBBIX KaueCTB CIIOCOOCTBYeT
3aMeJIJIeHNIO TIPOLIECCOB IIEPEKIICHOTO OKMCIEHNs Oe/IKOB
¥ IMTINAZOB MSICHOTO CBHIPBA [7].

Ha nHacrosAmmit MOMEHT /I NpeRyNpeXaeHus mop-
Y1 MIPOJJIEHNS CPOKOB XpaHEHM BBIJIE/IAIOT CIEAYIOIIVIe
MIOZIXO/IBI: TEXHOIOrMYecKre (3amopakmBanue [8], Kor-
yenne (KOIITWIbHBIN ABIM) [9], OX/makeHne, IoCoI Msca
(moBapeHHas conb, caxap) [10, 11], 6poxenue), pusnde-
ckie (yIbTpasBYKOBBIE, ra30-MOANUPUIMPOBAHHBIE), XN-
MudecKast 06paboTKa (JJByOKICh CEepBI 11 ee IIPOV3BOJHBIE,
6eH30l1HasA, COPOMHOBas, MPONMOHOBAsA, MOIOYHASA, YK-
CycHas, BUHHAs, TMMOHHAs, NETUAPOAL[eTOBas KUCIOTDI
Yl HEKOTOPBIE MX COJY, 3PUPBI OKCHOEH30IHON KUCTOTbI)

lowing spoilage types are distinguished: pigmentation
(B. fluorescens, B. pyocyanea, S. marcescens, as well as
pigmented yeasts, more often Torula), fluorescence (Pho-
tobact. phosphoreum), molding (Thamnidium, Rhizopus
u Cladosporium), slim formation (Pseudomonas) and pu-
trefaction (Proteus vulgaris, Serratiamarcescens, Bac. sub-
tilis, Bac. mesentericus, Bac. mycoides, Cl. sporogenes, CI.
putrificus, Cl. perfringens). Many microorganisms main-
tain viability in chilled and frozen meat raw material (gen-
era Enterobacteriaceae, Bacillus, Clostridium, most active
Pseudomonas, Achromobacter, molds Penicillium, Mucor,
Cladosporium, yeasts and several pathogenic microorgan-
isms (Staphylococcus aureus, Salmonella, Clostridium botu-
linum)|[3, 4, 5, 6].

Since ancient times, humans have applied different
methods besides chilling to extend meat shelf-life. Tradi-
tional technological approaches have facilitated an increase
in palatability and food value of products. The majority of
traditional dishes also exist nowadays. Smoking and air
drying are technologies that eliminate moisture from food
to prevent bacterial growth. Smoking combines thermal
treatment with smoke fume, in which aromatic substances
from wood are the main preserving compounds. In case
of air drying, a key aspect is a sharp decrease in water ac-
tivity in dried meat, where microorganisms are no longer
able to develop. Salting and the use of sugar, in addition
to initiating moisture release from meat, also promote an
increase in osmotic pressure, which a microbial cell cannot
withstand and rupture. The other method is fermentation.
Many traditional sausages (chorizo, salami, pepperoni)
have been produced by old recipes up to date. This tech-
nology consists in the use of starter cultures, which often
have an antagonistic activity against spoilage microorgan-
isms. Moreover, practically all traditional technologies use
spices and herbs that are rich in organic substances with
high antioxidative properties, which preserve proteins and
lipids from peroxidation, and in addition increase palat-
ability of foods [7].

At present, the following approaches are used to pre-
vent spoilage and prolong shelf life: technological (freezing
[8], smoking (smoke fume) [9], chilling, meat salting (table
salt, sugar) [10,11], fermentation), physical (ultrasound, gas
modification), chemical treatment (sulfur dioxide and its
derivates, benzoic, sorbic, propionic, lactic, acetic, tartaric,
citric, dehydroacetic acids and several their salts, esters of

oxibenzoicacid) [12, 13]. However, their use can lead either
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(12, 13].OgHaKO MX UCTIONTb30BaHME MOXKET IPUBECTHU TNOO
K CHIJDKEHMIO Ka4yecTBa, B TOM 4MC/Ie IMIIEBOI LIeHHOCTH
CBIPbA U NMPOAYKTOB, MO0 K HAKOIUIEHWIO aHTUAIVIMEH-
TapHBIX PaKTOPOB U moTepe 3P PeKTUBHOCTY BHECEHHBIX
VI HaTUMBHO COfIEP>KAIuXCA OMONOrMYecKy aKTUBHBIX
BemecTB. C/IOKMBIIASICA CUTYALMsI CHOCOOCTBYET ITOUCKY
aJIbTepHATVBHBIX ITOJXOJ0B K ITOBBILIICHNIO XPAHNMOCIIO-
CcOOHOCTM IUIEeBON HMpopyKumu. TakuM pelleHyeM Mo-
TYyT CTaTh IPUPOJHBIE BellecTBA ¢ AHTMMUKPOOHOI Ha-
IPaB/IeHHOCTBIO JIJICTBMA, O CYLIECTBOBAHMU KOTOPBIX
U3BeCTHO yxe 6osee 60 jieT, IPOSBIAIIINX AKTUBHOCTb
B OTHOLIEHNM) IIVPOKOTO CIIEKTPa I'PaMIOIOKNUTENbHBIX
¥ TPaMOTpUIIATe/IbHbIX OaKTepuii, IprboB, fposoKker [14].

PacnipocTpaHéHHOCTD
¥ OCHOBHBIe XapakTepuctTuku AMII

AntuMukpo6usie mentupsl (AMII) sBnsoTcs yHU-
BEPCA/IbHBIMU ¥ 9BOJIIOLMOHHO [PEBHUMM KOMIIOHEH-
TaMU CHUCTEMbl BPOXKIEHHOTO VMMYHUTETa, KOTOpbIE
HPOAYLMPYIOTCS TO3BOHOYHBIMU U 0€CIIO3BOHOYHBIMU
JKVBOTHBIMY, pacTeHusAMY, rpubamm u 6akrepusamu [15,
16]. Tax, AMII o6Hapy>eHbI B Afe ckoprmoHa (Buthus
martensii, Hadogenes) [17,18], ssamene (Hordeum vulgare)
[19], KO)XHBIX TTOKpOBax aTmaHTU4eckoi tpecku (Gadus-
morhua) [20], ocerpa (Acipenser gueldenstaedtii) [21],
cmusu yerpunsl (Crassostrea virginica) [22], KOXXHBIX T10-
KpoBax canaMaupapsl (Andrias davidianus) [23], naryuxu
(Ranas phenocephala, Ascaphidae, Dicroglossidae, Ranidae,
Laevis Xenopus, Sphaenorhynchus lacteus (Hylidae)) [24,
25, 26], Tpombounrax Kypuubsl pomauueit (Gallusgal-
lus) [27], nevixonurax xo3wl (Capra Hircus) [28], mucniypl
(Vulpes vulpes) [29], nocs (Alcesalces) [30]; B crione, Heii-
TpoduIax  CBIBOPOTKE KPOBU KPYITHOTO POraTOro CKOTa
[31]. CormacaoThe Antimicrobial Peptide Database yxxe
upeHTUGUIMPOBaHO 2818 aHTMMUKPOOHBIX IENTHU/OB U3
IIeCT! LApcTB: 298 — GaKTepUOLVHBI U MEeNTUIHbIE aH-
TOMOTHKY OaKTepuii, 4 — apxeit, 8 — nmpocreimmx, 13 —
rpu6oB, 343 — pactenmuit, 2152 — xxuBotHbIX (Puc. 1) [32].

3penbie AMII copepxat ot 10 go 100 aMMHOKUCIOT-
HBIX OCTAaTKoB (damje BcTpevaoTcss AMII B pmamasoHe
ot 20 mo 50 a.o., Puc. 2b), xapakrepusyrorcs ampudnib-

to deterioration of quality, including food value of raw ma-
terial and products, or accumulation of anti-alimentary
factors and loss of effectiveness of added or native biologi-
cally active components. The current situation stimulates
a search for alternative approaches to increasing storabil-
ity of food. The solutions can include natural substances
with antimicrobialaction, the existence of which has been
known for more than 60 years. They exhibit activities
against a wide range of gram-positive and gram-negative

bacteria, molds and yeasts [14].

Sources and characteristics of AMPs

Antimicrobial peptides (AMPs) are the universal and
evolutionary ancient components of the innate immu-
nity, which are produced by vertebrate and invertebrate
animals, plants, fungi and bacteria [15,16]. For example,
AMPs were detected in scorpion poison (Buthus marten-
sii, Hadogenes) [17,18], barley (Hordeum vulgare) [19], skin
of Atlantic cod (Gadusmorhua) [20], Russian sturgeon
(Acipenser gueldenstaedtii) [21], mucosal secretions of the
eastern oyster (Crassostrea virginica) [22], skin of Chinese
giant salamander (Andrias davidianus) [23], frogs (Ranas
phenocephala, Ascaphidae, Dicroglossidae, Ranidae, Laevis
Xenopus, Sphaenorhynchuslacteus (Hylidae)) [24, 25, 26],
chicken platelets (Gallusgallus) [27], leukocytes of the goat
(Caprahircus) (28], red fox (Vulpes vulpes) [29] and moose
(Alcesalces) [30]; in bovine saliva, neutrophils and se-
rum|[31]. According to the Antimicrobial Peptide Database
(APD), 2818 antimicrobial peptides from six kingdoms have
been already identified: 298 bacteriocins and peptide antibi-
otics from bacteria, 4 from archaea, 8 from protists, 13 from
fungi, 343 from plants, 2152 from animals (Fig. 1) [32].

The mature AMPs contain from 10 to 100 amino acid

residues (more frequent are AMPs in a range of 20 to 50

Synthetic | CuHTeTUYECKME
1,58

Protozoan | Mpocreiiwmne
0,23

Bacteria | Baktepuu

8,43 Fungii | Tpn6bi

0,47

Plants | PacteHus
13,55

Fig. 1 — Sources of antimicrobial peptides [32, 33] | Puc. 1 — Vcrounmky aHTuMUKPOOHBIX mentuios 32, 33]
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Fig. 2. Qualitative distribution of: A — charge, b — length, B — hydrophobic amino acids in AMPs [32, 33]
Puc. 2. KonmuecrBenHoe pacupenenenne A — 3apsiga, b — pnust, B — rugpodobubix ammnuokncnor 8 AMII [32, 33]

HOCTBIO (o7t TH/POOOHBIX aMIHOKUCIOT KonmebmeTcs
B muanasoHe ot 10 1o 80 %, Puc. 2B), 061amaroT 0CHOBHBI-
MJ CBOJICTBAaMM 32 CUET BBICOKOTO COJIep>KaHVs apIHIHA
U M3UHA, ¥ HECYT IOJIOKUTE/NbHbIN 3apsifl, COOTBETCT-
BeHHo (Puc. 2A).

IIpepnonaraercs, uTto MexaHuUsM [elictBus AMII
OCHOBBIBA€TCA HA HAPYIIEHUM LEMTOCTHOCTY MeMOpaHbI
MUKPOOpraHyM3Ma: ¥3Ha4aIbHO IPOVICXOIUT 37IEKTPOCTA-
TUYECKIE IPUTSDKEHME OTPULIATEIBHO 3aPSHKEHHOI MeM-
OpaHbl ¥ KATUOHHOTO MENTHA, 3aTeM IIPOUCXOUT IUPO-
(dbobHOE B3aMMOIENICTBME COOTBETCTBYIOIIMX YYaCTKOB,
BBI3BIBAIOLIlEE [IE3MHTETPAL[MI0 MEMOPAHBI, TIOCTIE Yero Ye-
pe3 Hee IIPOHMKAIOT VIOHBI MJIV IHbIe KOMITOHEHTBI, BBI3bI-
Bas rubenb KneTku [34]. Tem He MeHee, KOHEYHOTO B3IVIsA/a
Ha MeXaHV3M HapyIIeHNs LIeIOCTHOCTY MeMOpaHBbI IOKa
He chopMupOBaH: PeIOKEHO TPU Mofie — «boUKa n3
Kernok» («barrel-stave» model), «roponpanpuas mopa»
(«toroidalpore» model) u xoBpoBasa Mopenb («carpet»
model). Onrako AMII crtocoOHBI TaK)Ke HaKaIlIMBaThCA
Y IPOSIB/IAITH aKTYBHOCTD BHY TP KineTKu [15, 35].

Iopxopmp! k kmaccupukanuu AMIIT

[Ipn xmaccudumranuum AMIIT Takke BOZHMKAIOT HEKO-
Topble pasHouyTeHMsA. Tak, AMII MOXHO pasgenuTb IO
MeXaHu3My OMocuHTe3a (3aKOAVPOBAHHbIE B TeHe MM
HeT), VICTOYHVKY (pacTUTeNbHble, OaKTepuaabHbIE, >KI-
BOTHBIE 1 IIp.), aKTUBHOCTY (QHTMOAKTepUaIbHbIE, IPO-
TUBOBMPYCHBIE, IPOTUBOIPUOKOBBIE, WHCEKTULVTHbIE
U 1p.), GUMKO-XMMUYECKVM CBOVICTBaM (KaTMOHHBIE,
HeJTpajIbHble, aHNOHHbIe / IMAPOPOOHBIe, ITUAPOPIUIb-
Hble, aMpuduabHbIe/yIbTpa-Manble (2-10 a.0.), Masble
(10-24 a.o0), cpegume (25-50 a.o.), u kpymube (50-100
a.0.), MOJIEKY/IIAPHOIl MMIIeHM (IIPOSABIIAIONIVE AKTWB-
HOCTb Ha IOBEPXHOCTM KJIeTKM win BHYTpu). Hanbomnee
CTIOKHOM ABJIAETCA KIaccu(uKanusa 10 MOJE/NAM KOBa-
JIEHTHBIX cBsA3ell u 1o 3D cTpykrype. Tak, ncxonsa us Mo-
Ienell KOBaJIeHTHBIX CBA3EN cylecTyeT 4 kmacca AMIIL:
1 — nuueitHble ofHONEemoYeuHble mentuabl (LL-37) nin
7iBa IMHEIHBIX ENTHU/A, He CBA3aHHDBIX KOBAJIEHTHOM CBS-
3pi0 (sHTeporuH L50); 2 — copmepxaiiye KOBaJIeHTHYIO
CBA3Db B IIPefie/Iax OHOI VN [IBYX Liemeit (AucynbduaHbIe
cBs3U Y AedeHCUHOB, 3¢UpHas CBA3b Y TAHTUOMOTIKOB);
3 — MMelolINe KOBA/JICHTHYIO CBS3b, IPUBOAALIYIO K LIM-
K/IM3alyM KOHIIeBoro ¢pparmMenTa nenruza (pysapumymm-
HBI); 4 — LUK/INYHBbIE NENTHUAbL, 0Opa30OBaHHBIE 3a CYET

amino acid residues, Fig. 2B). AMPs are amphiphilic (hy-
drophobic amino acids residues arein a range from 10 to
80 %, Fig. 2B), have basic properties due to the high content
of arginine and lysine and positive net charge (Fig. 2A).

It is suggested that the mechanism of AMPs action is
based on the destruction of microbial membrane. First,
peptide and negatively charged membrane of the microor-
ganism are electrostatically attracted, then the membrane
are disrupted, after that ions and other cell components
exited, which causes cell death [34]. Nevertheless, the fi-
nal opinion on the mechanism of microbial membrane
destruction has not been formed yet. Three models were
proposed: the barrel-stave model, toroidal pore model and
carpet model. However, AMPs are able to accumulate and

exhibit activities inside a cell [15, 35].

Approaches to AMPs classification

There are numerous approaches to classification of
AMPs. For example, AMPs, can be classified according
to biosynthesis mechanism (gene-coded or not), source
(plant, bacterial, animal and so on), biological functions
(antibacterial, antiviral, antifungal, insecticidal and so
on), physico-chemical properties (cationic, neutral, an-
ionic/ hydrophobic, hydrophilic, amphiphilic/ultra-small
(2-10 amino acid residues), small (10-24 amino acid resi-
dues), medium (25-50 amino acid residues), and large
(50-100 amino acid residues), molecular targets (exhibit-
ing activity on a cell surface or inside). The most complex
is classification based on covalent bonding pattern or 3D
structure. Thus, according to covalent bonding patterns,
there are four classes of AMPs: 1 — linear one-chain pep-
tides (LL-37) or two linear peptides not connected via a
covalent bond (enterocin L50); 2 — sidechain-sidechain
linked peptides (defensins containing disulfide bonds or
ether bond-containing lantibiotics); 3 — peptides with a
sidechain to backbone connection(fusaricidins); 4 — cir-

cular peptides formed with bond between N- and C-ter-
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cBsasu Mexziy N- u C-TepMuMHaIbHBIMU KOHLAMM (TeTa-
nedencunnr). Cormacuo 3Dcrpykrype Bce AMIT MoxHO
pasfenuThb Ha YeTbIpe ceMelicTBa: a, {3, af}, 1 He-af} B 3aBu-
CHMOCTH OT TUIIOB BTOPUYHBIX CTPYKTYP [14, 32, 36, 37].

AMII MmekonuTaOIINX

Y mnexonutatomyx AMII yamie Bcero 00Hapy>XKUBaoT
B KPOBU, CIM3UCTHIX 000/I0YKAX U ITOTPAaHNYHBIX SIINTe-
JIMA/IbHBIX TKAHAX, TAK KaK OHY SIBJIAIOTCS IIePBOL TMHUE
MMMYHHOII 3aI[Thl OPraHM3Ma OT BHELIHNX MUKPOOHBIX
u 6aKTepuarbHBIX BO3/IEVICTBUIL; y YelOBeKa — B CITIOHE,
CIIM3UCTON 000TIOUKe JeceH, fA3bIKa, LIeKU Tyd, momde-
JIIOCTHOI >KeJIe3bl ¥ HeOOIbIIIoi I'yOHOI JKee3bl, HeTpo-
¢dwtax, KjaeTkax IMaHeTa, TKaHAX TOHKOM KUIIKM, SINTe-
JIMAIbHBIX KIeTKaX HOca U OpOHXOB 1 Tpaxeu [38, 39, 40,
41, 42, 43, 44, 45, 46, 47, 48, 49]. Haubonee nsy4eHHbIMMA
cemerictBamu AMII MyiekonuUTaOMMX SBSIOTCS KaTeu-
LUINHBI, TUCTATUHDBI 1 [TeEeHCUHDI, TIPUYEM TOC/TeTHIT
KaccHanbojIee M3y4eH U MOfpasfenseTcs Ha anbda-ae-
¢dencuHpl (06HAPYXMBAIOTCS B OCHOBHOM B HeNTpodu-
nax u knetkax [Tanera), 6eta-edeHcrHBI (IOKaIM30BaHbI
B JIEJIKOLIMTAX U SMUTE/NMNATIbHBIX K/IeTKaX) 1 TeTa-fgedeH-
CMHBI (HaVMeHee M3Yy4YeHbI, OOHAPYXEHBI Y HEKOTOPBIX
npumaros) [50]. BiepBble fedeHCHHBI MIEKOIIMTAIOLINX
6bUtn onucansl B 1956 ropy Robert C. Skarnes n Dennis
W. Watson kak neiknuust [37, 51] u James G. Hirsch kak
dbarounTHHBI TOTMMOPQPHOSIIEPHBIX JIEMKOIUTOB KPOJIN-
Ka [37, 52]. B cepun pa6ot H.I. Zeya u John K. Spitznagel
[I0Ka3aJIy, OTKPBIThIE BEIIEeCTBA OTHOCATCS K OGHOMYMO-
JIEKY/IIPHOMY CeMeICTBY, KOTOpOe OHU OIpefeNIi KakK
CeMEIICTBO KaTMOHHBIX aHTUMUKPOOHBIX MPOTENHOB[37,
53], n Tonmpko B 1985 roxy Michael E. Selstedetal. mamu nm
coBpeMeHHOe HasBaHme — flebeHcuHsl (37, 54]. Heden-
CUHBI TIPENCTAB/ISIOT CO00il KaTMOHHbIE, HETTMKO3VIN-
POBaHHBIX HEINTHU/IBI, COTEPIKAIUX IIECTh OCTATKOB IN-
CTeNHa, KOTOpble 00pasylT TpU BHYTPUMOIEKY/IIpHBIE
aucynpGugHbIe MOCTIKA, B pe3y/braTe 4ero Gpopmupyer-
Csl TpexlelloueyHasi CTPYKTypa 6eTa-CKIa4aToro JaucTa
[55]. TucTaruHbpl — 3TO HeGOMbILINE KATUOHHbIE, TUCTHU-
IMH-60raThle ITENTH/BI, NPUCYTCTBYIOLMEPENMYIIeCT-
BEHHO B C/IIOHE, a KAaTeMUIUANHBI — aMpuUIaTniecKme
HENTHUAbL, IPUCYTCTBYIOLINE B IEPOKCI/a3a-0TPULATENb-
HBIX TPaHy/Iax HeMTPOPNIOB, 0OHAPYIKEHBI B K/IETKAX I10-
TOBBIX KeJIe3 UIIOTOBBIX IIPOTOKOB, B KOTOPBIX HAXOIATCS
B BIJle IIPOTIENTH/IOB U BBIAE/IAIOTCS Ha IIOBEPXHOCTD Bpe-
3y/bTaTe MPOTEONUTIIECKOTO MPOLeCCHHTa. [MCTaTHHbI
¥ KaTeJIMLM/VHbI IPeoOpasyoTcs B anbda-crypanp B I'u-
npodobuoit cpene [55].

AHTUMHUKpOOHBIE BeleCTBA CBMHEN
¥ KPYIIHOTO POraTOro CKOTa B COOTBETCTBUM
¢ Uni Prot Protein Database

CormacHo aHanu3y MexpyHapopHoit 6asbl Uni Prot
Protein Database, B TKaHsX CBMHelT ¥ KPYIIHOTO pOTraro-
rO CKOTa OTME€YaeTCs BBICOKOe cofiepKaHue Kak AMII
U IHBIX BeIlleCTB C aHTVMUKPOOHOI U IIPOTUBOBUPYCHOI

minal ends (0-defensins). According to the 3D structure,
all AMPs can be classified into four families: a, 3, af, and
non-af3 based on the types of the secondary structures
(14, 32, 36, 37].

Mammalian AMPs

In mammals, AMPs are most frequently found in
blood, mucous membranes and epithelial tissues, as they
are components of the first immune defense against exter-
nal microbial and bacterial exposure. In humans, AMPs
are found in the saliva, mucous membrane of gingivae,
tongue, cheeks and lips, submandibular gland and small
labial glands, neutrophils, Paneth cells, tissues of small in-
testine, epithelial cells of nose and bronchi, and tracheae
[38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49].The most stud-
ied mammalian AMP families are cathelicidins, histatins
and defensins. Defensins are the most studied and subdi-
vided into alpha-defensins (found mainly in neutrophils
and Paneth cells), beta-defensins (localized in leukocytes
and epithelial cells) and theta-defensins (the least studied,
found in some primates) [50]. Mammalian defensins was
described in 1956 by Robert C. Skarnes, and W. Dennis
Watson as leukins [37, 35] and James G. Hirsch as phago-
cytins produced by leukocytes of rabbit [37, 52]. In a series
of works, H.I. Zeya and John K. Spitznagel demonstrated
that discovered substances belong to one molecular fam-
ily, which they identified as cationic antimicrobial proteins
[37, 52]. Only in 1985 Michael E. Selsted et al. give them
the modern name — defensins [37, 54]. The defensins are
cationic non-glycosylated peptides containing six cysteine
residues that form three intramolecular disulfide bonds,
resulting in a triple-stranded beta-sheet structure [55].
Histatins are small, cationic, histidine-rich peptides pres-
ent in human saliva. Cathelicidinsare amphiphilic peptide-
spresented in peroxidase-negative granules of neutrophils,
sweat glands and sweat ducts, as propeptides excreting as a
result of proteolytic processing. Histatins and cathelicidins
form an alpha-helical structure in a hydrophobic environ-
ment [55].

Antimicrobial substances of pigs and cattle in

accordance with the Uni Prot Protein Database

According to an analysis of the International Uni Prot
Protein Database, porcine and bovine tissues have the high
content of both AMPs and other substances with antimi-

crobial and antiviral action [56]. Protegrins are determined
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Table 1. Data of the International Uni Prot Protein Database | Ta6miua 1. [Jannbie mesxaysapopHoii 6asst ganusix Uni Prot Protein Database

Precursor protein | Mature protein/peptide |
Name | HaumenoBanue Benok-npegmecTBeHHNK 3penslit Oemok/menTup,
MM, kDa pI MM, kDa pI
Pig | CBunbs
Azurocidin kDa 27.039 11.64 24.286 11.61
Acyl-CoA-bindingprotein 9.896 7.86 9.759 7.84
Lysozyme C-1 14.668 9.06 14.668 9.06
Lysozyme C-2 16.484 9.04 14.580 8.93
Lysozyme C-3 16.711 9.13 14.807 9.04
Protegrin-1 16.677 8.40 2.159 10.66
Prophenin-2 25.855 10.56 8.627 12.70
Antibacterialprotein PR-39 19.477 9.96 4.718 12.60
Protegrin-3 16.578 8.08 2.060 9.88
Protegrin-4 16.622 7.45 2.104 9.37
Peptidoglycan-recognitionprotein 21.223 9.25 18.852 9.19
Protegrin-2 16.478 8.08 1.960 9.88
Hepcidin 8.771 9.06 2.755 8.22
Enhancerofrudimentaryhomolog 3.910 9.87 3.910 9.87
N-acetylmuramoyl-L-alanine amidase 64.413 6.22 61.204 6.22
BPI fold-containing family A member 1 25.769 4.55 24.250 4.55
Chromogranin-A 49.621 4.66 47.832 4.61
Liver-expresse dantimicrobial peptide 2 8.818 10.73 4.596 9.37
Cattle | Kpynns1ii porarstit ckot
Lactoperoxidase 80.642 8.83 69.416 8.27
Peptidoglycan recognition protein 1 21.063 9.59 18.796 9.38
Cathelicidin-3 21.567 10.87 6.906 13.20
Cathelicidin-1 17.600 7.58 1.485 11.53
Cathelicidin-2 20.030 9.19 5.145 12.54
Lysozyme C-2 16.304 6.87 14.406 6.46
Lysozyme C-3 16.317 7.55 14.405 7.03
Lysozyme C-1 16.279 6.80 14.367 6.32
BPI fold-containing family A member 1 26.576 6.13 24.635 6.04
Cathelicidin-5 17.616 8.37 3.130 12.02
Beta-defensin 10 6.928 10.74 4.523 10.21
Beta-defensin 4 7.161 11.46 4.779 11.17
Beta-defensin 5 7.228 10.47 4.804 9.69
Lysozyme C, non-stomach isozyme 16.476 8.14 14.598 Vol
Beta-defensin 7 6.964 11.47 4.569 11.20
Liver-expressed antimicrobial peptide 2 8.856 10.73 4596 9.37
Beta-defensin 9 6.049 10.66 4.555 10.66
Beta-defensin 3 6.325 11.20 4.830 11.20
Beta-defensin 11 6.507 10.66 4.160 9.99
Caltrin 8.977 10.21 5.536 10.36
Beta-defensin 12 4.106 9.57 4.106 9.57
Cathelicidin-6 17.852 9.39 3.281 12.32
Beta-defensin 1 4.278 8.98 4.278 8.98
Lysozyme C, intestinal isozyme 16.391 9.65 14.531 9.59
Beta-defensin 6 4.839 10.74 4.839 10.74
Beta-defensin 13 4.450 9.56 4.450 9.56
Beta-defensin 2 4.649 11.20 4.649 11.20
Beta-defensin 8 4.359 10.66 4.359 10.66
Chromogranin-A 48.203 4.69
— Chromacin 2.314 4.87
— Catestatin 50.101 4.73 2.424 12.18
— Vasostatin-1 8.580 6.11
— Chromofungin 2.770 9.99
Bactericidal permeability-increasing protein 49.002 9.37 50.698 9.40
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HAIIPaB/ICHHOCTBIO JIeVICTBUA [56], IpudyeM y CBUHEN fie-
TEePMUHUPYIOTCS IPOTETPUHBL, B TO BpeMsI KaK OpraHU3M
KPYIIHOT'O POTaTOr0 CKOTA XapaKTepU3yeTcs KaTenIuiu-
HaMmy, gedeHCHAMM, pa3HOOOpa3Hble Bapyalyi TU301Y-
Ma IIPUCYTCTBYIOT ¥ 060MX BU0B XMBOTHBIX (Tabr. 1).

Kak BupmHO m3 Tabn. 1, AMIIpegko IpUCYTCTBYIOT
B )KMBOM OpraHmsMe B 3penoM Buje. Kak npasuio, onn
CHHTe3UPYIOTCA B BUfe Oe/lka — IPeIpONeNTUIHON MO-
JIEKy/Ibl, COfepsKallell CUTHaAbHBIN mentup (okomo 19
a.0.), aHMOHHBIN y4acTOK (0K0o 45 a.0.) M caM 3pesblit
nentuy. [locTTpaHcnAanonHas MogudUKanysa NenTH/i0B
XapaKTepusyeTcsl yhajleHMeM CUTHA/IbHON IIOCTIefioBa-
TEJIbHOCTY M IIOCIEAYIOIMM OTILIeIIeHNeM OIIpefie/ieH-
HBIX CETMEHTOB OT N-T€PMMHA/NIbHOTO DPErroHa MoJe-
KYJ/IbI, TeM caMbIM oOecrneunBasi pasHoo6bpasue AMII 3a
cueT pasmmunii B N-TepMuHaIbHOM pernose [57, 58].
V3BectHO, uTo AMII 0OKa3bIBAIOT TOKCMYECKOE MEVICTBIIE
He TOJIbKO Ha 6aKTepyajbHble, TPMOKOBbIE U OITyXOJIeBbIe
KJIETKY, HO ¥ Ha KJIeTKM )KMBOTO OPTaHM3Ma, B TOM 4UCTIe
U 00alaloT TUTUYECKON aKTUBHOCTBIO IO OTHOLICHMIO
K sputpouutaMm Kposu. Ilo-BuaMMOMY, TaKOil ME€XaHU3M
ux OMocmHTe3a obecmednmBaeT HAJEXKHYI «YHaKOBKY»
HeNTHAA Y HEeNTPAIM3ALUI0 eT0 aKTUBHOCTH O CUTHAJIA
00 «aTake» IMaTOreHOM.

AHTUMUKpPOOHBDIE BellleCTBa CBUHEN M KPYITHOTO
poraroro ckora B COOTBEeTCTBUN
¢ The Antimicrobial Peptide Database

Anamus 3penbix AMII, mpuCyTCTBYIOIINX y CBUHBU
U KPYIIHOTO POraToro cKoTa, cornacHo The Antimicrobial
Peptide Database mpepcrasien B Tabmuue 2 [32].

CormacHO HaHHBIM TabMMIBI 2, TKAaHU CBUHBU OoOra-
TBI IpoTerprHaMyn (1-5), XapaKTepMU3YIOMINXCSA BBICOKOII
TOMOJIOTMe}l aMMHOKUCIOTHOTO COCTaBa M 006Iaflaromux
aKTUBHOCTBIO IIPOTYB IPAMIIONIOKUTEIbHBIX U TPAMOTPH-
IJaTeNbHBIX OAKTepMil, BUPYCOB, IPUOKOB. B TKaHAX Kpym-
HOTO pPOTraTtoro CKoTa OOHApy>XeHO MHOXeCTBO HedeH-
cnHOB (1-13) ¢ pasIMYHBIM YPOBHEM TIOMOJIOTMYHOCTH
aAMIHOKVIC/IOTHOTO COCTaBa 1 IPOSIB/IIOLNX aKTUBHOCTb
IPOTUB TPAaMIIONOXUTE/IBHBIX ¥ T'PaMOTPULIATENTbHBIX
6akTepuii.

BonbmmucTBO M3yueHHbix AMII MiexonmTammmux
BBIIE/IIOT 13 HEMTPOQWIBHBIX TPAHY/IOLUTOB, OJHA-
KO OHJ TaK)Xe OOHAPY>KMBAIOTCA B TOHKOM KUIIEYHIUKE,
A3BIKE, MMEJIOMIHBIX ¥ SIUTEINATbHBIX KIeTKaX, XOTb
U B MeHbIIIeM KojudecTBe (Tabim. 2). ITO MO3BOIsIET pac-
CMaTpMBaTbh He TOJbKO I'PaHY/IAPHBIN ammapar Kak oc-
HOBHOJ1 ICTOYHMK aHTVMUKPOOHBIX BEIlleCTB, HO ¥ TKaHU
HOTPAHMYHbIX 30H M/IEKONIMTAOIIVIX, B TOM 4MC/Ie U CeNlb-
CKOXO35I/ICTBEHHBIX >KMBOTHBIX, KOTOpble BBUJY IOTpa-
HIYHOTO IIOJIOKEHMA U, KaK C/Ie[CTBIE, MHTEHCHBHOTO
KOHTAKTa C IIVPOKUM CIIEKTPOM PasHOOOpasHbIX OM0I0-
TMYECKUX areHTOB (IIaTOTeHHbIEe VM ONIOPTYHUCTIIECKIe
MMKPOOPTraHM3MbI, BUPYCBI, TPUOBI), TAKXKe MOTYT COfiep-
JKaTh HabOp BeleCTB C aHTUMMKPOOHOI HAIpaB/IeHHO-
CTBIO JIe/ICTBUSL.
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in pigs; bovine tissues are characterized by cathelicidins
and defensins. Different isoforms of lysozyme present in
both animal species (Table 1).

According to data in Table 1, AMPs are seldom pres-
ent in organism in the mature form. As a rule, they are
synthesized in a form of precursor protein — a pre-pro-
peptide molecule that contains the signal peptide (about 19
amino acid residues), anionic region (about 45 amino acid
residues) and a mature peptide. Post-translational modifi-
cation is characterized by deletion of the signal sequence
and the following detachment of certain segments from
the N-terminal region of a molecular; thereby, providing a
diversity of AMPs due to the differences in the N-terminal
region [57,58]. It is known that AMPs have toxic effects not
only on bacterial, fungal and tumor cells, but also on the
cells of organism, including the lytic activity against blood
erythrocytes. Apparently, such mechanism of biosynthesis
ensures a reliable «packaging» of a peptide and neutraliza-

tion of its activity until a signal of a pathogen attack.

Antimicrobial substances of pigs and cattle

in accordance with the Antimicrobial Peptide

Database

An analysis of the mature AMPs presented in pigs and
cattle according to the Antimicrobial Peptide Databaseis
shown in Table 2 [32].

According to data in Table 2, the porcine tissues are rich
in protegrins (1-5), that are characterized by high homol-
ogy of the amino acid composition and have an activity
against gram-positive and gram-negative bacteria, viruses
and molds. Many defensins (1-13) with different levels of
homology of the amino acid composition and with activi-
ties against gram-positive and gram-negative bacteria were
found in the cattle tissue.

The majority of the studied mammalian AMPs are ex-
tracted from neutrophilic granulocytes; however, they can
also be found in the small intestine, tongue, myeloid and
epithelial cells, although in lower quantities (Table 2). This
allows considering not only the granular cells as the main
source of antimicrobial substances, but also the tissues of
the boundary epithelial and mucous tissues of mammals
including farm animals, which can also contain a range of
substances with antimicrobial activities due to the inten-
sive contact with a wide spectrum of different biological
agents (pathogenic and opportunistic microorganisms, vi-

ruses and molds).
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3akiaoueHne

B NOKpOBHBIX TKAaHAX A3bIKa, POTOBOJ U1 HOCOBOII I10-
JIOCTENA, TPSAMOI KUIIKY CBUHBM U KOPOBBI COfIEpPXKATCS
Takue Oenky, Kak nakrodeppuH, M30POPMbI Ha3aTbHBIX
SMUTATNANBHBIX 0eKOB, MakToTpanchepput, bocdomnn-
1a3bl, HEKOTOPbIEe fleeH3NHbI Y IPOTETPUHbI, MUETOUS-
Hble 0KV, XPOMOTPAaHVH U MHOTYE JPYTHe, B TOM YuCiIe
U HeoxapakTepusoBaHHbIe [56]. Kpome Toro, morpanmd-
Hble TKaH) XapaKTePU3YIOTCA HACHIIIEHHBIM I TUIHBIM
y/I0M, C(pOPMUPOBAaHHBIM KaK JM3HAYA/IbHO PETyIATOp-
HBIMJ MOJIEKY/IaMU, TaK U MH/YLIPOBaHHBIMMI MM 0Opa-
30BaBILVMIICA B pe3y/bTare ierpajjaliyiyi VIV CO3PEeBaHNsA
0e/IKOB ¥ IeNnTUAOB. Tak, HalpyuMep, aMUHOKUCIOTHAs
CTPYKTYpa FOBXKbEro XpPOMOTPaHIHA A COTEPKMNT B cebe
psAA HEenTUAOB (XpOMalMH, KaTeCTaTWH, Ba3OCTaTHH-1
U XpOMOQYHIVH) C aKTUBHOCTBIO K OTPOMHOMY KOJI/4e-
CTBY MMKPOOPTaHM3MOB, BUPYcOB 1 rpubos. C mpyroit
CTOPOHBI, B MCC/IEOBAHUAX POCCUIICKMX YYEHBIX OBIIO
MIOKa3aHO CHHEPIUYHOE [eNCTBUE OTKPBITBIX aHTUMMU-
KPOOHBIX BelecTB [46,49], a HeKOTOpble aHTMOAKTEPH-
aJIbHbIE TEITU/IBI MUKPOOPIaHM3MOB IIOOfIHOYKE BOOO-
1le TePSI0T aKTUBHOCTD [16]. B 9T0it CBsA3M KOMILIEKCHOE
VICIIO/Ib30BaHNe OeKOBO-TIEITUIHBIX CMecell U3 LieJIeBBIX
TKaHell CeTbCKOXO3SIICTBEHHBIX JXMBOTHBIX MOXET Xa-
PaKTepu30BaThCs MOZOOHBIM 3¢ (PeKTOM, a IpUMeHeHIe
COBPEMEHHBIX OJMOTEXHOTOIMYECKMX CIOCOO0B UX BbIfe-
JIeHMsl, BK/IIOYAsd CTePWIM3YIOUIYI0 MeMOpaHHYI (UIb-
TPAINIO, TIO3BOIAT CO3JaTh BBICOKOA()PEKTUBHYIO 1 Oe3-
OIIACHYIO TeXHOJIOTMIO IS IIPOJJIEHNsI CPOKOB XpaHEeHNs
CBIPbSI U IMUIIEBBIX IPOJIYKTOB.

brarogapuocTun

VccnenoBaHme BBIIOZTHEHO 3a c4yeT rpanTa Poccniicko-
ro Hay4HOro ¢onpa (mpoekt Ne 17-76-10033).
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Conclusion

The covering epithelial and mucous tissues of the
tongue, oral and nasal cavities, rectum of pigs and cattle
contain such proteins as lactoferrin, isoforms of nasal epi-
thelial proteins, lactotransferrin, phospholipases, several
defensins and protegrins, myeloid proteins, chromogranin
and many others, including those that were not character-
ized [56]. Moreover, such tissues are characterized by the
saturated peptide profile formed both by regulatory mol-
ecules and induced or formed as a result of degradation
or maturation of proteins and peptides. For example, the
amino acid structure of beef chromogranin A contains
several peptides (chromacin, catestatin, vasostatin-1 and
chromofungin) with the activity against a great number of
microorganisms, viruses and molds. On the other hand,
the studies of the Russian scientists showed the synergetic
action of the discovered antimicrobial substances [46,49],
and several antibacterial peptides lose their activity sepa-
rately [16]. In this connection, the complex use of protein-
peptide mixtures from the target tissues of farm animals
can be characterized by a similar effect, and the applica-
tion of modern biotechnological methods of their extrac-
tion including sterilizing membrane filtration will make it
possible to develop a highly effective and safe technology
to extend shelf-life of raw materials and food products.
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MEASUREMENT OF QUALITY MANAGEMENT SYSTEM
PERFORMANCE IN MEAT PROCESSING

O EHKA PE3Y/IbTATUBHOCTU CUCTEMbI MEHEJI’KMEHTA
KAYECTBA HA MACOIIEPEPABATBIBAIOIIEM ITPENITPUATNI
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KiroueBble cnoBa: cucrmema mMeHeOKMeHMA KA4eCcmed, pe3y-
MamueHocmo, KoHmMponvHvle Kapmot Illyxapma, keanumempus.

Annomauvus

Cospemennpiii n00x00 HOPMUPOBAHUS KaHectnsa NPOOYKMos
numanus, ocHosannvlii Ha cmandapmax VCO cepuu 9000,
yKasvieaem Ha He0OX00UMOCHb BHEOPeHUS U cepmudurkayuu
cucmem MeHeONMeHMA KA4ecmea HA nepepadamvléarouyux
npeonpusmusx. IIpu amom oueHka pe3yibmarmueHOCMu yice
odeticmeytoujux CMK 3auacmyro oxasviéaemcs 6ecomMa CrI0MHOT
3adauetl 0715 PyKo80OCMBA 6 CUTLY PA3POIHEHHOCHIU USMEPUMBLX
nokasamernetl Unu 0axe Ux OrMcymcrmeus.

B cmamve npeonoservl Kpumepuu oyeHKU pe3yomamueHocmu
npoyecca npou3soocmea MACONepepadamvléarousezo npeonpus-
MUS ¢ UCNONb306AHUEM MEM0008 WKATUPOBAHUS U KOHMPOTIb-
nowx kapm Ilyxapma. ITpedcmasnenvt paspabomarivie amopa-
MU popmy vl pacterma eOUHUHDBLX HOKA3amernel, UcHonv3yemvle
6 OanvHetiuem 075 KoMnieKCHOU ouenku. TIpuseden anzopumm
CMamucmu4eckoli OUeHKU YNpasniemMocmu npoueccd, Kormo-
poltl no3eosnsem 6 00CMYNHOL Popme KONUHECINBEHHO OUeH UMb
CMAMuUCMu4eckyo ynpasisemoctno npoueccos npou3sooc-
64 U OP2AHU306aMb CMAMUCIUYECKUTI KOHIMPONb KA4ecmea
npu nocmpoeHuu cucmem meHedxmenma Kavecmed. B ocrose
npeonoNeHHoti Npouedypol nexum HPoueccHvlil no0xod, cymo
Komopozo 6 npumeneHuu yuxkaa Iemunea: «IInanupyii — Jle-
nati — Ilposepsaiit — Jleticmayii», 4mo 1no3607sem neeko ee uH-
mezpuposarmv 6 100y 0eliceyouy10 CUCIEMY MeHeONMeHMA
Kavecmea.

BBenenne

Ha mapnamentckux cnymanusax Kommurera Tocymap-
CTBEeHHOI JlyMbl IO arpapHbIM BOIIPOCaM, IIPOMIEALINX
B Mapre 2017 roga, CTpaTern4ecKoll Leabl0 pasBUTHA I1e-
pepaboTKM CenbXO3NMPOAYKLMY OBUIO Ha3BaHO «obecre-
4eHue, Mpexx/e BCero cOOCTBEHHOro HaceneHna Poccun,
KaueCTBEHHBIMM, IOTHOLIEHHBIMI ¥ COa/JaHCUPOBAaHHbI-
MU 10 MUTATENIbHON LEHHOCTM, JOCTYIHBIMU B (puHAH-
COBOM OTHOLIEHM! HIMPOKUM CJI0sIM HaceleHNs MPOAYK-
TaMM IUTaHKs, 2 TAKXKe BBIXOJ, Ha BHEIIHVE PBIHKI U UX
3aBOEBAHIIEY.

CoBpeMeHHbIIT TOXO0f POpMIUPOBAHMSA Ka4eCTBa IPo-
JlyKTOB IMTAHNUA yKa3blBaeT Ha HEOOXOMMOCTDb BHefIpe-
HUA U CepTUPMKALNU CUCTeM MeHeKMEHTa KauecTBa,
OXBaTbIBAIOLMX BCE CTA[IVN KM3HEHHOTO IIVK/Ia IPOAYK-
LM, HA4MHAs ¢ MAaPKETMHIOBBIX MCC/IEOBAHMIL U 3aKaH-
4yBas IoCIepean3alMoHHbIMu aeiictBuamn (1, 2]. Kpo-
Me TOTO, BHe[I[peHMe CHCTeMbl KauecTBa Ha MpefupuATUN
103BOJIsIeT obecreynTh (HOPMMPOBAHME CUCTEMBI IIPO-
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Keywords: quality management system, effectiveness, Shewhart
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Abstract

Modern methods aimed to ensure the quality of foods require to
implement and certify quality management systems in processing
plants. In this case, to measure the effectiveness of existing QMS is
often a very difficult task for the leadership due to the fragmenta-
tion of the measured metrics, or even lack thereof. This points to
the relevance of the conducted research.

The criteria for effectiveness assessment of the production process
of meat processing plants with the use of scaling methods and
Shewhart control charts are presented in the article. The authors
developed and presented the formulae for the calculation of sin-
gle indicators used for the further comprehensive assessment. The
algorithm of statistical evaluation of the process controllability,
which allows in an accessible form to estimate the statistical control
of production processes and to organize statistical quality control
in the development of quality management systems, is presented
The proposed procedure is based on a process approach, the essence
of which is the application of the Deming cycle: “Plan — Do —
Check — Act”, which makes it easy to integrate it into any existing

quality management system.

Introduction

In March 2017, the State Duma Committee for Agricul-
ture held parliamentary hearings that identified the stra-
tegic mission of agricultural processing development as
«food security, primarily for the Russian population, qual-
ity foods, adequate and well balanced in nutritional value,
affordable to the general public, as well as access and devel-
opment of foreign markets».

Modern methods aimed to ensure the quality of foods
require to implement and certify quality management sys-
tems that would contribute throughout all stages of the
product life cycle, from marketing research to post-manu-
facture activities [1, 2]. In addition, an implemented QMS

makes possible to establish a traceability system and to
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C/IeXMBAEMOCTI ¥ BOBPEMs BBIABUTH IPUYNHBI BO3HMU-
KaIoUMX e)eKTOB MU, YTO BaXKHee, IPeOTBPATUTD UX
nosiBnenne [3].

Cormacno mexaynapoiHomy ctangapty VICO 9001:2015,
cucTeMa MeHe)KMeHTa KauyeCTBa JO/DKHA CTPOUTHCA Ha
IPYHIMNIIE IPOLECCHOIO MOAXO0/A, CYyThb KOTOPOIO B IPM-
MeHeHmy nukna «Ilmanupyin — Hemait — Ilposepsit —
Heitictyit» (PDCA) [4]. OpgHako mpoBepka M OlieHKa
Pe3y/IbTaTUBHOCTY AECTBYIOIIVX Ha MscColepepabarsl-
BaolleM MPefNpUATUM IPOLECCOB 3a4acTyI0 OKa3bIBa-
€TCcsA BecbMa CI0KHOM 3ajiadyeil [yIs pyKOBOJICTBA B CHUITY
Pa3pO3HEHHOCTN OLIEHMBAaEeMbIX M3MEpUMBIX IIOKas3aTe-
nell MM Jaxke mx oTcyTcTBUA. IlosToMy menpio Hamieit
paboThI CTA/IO OIpefieieHN e KPUTepPIEeB OLIEHKN Pe3yIib-
TAaTMBHOCTY TMPOILIecca MPOU3BOMICTBA Ha Msicomepepabda-
TBIBAIONEM TP eI PUATINL.

Marepuanbl 1 MeTOAbI

Jlna onpepeneHns pe3ynbTaTUBHOCTI MPOLIECCOB OB
IpUMeHeH KBa/mMeTpudeckuil nogxop [5]. Ha mepsom
sTalle B pe3y/lbTaTe aHaIM3a Ipollecca IPOMU3BOACTBA
ObUIV CTeHepUpOBaHBI IIOKA3aTeM pPe3yIbTaTUBHOCTH,
ompefieNieHbl (GOPMYIIBI /IS BBIYMCIECHNMA MX 3HAUYCHUI
U paspaboTaHbl IIKA/Ibl OLEHKN Pe3y/IbTaTMBHOCTH I
Ka)X/IOTO IToKasaress. IIpy cocTaBmeHnn MKajbl OLEHOK
OIpefie/IANCA AMANA30H, B KOTOPbI JO/DKEH IIONacTbh
KOHKPETHBIII KpUTEpUil, HaWITy4lIeMy 3Ha4YeHUI0 KpUTe-
puA IIPHUCBaMBaIM MaKCUMaIbHOE KOJIMYECTBO 6a/IoB.

PesynbraThl

[Tporecc mpon3BOACTBA AB/ISETCS MPOLIECCOM OCHOB-
HOTO THIIA ¥ YYacTBYeT B OPMUPOBAHUY LIEHHOCTH IS
KOHe4yHOro moTpebutens [6]. [maBHOIT 1enbio0 mpoilecca
ABJISIETCS BBIIYCK TOTOBOV IPOAYKLMM HaJJIe)KaIlero
KauecTBa, IPU 9TOM 00beMbl M CPOKM BBIITYCKA TOTOBOII
HIPOAYKIMK JJO/DKHBI COOTBETCTBOBATb 3asiBKe Ha IIPO-
n3BofcTBO. CrleoBaTe/IbHO, MEPBUYHBIMY IOKa3aTels-
M OLIEHKM Pe3yIbTaTMBHOCTH IIPOljecca IMpPOU3BOACTBA
ABJIAIOTCA: KOMMYECTBO MIPOAYKIVIM BBINTYIIEHHOI C Hafl-
JIEKAIMMY Ka4eCTBEHHbIMI XapPaKTEPUCTUKAMHU, €€ KO-
JINYeCTBO ¥ CPOKM BbImycka. OfHaKO B IIOJHOM Mepe
U 00BEKTUBHO OLIEHUTb BCE IMPOM3BOJCTBO ITY ITOKa3a-
Te/U He MO3BOJIIIOT, IIOCKOTIbKY HE YUUTHIBAIOT OOIIYIO
YIPaB/IAeMOCTb HpOLeCCa M BEPOATHOCTb BO3HMKHOBE-
HIUS OTK/IOHEHMUIA.

Pemmntp 9Ty mpo6eMy HO3BOJISET OIpefe/ieHNe elle
OIHOTO IIOKa3aTe/s OLEHKV pe3ylIbTaTMBHOCTM — CTa-
TUCTUYECKOI YIPaB/IsgeMOCTH IIpoliecca IPOU3BOACTBA.
[lns ero xapakrepuctuku paspaborana popmyna (1), ot-
pakarolasi [0 BUIOB IIPOAYKLIMY, TIPOU3BOACTBEHHbIE
IPOLIECCHI KOTOPBIX HAXOAATCSA B CTAaTUCTUYECKU YIIPaB-
JIIEMOM COCTOSTHUM:

K
P, = KCY (1)
001y,
rge PCmam — PE€3y/IbTaTUBHOCTD I10 CTATUCTUYECKOI yupasnJisie-
MOCTU Hpouecca,%;

x100%,
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identify causes of failures or, more importantly, to prevent
their occurrence [3].

According to the international standard ISO 9001:2015,
a quality management system must rely on the process ap-
proach, which employs the Plan-Do-Check-Act cycle [4].
However, to check and measure the effectiveness of exist-
ing QMS in meat processing is often a very difficult task for
the leadership due to the fragmentation of the measured
metrics, or even lack thereof. This is why the objective of
the study was to define criteria for process effectiveness as-

sessment in meat processing.

Materials and methods

Qualimetric approach is used to measure the process ef-
fectiveness [5]. In the first phase, the manufacture process
analysis generates effectiveness metrics, specifies formulas
to calculate their values and determines a rating scale for
each selected metric. The scale rates specific criteria, with

top points given to the best value.

Results

The manufacture process is a main process in build-
ing value for the end user [6]. The main objective of this
process is manufacture of good quality output, while the
volume and schedule of the output must comply with the
request for production. Therefore, the primary process
effectiveness metrics are: the volume of products of due
quality, and compliance with the output schedule. How-
ever, these metrics are not enough to fully and objectively
evaluate all effectiveness, because they do not take into ac-
count the overall controlability of processes and the likeli-
hood of deviations.

To solve this problem, another effectiveness metric
must be introduced, Statistical Process Controlability.
A special formula (1) reflects the share of products manu-

factured under Statistical Process Control:

Ccy

K

[

x100%, 1)

Cmam

Where P~ — stands for Statistical Process Control ability

effectiveness,%;
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K

oy — KOIMYECTBO BUJIOB NPORYKLUM, IPOU3BOLCTBEHHDIE

IIPOLIECChI KOTOPBIX HAXOJATCA B CTATUCTUYECKY YIPAB/IA-
€MOM COCTOSTHU, €]l.;

Kum — obliee KOMMYECTBO BUIOB BBIIYIIEHHON IPORYKIUIN
B pacCMaTpUBaeMBbIIl IIEpUO], fl.

Ha msconepepabarbiBatolieM MpefUpuATUNA B Tede-
HUe TIOJIYrofja OCYIIeCTB/ISUIM cOOp M aHaIu3 JaHHBIX
0 MOTepsAX NpU TepMOOOPabOTKe Il BapeHBIX Kombac
JHOKTOpCcKas BbICIIMIT COPT M Moo4Has IepBbI COPT,
n3rotoBneHHbIX B cooTrBeTcTBUe ¢ [OCT P 52196. [Ina
OCYIECTB/ICHUSA CTATUCTUYECKOTO KOHTPOJIA aBTOPOM
6bUI0 0OOCHOBAHO NCIIONB30BAaHNE KOHTPOJIBHBIX KapT
VHJVBNUAYaTbHBIX 3HAYEHMII, B KOTOPBIX KOHTPOJIbHbIE
TPaHMIBI PACCYUTHIBAIOT HA OCHOBE MEPbI BapMalyi, 110-
JIy4eHHOJI [0 CKOJIb3SAIIUM pasMaxaM ABYX HaOJIOfieHUIL.

Craructudeckas 06paboTKa JaHHBIX O TEPMOIIOTEPSX
BKJIIOYAJIa pacyeT CPeJHeTO 3HAYeHN, CKOMb3AIINX pas-
MaxoB, BepXHUX ¥ HIDKHUX rpanuy (Puc. 1, Puc. 2).

AHanM3 KOHTPOJIBHBIX KapT IIOKasal, 4YTO IIPOLecc
IIPOM3BOJCTBA KOMOAChl BapeHoil JJOKTOpCKas, BBICIINIL
COPT HAaXOAUTCA B CTATUCTUYECKM YIPABIAEMOM COCTOS-
HUIL.

Vcxopa M3 JaHHBIX KapThl, IPY MIATOM ¥ IIECTOM M3-
MepeHMAX 3HA4YeHNUA IIOKasaTe/sd IOTepU IIPU TEepPMO-
06paboTKe TPEeBBICUIN KOHTPOJIbHbIE TPAHMIBI, YTO
yKa3bIBaeT Ha IIPOsABJIEHME O0COOBIX (HeCTy4ailHbIX) MpH-

K

-y — is the number of products manufactured under Statistical

Process Control, units;
K

061
units.

— s the total number of output in the reviewed period,

Within six months, a meat processing plant collects
and analyzes data on weight loss due to heat treatment of
the cooked Doktorskaya premium sausage and Moloch-
naya first quality sausage, manufactured in conformity
with GOST R52196. To exercise Statistical Process Control,
individual value control charts were used. They specified
control limits based on measure of variability obtained
from the sliding scale of two observations.

Statistical processing of data on losses due to heat treat-
ment includes calculation of average values, moving rang-
es, the upper and lower limits (Fig. 1, Fig. 2).

The control charts analysis shows that the Doktorskaya
premium sausageis produced under the Statistical Process
Control.

The charts data reveals losses due to heat treatment in
the fifth and sixth measurements exceeding control lim-

its, which is attributed to special (non-random) reasons.

60 T s —e—Moving range |
A_ Ckonb3awmn
5,00 pasmax, R
A fl :
4,00 — -~ Upper
control limit |
R 3,00 BepxHuii
/ \ A/ \ / \ / KOHTPOINbHbIN
2,00 2 \l npepen UCLx
AV IRV R
0’00 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
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Fig. 1. Individual value control chart and sliding scale for weight loss due to heat treatment of the cooked «Doktorskaya» sausage
Puc. 1. KouTponbHas KapTa MHAMBMAYQTbHBIX 3HAYEHMIT M CKOJB3SIINX PA3MAxoB IS MOTePh IpK TepMooOpaboTKe KOmbachl BapeHOI

«JJoKTOpCKasA»
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Fig. 2. Individual value control chart and sliding scale for weight loss due to heat treatment of the cooked «Molochnaya» sausage
Puc. 2. KouTponbHas KapTa MHAMBMAYQTbHBIX 3HAYEHMIT M CKOMB3SIINX PAsMAxoB JIA MOTePb IpH TepMoobpaboTKe KOmbachl BapeHOI

«MonoyHas»

Fig. 3. Individual value control chart and sliding scale for weight loss due to heat treatment of the cooked «Molochnaya» sausage after adjusting
Puc. 3. KoHTposbHas KapTa MHAMBUAYATIbHBIX 3HAYEHNIT I CKO/IB3AMINX PAa3MaxoB LS IOTePb IIPY TepMOoo6paboTKe Kombach! BapeHoil «Mo-
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4yH. [0 OCTaNbHBIM KPUTEPHSIM MPOLIECC CTATUCTUYECKN
yupasiAeM. [l JabHeIIero aHaan3a JaHHBIX UCKIIIO-
4)MM U3 KapThl 3HaUeHWs, BBIIIEAIINE 3a Ipelesbl KOH-
TponbHBIX rpanuy (Puc. 3).

[Ipy KOppeKTMpOBKe OBUIM MCKIIOYEHbI 3HAYEHUA 5
U 6, IepeCcYNTAHbI 3HAYEHSI CPEJHETO U CKOJIb3SIUX pas-
MaxOB, 3aHOBO BBIUNMC/ICHbI KOHTPOJIbHbIE I'paHMIbL. Pe-
3y/IbTaThl KOPPEKTUPOBKY YKa3bIBAIOT Ha TO, YTO IIPOLIECC
CTAQTUCTUYECKH YIIPAB/IAEM.

[TocnemoBaTebHOCTDb JIEMICTBUIL 110 AHANNU3Y KOH-
TPOJIBHBIX KapT OTPaKeHa B aJTOPUTME OLIEHKMU CTaTH-
CTUYECKOII YIIPaBIAeMOCTH Ipoliecca IPOM3BOACTBA Ba-
PEHBIX KOMOACHBIX M3Je/INil, BKIKYAoIeM cOOp JaHHBIX
0 [OTepsIX IPYU TePMUYECKOt 06paboTKe, X CTaTUCTUYe-
CKYI0 00pabOTKY, IOCTPOEHMEe KOHTPOIbHBIX KapT MH/V-
BUJIya/IbHbIX 3HAYEHMII U IPOBEPKY UX HA COOTBETCTBIE
BOCBbMU Kputepusm cornacHo 1SO 7870-2:2013 [7].

Iliis1 omperenieHns, HAXOAUTCS /I TIPOLECC IPOU3BOJ-
CTBa KOHKPETHOTO BIJia MACHBIX U3JE/NUIL B CTaTUCTIYe-
CKYI yIIpaB/IsieMOM COCTOSIHUM, OBUI pa3paboTaH aIrOpUTM
pacueTa IOKasaTe/sl CTATUCTUYECKON YIPaBIAEMOCTH,
OCHOBAHHBII Ha CTaTMCTUYECKOM KOHTpPOJIe IIOTePb Mac-
ChI, IPOUCXOMALINX Ha cTafuu TepMoobpabotku (Puc. 4).

ANTOPUTM OLEHKM CTAaTUCTUYECKOI YIPaBIAEMOCTH
mpoliecca MPOM3BOJCTBA BAPEHBIX KOMOACHBIX M3[E/MNi
BK/IIOYaeT COOp [JAHHBIX O IOTEPSX IPYU TEPMUYECKOI
06paboTKe, X CTATUCTUYECKYI0 00pabOTKY, IIOCTpOeHe
KOHTPOJIbHBIX KapT MHAMBU/Ya/IbHbIX 3HAYeHUIT U IIPO-
BEPKy MX Ha COOTBETCTBME BOCBMU KpUTepMAM. Takum
06pa3oM, pa3pabOTaHHBIN A/ITOPUTM B 4ETKOI AOCTYI-
HOJ opMe MO3BOMAET KOIMYECTBEHHO OLCHUTb CTATH-

Table 1. Production process effectiveness individual metrics

The processes are statistically controllable under other cri-
teria. To further analyze the data, the values beyond the
control limits are excluded from the charts (Fig. 3).

The values 5 and 6 were excluded after adjustments, the
average and sliding scale proportions, as well as control
limits, were recalculated. The results indicate that the pro-
cess is statistically controllable.

The sequence of actions for control chart analysis is re-
flected in the algorithm for calculating Statistical Process
Controlability over manufacture of cooked meat products,
including data collection on losses due to heat treatment,
statistical processing of the data, making individual value
control charts and verifying their compliance with the
eight criteria according to ISO 7870-2:2013 [7].

To determine whether the manufacturing process of a
particular kind of meat products is statistically controlled,
the algorithm was developed to calculate Statistical Process
Controlability based on statistically controlled weight loss
due to heat treatment (Fig. 4).

The algorithm for calculating Statistical Process Con-
trolability of cooked meat products manufacturing in-
cludes data collection on weight loss due to heat treat-
ment, statistical processing of the data, making individual
value control charts and verifying their compliance with
the eight criteria. Therefore, the algorithm is to quantify

Ta6muua 1. ExMHmyHble MOKa3arenu pe3yIbTaTuBHOCTY mpouecca «[IponsBoxcTBo»

Process effectiveness metric |
Ne  Tloxasatenn pe3ynbTaTMBHOCTH
nmpomnecca

Metric description | Xapakrepucrika
NOKa3aTerns

Effectiveness by outputquality |
1 Pe3ynpraTMBHOCTD IO KQ4eCTBY
TOTOBOII PO YKI{UN

Effectiveness by output volume |
2 Pe3yIbTaTUBHOCTDH IO KOMIYECTBY
TOTOBOIi MPOYKINK

Effectiveness by output compliance

3 with schedule | Pesynpratusroctn
110 CPOKaM BBIIIYCKA FOTOBOI

NPORYKIMI

Statistical Process Controlability
4 effectiveness | Pesynprarusrocts

IO CTATHUCTIYECKOM

YIPaBIAEMOCTH HPOLECCOM

Compliance with all output
requirements specified in regulatory
and technical documentation |
CooTBeTcTBHE TOTOBOI IPOTYKIIII
BceM TpeboBanusam HJI u T

Volume compliance with the request

for production | CoorBeTcTBIE 3a51BKE
Ha IIPOM3BOJCTBO MO KOMIYECTBY

Schedule compliance with the request

for production | CooTBercTBIE 3a51BKE
Ha MPOU3BOJCTBO IO CPOKAM BBINTYCKa
TOTOBOJI IIPOTYKIIMH

The number of products manufactured

under Statistical Process Control |
XapaKTepusyet JOTI0 BUIOB
IPOJYKINH, IPOU3BOICTBEHHBIE
IPOIIeCChI KOTOPhIX HAXONATCS

B CTATHCTUYECKM YIIPABIAEMOM
COCTOSAHUM
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Metric name |
0O6o03HayeHNe Rating scale | Illxana ouenok
NoKa3arens
1 — below 80% | 1 — menbue 80 %
2—80%1t089% |2 — or 80% 1089 %
P, 3—90%t094% |3 — o1 90 % 10 94%
4—95%t099% |4 — ot 95 % 1o 99 %
5—100% | 5-100%
1 — below 50 % | 1 — menb1e 50 %
2—51%t070% |2 — ot 51 % 1o 70 %
P 3—71%1t089% |3 — or71% 1089 %
4—90% t0 99 % | 4 — ot 90 % 1o 99 %
5—100t0 110% | 5— 100-110%
1 — below 25% | 1 — menb1e 25 %
2—25%
P, 3—30%
4—50%
5 —100%

Crar

1 — below 80 % | 1 — menbure 80 %
2—80% to89% | 2 — or 80% 1o 89 %
3—90%t094% |3 — o1 90 % 10 94 %
4—95%t099% | 4 — o1 95 % 150 99 %
5—100%
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Fig. 4. The algorithm for calculating Statistical Process Controlability of cooked meat products manufacturing
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CTUYECKYIO YHPaBIAEMOCTb IPOLIECCOB IMPOU3BOACTBA
BapeHbIX KOTIOACHBIX M3/e/INI I OPraHN30BaTh CTATUCTHU-
YeCKMil KOHTPO/Ib Ka4yeCTBa IIPU OCTPOEHUN CUCTEM Me-
He[[)KMeHTa KayecTBa.

B pesynbrate mpoeneHHOI paboThl 6bITa chopMu-
poOBaHa Ipolefypa OLeHK! Pe3y/lIbTaTUBHOCTY IIpoliecca
nponssogcTa (Tabs. 1), BKIHOYaKOI[as aIrOPUTM OLIEHKN
CTATUCTUYECKOI YIPABAAEMOCTM IIpolecca, (HOPMYIIbI
pacueTa eIMHMYIHBIX TOKAa3aTellel, a TAaK)Ke CUCTeMa Iiepe-
BOZIa B Oa/IbHBIE OLIEHKY, KOTOPbIe MO>KHO MCIIO/Ib30BATh
KaK CaMOCTOATE/NbHO, TaK ¥ BKIIOYATbCA B 0OLIYIO CHCTe-
My oleHKM pesynbratuBHOocT CMK MsAconepepabaTbiBa-
IOLLero IPeIpUATIL.

O6cyxpenne

B Poccun Bce 6omble MpeanpuATHil MUIEBON TIPO-
MBIIIEHHOCTH IpoxonAaT cepru¢pukanmio CMK, n xa-
KZ1asl U3 HUX CTA/IKMBAETCS C HeOOXOAMMOCTBIO BHEAPATD
METOAMKY OLIeHKM pe3y/IbTaTMBHOCTY CUCTEMbI KayecT-
Ba. OTedecTBeHHBIE M 3apyOe>KHbIe aBTOPBI IIpefiIara-
10T pas/JIMYHble IOAXOMbI, OFHAKO OOJBIINMHCTBO CKIIO-
HAIOTCSA K HEOOXOAMMOCTY OIpefie/IeHUs efVHIYHBIX
IoKasaTesiell U MpuBefieHNe X K 00001IeHHOMY 3Haue-
HUIO pa3nuyHbIMU criocobamu [8, 9, 10]. Tak, Sumaedi S.
u Yarmen M. B cBOell paboTe IpefIaraloT MHCTPYMEHT
I/1 OLleHKM Pe3yIbTaTUBHOCTU CUCTEMbl MEHeIPKMEHTa
KayecTBa OCHOBAHHBI Ha M3MepeHun 12 BenudyuH n 33
nHAnKatopos [11]. B ocHOBY BbIOOpa MHAMKATOPOB IIO-
JIOXKEHBI IPUHIVIIBI BCEOOIero yIpaBieHNs Ka4yeCTBOM
[12], a Tax>Ke IPOM3BOANUTEIBHOCTD IIpoliecca U puHaH-
COBBI€ TTOKA3aTeNMN.

ITo mpepnoxennoit Kymukockum C.A. [13] 5-6an-
npHOM 1Kase (0T 0 1O 5) OLEHKM pa3MUMYHBIX METOJUK
ObUI TIPOBefleH aHaIN3 pa3pabOTAHHON aBTOpaMM IIPO-
LieAyphl OLIEHKM pe3yIbTaTUBHOCTM. B mTOre IOTy4eHb
C/IefyIolLe Pe3yabTaThl: IO IIOKA3aTEeIAM «CTEleHb OX-
BaTa YpOBHeIl YIpaBIeHNA», «<00BEKTUBHOCTD JaHHBIX»,
«CTeNeHb COOTBETCTBYA YCTAaHOB/IEHHBIM TPeOOBaHUAMY,
«COTIOCTABUMOCTD PE3Y/IbTATOBY», IIEPUOANIHOCTD OL[eH-
KI1», <IIPO3PavyHOCTD U CTPYKTYPUPOBAHHOCTD PacUeTOB»,
«HAIJIAIHOCTD», <yPOBEHb aBTOMAaTU3ALIY PacueTOB» Me-
TOZiMKa Habpasa 5 6a/lIoB; IO IOKa3aTe/sAM «KOMITIEKC-
HOCTb KPUTEpUEB OLIEHKI», «VMHTEpIIPeTalns pe3y/b-
TaTOB» M «IIPOCTOTA OCBOEHMsI» — 4 6ajia U TONbKO IO
II0Ka3aTeNio «YHUBEPCaIbHOCTb» — 3 Oaia.

ITony4eHHbIe JaHHDBIE TOBOPAT O KOMIIJIEKCHOM IIOfi-
xofe K oleHke pesynbratuBHoct CMK Msconepepaba-
TBIBAIOLIETO IPEAIPUATISA, OFHAKO /I MCIIO/Ib30BAHNA
Ha IpyTYX OpefupuATUAX TpebyeTcs gaabHeias fopa-
6oTKa.

OnucaHHasg B CTaTbe METOAMKA BKJIIOYEHA B CTAH-
maptel opranmsanun: CTO «IIporenypa oneHKM pe3yib-
TaTMBHOCTY IIPOLECCOB >KM3HEHHOIO IVK/IA BapeHBIX
konbacubix manemmit» 1 CTO «IIpouenypa oueHku cTa-
TUCTUYECKOJ YIPaB/AeMOCTM IIpollecca IIPOU3BOLCTBA
BapeHbIX KOMIOACHBIX U3TIeNNIT».
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Statistical Process Controlability of cooked meat products
manufacturing in an understandable and simple manner,
and organize statistical quality control when building qual-
ity management systems.

As a result of the research undertaken, a procedure
for process effectiveness measurement was developed
(Table 1), including an algorithm for calculating Statisti-
cal Process Controlability, formulas for individual metrics,
as well as a points system, which can be used both inde-
pendently and incorporated into overall QMS eftectiveness

management in meat processing.

Discussion

In Russia, more and more of the food industry plants
undergo QMS certification, and each of them is faced with
the need to implement a method of assessment the system
effectiveness. Domestic and foreign authors offer different
approaches, but most of them tend to setthesingle indica-
tors and then bring them to a common value in different
ways [8, 9, 10]. So Sik Sumaedi and Medi Yarmen offer
a tool in their work for assessing the effectiveness of the
quality management system based on measuring of 12 val-
ues and 33 indicators [11]. The indicators selectionis based
on the principles of total quality management [12], as well
as on process performance and financial results.

Procedure for efficiency assessment developed by the
authors was analyzed according to five-grade scale (from
0 to 5) for assessment of different methods proposed by
S.A. Kulikovsky [13], and the following results were ob-
tained: such indicators like «degree of management levels
coverage,» «objectivity of data,» «degree of compliance
with specified requirements», «comparability of results»,
«frequency of assessment», «transparency and structured-
nessof calculations», «visibility», and «automation level of
calculations» were estimated at 5 points; «complexity of
assessment criteria», «interpretation of results» and «ease
of learning» at 4 points, and only «universality» was esti-
mated at 3 points.

The collected data shows the integrated approach to
the effectiveness assessment of the QMS of meat process-
ing plant, however, the use at other plants requires further
adaptation.

The described methodology is included in the follow-
ing company standards: Company standard «Procedure for
performance assessment of life cycle processes of cooked
sausage products» and Company standard «Procedure for
statistical controllability estimation of the manufacturing
process of cooked meat products».
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BriBogbr

ABTOpaMIn ycTaHOBJIeHbl 27 eAMHMYHBIX IIOKas3aTe-
7ell pesyNbTaTMBHOCTH IIPOLIECCOB CUCTEMDI YIIPaBIeHNUA
KaueCTBOM  MsCOIepepadaThIBAONIEr0  IPeIIpusaTHs,
BbIBefleHbI (GOpMynbl MX pacdera. PaspaboraHa Mare-
MaTu4ecKas MOJENb OLIEHKM pe3y/IbTaTMBHOCTH IIPO-
LIECCOB CHUCTEMbI yIpaBlI€HUA KadyeCTBOM BapEHbIX
KobacHbIX u3zenuit. Pazpaboran 1 anpobupoBaH B Ipo-
V3BOACTBEHHBIX YCIOBUAX AJATOPUTM MOHUTOPMHIA pe-
3y/IBTATUBHOCTY IIPOLIECCOB U BBIPAOOTKY YIIPaB/IAIOLINX
BO3fe/CTBUIL. [labHENIM HalpaB/lIeHUEM [esATellb-
HOCTU ABIAETCA aJalTalyuA INPEIIOKEHHON MeTORVIKA
OA APYTUX TPeANpUATHUI MUIIEBOV MPOMBIIIIEHHOCTI
C Y4€TOM OTpac/ieBoil crenuuKm.
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Conclusion

27 single indicators to evaluate the effectiveness of the
quality management system processes of meat processing
plants are identified, and the formulas for their calculation
are devised. The mathematical model for evaluation the ef-
fectiveness of the quality management system of cooked
sausage products is developed. The algorithm of monitor-
ing of process effectiveness and development of controlling
actions is elaborated and tested under production condi-
tions. Adaptation of the proposed method for other food
industry plants considering industry specifics will be the
direction for further activity.
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INFLUENCE OF ENZYME PREPARATIONS
ON MEAT PRODUCTIVITY IN YOUNG PIGS

VCCIIEDOBAHME B/IIVISIHVSI dEPMEHTHDBIX ITPEITAPATOB
HA MACHYIO ITPOAYKTVBHOCTDb MO/IOJHAKA CBMHEN

Danilova N.V., Lavrentiev A.Yu.
Chuvash State Agricultural Academy, Cheboksary, Russia

KnroueBble coBa: KoMOUKOPM, AMUTOCYOMUNUH, UeITOMIOKC,
NPOMOCYOMuUnUH, MACHASL NPOOYKMUBHOCb, IKOHOMUUECKAS
agppexmusHoCcMp.

Annomauyus

Yemanoenero, umo npu kopmaeHuy MOnOOHAKA c6uHeli Ha 00-
PAUUBAHUU U OMKOPME CMECLI0 (PepMEeHMHBIX NPenaparnos
omeuecmeeHH020 NPOU3B00cmea amunocyomununa I3x u yen-
nomokca-E amunocybmununa I'3x u npomocybmununa I3x
8 meuenuu 150 cymox y8enuuueaemcs cpeOHsIsl HUBAs MAcca
ceumetl Ha 13, 1 K2 8 nepsoil onvimHot epynne u Ha 5,3 k2 80
8MOPOTL ONBIMHOLL 2pynne no CPAHEHUI0 ¢ KOHMPOnvHOU. B na-
yazie onvima Hueas macca nopocam sapvuposandace om 17,8
0o 18,1 ke. B xonuye onvima uepe3 150 OHeil cpeOHsS HUBas Mac-
ca konmponvhoix ceureli (12 20n06) cocmasuna 112,0 ke, nep-
801l onvummotil epynnot (12 2on0e) 120,3 xe, emopoii onvimHotl
epynnut (12 eonos) 125,1 xe. B 08yx onvimuvix epynnax y6oii-
Hole 6bix00bL Ha 0,5-1,1% 6viule, uem 8 KOHMPONLHOL epynne.
Cpednecymounvle npusecvl 86 KOHMPONLHOLL 2pynne Oviiu 628 e,
8 nepeoil onvimuoil epynne 713 e, 60 emopoii 683 2. IIpu He3na-
HUMENbHBIX PASIUMUAX 8 MONULUHE WNUKA CAMAST HUSKAS MO~
WUHA WNUKa O6vi1a y N0OONbIMHBIX HUBOMHBLX NePEOLl ONbLH-
Hoti 2pynnvl — 32,9 MM, a 8 KOHMPONVHOTL U 8MOPOLL ONbIMHOU
epynnax 6vina noumu o0unaxosoti — 33,6 mm. Bonee svicokue
nokazamenu no Hueoti macce, yOOUHOMY 6b1X00Y U MONULUHE
wnuKa OviIu NOKyHeHbl NPU UCNONb30BAHUU CMECU AMUTIOCY6-
mununa I'3x u yennomoxca-F. 000601 skoHoMuUUecKutl I¢p-
exm om UCnonb308aHUT U3YUAEMbIX (PepmeHmHbIX 000a80K
moxcem cocmasumv om 0,87 0o 1,37 mnn pybneil 6 pacueme Ha
1000 20708 ceuneil.

BBenenue

OnHUM M3 IIaBHBIX Pe3epBOB B YBEIMYEHNUN IIPOU3-
BOJICTBA MsIca 11 0becriedeHn N IPOJOBONTbCTBEHHON He3a-
BMCUMOCTY HAalleil CTPaHbl SIBJSIETCS CBUHOBOACTBO [1].

B pBIHOYHBIX yC/IOBMAX /I obecrieueHns peHTabesnb-
HOTO HPOM3BOJCTBA CBUHMHBI OHPEE/IONINM 3BEHOM
B TEXHOJIOT MY SIBJISIETCSI MTOBBILIEHE 9P PEKTUBHOCTH WC-
HI0/Ib30BAHN KOPMOB, KOTOPbIE COCTABIIAIOT B CTPYKTYpe
cebecTouMoCTy TpoAyKLyy okoro 70 % [2].

YcranoBneHo, 4To mo 30-40 % muTaTenbHBIX BEIIECTB
KOpMa He YCBanBaeTCsl SKMBOTHBIMI Y IPOXOJUT TPAH3M-
TOM 4epe3 WX MuIleBapuTenbHblil TPakT. OcCOOeHHO 3TO
OTHOCUTCA K IIOPOCATaM MOJIOYHOTO BO3PACTa, Y KOTOPBIX
cmabo pa3BuTa pepMeHTHas CUCTeMa INIIeBAPUTEIBHOTO
TpakTa [3].

MHOro nuTaTenbHBIX BEleCTB B KOPMaxX HaXO[UTCS
B opMe TPYRHOYCBOsIEMBIX /IS OpraHM3Ma >KMBOTHBIX
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Abstract

It is found that when young growing pigs are fed with mixture of
enzyme preparations of domestic manufacture, amilosubtilin G3x
and cellolux-F, amilosubtilin G3x and protosubtilin G3x, for 150
days, the average live weight of pigs in experimental groups 1 and 2
increases by 13.1 kg and 5.3 kg, respectively, compared with control
group. At the beginning of experiment, live weight of pigs ranged
from 17.8 to 18.1 kg. In the end of experiment on day 150, the aver-
age live weight of pigs in control group (12 animals), experimental
group 1 (12 animals), and experimental group 2 (12 animals) was
112.0 kg, 120.3 kg, and 125.1 kg, respectively. In two experimental
groups, slaughter yield was 0.5% to 1.1% higher than in control
group. Mean daily weight gain in control group, experimental
group 1, and experimental group 2 was 628 g, 713 g, and 683 g, re-
spectively. With minor differences in fat thickness, the lowest thick-
ness was in animals from experimental group 1 (32.9 mm), while
animals in control group and experimental group 2 had almost
equal thickness of 33.6 mm. Higher values of live weight, slaughter
yield and fat thickness have been obtained using a mixture of ami-
losubtilin G3x and cellolux-E. The annual economic benefit from
the use of the studied enzyme supplements may range from 0.87 to
1.37 million rubles per 1,000 pigs.

Introduction

One of the main reserves in increasing meat produc-
tion and ensuring independence of our country from food
import is pig production [1].

In market conditions, to ensure cost-effective produc-
tion of pork, the determining factor in technology is in-
crease of feed conversion, since feed cost amounts about
70 % of the product cost [2].

It is established that up to 30-40% of nutrients are
not digested by animals and transit through their diges-
tive tract. This especially relates to suckling pigs, in which
the enzyme system of digestive tract is poorly developed
yet [3].

Many nutrients in feeds are in the form of natural poly-
mers that are difficult to absorb by animal body. Usually,
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HIPUPOAHBIX MoMMMepoB. OOBIYHO 3TM BellecTBa Kiac-
cuuuupyoT Hoj oOmMM Ha3BaHMEM <HEKpaxMalnu-
ctere monucaxapuapl» (HIIC), B umcie KOTOPBIX KCH-
JIaHBl, {3-ITIOKaHBI, NMEHTO3aHBl M Ap. IJTU BelecTBa
0051a/jaloT oTpuILaTeIbHbIMM CBOIicTBaMu. OHM CUIBHO
HabyxaiT, 00pa3yT Bs3Kue XeleobpasHble CyOCTaH-
LUV, KOTOPbIe 3aTPYAHAIT AOCTYI IMIEeBAPUTEIbHBIX
COKOB K IIMTaTeTbHBIM BellleCTBAM U yXY/IIAIOT UX VC-
nosib3oBanue [1].

B otmenpHbIXx KOopMmax (oTpy6sx) comepxkanme HIIC
npesbimaeT 20 %, a B 3epHOBBIX KOpMaxX UX COfeprKaHue
KorebeTcs B pefenax ot 5 7jo 13 %.

[TostoMy 6o0nbliIOe TpaKTUYeCKOe 3HAUeHUe IIpel-
CTaBJ/IAET NOUCK CHOCOOOB CHYDKEHUS OTPUIATEIBHOTO
BospeitctBus HIIC Ha ycBOeHme NMUTATENTbHbBIX BEIeCTB
JUIL YAYYIIEHUSA MX JOCTYIHOCTM ¥ IOBBIMIEHVS IUTa-
TENIBHOCTY KOpMOB [1, 7, 8, 9].

PeteHne 3Tux 3ajad BO3MOXKHO Ha OCHOBE MCIIOJIb-
30BaHNUA 9K30TEHHBIX (PEPMEHTHBIX IPeIapaToB U pac-
MIMpeHNsI CIIeKTpa WX [eiCTBUs Ha pasinyHble aHTHU-
HUTaTe/IbHbIE BeIleCTBA KOpPMa 3a CYeT KOMOMHALUM
MY/IBTMOH3MMHBIX KoMmosunuii [10, 11].

[lenpro ¥ICCTIEOBAHMIT SABIAETCA M3Y4eHMe BIIVISTHUA
cMecell pepMEHTHBIX IIPerapaToB B COCTaBe KOMOMKOP-
Ma pacTyIero U OTKapM/IMBAaeMOrO MOJIOJHsIKA CBUHEN
Ha IPOAYKTMBHOCTD, KAYECTBO MPOAYKIUN U peHTabeNb-
HOCTb ITPOM3BOJICTBA.

MaTepMamﬂ N ME€TOIbI

[l1s pelmeHns MoCcTaB/IeHHbIX 3a/iad B ycnoBuax 3AO
«I[Iporpecc» Anpumkckoro parona Yysamickon Pecmy-
O1mKy ObUI TIPOBefieH HAayYHO-XO3ANCTBEHHBIN OIBIT
Ha MOJIOJHAKE CBUHEN. Martepuanom CIyXWIu HOp-
MajbHO PAa3BUTHIE, 3MOPOBBIE XMBOTHBIE. [[/11 ONBITOB
6b110 cOPMMPOBAHO TPY TPYIIIBI MOTOHAKA CBUHEN
1o 12 ronoB B Kaxjoil. VccnepoBanye IpoBOAUIOCH 110
MEeTO[ly TPYII-aHaJOTOB IPM WJEHTUYHBIX YCIOBUAX
KOPMJIEHMS M COflepP)KaHMA C Yy4eTOM II0jIa, BO3pacTa,
OPOJIbI, MPOMCXOXIEHUA UM KUBOM Maccel. Ilpomorn-
JKUTENbHOCTD OIBITHOTO Ilepropa cocraBuia 150 cyToxk.
KOoHTpONbHOI TPyNIoi CAYXUIU KUBOTHbBIE, ITIOTy4YaB-
mme ocHoBHON parmyoH (OP) kopma. Cocras OP mis
KOHTPOJIbHBIX >XMBOTHBIX COCTOAN u3: 45% sA4MeHs,
40 % mmeHuIel, 5% >KMbIXa IOACONTHEYHOrO, 5% KyKy-
pyssl n 5% O6eTKOBO-MUHEpPaJTbHO-BUTAMUHHOTO KOH-
nertpata (BBMK). PaunoH mepBoil OIBITHO TIPYIIIIBI
o6oraiancs JOMOoIHUTENbHO CMeChI0 (epMEHTHBIX Ipe-
nmapaToB ammiaocybrunmHa I'3x u nennomiokca-F B ko-
numyectBe 160 u 54 1, COOTBETCTBEHHO, Ha 1 KI' Macchl
KOpMa, Il BTOPOJ OIBITHONM I'PYIIIBI — CMECBI0 aMU-
nocy6runnna I'3x u mporocybTunmaa I'3x B konmyectse
160 1 75 1, COOTBETCTBEHHO, Ha 1 KT Macchel Kopma. Kop-
MJIEHME TIO[JOTIBITHBIX IOPOCAT NMPOBOJMIIOCH COIIACHO
pacnopanKy [HA B XO3AICTBE, [Ba Pasa B CyTKM. JlocTym
K KOpMY U Bofie 6611 cBO60HBIM. CxeMa Hay4HO-X0351il-
CTBEHHOTO OIIBITA IpeficTaBneHa B Tab. 1.
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these substances are classified under the general name
«non-starchy polysaccharides» (NSP), including xylans,
B-glucans, pentosans, etc. These substances have negative
effects. They strongly swell, form viscous gel-like substanc-
es, which hinder the access of digestive juices to nutrients
and decrease their absorption [1].

In some feeds (bran), the NSP content exceeds 20 %,
and in grain feeds, their content ranges from 5 to 13 %.

Therefore, it is of great practical importance to find the
ways to reduce the negative impact of NSPs on digestion of
nutrients in order to improve their availability and increase
feed nutrition value [1, 7, 8, 9].

The solution of these problems is possible using exog-
enous enzyme preparations and extending the spectrum
of their action on various anti-nutrient substances in feeds
due to the combination of multiple enzymes [10, 11].

The aim of the research was to study the effect of enzyme
preparation mixtures incorporated in feed compounds for
growing and fattening young pigs on productivity, product
quality and profitability of production.

Materials and methods

To solve the problems in the conditions of «Progress»
JSC (Yalchiksky District, Chuvash Republic), the scien-
tific and economic experiment with young pigs was car-
ried out. The material was normally developed, healthy
animals. To carry out the experiment, three groups of
young pigs were formed with 12 animals in each. The
study was conducted by the method of analogue groups
under identical conditions of feeding and management
taking into account gender, age, breed, origin, and live
weight. The duration of the experiment was 150 days.
Control group contained animals that received the main
diet (MD). Composition of MD for control animals con-
sisted of 45 % barley, 40 % wheat, 5% sunflower meal, 5%
corn and 5% protein-mineral-vitamin concentrate. The
diet of experimental group 1 was additionally enriched
with mixture of enzyme preparations, amilosubtilin G3x
and cellolux-F, in amount of 160 and 54 g per 1 kg of feed,
respectively. The diet of experimental group 2 was addi-
tionally enriched with mixture of amilosubtilin G3x and
protosubtilin G3x in amount of 160 and 75 g per 1 kg of
feed, respectively. Feeding of pigs was carried out twice
a day according to farm’s daily routine. Feed and water
were provided ad libitum. The design of scientific and

economic experiment is presented in Table 1.
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Table 1. The design of scientific and economic experiment
Ta6muia 1. CxeMa HayYHO-X03 A ICTBEHHOTO OMBITA

Age | Bospacr

Number of —
animals | at the beginning at the end of .
Groups | [pymmst Konmaecrso of experiment experiment Feeding | Xapakrepucrika KopmieHus
G (months) | B Hayame (months) | B koHue
ombiTa (Mec.) omnbITa (Mec.)
Control | KonrponbHas 12 2 7 MD | OP
Experimental group 1 | 12 ) - MD + amilosubtilin G3x + cellolux-F |
I — onpiTHAA OP-+amunocyotunuu I'3x+ uennomntoxc-F
Experimental group 2 | 12 2 7 MD + amilosubtilin G3x + protosubtilin G3X |
IT — onbITHaA OP-+amunocy6Tunuu I'3x+ nporocyorunuu I'3X
MsCHYI0 IPOAYKTMBHOCTb ¥ MOP(OIOrMYECcKUii Co- Meat productivity and morphological composition of
CTaB KOHTPOJIBHOW ¥ OTIBITHBIX TPYMI CBUHEN OMpPeNie-  animals in control and experimental groups were deter-

JISUIV TIO pe3y/ibTaTaM KOHTPO/IBHOTO y6os 3 ronos (6o-
POBKM) M3 KaXKAOil TPYIIbI B KOHIIE OIBITA, CO CPefHeNt
JKMBOJM MacCOM aHA/JIOIMYHONM CPeJHEMY IIOKAa3aTelio II0
rpyme. MACHYI0 IPOAYKTUBHOCTb ONPERe/IA/II 110 TIPefi- lar to average weight in group, at the end of experiment.
y6OITHOI >)KMBOJI Macce, Macce IAPHOIT TyIuy, Macce oxia-  Meat productivity was determined from preslaughter live
JKIEHHOJ TyIIM, yOOITHOMY BBIXOJY, @ TAK)Ke I10 IUIOIIa/ weight, hot carcass weight, chilled carcass weight, slaugh-
«MBIIIEYHOTO I7Ia3Ka» M TOMmuHe mnuka. [Ipegy6orinyio
JKMBYIO MacCy, MacCy IapHOM U OX/Ia)KJEeHHO TYLIU CBHU-

Heil M3MepsAnMM Ha IIaTPopMeHHBbIX Becax Tuma MEPA
T1BM-3/600-T ¢ AMamasoHoM usmepeHus 1o 600 kr u mo-  Were measured on MERA PVM-3/600-T platform scales

mined from the results of control slaughter of 3 animals

(boars) from each group with an average live weight simi-

ter yield, area of rib eye and fat thickness. Preslaughter
live weight, hot carcass weight, and chilled carcass weight

rpemrHOCTBIO + 200 . YOOIMHBII BBIXOS ONIpefe/sUm B Ipo-  with measurement range up to 600 kg and an accuracy of
[EHTaX paCICTHBIM METOLOM ITyTEM [ICTICHNS MaCCRI Tyl + 200 g. Slaughter yield was determined as a percentage
nocre 06paboTke K mpenyOortHO XuBoit Macce. Ilno-
I[a/ib «MBIIIEYHOTO I7Ta3Ka» OMPeeNsyii MeX/y MOC/Ies-
HUM TPYZHBIM ¥ IIePBBIM MOSACHNYHBIM ITIO3BOHKAMIU IIe-
peHeceHreM KOHTYPOB «MBIIIEYHOTO I7Ia3Ka» Ha KaIbKy
¥ TIOCTIEAYIONINM M3MepPEHNEM TIO/IAPHBIM IUIaHNMeTpoM,  vertebrae by transferring the contours of rib eye section
tuma ITT — 2k. Tonumay mmKka usMepsin MeTaiimde- — to tracing paper and subsequent measurement by PP-2k
CKOI1 IMHEeNKON Haf 6-7 TPyAHBIMU IIO3BOHKaMu. Mop-
donormueckmit coctas Tymu (%) ycTaHaBIMBAIN ITyTeM
00Ba/IKM TYLIN C pasfie/ieH/ieM Ha MBILIIEYHYIO, KUPOBYIO
" KOCTHYIO TKaQHU C Ja/IbHENIINM OIpefieJIeHIeM OTHOIIIe-
HVISI MBIIIIEYHOI, )KMPOBOI ¥ KOCTHOI TKaHei K o6uei separating into muscle, fat and bone tissue with further de-

by the calculation method using division of carcass weight
after processing by preslaughter live weight. Area of rib eye
was determined between the last thoracic and first lumbar

polar planimeter. Fat thickness was measured with a metal
ruler over 6th — 7th thoracic vertebrae. Carcass morpho-
logical composition (%) was established by deboning and

Macce TYIIN. termination of muscle, fat and bone tissue ratio to the total

[Tony4yeHHbIe 9KCIEpPUMEHTa/NbHbIE JaHHBIE 006pabdo-
TaHbBl METOJOM BapyalmoHHoil craructuku Ha IIK ¢ uc-
H0/Ib30BAaHNMEM IPOrpaMMHOro obecredenns Microsoft

carcass weight.
The experimental data obtained were processed by the

Office Excel 2007 analysis of variance using PC with Microsoft Office Excel
DkoHoMUYEcKy10 3P eKTUBHOCTD pesynbratos uccne- 2007 software.
OBAHNUIT OTIPEJE/N/IN ITyTeM BBIYNMCTICHVA JOTIOTHITe/b- The economic efficiency was determined by calculat-

HOJI Ipu6bIUIN Ha 1 py6/b HOMoOMHNTENbHBIX 3aTpat. Cro-
VIMOCTD JOIIO/THUTENIbHOI IIPOAYKLMY, 3aTPadyeHHbIl Ha
npro6pereHne pepMeHTHBIX IPENapaToB BBICUMTHIBAIIN
OTHOILIEHVEM CTOUMMOCTY MOTOTHUTEIBHON NPOAYKIUN
Ha CTOMMOCTD MCIIONb3yeMbIX GepMeHTHBIX mpemapatos.  al product cost to enzyme preparations cost. The level of
YpoBeHb peHTabeNnbHOCTM — 3TO MPOIEHTHOe OTHoWIe-  profitability was the ratio of profit to cost. The profit from
Hue npubpUn K cebecrormoctu. IIpubbIp OT peanmsa-
LYV CBUHUHBI OIpeMe/siny YMHOKEHIEM [OIOTHNUTEb-
HOTO IIPMPOCTA HA LieHy pean3aljii.

ing the additional profit per 1 ruble of additional costs. The
cost of additional products spent on the purchase of en-
zyme preparations was calculated by the ratio of addition-

pork sale was determined by multiplying the additional
gain by the selling price.

PeaysTaThi 1 06CYKIEHIE Results and discussion

JII1 IPOBeNIeHIA UCCTIENOBAHMI MACHON TPOXYKTHB- To perform meat productivity research on young pigs,
HOCTU MOTIOAHAKA cBuHel ncnonb3osamu OP, cocraBnen-  MD was used consisting of feeds available at the pig farm.
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HBIIl 13 KOPMOB, VIMEIOIINXCSA Ha cBUHO(epMe. B cocTas
OP no6aBysiiu pepMeHTHbIE Tpenaparsl. B TedeHne cyTok
KOHTPOJIbHAA U OINbITHAA IPYyIIa >KMBOTHBIX MOTHOCTHIO
chefiaiy 3aflaHHble KopMa. CKapM/IMBaeMblii KOMOMKOPM
COOTBETCTBOBA/I TPeOOBAHMAM INUTATENIbHON IIEHHOCTU
KOMOVMKOPMOB 11 KOPM/IEHMS CBMHeEJ IO BCeM IINATA-
TE/IbHBIM U OMONIOIMYecK) aKTMBHBIM BellleCTBaM M CO-
mepxan 1,28 9KE, 129,1 r nepeBapuMoro nportenHa, 42,6 r
KJIeTYaTKy, 6,5 T Kanbuus u 6,1 T pocdopa B 1 Kr Kopma.

[l ycTaHOB/IEHUA BIMAHUA CMecu (epMEHTHBIX IIpe-
IapaToOB Ha 9HEPTMIO POCTa IMOJONBITHBIX )KMBOTHBIX €)XKe-
MEeCAYHO NIPOBOAV/IN X MHAIMBM/ya/IbHbIE B3BEIIVMBAHMA.
[Tpn 3TOM OmpepensNN AUHAMUKY >KUBOW Macchl, abco-
NIOTHBIE U CpPeJHeCyTOYHble IIPUPOCTBbI Macchl. [laHHbIe
IIpUBeJieHbl B TabmuIe 2.

B Havaste onpITa BO BCeX IPYMIIAX CPEHAA )KMBasA Mac-
ca CBMHelT ObUIa IIPaKTUYeCK) OfVHAKOBOII I COCTAaBUIA
ot 17,8 mo 18,1 xr. Ha6/1r011a/10Ch MOIOKUTEIbHOE BIMAHNIE
cMecy (pepMEHTHBIX IIPelapaToB Ha AMHAMUKY IIPUPO-
cTa XXUBOJ Macchl. 3a epuof, 60-90 cyTKu KmBas Macca
CBMHEN TIEPBOJi ONBITHON TPYIIIIbI 6pl1a BbINIE Ha 6,4 %,
¢ 91-120 cytkn — Ha 8,7 %, ¢ 121-150 cytkn — Ha 11,7 %,
¢ 151-180 cyTknm — Ha 13,6 %, ¢ 181-210 cytkn — Ha 11,7 %,
4eM B KOHTPOJIbHOJ rpymme. Bropas ombiTHasA rpymnma
olepexkasna KOHTPOJIbHYIO IPYNIy COOTBETCTBEHHO Ha:
3,8 9%; 5,6 %; 7,4 %; 9,3 %; 1 7,4 %. YKuBas Macca )KMBOTHBIX
KOHTPOJIbHOJI TPYTIITBI K KOHILY OIIBITHOTO ITEPUOJA COCTA-
Buaa 112,0 Kr, 4To HIUOKe, 4eM B nepBoii (125,1 kr) Ha 13,1 kr
u Bo Bropoit (120,3 Kr) ONBITHBIX IPyNIax Ha 8,3 Kr mimn
Ha 11,7 % 1 7,4 % cOOTBEeTCTBEHHO. AGCOMIOTHBII IIPUPOCT
JKVBOJ MacChl MOJIOJHSIKA CBVIHEJ OIIBITHBIX TPYII ObLI
BbIlIE Ha 13,6 % B II€pBOJ ONBITHOI rpyme u Ha 8,7 % BO
BTOPOJ ONBITHOM IPYIIIE 110 CPABHEHNIO C KOHTPOJIbHOI
rpynmoit (94,2 kr). CpegHeCyTOYHBII IPUPOCT 3a BeChb

The composition of MD was supplemented with enzyme
preparations. Within a day, control and experimental
groups of animals completely consumed the feeds. Feed
met the nutritional requirements to feed compounds for
feeding pigs regarding all nutritional and biologically ac-
tive substances and contained 1.28 energetic feed units,
129.1 g of digestible protein, 42.6 g of fiber, 6.5 g of calcium
and 6.1 g of phosphorus per 1 kg of feed.

To determine the effect of enzyme preparation mixture
on the growth of experimental animals, they were individ-
ually weighed monthly. The dynamics of live weight, the
absolute and average daily weight gain were determined.
The data are presented in Table 2.

At the beginning of experiment, the average live weight
of pigs in all groups was almost the same and amounted
to 17.8 to 18.1 kg. A positive effect of enzyme preparation
mixture on the dynamics of live weight gain was observed.
For the period of 60-90 days, 91-120 days, 121-150 days,
151-180 days, and 181-210 days, live weight of pigs in ex-
perimental group 1 was higher than in control group by
6.4 %, 8.7 %, 11.7 %, 13.6 %, and 11.7 %, respectively. Experi-
mental group 2 had the indicators higher than in control
group by 3.8%, 5.6 %, 7.4 %, 9.3%, and 7.4%. At the end
of experiment, live weight of the animals in control group
was 112.0 kg, which was lower than in experimental group
1 (125.1 kg) and experimental group 2 (120.3 kg) by 13.1 kg
and 8.3 kg or 11.7% and 7.4 %, respectively. Absolute live
weight gain of young pigs in experimental groups 1 and
2 was 13.6 % and 8.7 % higher compared to control group

Table 2. The dynamics of live weight and average daily gain in experimental pigs against age (in average per 1 head by groups)
Ta6muua 2. JuHaMuKa >KMBOJ MACCHI Y CPeHECYTOYHOTO IPUPOCTA NOAONBITHBIX CBIHEII C BO3PacTOM

(B cpemneM Ha 1 rooBy 1O rpynmam)

Age, days |

Bospacr, cyTok Group | Ipymna

17.8 £ 0.6
18.1£0.8
17.9+£0.6

31.3+0.6
33.3+1.6
32.5+1.0

46.1 £0.74
50.1 +0.81*
48.7 + 0.65*

65.9 +0.53
73.6 £ 0.64*
70.8 + 0.57*
88.1 +1.66
100.1 + 1.68*
96.3 = 1.65*

60-90

91-120

121-150

151-180

181-210

W N = W N = W = W = W -

* P <0.05 | * TIpu P<0,05.

Live weight, kg | JKusas macca, kr

at the beginning of
experiment | B Hagame
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Average daily gain, g |

at the end of experiment | CpelHeCy TOHbIi IPHPOCT, T

B KOHIIE
31.3+0.6 447.2+17.1
333+1.6 505.6 + 39.5
325+1.0 486.1 + 20.7
46.1 £ 0.74 4944 +16.5
50.1 + 0.81* 561.1 + 28.8
48.7 £ 0.65* 538.9 +19.3
65.9 +0.53 661.1 +24.9
73.6 + 0.64* 783.3 +20.7*
70.8 + 0.57* 736.1 £ 16.94*
88.1 +1.66 738.9 +12.9
100.1 £+ 1.68* 883.3 + 28.6*
96.3 + 1.65* 852.8 +31.2*
112.0+£1.8 797.2 £ 31.1
125.1 + 1.49* 833.3+21.9
120.3 + 1.94% 800.0 £+ 24.6
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YYETHBINI IEPUOJ, COCTABIII B IIEPBOJ ONBITHOM I'PYyIIIIE —
713,3 1; BO BTOPOJ OIIBITHON I'pyIiie — 682,7 I uau Bblille
Ha 13,6 % u 8,7 %, 4eM B KOHTpO/IbHOI rpymie (627,8 T).

Takum 06pa3oM, UCIIONb30BaHMe CMecH GepMEHTHDBIX
IIpernapaToB OTe4eCTBEHHOIO NPOM3BOJCTBA B PalMOHAX
MOJIOJHAKA CBUHEN NPU OITHAKOBBIX YCTIOBMAX KOPMIIe-
HUA U COfiep)KaHNUA BO BCe BO3pPAcTHbIe IIEPMOAbI CIO-
COOCTBYeT HOCTIDKEHUIO Oojlee BBICOKON JXMBOV MacChl.
BxmroueHne cMecu pepMEHTHBIX IIPENapaToB B PAL[VIOHbI
CBMHEI, TIOBBIIIAsA IPOAYKTUBHOE JIE/iCTBIE KOPMOB, CIIO-
coOCTByeT MHTeHCUPUKALMY OOMEHHBIX IIPOLIECCOB B UX
OpraHmsMe, yaydllaeT KONMIeCTBEHHbIE I KaueCTBEeHHbIE
IIOKa3aTeNny MACHON MPOJYKTUBHOCTH.

B omprtax JI. bospckoro m pap. msydeHme BIMAHUA
CKapM/IBaHVs EepMEHTHBIX IpenapaToB AMUIOCYOTH-
mmHa n IlextodoeTnamHa Ha POCT M PasBUTHE MONIOJ-
HSKa CBUHEN 0 JOCTV KEHUSA MMM >K1Boi Macchl 100 kr
II0Ka3aJIo, YTO IpenapaThl OJIOKUTENbHO [elICTBYIOT Ha
UX POCT U IPOJYKTMBHbIE KauecTBa XUBOTHbIX. [Tpupoct
>KMBOI MacChl MOMOTHSIKA 3a BeCh mepuof 6pi1 Ha 22,1%
BBIIIIE, 3aTPaThl KOPMa Ha 1 KT MpMpPOCTa >KMBOII MaCChI CO-
cTaBmIM 3,5 KOPM. efi. Wi MeHblile Ha 18,1% [4].

VccnenoBanne pepMeHTATMBHOTO poayKTa «Rovabio
Max», BbIITycKaeMoro (ppaHIy3CcKoil KoMIIaHuei Azycce,
IIpoBefieHHOe B bpasminm Ha CBUHBAX B BOo3pacTe OT 49
1o 144 nHeit, MOATBEPANIO TOT BAKT, YTO UCIIOTIb30BAHNME
depMeHTa MOBBILIAET CPeIHECYTOYHbIE IIPUPOCTHI, YIyd-
IIaeT KOHBEPCHIO KOPMa 11 Ka4eCTBO TYII CBUHEN [6].

BBepenne ¢epmentHoro mnpemnapara Pokcasum G2
B KOMOVKOpMa JIJIS CBYMHET CHOCOOCTBOBAJIO YBEINYECHIUIO
yOOIHBIX BHIXO0B, IIOLIA/IN «MbILIEYHOTO IIa3Ka» U MO-
JIOKUTEIBHO TIOBNMUANO Ha (GOPMUPOBAHME MACHBIX Ka-
JeCTB CBUHEII B IIpoliecce BBIPAIIMBAHNUA 1 OTKOpMa [5].

Jlna omnpeneneHusa MACHYIO NMPOAYKTUBHOCTY M MOP-
¢domornueckoro coctaBa KOHTPOIBLHOI V1 OIBITHBIX TPYIIIT
CBMHeI1 1o mcredeHnn 150 CyTOK ObIT IIPOBefeH KOHTP-
OJIbHBIII YOOI )KMBOTHBIX. [I/I1 9TOTO U3 Ka>KJ0J TPYIIIBI
ObII0 0TOOPAHO TI0 3 TOTOBBI CO CPeIHel >KMBOM MaCCOit
aHAJIOTMYHON CpefJHEMY ITOKa3aTe/Nio o Ipyme. DKCIle-
pUMeHTa/IbHbIE JAaHHBIe IIpefcTaB/eHbl Tao. 3.

(94.2kg). The average daily gain for the entire period in ex-
perimental groups 1 and 2 was 713.3 g and 682.7 g or 13.6 %
and 8.7 % higher than in control group (627.8 g).

Thus, the use of enzyme preparation mixture of do-
mestic manufacture in young pigs diets under the same
conditions of feeding and management in all age periods
contributes to higher live weight. The inclusion of enzyme
preparation mixture in pig diets increases the effectiveness
of feeds, contributes to enhancement of metabolic process-
es in their body and improves quantitative and qualitative
indicators of meat productivity.

In the experiments of L. Boyarsky et al., study of the
effect of enzyme preparations, amilosubtilin and pecto-
foetidine, on the growth and development of young pigs
until reaching live weight of 100 kg, showed that the prep-
arations had a positive effect on growth and productiv-
ity of animals. Live weight gain of young animals for the
entire period was 22.1% higher. Feed costs per 1 kg of live
weight gain amounted to 3.5 feed units, which is less by
18.1% [4].

Study of Rovabio Max enzyme product manufactured
by the French company Adisseo, which was conducted
in Brazil on pigs aged 49 to 144 days confirmed the fact
that the use of the enzyme increased average daily gain,
improved feed conversion and quality of pig carcasses [6].

The introduction of Roxasim G2 enzyme preparation
into feed compounds for pigs increased slaughter yield,
area of rib eye and positively influenced meat parameters
in the process of pig growing and fattening [5].

To determine meat productivity and morphological
composition of pigs in control and experimental groups
after 150 days, control slaughter of animals was carried out.
For this purpose, 3 animals with average live weight simi-
lar to average live weight in group were selected from each
group. The experimental data are presented in Table 3.

Table 3. The results of control slaughter of animals (in average by groups)
Ta6muia 3. Pe3ynpraTsl KOHTPOIBHOTO Y605 XXMBOTHBIX (B CpeTHEM II0 TPYIIIIAM)

Parameters | Ilokasarenn

Preslaughter live weight, kg | IIpeny6oiinast >xusas Macca, Kr
Hot carcass weight, kg | Macca mapHoii Tyum, Kr

Chilled carcass weight, kg | Macca Tyum mocie oxmaxgeHus, K
Slaughter yield,% | Y6oitub1it BbIxox,%

Carcass composition,% | Cocras Tynr,%

muscle tissue | MpIeYHast TKAHD

fat tissue | >)xupoBast TKanp

bone tissue | kocTHast TKaHb

Fat thickness, mm | Tommuna mmnxa, mm

Area of rib eye, cm? | IInomags MbINIEYHOTO ITa3Ka, CM?
* P <0.05 | *IIpu P<0,05.

Control | Experimental group 1| Experimental group 2 |
KonTponbHasa I onbiTHAA II onpITHASA
111.7+0.58 123.0+£0.58* 116.0+£1.00*
74.210.24 82.8 + 0.20* 77.6 + 0.22*
72.7+£0.5 81.4+0.18* 76.1 £ 0.85*
65.1 +£0.24 66.2 +0.18* 65.6 £ 0.17
57.56 £ 0.12 58.5 + 0.23* 58.17 £ 0.19
29.87 £ 0.15 29.37 £ 0.18 29.43 +0.12
12.57 £ 0.03 12.13 £ 0.24 12.4 £ 0.15
33.6 £ 0.53 32.9+0.31 33.67 £ 0.29
31.33 £ 0.19 31.67 £ 0.32* 31.53 £ 0.07*
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PesynbpTaTel mpoBefieHNs KOHTPOIBHOTO y6Os CBU-
Hell MO3BOINMIN YCTAaHOBUTH HEKOTOpbIE 3aKOHOMEPHO-
CTV BIMAHUA cMecu (PepMEHTHBIX IpeIapaToB aMUJIO-
cy6rmwmHa I'3x n nemnomokca-F, amunocy6rmnmaa I'3x
u npotocybTunnHa [3x Ha y6oliHbIe U MsCO-CajbHbIE
KadyecTBa. [Ipemy6oiiHas >xuBas Macca CBMHeT OblIa co-
OTBETCTBEHHO pasHoI 111,7, 123 u 116 kr. Bo Bcex omnbIT-
HBIX I'PyIIIax ObUIN IOMTy4YeHbI OoJee BHICOKUE YOOITHbIE
BBIXOZBI Ha 0,5-1,1% BbIle, 4eM B KOHTPOJIBHOI T'PYII-
ne. CaMasa HM3KasA TONIIMHA IINMKA ObIIA Y HOMOMBIT-
HBIX >KMBOTHBIX II€PBOJI ONBITHONM I'Pynnbl — 32,9 MM,
a B KOHTPOJIBHOJI U BTOPOJI OIIBITHOJ IPyIIIax Obla Mo-
YT OfAMHAKOBOM — 33,6 MM. B OIBITHBIX IpymHIax I/IO-
[ajib «MbIIIEYHOTO ITa3Ka» OblIa BbIIIE, TAK BO BTOPOI
ONIBITHOM TpyIle OHa cocTaBuia Ha 0,34 cM? 60sbIIIe
COOTBETCTBYIOIETO MOKa3aTelsA KOHTPOIbHON I'PYIIIBI.
B mepBoit ONBITHOI IpyIilie HAaOMOANMach Takasl Xe 3a-
KOHOMEPHOCTb, 10 OTHOLIEHNIO K JJaHHBIM, IT0/Ty4Y€HHBIM
B KOHTPOJIbHOI TPYIIIIE.

OpHuM M3 KayeCTBEHHBIX IIOKa3aTesleil, XapakTe-
PU3YOIIMX MACHYI HPOAYKTUMBHOCTb >KMBOTHBIX, AB-
nsgercss Mopdonorndecknit cocras tym. Ilostomy pns
nonydeHust 60ee TOUHOI KapTMHBI M3MEHEHMIl, Ipo-
VCXOMAILINX B TYIIAaX XMBOTHBIX, HEOOXOAVMO 3HATDb UX
MOPGOTOTUYECKHUIT COCTaB, KOTOPBIT B 3HAUYUTETbHOII
Mepe XapaKTepusyeT MsACHbIe KadecTsa. Kak msBecTHO,
Hayuboree IIEHHBIMU KOMIIOHEHTaMM TYILIM SABJIAIOT-
cA MbllIeYHasA U )KMpOBasd TKaHb. B Tyme comepxaHne
MBIIIL] B ONBITHBIX I'PyNIax ObUIO BBIIIE, YeM B KOHTP-
onbHoIL, Ha 0,94 % mo 1 oneiTHOM rpynme u 0,61% mo
BTOPOI1, a coflep>kaHue cana Hke Ha 0,5 n 0,44 % coort-
BETCTBEHHO.

Takum 06pasom, BBefieH1e cMecH (PepMEHTHBIX IIpera-
paroB ammnocyorunuHa I'3x u nemnonokca-F ammunocy6-
tiHa [3x u nporocybtmnuua I'3x B KoMOuKopMa st
CBJHEI CIIOCOOCTBOBAJIO YBEMYEHNIO YOOIHBIX BHIXOLOB
U IUIOLaiX «MBILIIEYHOTO T/Ia3Ka», CTIefOBAaTeIbHO, U TI0-
JIOXUTETBHO BIVAIO Ha GOPMMPOBAHME MACHBIX KaueCTB
CBIHEN, B IIPOLieCcCe JOPALMBAHNA U OTKOpMa. MBI cun-
TaeM, YTO ITOJIOKNUTEIbHOE BIUAHNE (epMEHTHBIX ITpera-
PaToB Ha MACHBIE KadyeCTBa CBMHEN IIPOUCXOMNIO 3a CYeT
yBe/IMYEeHN ITepeBapYMOCTH MUTATE/IbHBIX BELIECTB KOP-
MOB, TO €CTb YBE/IMYEHNA VX IPORYKTUBHOTO JIEMCTBUA.
Ynydiennue MACHBIX KayecTB CBMHeEI, B HacToslllee Bpe-
M, ABJIAETCA OFHOI M3 OCHOBHBIX 3a/lad CTOAIINX Ieper
OTPAC/IbI0 CBMHOBOJCTBA, TaK KaK B HACTOAIlee BPeMs,
MsICHas CBMHIHA OLIeHMBAEeTCs Ha PbIHKe TOpa3fo JOpoXe
U TIO/Ib3yeTCsl GOJIBIINM CIPOCOM y MsACOIepepadaThiBa-
IOIIMX IPeAIpUATUIL U LIEXOB.

Ha 1 py6. HOIIONHUTEIBHBIX 3aTpaT IOYYEHO 110 Iep-
BOJ1 OIBITHOI Tpymie 8,29 py6. ¥ IO BTOPOII ONBITHOI
rpynme 6,06 py6., 9TO CIIOCOOCTBYeT yBEINYEHUIO PeH-
TabeIbHOCTU IIPOM3BOJCTBA CBUHUHBI M CHVDKEHUIO Ce-
6ecTonmocty mpupocrta. HecMOTps Ha TOIOTHUTE/IbHBIE
3aTpaThl, CBSI3aHHbIE C MUCIONb30BaHUEM (EepMEHTHBIX
IperapaToB, ce6ecTOMMOCTb 1 II IPUPOCTa CHUBNIACH
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The results of control slaughter allowed to establish
some relationships in the effect of enzyme preparation
mixtures (amilosubtilin G3x and cellolux-F, amilosub-
tilin G3x and protosubtilin G3x) on carcass parameters
and quality of meat and fat. Preslaughter live weight of
pigs amounted to 111.7, 123 and 116 kg, respectively. In all
experimental groups, slaughter yield was higher by 0.5-
1.1% than in control group. The lowest fat thickness was
in the animals of experimental group 1 (32.9 mm), while
in control group and experimental group 2 this value was
almost equal (33.6 mm). In experimental groups, area of
rib eye was higher, so in experimental group 2 it was 0.34
cm? higher than in control group. In experimental group
1, the same relationship was observed, with respect to
control group.

One of the qualitative indicators that characterize meat
productivity of animals is morphological composition of
carcasses. Therefore, in order to obtain a more accurate
picture of changes occurring in the carcasses of animals,
it is necessary to know their morphological composition,
which to a large extent characterizes meat properties. It is
known that the most valuable components of the carcass
are muscle and fat tissue. Muscle content in carcasses from
experimental groups 1 and 2 was higher than in control
group by 0.94% and 0.61%, respectively, and fat content
was lower by 0.5 % and 0.44 %, respectively.

Thus, addition of enzyme preparation mixtures, amilo-
subtilin G3x and cellolux-F, amilosubtilin G3x and proto-
subtilin G3x, to feed for pigs increased slaughter yield, area
of rib eye and positively influenced meat parameters in the
process of pig growing and fattening. We believe that the
positive effect of enzyme preparations on meat parameters
was due to increase in digestibility of feed nutrients en-
hancing their effectiveness. At the moment, improvement
in meat parameters of pigs is one of the major challenges in
pig industry, as pork is much more expensive in the market
and is in high demand from meat-processing plants and
shops.

In experimental groups 1 and 2, 8.29 rubles and 6.06 ru-
bles per 1 ruble of additional costs were received, which
contributes to increase in profitability of pork production
and reduction in the cost of gained meat. Despite the ad-
ditional costs associated with the use of enzyme prepara-
tions, the cost of 100 kg of gained meat in experimental
groups 1 and 2 was reduced by 12.63 and 8.1 %, respectively.

Due to the addition of enzymes, the profit from the sale of
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Ha 12,63 n 8,1% (mepBasg m BTOpas OIBITHBIE TPYIIILI).
3a cyeT 106aBOK (PepMEHTOB MOYYEHO HMPUOBUIN OT pe-
ammsanuy CBMHMHBL Ha 1,28 u 0,82 ThIc. py6ieit 6onblie,
4yeM 6e3 106aBKM Ha 1 ro/oBy. YpoBeHb peHTabenIbHOCTI
IIpOM3BO/ICTBA CBMHMHBI NoBbIcucA Ha 11,4 n 7,3 %. Togo-
BOJI 9KOHOMIYECKNT 3P PeKT OT UCIIONb30BAHMSA U3y4dae-
MBIX (PepMEHTHBIX J0OABOK MOXeT cocTaBuUTh 0T 0,87 110
1,37 Myt py6eit B pacdere Ha 1000 ros. cBMHeIL.

B pesynbraTe NpoBeeHHOIO HAyYHO-IIPOM3BOACTBEH-
HOTO OIIbITA YCTAaHOBJIEHO, YTO Ha1bo/Iee BLICOKIE SKOHO-
MMYeCcKe TapaMeTpbl IPOM3BOACTBA CBUHMHBI OBLIN I10-
Jly4eHbI B IIePBOJI OIBITHOI TPYIIIIe, I7ie MCIIONIb30BaIaCh
cMech (epMEHTHBIX IIpernapaToB aMuaocyoTmwinHa I'3x
U Leionokca-E

BreiBog b1

Takum o6pas3om, MCIIONb30BaHME B PALMOHAX OTKAp-
MIVMBAEMbIX CBUHeII cMecy (epMEeHTHBIX IIperapaToB
OTeYeCTBEHHOTO IIPOM3BOACTBA aMmIocyOTmmmHa ['3x
u newuiokca-F ammnocybrmninna I'3x u mporocy6Tn-
nmuHa I3x ymydmaer 3¢dQeKTMBHOCTb MCIIONb30BAHMA
NNUTaTebHBIX BEIIeCTB KOPMa, 4TO TTO3BOMAET Hambornee
TIOJTHO Pean30BaTh OMOIOTIYeCKMe PeCYPChl SKUBOTHBIX,
IIOBBICUTD KOJIMYECTBEHHbIE ¥ Ka4eCTBEHHbIE [TOKa3aTe/lN
MACHOI NPOJYKTUBHOCTY U 3KOHOMMYECKM OIIPABJIAHO.
[Ipu aToM TpefnouYTeHMe JJODKHO OBITh OTAHO CMecu
npenaparos aMuaocy6TymHa I'3x u metonokca-F.
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pork from one animal was 1.28 and 0.82 thousand rubles
more. Profitability of pork production increased by 11.4
and 7.3%. The annual economic benefit from the use of
enzyme additives studied may range from 0.87 to 1.37 mil-
lion rubles per 1,000 animals.

It was found that the highest economic parameters of
pork production were obtained in experimental group 1,
where the mixture of amilosubtilin G3x and cellolux-F en-

zyme preparations was used.

Conclusions

Thus, the mixture of enzyme preparations of do-
mestic manufacture, amilosubtilin G3x and cellolux-F,
amilosubtilin G3x and protosubtilin G3x, in the diets of
fattened pigs improves nutrient absorption from feed,
which allows to use the biological resources of animals
more fully, increase quantitative and qualitative indica-
tors of meat productivity, and it is economically justified.
A preference should be given to the mixture of amilosub-

tilin G3x and cellolux-F.
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BIIMAHUE 9TEKTPOMATHUTHON OBPABOTKI
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KiroueBble croBa: anexmpomasHumuas obpabomxa, msacHoie no-  Keywords: electromagnetic treatment, meat semi-prepared prod-
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AKMUBHOCb, MUKPOOUONIOZUHECKAS 6e30NACHOCTD.

Annomauus Abstract
B cmamve noxasano, 4mo npumererue snekmpomazHumnoti 06-  The paper demonstrates that the use of the electromagnetic treat-

pabomxu, O0CHOBAHHOU HA B030eliCMEUU INEKMPOMAZHUMHOZ0  1ont based on an impact of the electromagnetic field (EMF) of
nona camoeeHepupyioueeo paspsaoa (CI-paspsoa), nosviuaem

anmuoxucnumenviyto akmustocmo (AOA) MACHbIX KYCKOBbIX
nony$abpuxamos, U3eomoseneHHvIX U3 20850UHbL U c8UHUHbL. O0-
Ppabomxy MACHbIX NOTYHABPUKAMO8 OCYUeCMBTIANIU HA IKCHEPU-

the self-generating (SG) discharge increases the antioxidant ac-
tivity (AOA) of beef and pork semi-prepared products in pieces.
The semi-prepared products were treated using the experimental

MeHMATLHOIl YCMaHOo8Ke, COCOsIueil U3 naasmenHozo anexkmpo-  equipment that consisted of the plasma electromagnetic generator
Maznummnozo zenepamopa na ocrose CI-paspsada, ons nonyuenus  based on the self-generating (SG) discharge for generating strong
MOUWHDIX 3MIEKMPOMAZHUMHBIX Konebanuil. B onvimuvix 0bpas-  electromagnetic oscillations. It was found that in the experimental
Uax, no0BEPZHYMbLX INEKMPOMAZHUMHOLL 06pabdomie, ycmanos-  samples subjected to the electromagnetic treatment, an amount of

JIEHO NOBblUeHUe NOUMU 6 2 PA3A Be/IUYUHDL B0CCHIAHOBIIEHHO20
2Ty MAMUOHA, ONPeOeTITIOU420 OKUCTUMENLHO-80CCIAHOBUMETL-
Hble XAPAKMEPUCUKY BHYMPUKTIEINOYHOTL CPedbl, U 2Tymamu-
OHNEPOKCUOa, 3AUUUAIOULE20 OP2AHUSM O OKUCTUIMENbHO20
NOBPENOEHUST, UMO CEUIEMENLCBYEM 0 HUBETUPOBAHUY U30bI-
MOuH020 06pa308aHus c8060HbLX paduKanos, 6 uacmmocmu, 3a  Jree radicals was leveled, in particular, due to the regeneration
cuem pezeHepaUUU MHOZUX UUMO30NbHDIX HU3KomMoneKynspuox  of many cytosolic low weight molecular antioxidants. Moreover,
anmuoxcuoanmos. Taxxe ycmaroenero 6onee Huskoe, 6 cpas-  lower level of malon dialdehyde, which characterizes lipid peroxi-
HEHULL C KOHMPONIbHbIM 00PA3ILOM, 3HAUEHUE YPOBHA MATIOHOB020  dation, was detected in the treated semi-prepared products from
Ouanvoezuda, Xapaxmepusyousezo nepexuctoe oKUcieHue nunlzj- beef and pork (by 10% and 2.5%, respectively,) compared to the
006, On 0GpaGomativix nonyGabpuxanmos us 206a0utivi Ha 10 %, control. The results of the study showed that an impact of the SG

u3 céuHuHbl HA 2,5% coomeemcmeenHo. Pesynvmamut uccnedo- , , _ o )
. . discharge contributed to a decrease in the microbial growth rate in
éanuil nokasanu, umo osoeiicmeue CI-paspsoa cnocobcmeyem

CHUNMCEHUIO CKOPOCMU pOCma MUKPOOP2aAHU3MO8 8 OXTLANCOEHHBLX

reduced glutathione, which determines the redox characteristics of
the intracellular environment, and glutathione peroxidase, which
protects an organism against oxidative damage, increased almost
two-fold. These results suggest that the excessive development of

the chilled semi-prepared products during storage. For example,

nonygabpuxamax 6 npovecce xpanenus, max, Ha 6 cymxu xpa-  On the 6™ day, the number of mesophilic aerobic and facultative
Henus noxasamens KMADAHM we npesviuan vopmupyemwiti,  anaerobic microorganisms (QMAFAnM)did not exceed the estab-
4o Koppenupyem c pesynvmamamu opeanonenmuqeckux uccne-  lished indicator, which correlated with the results of the organolep-

dosanuil. Boiieneno, umo snexmpomaznumuas obpabomka He  tic investigations. It was found that the electromagnetic treatment
0KA3bIBACIN CYUAECTNBEHHO20 BIUSTHUS HA NEPEBAPUMOCID i Vitro

nonygabpuxamos, mo ecmv He NPUBOOUM K CHUNEHUIO UX OUO-
n0eudeckoti yeHHocmu. IIposederHvie UcCe008aAHUS NO3BONITIOM
npeononoxumy, umo ucnonvsosanue CI-paspsoa yenecoo6pasHo

did not have a significant effect on the in vitro digestibility of the
semi-prepared products; that is, it did not lead to deterioration of
their biological value. The performed research allows us to suggest

071 y8enuueHUs CPOKA 200HOCHU MACHBIX KYCKOBbIX Noydabpu- that the use of the SG discharge is expedient for increasing shelf life
Kamoe u paspabomxu Hoeoii IKonozutecku uucmoti mextonoeuu  of meat semi-prepared products in pieces and developing a new
XPAHeHUst MACHOL NPOOYKUUU. ecologically pure technology for meat product storage..
Beenenne Introduction
Yeunusa poccuiickux 1 3apyOexxHbIX MCCIefoBaTenei In recent years, the efforts of Russian and foreign re-
B IMINEBON M HepepabarbiBaoleil mpombliiieHHOCT  searchers in the field of food and processing industries have
B IIOC/IEHIIe TOABI HallpaB/IeHbl HA MCIONb30BaHMe HO-  been directed at using new and non-traditional methods of
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BBIX ¥ HETPAJUIMOHHBIX CIOCOOOB 00paboTKM Msica,
YTO I03BOJISIET YBEIMYUTD CPOKYU XPAHEHVSI IIPORYKIINN,
YIY4LIATh CAHUTAPHO-TUTEHYeCKIe YCIOBYS Ha ITHIIe-
BBIX MTPOM3BOJCTBAX M UCKIIOYUTh aHTPOIIOTEHHOE BO3-
JIefiCTBYE Ha OKPY)KAIOLIYIO CPefy.

OnHuMM W3 aKTYyaJbHBIX HAIPaBICHWUIl YBeIMYeHMUs
XPaHUMOCIIOCOOHOCTY MSICHOTO ChIPbSI HA MPOTSDKEHNN
BCell TEXHO/IOTMYECKOI [IeTI0YKI SIB/ISIETCS M3YUeHNe BO3-
MOYXHOCTH TIOBBIIIEHNsI €r0 MUKPOOVMOMIOrNIecKoi 6es-
OIACHOCTY U OKUCIIUTENBHON CTAOUIBHOCTI.

I[Tpotecchl OKUCIUTENBHOTO CTPECca, MPOUCKXO/ALINE
B MSICHOM CBIPbe, HAIIPSIMYIO CBSI3aHbI C B3aVMOJ[EVICTBH -
€M >KIPOB C KICTTOPOIOM BO3[IyXa, YTO IIPUBOAUT K YXYA-
IIEHNIO [[BETOBBIX XaPAKTEPUCTHUK B IPOL[ECCE XPAHEHISI
3a cyeT 06pa3oBaHUsA KOPUYHEBDBIX MMUTMEHTOB; TIOBBIIIIE-
HIIO IIOTePb «MSICHOTO COKa» (BHYTPUK/IETOYHON KIIKO-
ctn); GopMIPOBAHNIO HETPUATHOTO 3araxa ¥ CHIDKEHNIO
OPTaHO/MENTUYECKNX XAPAKTEPUCTUK IPU TEPMUIECKOIT
obpaborke [1, 2, 3].

OxucreHye TUITNOB HAYNHAETCS, B IEPBYIO OYepefb,
B CYOKJIETOUHBIX MeMOpaHax BO (paKLuy BBICOKOHEHa-
coieHHbIX hocdonunugoB. CTOMKOCTD KUPOB K OKIC-
JIEHUIO OTIPEIeNIeTCsI, IPEXe BCETO, UX KMPHOKMCIOT-
HBIM COCTaBOM [3,4]. VI3BeCcTHO, 4TO YyBCTBUTE/NIBHOCTD
K TIEPEKVMCHOMY OKJC/IEHMIO 3aBUCUT KaK OT CTelleHI He-
HACBILEHHOCTH JIMINAOB B CYOKIETOYHBIX MeMOpaHax
U OPUCYTCTBMEM >Kelie3a B Pa3IUMYHBIX COENUHEHUSX,
TaK U OT MOP(}OMIOrnIecKnx 0CoOEeHHOCTeN CTPOEHNs
MBIIII. YCTAHOB/IEHO, YTO OKUC/IUTEIbHBIE «KPACHBIE»
MBIIIIBI XapaKTepU3yITCsi Gojee BBICOKMM COfepiKa-
HueM ¢oconunumoB 1, COOTBETCTBEHHO, MOTMHEHa-
coieHHbIX SKMpHbIX Kucnot (ITHXKK) B cpaBHeHMn
C T/IMKONIUTUYECKUMU «Oe/IbIMU», TIPU ITOM Pa3BUTHUE
HePEeKICHOTO OKMCIEHNUS TPAJUIIIOHHO PaCIIpefiensieTcs
110 BUJaM Msca B CJIEAYIOL[eM MOpsifKe: pbiba > MHfeil-
Ka > KypMHOe MsICO > CBUHVHA > TOBSIJUHA > MOJIOAas
6apannna [1].

PasBuTue MpOIECCOB OKMC/IEHNS JIUINUOB MSCHOTO
CBIPbsI YCTIOBHO PasfesiloT Ha TPU KpuTudeckue aspl:
nepBast ¢asa 3aKkmodaeTcss B 00pa3oBaHNM XMMUYECKN
AKTUBHBIX COEIMHEHMIT KMCIOPOMIA, PAa3BUTUY TI€PEKIIC-
HOTO OKMC/IEHVSI JIUTIU/OB, CONPSDKEHHOE C aHTMOKMC-
MUTENbHBIMA 3AIMUTHBIMY MEXaHU3MaMM MBILIIEYHOI
TKaHW; BTOpas (asa — OKMCIUTENbHBIX M3MEHEHU
HACTyIaeT HEMOCPEACTBEHHO IOC/Ie Y0Os >KMBOTHOTO;
TpeTbs da3a — B XOfie TPAHCIIOPTUPOBKY, IepepaboT-
KIf, XpaHEHMS M TEXHOIOTMYECKO 00paboTKM MSICHOTO
chIpbs [1, 5].

[IpeanochUIKaMy pasBUTUsL OKUCTUTEBHOM JecTabu-
NM3aLMU MsiCa Ha BTOPOIl CTafMM SIBJISIETCS CTPECCOBOE
BO3JIEICTBIE Ha >KMBOTHBIX Iieper yboeMm. Broxmmmuye-
CKVe M3MeHEeHMs, IPOMUCXOAsIe B XOme MeTabonmsma
nocre y6osi 1 aBTOMUTHYECKe I3MEHEHMSI B MSICE, TIPO-
VCXOJSILIe BCIEACTBME IpeKpalleHyss HOCTYIIEHNs
KIC/IOPOJIA B TKAHM U OKVIC/IEHVSI IJIMKOTeHa 10 MOJIOYHOII
KICTIOTBI, IIOCTETIeHHO CHIDKAIIelt 3HaYeHre pH B MbIri-
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meat processing that make it possible to increase product
shelf life, improve sanitary and hygienic conditions in food
enterprises and exclude the anthropogenic effect on the
environment.

One of the topical directions of increasing storability of
meat raw material throughout the technological chain is
the study of the possibility to improve its microbiological
safety and oxidative stability.

The processes of the oxidative stress occurring in meat
raw material are directly connected with interaction of fats
with air oxygen, which leads todegradation of color charac-
teristics during storage due to the formation of brown pig-
ments and unpleasant odor, an increase in losses of “meat
juice” (intracellular fluid) and deterioration of the organo-
leptic characteristics upon thermal treatment [1, 2, 3].

Lipid oxidation begins, first of all, in the subcellular
membranes in the fraction of highly unsaturated phos-
pholipids. Fat oxidation stability is determined, largely,
by their fatty acid composition [3,4]. It is known that
susceptibility to peroxide oxidation depends on the de-
gree of lipid unsaturation in the subcellular membranes,
the presence of iron in different compounds, and on the
morphological peculiarities of the muscle structure. It
was established that oxidative “red” muscles are charac-
terized by higher content of phospholipids and, respec-
tively, polyunsaturated fatty acids (PUFA) compared to
glycolytic “white” muscles; with that, the development of
peroxidation is traditionally distributed by meat kinds
according to the following order: fish > turkey > chicken
> pork > beef > lamb [1].

The development of the lipid oxidation processes in
meat raw material is conditionally divided into three criti-
cal phases: the first phase consists in the formation of the
reactive oxygen species, development of lipid peroxidation
associated with the antioxidant defense mechanisms of the
muscle tissue; the second phase of the oxidative changes
occurs immediately after animal slaughter; the third phase
takes place during transportation, handling, storage and
technological processing of meat raw material [1, 5].

A precondition for the development of the oxidative
destabilization of meat at the second stage is an effect of
stress on an animal before slaughter. The biochemical
changes during post-mortem metabolism as well as auto-
lytic changes in meat due totermination of oxygen supply
into tissues and glycogen oxidation to lactic acid, which

gradually reduces a pH value in muscles, create the condi-
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I1aX, CO3/IAI0T YC/IOBUS, IPY KOTOPBIX IPOL[eCC IePeKC-
HOTO OKMCJIEHVS TIMINUJI0B BO (paKLMy BbICOKOHEHACHI-
ImeHHbIX (pocommnuioB B CyOKIETOYHBIX MeMOpaHax
He KOHTponupyercs. [Ipu aTom 6anaHc IPOOKCUAHTHO-
AQHTMOKCUJIAHTHBIX (PaKTOPOB CMEIAeTCs, CIOCOOCTBYs
npoueccy okucnerus. OTMe4eHo, YTO CKOPOCTb IePEKIC-
HOTO OKMCJIEHNMSI B MBIIII[AX KOPPEIUPYET CO CKOPOCTHIO
cHmKeHns pH, cKopocThio oxmaXxeHns Tyum u ¢pusmnde-
CKMMU MeTofiaMy 06paboTKM Msca — 3/MEKTPOCTUMYILA-
1yeit, 00pabOTKOIT IO BBICOKMM JJaB/IeHMEM, Y/IbTPa3BY-
KOM 1 T.1. 6, 7].

TpeTbst cTafysi OKMCIEHNUS NUINTOB, IIPOUCXOAIIAs
B IIpoljecce TPAHCIOPTUPOBKM, 0OpabOTKY, XpaHeHus,
IPUTOTOBJICHN U IOC/IEAYIOIET0 XOJIOAMIBHOIO Xpa-
HEHNUsl MSCHBIX NPOAYKTOB, CBsI3aHA C paspylIeHNeM
LIe/TOCTHOCTY K/IETOYHBIX MeMOpaH B IIpoliecce MeXaHu-
YeCKUX BO3JeiicTBMIT (0OBaIKM, M3Me/TbUeHNS PeCTPyK-
TypU3alUy WIM IIPUTOTOBJIEHN:). [laHHBIE IPOIECCHI
COIPsDKEHBI C BBICBOOOXK/IEHIIEM >Kejle3a 113 BBICOKOMO-
JIEKY/IIPHBIX CyOCTpaToB (reMorno6uHa, MMOIIOoOMHa,
¢depputnHa, reMocuziepuHa) 1 06pa3oBaHMeM XeTaTHBIX
KOMIIIEKCOB C HU3KOMOJIEKY/ISIPHBIMM COEeIVIHEHUAMMU
(aMuHOKMCIOTaMM, HYKIeoTupaamMm u QochaTumamn).
Takum 06pasoM, poCT OKUCUTENBHOI 1€l BO MHOTOM
3aBucut ot KoHueHTpauuu I[THXKK B Msace u npookcu-
JIaHTOB, 006pa3yoIXCA B IIpoLecce yOOos, TeXHOIOTnYe-
CKOJI 00pabOTKM M XpaHEeHUs MACHOTO Chipba [8, 9, 10,
11, 12, 13].

AHTHOKCHaHTHBIE (QepMEHTHI (CYHepOKCUUCMYTa-
3a (COJl), katam3upyrolias IpeBpalieHne CyIepoKCI-
pagukana (OH-) ¢ ob6pasoBaHMeM IEPEKNCH BOJOPOJA;
rnytarnonnepokcupasa (I'TI) u xaramasza (KAT), nmpes-
pamaromiye 06pa3oBaBIIYIOC NIEPeKICh BOTOPOAA U -
[pOIIepeKVCH JIUIINALOB B BOAY ¥ SKMPHBIE CIVPTBI COOT-
BETCTBEHHO, UTPAIOT BOXKHYIO POJIb B 3aIlUTe KJIETOK OT
OKJC/TUTENBbHON IeCTPYKIINN.

OnHuM 13 Crioco60B yBeTUYeHUs] CPOKOB TORXHOCTH
NUIIEBBIX NPOJYKTOB SIB/IAETCS 9NIEKTPOMArHUTHAs 00-
paboTka, ieficTBIEe KOTOPOIT Ha 6110/10TM4ecKyie 06 beKThI
O4YeHb MHOTOOOPA3HO 1 3aBUCUT OT COCTOSIHMS 00bEKTa,
aBTONIUTUYECKUX M3MEHEHNI, HalpaB/IeHHOCTU MeTa-
6onM3Ma B OIPeie/IeHHBII MOMEHT (DM3MOIOTNIECKOro
PasBUTHA M COBOKYIHOCTU JPYIMX IO3UTUBHBIX M He-
raTuBHBIX (paKTOPOB. VI3BECTHO, YTO BO3[EVICTBIE ITIEK-
TPOMAarHUTHOTO IIOJIsI OKa3bIBaeT BJIMSIHME HA CHIDKEHIE
HeXXe/TaTe/IbHOI MUKPOQIIOPHI, @ TAK)XXe MOXKET 3aMef/IATh
MPOLECCH TUIMUIHOTO OKMCTEHUS PAa3INYHBIX HUIEBbIX
IPOAYKTOB PACTUTENIBLHOTO ¥ XXMBOTHOTO IIPOMCXOX/Je-
Hus [13, 14, 15, 16, 17, 18].

B 37011 CBA3K 1eIbI0 PAbOTHI OBIIO M3y4YeHNe BIVIAHUE
anekTpoMarHuTHOro nosus (9MII) nasMeHHOro BBICOKO-
JaCTOTHOTO IeHepaTopa Ha OCHOBE CaMOT€HEePUPYIOIIEro
(CT') paspsija Ha aKTUBHOCTb aHTUOKCHUAAHTHBIX epMeH-
TOB MSICHBIX KYCKOBBIX II0/Ty(abpUKaTOB U Ha MUKPOOMO-
JIOTMYECKYI0 6€30I1acHOCTD OX/TaXKICHHBIX MOMydabpuka-
TOB B IIPOLlecCe XpaHeHN.
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tions, under which the process of lipid peroxidation in the
fraction of highly unsaturated phospholipids in the subcel-
lular membranes is not controlled. With that, the balance
of pro-oxidant-antioxidant factors is shifted favoring the
oxidation process. It was noted that the peroxidation rate
in muscles is correlated with the rate of pH decline and
carcass chilling, as well as with physical methods of meat
processing (electrical stimulation, high pressure process-
ing, ultra sound and so on) [6, 7].

The third stage of lipid oxidation, which takes place
during transportation, processing, storage, cooking and
the following cold storage of meat products, is connected
with disruption of cellular membrane integrity during me-
chanical manipulations (boning, grinding, restructuring or
cooking). These processes are associated with the release of
iron from the high molecular weight substrates (hemoglo-
bin, myoglobin, ferritin, hemosiderin) and formation of
chelate complexes with low molecular weight compounds
(amino acids, nucleotides and phosphatides). Therefore, a
growth of the oxidative chain to a large extend depends on
the PUFA concentration in meat, and pro-oxidants formed
during slaughter, technological processing and storage of
meat raw material [8, 9, 10, 11, 12, 13].

The antioxidant enzymes (superoxide dismutase (SOD),
whichcatalyzes the transformation of the superoxideradi-
calwith formation ofhydrogen peroxide (H,O,); glutathi-
one peroxidase (GPx) and catalase (CAT), which convert
formed hydrogen peroxide and lipid hydroperoxides into
water and fatty alcohols, respectively,) play an important
role in cell defense against oxidative destruction.

One of the ways to increase food shelf life is the elec-
tromagnetic treatment, which impact on biological objects
is multiple and depends on a subject condition, autolytic
changes, metabolism direction at a particular moment
of the physiological development and a complex of other
positive and negative factors. It is known that an exposure
to the electromagnetic field (EMF) has an effect on reduc-
tion of undesirable microflora, and can also delay the lipid
oxidation processes in different food products of plant and
animal origin [13, 14, 15, 16, 17, 18].

In this connection, the aim of this work was to study
an effect of the electromagnetic field of the plasma high-
frequency generator based on the self-generating (SG) dis-
charge on the activity of the antioxidant enzymes of meat
semi-prepared products in pieces and microbiological

safety of chilled semi-prepared products during storage.
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Marepuanibl 1 METOSbI

O6paboTKy MACHBIX HOMY(pabpUKATOB OCYILIECTBIIA-
M Ha 9KCHEPVMEHTAIbHOM YCTAHOBKe, COCTOSIIeNl U3
IJIAa3MEHHOTO 9/IeKTPOMAarHUTHOTO IeHepaTopa Ha OCHO-
Be camoreHepupymomero (CI) paspama mna momydeHus
MOII[HBIX 9/IEKTPOMAarHUTHBIX KomebGauuit [18, 19, 20].
YcraHOBKa COCTOMT M3 O/0Ka IUTaHMA OT CeTU Iepe-
MEHHOTO TOKa HampsibkeHueM 220 B, 610Ka KOMMYTaIluu,
B KOTOPOM YCTaHaB/IMBAIOTCSA IIapaMeTphbl TeHeparopa,
3aJIalOIIero JVMITYIbCHOE IMTaHUe BBICOKOBOILTHOTO
6noka. Konebanus gopMmupyrorcs B reHepatope, UCION-
HUTEIbHBIM YCTPOICTBOM KOTOPOTO SBJ/IACTCS pa3psiHas
namma. B kagecTBe 00BEKTOB MCCIETOBAHNMIT MCIIONB30Ba-
mm 06pasipl MOMypabpUKaTOB U3 TOBAVHDI Y CBYHUHBI
B OXJIX/IeHHOM Bujie. [OBAVIHY, CBUHMHY Hapesaan Ha
Kycky maccon 30-40 1, yKnaibIBaay B JIOTKY VIV ITAKETHI
U3 IVIEHOYHBIX MaTepHaIoB ¥ OMEIa/IN B LIeHTPAIbHYIO
0071acTb KaMepbl MeX/y OOK/IafKaMy CIeIVaIbHO U3TO-
TOBJIEHHOTO KOHJIEHCATOPa C PETyIMPYeMbIM 3a30POM,
KoTopbIli nogkmouaeTca K CI-reneparopy. CreneHb ameK-
TPOMArHUTHOTO BO3/IeJICTBIA PEryMpOBaach IyTeM 13-
MEHEHVSI BPEMEHY SKCIO3UINM, JUINTEeTbHOCTb KOTOPBIX
cocraysina ot 5 go 300 c. Hanpsokenue (U) Ha BbIxOfEe
resepaTopa Bapbuposaaoch ot 1200 1o 1800 BOBT.

ITocne 06pabOTKM ONBITHBIE ¥ KOHTPOJIbHBIE 00PA3IIbI
(He moziBeprHyThle 00paboTKe) 3aKIafbIBaIM HAa XpaHe-
Hue npu Temneparype 0-4°C 1 OTHOCUTENTbHOI BIaXKHO-
ctu Bo3nyxa — 70 %. ExxegHEBHO OCYLIeCTBIIANIN KOHTP-
OJIb 32 I3MEHEHJeM BHEIITHeTO BJJa 00pa3LoB.

B npomecce paboThI TPOBOAWMINCH MCCTIEOBAHNA CTIe-
IYIOLIMX Ka4eCTBEHHBIX ITOKa3aTeseit:
— AHTHMOKUCIUTE/IbHASA aKTUBHOCTb Y MaJIOHOBBIV M-
a/IbJieTny] Ha II0yaBTOMaTU4eCKOM OMOXMMMUYIECKOM
a"ammsarope Biochem SA npu 600 HMm.
cofiep>kaHye BOCCTAHOBJIEHHOTO ITTyTaTMOHA C IIOMO-
IIBI0 CIIEKTPO(POTOMETPUYECKOTO METOJA C PeaKTH-
BOM OJI/IMaHa;
aKTMBHOCTDb KaTajlasbl — CIEKTPO(POTOMETPUYECKIM
METOfIOM, OCHOBaHHBIM Ha OIpEe/NeHNN CKOPOCTH
PasIoXKeHNs IepeKICY BOOPOZia KaTama3ol NCCIeny-
emoro obpasua ¢ oO6pasoBaHMeM BOJBI U KUCTOPOJa;
aKTMBHOCTb CYIEPOKCUIAVICMYTa3bl METOJIOM,
OCHOBAHHBIM Ha OIPEe/IeHNN CTEIeHN TOPMOXKeHMUsA
CYNEPOKCUAAMCMYTa30/1 BOCCTAHOB/IEHMs OecIjBeT-
HBIX TeTPA30/IMEeBbIX COTIEN CYINepOKCUIHBIMI AHVOH-
pajMKanaMm, IpyM KOTOPOM HPOMCXOAUT MX IpeBpa-
LIeHNe B OKpallleHHble coenuHenns (hopmasaHsl);
aKTUBHOCTb IJIyTaTMOHIIEPOKCHA3bI MEeTOJIOM,
OCHOBAHHBIM Ha OIpeJieJIeHNY BeTNYIMHBI yOBIIN BOC-
CTAQHOBJIEHHOTO IVIyTaTHOHA B Cpefie MHKyOauuu mnpu
BOCCTAQHOBJICHUN TUJPOINEpPeKICeil ITyTaTUOHIIEPOK-
CUa30IL;
YKMPHOKMCIIOTHBI COCTAB MNINA0B 1o MeToxy Pomya.
Omnpepenenne cocTaBa XXUPHBIX KIC/IOT MIPOBOANMIOCH
Ha razoBoM xpomarorpade HP 6890 ¢pupmbr «Hewlett
Packard»;
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Materials and methods

Meat was processed using the experimental equipment
that consisted of the plasma electromagnetic generator
based on the self-generating (SG) discharge for generating
strong electromagnetic oscillations [18, 19, 20].

The equipment includes the power supply unit con-
nected to an alternating current network with a voltage of
220 V, a commutation unit, which is used to set the pa-
rameters of a generator that provides pulsed supply to the
high voltage unit. The oscillations are formed in the unit,
to which a discharge lamp is attached as an executive de-
vice. The samples of chilled pork and beef semi-prepared
products were the subjects of the research. Beef and pork
were cut into pieces (30-40 g) and placed into trays or
bags from film materials and put into the central area of a
chamber between pads of a specially designed condenser
with the regulated clearance, which was connected to a SG
generator.A degree of an electromagnetic impact was regu-
lated by changes in exposure time with duration of 5 to
300 s. Generator output voltage (U) was varied from 1200
to 1800 Volt.

After processing, the experimental and control (un-
treated) samples were stored at a temperature of 0-4°C and
relative air humidity of 70 %. Changes in appearance of the
samples were monitored daily.

Duringthe experiment, the following quality indicators
were detected:

antioxidant activity and malondialdehydeon a semi-
automatic biochemistry analyzer Biochem SA at 600 nm;
— content of reduced glutathione using the spectrophoto-
metric method with Ellman’s reagent;
catalase activity by the spectrophotometric method
based on the detection of the rate of hydrogen peroxide
breakdown with catalase of a test-sample with forma-
tion of water and oxygen;
superoxide dismutase (SOD) activity by the method
based on the detection of the degree of inhibition by
superoxide dismutase of colorless tetrazolium salt re-
duction by superoxide anion radicals, wherein they
transform into colored substances (formazans).
activity of glutathione peroxidase (GPx) by the method
based on the detection of the level of a decrease in re-
duced glutathione in the incubation medium upon the
reduction of hydroperoxides by glutathione peroxidase;
fatty acid composition of lipids by the Folch method.
The fatty acid composition was detected on the gas
chromatograph HP 6890 (Hewlett Packard);
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— nepexucnoe uucno (IT4Y) mo mertopnke, OCHOBaHHON
Ha peaKy B3aMMOJEMCTBUA U HEMTPAIN3ALN IIPO-
AYKTOB OKMCIEeHUA (TMApoIepeKuceil u mepeKuceii),
HaXOJAMIMXCA B XXMBOTHBIX JKMPAX M PAacTUTETbHBIX
Mac/aX, CO CMeCbI0 JOJVCTOrO Kanus B pacTBOpe
YKCYCHOJ KUCTIOTBI M XI0podopMa MM M300KTaHA
C HaTbHENIINM OIpefie/ieH/eM KOMMYeCTBa BbIfleNIeH-
HOTO 710fja paCTBOPOM THOCY/Ibdara HaTpUsA METOOM
TUTpoMeTpuy; KnucnorHoe uncno (KY) mo merony, xo-
TOPBIl OCHOBAH Ha TUTPOBAHUY CBOOOIHBIX XKVMPHBIX
KICTIOT B 3(QUPHO-CIMPTOBOM PacTBOpe >KMpa BOJ-
HBIM PacTBOPOM IL€I0YN;

MuKpobuonorndeckue mokasaremn (KMADAuM-
KOIMYeCTBO Me30(QWIbHBIX a9pOOHBIX 1 (aKyIbTa-
TUBHO-aHAa9POOHBIX MUKPOOPIaHM3MOB) METOLOM,
OCHOBAaHHBIM Ha BbICEBE OIIPEIE/TeHHOIO KOMMYeCcTBa
IpOAyKTa B arapM3oBaHHYI0 Ky/IbTYPalbHYIO CpPefy,
a9pOOHOM KY/IbTVBMPOBAHNN IIOCEBOB IIPM TeMIIe-
parype (30£1) °C B Teuennue (72+3) 4, mogcyeTe BCex
BBIPOCIINX BUIVIMBIX KOJIOHMII 11 OTIpefe/leHNN KO-
4ecTBa Me30(VIbHBIX a9pOOHBIX 1 (aKyIbTaTUBHO-
aHa3POOHDBIX MMKPOOPTaHM3MOB B 1 T TPOAYKTa;
OpraHOJeNTNYeCKIe MTOKa3aTea MeTONOM, OCHOBAH-
HBIM Ha OIpeJie/IeHNN BHEITHEro BMJA, 1IBeTa, BKyca,
3amaxa (apomara) ¥ KOHCUCTEHI[UN IOCPefiICTBOM Op-
TaHOB YYBCTB;

HepeBapuMocCTb 0enKOB «in Vitro» ¢ MCIONTb30BaHN-
eM IIeTICMHA I ITaHKpeaTnHa 1o MeToxy IlokpoBckoro
n EpranoBa. IIpopgyKTbl rupponmsa onpefesany Io
Jloypu u BbIpakanu B MI' THpO3MHaA Ha T Genka. Cre-
IeHb IepeBapyBaeMOCTY BbIPAXKAIM KaK OTHOIIEHMe
KOJIMYeCTBA IPOAYKTOB TUIPO/IN3a B pacTBOpPe MOC/Ie
melicTBUA (PePMEHTOB, BBIPAXEHHOE B MI TUPO3JHA
K 00lleMy KO/INMYeCTBY THMPO3MHA, COflep>Kallerocs
B HaBeckKe obpasia.

Matemaruyeckyro 06pabOTKy pesy/nbTaTOB MCCIETO-
BaHUIA, BHITTOJIHEHHDIX C 3-X KPaTHOM IIOBTOPHOCTDIO, OCY-
I[eCTBIIAMN OOLIETTPUHATHIM ITapaMeTPUYECKUM METOOM
(t-xkpurepmit CTblofieHTa) C IpPUMEHEHMEM IPOTPaMMBI
Statistica 10.0.

Pe3ynbrarsl nccremoBaHuii 1 NX 06CyKIeHme

AHanus pesynbTaToOB UCCIe0OBaHNI, TPENCTaBIEHHBIX
B Tab1. 1, moKa3bIBaeT, YTO 97EKTPOMArHUTHAS 06paboT-
Ka 1onydabpuKaToB 13 TOBSAAVHBI (IIPOXO/DKUTEIBHOCTD
BO3feiicTBUA 126 ¢, HanpsDKeHMe Ha KOHJIEHCAaTope —
1700 B, Hanps>KeHHOCTD 371eKTPOMArHUTHOTO 1ossa 34000
B/M) 1 n3 cBMHMHBI — (IIPOfIO/DKUTETBHOCTD BO3JENCT-
BuA 120 ¢, HanpsbKeHMe Ha KoHfieHcaTope — 1600 B, Ha-
HPsDKEHHOCTD 97IeKTPOMaruuTHoro mnojst 32000 B/m) cro-
co6ctByer noBbimeHN0 AOA MACHBIX HOMy(aOpuKaToB
(mo 16 %). IIpu sTOM aHanu3 epMEHTHOTO 3BE€HA AHTU-
okcupgantHom cucreMbl (AOC) mmokasan CHU>KeHMeE KaTa-
na3Hoi eMKocTH (1o 20 %) COPSIKEHHOI € TOBBILIEHNEM
aktuBHOCTU COJJ (710 18 %), 4TO MOXKET yKa3bIBaTh Ha TO,
4TO JIMIVJHBIE TIEPOKCUABI 00Pa3yITCA JOCTATOYHO MH-
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— peroxide value (PV) by the method based on the re-
action of interaction and neutralization of oxidation
products (hydroperoxides and peroxides) present in
animal fats and plant oils with the mixture of potassi-
um iodide in the solution of acetic acid and chloroform
or isooctane with the following determination of the
amount of liberated iodine with the sodium thiosulfate
solution by the titration method;

acid value (AV) by the method based on titration of free
fatty acids in ether/ethanol solution of fat with aqueous
solution of alkali;

microbiological indicators (the quantity of mesophil-
ic aerobic and facultative anaerobic microorganisms
(QMAFAnM)) bythe method based on plating of a
specific quantity of a product into an agar culture me-
dium, aerobic incubation of plates at a temperature of
(3041) °C for (72+3) hours, counting of all grown vis-
ible colonies and detection of the quantity of mesophil-
ic aerobic and facultative anaerobic microorganisms
(QMAFAnM) in 1g of a product;

organoleptic indicators by the method based on assess-
ment of appearance, color, taste, odor (aroma) and con-
sistency by sensory organs;

in vitro protein digestibility using pepsin and pancre-
atin by the method of Pokrovsky and Ertanov. The hy-
drolysis products were detected by the Lowry method
and expressedas mg of tyrosine / g of protein. A degree
of digestibility was expressed as a ratio of the hydrolysis
product quantity in a solution after the enzyme action
expressed as mg of tyrosine to total tyrosine in a speci-
men.

The mathematical processing of the results of the ex-
periments carried out in three replications was performed
by the conventional parametric method (Student t-test)
using the Statistica 10.0 software.

The results of the research and their discussion

An analysis of the research results presented in Table
1 shows that the electromagnetic treatment of the semi-
prepared products from beef (exposure duration126 s, con-
denser voltagel700 Volt, intensity of the electromagnetic
field 34000 V/m) and from pork (exposure duration120
s, condenser voltage 1600 Volt, intensity of the electro-
magnetic field 32000 V/m)contributed to an increase in
the antioxidant activity (AOA) of the meat semi-prepared
products (up to 16 %). With that, an analysis of the enzyme
element of the antioxidant system (AOS) showed a de-
crease in the catalase capacity(up to 20 %) associated with
an increase in SOD activity (up to 18 %), which can point to
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Table 1. The effect of the electromagnetic treatment on the activity of the antioxidant defense enzymes and the products of lipid

peroxidation

Taéimua 1. Biusaune SHCKTPOMaFHI/ITHOﬁ[ 06pa60TKI/I Ha aKTUBHOCTH q)epMeHTOB aHTI/IOKCI/[I[aHTHOiI 3a1IMThI M NPOXYKTHI IEPEKNCHOTO

OKMCIICHIA MTUIINI0B

Control

Treated beef semi- Control Treated pork semi-

(beef semi-prepared prepared product| (pork semi-prepared prepared product |

Indicator | Iokasarenn product) | Koutpons Ilonypabpuxar product) | Kourpons Ilomydaépukar
(mony¢adpukar u3 U3 TOBAVHBI (momydadpukar U3 CBMHVIHbI
TOBSIMHBI) 00pa6oTaHHbII 13 CBIHIHDI) 00pa6oTaHHbII
Fatty acids,% | JKupnble Kucnorsi,%
YSFA | YHIKK 3.65+0.03 3.63+£0.03 10.2+1.0 9.840.9
YMUFA | YMHXK 3.8£0.03 3.74+0.03 12.8+£1.0 13.0£1.0
YPUFA | YITHKK 0.3+0.003 0.3+£0.003 3.1+0.003 3.0+£0.003
,: 0, PUFA ratio | Coornomrenme ITHKK o : o, 3:1 3:1 15:1 15:1
Antioxidant activity, AOA, Ki*1/(1000*mI*min) |
AHTHOKMCTIMTENbHAA aKTUBHOCTh, AOA, Kir*m/ 0.473+0.02 0.563+0.02 0.428+0.02 0.512+0.02
(1000*mr*MuH)
Malondialdehyde, MDA, umol/l | Manonossui 0.692:+0.03 0.622+0.003 0.831:0.03 0.811:£0.003
muanbaerna, MIIA MKMonb/n
Catalase activity (CAT) U(molH,0,)/gmeat | 0.232+0.01 0.182:£0.009 0.241+0.01 0.194:£0.009
AxTuBHOCTH Katanaspl, KAT E (Mom)HzOZ)/r Msca
SOD, U/mg | CO/I, Eg/mr 25.9+1.29 30.6+1.53 24.3+1.29 29.8+1.53
Ciztinead e, GRL wmiral| 0.048+0.002 0.089+0.004 0.04820.002 0.089+0.004
BoccraHoBIeHHbII ITyTaTHOH, BI, MMonb/n
Glutathione peroxidase, GPxU/g meat | 1.482+0.07 2.352+0.11 1.564+0.07 2.863+0.11

Inyrarnonnepokcupmasa, I'Tl E/r maca

TEHCUBHO B (OCHOMMIUAHBIX CTPYKTypax OuoMeMOpaH,
py 9TOM (PepMEHTHOI CUCTEMBI Ie3aKTUBALUY CYHEePOK-
cupa — nepokcupa Bogopopa (COJ] — KAT) negocrarou-
HO Ul yTUIM3ALUM PEaKTUBHBIX MOJIEKY/ II€PeKUCHOI
IPUPOJBL.

YBennueHme aHTMOKCHJAHTHOTO IOTEHI[MANa IOy-
($habpruKaToB MOXXHO CBsI3aTh C BBICOKOI aKTUBHOCTHIO
[Ty TaTMOHOBOY aHTMOKCU/JAHTHOJ CUCTeMBI (ITTyTaTHOH,
rryTatnonnepokcnpgasa (I'TI)). Ilopbrmenne BI' n I'TI cBu-
IETe/IbCTBYET O CHVDKEHMM KaK YPOBHA TOKCMYHBIX IIPO-
JYKTOB TEePOKCUJHOTO OKMC/IEHVsI MUIN/OB, TaK U O Ha-
KOIUICH!Y OKVC/IUTENbHBIX NMOBpex/eHuil. IlopblieHne
BeJIMYMHBl BOCCTAHOB/IEHHOTO ITIyTaTMOHA M I/IyTaTH-
OHIlepoKcyyia (TIIOYTH B 2 pasa) CBUAETENbCTBYET O HIU-
BE/IMPOBAaHMM M30BITOYHOTO 00Opa3oBaHNUA CBOOOHBIX
PaaMKaIoB, B YaCTHOCTH, 3a CYET pereHepanymy MHOTUX
IIVITO30/IbHBIX HU3KOMOJIEKY/IAPHBIX aHTYOKCU/IAaHTOB.

Taxke ycTaHOBIEHO Ooree HU3KOe, B CpPaBHEHUM
C KOHTPOJIbHBIM 00pasIioM, 3HaueHMe YPOBHS MaJjo-
HOBOTO JIMa/IbJIETH/]A, XapaKTePU3YIOIIero IepeKICHoe
OKIIC/IeHNe TNINJIOB, /It 06paboTaHHBIX Monydabpuka-
TOB U3 roBAAMHBI Ha 10 %, 13 CBMHMHBI Ha 2,5 % COOTBET-
CTBEHHO.

TakuMm 06pa3oM, BBIABIEHO, YTO 3TE€KTPOMAarHUTHOE
BO3JIeIICTBIE Ha MACHBIE TTOTy()abpMKaThl MO3BOACT CO-
XPaHUTb OalaHC MEX/Y MPO- U aHTMOKCUJAHTBHIMU CHC-
TeMaMIL.

Tlaree oljeHMBaMN BIMsHNE STeKTPOMarHUTHO 06pa-
OO0TKM Ha COCTOSIHME >KUPOBOI HpaKiyy, MUKpoOMoIo-
rMYecKyie ¥ OpraHoIeNTIYecKye IToKasaTeny nomnydabpu-
KaTOB II0C/Ie 00paboTKM 1 B IpoLjecce XpaHeHNU .
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the fact that lipid peroxides are formed quite intensively in
the phospholipid structures of biological membranes; with
that, the enzyme system of deactivation of superoxide —
hydrogen peroxide (SOD-CAT) is not enough to utilize the
reactive molecules of peroxide nature.

An increase in the antioxidant potential of the semi-
prepared products can be associated with the high activity
of the glutathione antioxidant system (glutathione(GSH),
glutathione peroxidase (GPx)). An increase in GSH and
GPx suggests both a decrease in a level of toxic products
of lipid peroxidation and the accumulation of oxidative
damage. An increase in the level of reduced glutathione
and glutathione peroxidase (almost twice) is indicative
of leveling an excessive development of free radicals, in
particular, due to the regeneration of many cytosolic low
molecular weight antioxidants. Moreover, lower level of
malon dialdehyde, which characterizes lipid peroxida-
tion, was detected in the treated semi-prepared prod-
ucts from beef and pork (by 10 % and 2.5 %, respectively,)
compared to the control.

Therefore, it was found that the electromagnetic impact
on the meat semi-prepared products allowedmaintaining a
balance between pro- and antioxidant systems.

Then, we assessed an effect of the electromagnetic treat-
ment on the condition of the fat fraction, microbiological
and organoleptic indicators of the semi-prepared products
after treatment and during storage.
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Fig. 1. Changes in the peroxide value and acid value in the semi-prepared products during storage
Puc. 1. VI3MeHeHMe TEPEKICHOTO 1 KICTTOTHOTO Yicen HOTy(pabpuKaToB B IPOIiecce XpaHeHNs

CocrosHue >xnpoBoii ppakiyuy nonypadbprukaToB olie-
HVBAJIM II0 Be/IMYMHAM KMC/IOTHBIX ¥ IEPEKMCHBIX YVICeTL.
JlanHble Puc. 1 cBUMZETENBCTBYIOT O HEKOTOPOM pOCTe
KUCTIOTHOTO YMCTIa >KMpa y BCeX 00OpasI[oB IIpU XpaHe-
Hyn. CreyeT OTMETUTbD, YTO 3HAUeHNUe KUCTOTHOTO 4M-
CJIa ONBITHOTO 00Opasija TOBAAMHBL HA 6 CYTKV XpaHEHMs
COOTBETCTBYET CTEIEHV CBEXECTV HOOPOKa4eCTBEHHOTO
xupa (mo 3,0 mr KOH). Haunnas ¢ 4 cyrok xpaHeHus,
HAOTIOfaeTCsA POCT 3HAYECHUIT MEPEeKUCHBIX 4VCeN, MpHU-
4eM B OIBITHBIX 00pasliax 3HAUeHUA MepPeKVMCHBIX YCeT
HIDKe, 4YeM B KOHTPOJIbHBIX.

[Ipu oneHke 6e30ImACHOCTU IPOAYKTA, OCOOEHHO IO
IOpU3HAKaM [OpPYM >KUPOB, PACCMATPUBAIOTCS TaKKe
MMKpPOOVOIOTMYeCKe II0Ka3aTelnn, XapaKTepuayloline
OKJICTIeHM€ JINIINIOB, OCYIIeCTBIsAeMOe C ITOMOIIbI0 dep-
MEHTOB JIMTIONIUTUYECKOI MUKpOdIopsl. VI3BeCTHO, 4TO
CWIBHO OKMCJIEHHbIE SKMPbI CTEPU/IbHBI, TaK Kak cBOOOJ-
Hble pajVKajbl TYOUTEIbHbI /IS KUBBIX K/IETOK, B TOM
YJICTIe SKU3HECTIOCOOHBIX MIKPOOPraHU3MOB. Pe3ybrarsl
MMKPOOVOIOrMYeCKIX UCCIeNOBaHNUIT 00pa31ioB monyda-
OpMKaTOB B ITpoIlecce XpaHeHN IIpeicTaB/IeHbl Ha Puc. 2.

The fat fraction condition of the semi-prepared prod-
ucts was assessed by the acid value and peroxide value. The
data on Fig. 1 point to the slight growth in the fat acid value
in all samples during storage. It is necessary to note that
the acid value in the beef experimental sample on the 6™
day of storage corresponded to the degree of freshness of
the high quality fat (up to 3.0 mg KOH). Beginning from
the 4™ day of storage, an increase in the peroxide value was
observed with lower peroxide values in the experimental
samples compared to the control.

When assessing product safety, especially by the signs
of fat spoilage, we also considered microbiological indi-
cators that characterize lipid oxidation by the enzymes of
lipolytic microflora. It is known that highly oxidized fats
are sterile as free radicals are fatal for living cells including
viable microorganisms. The results of the microbiological
investigations of the semi-prepared product samples dur-
ing storage are presented in Fig. 2.

a
Pork | CBuHMHa )
. 40
2 35
E
< 30
2
s 25 /
i 20 =—4— Control |
e / KoHTposib
: / —— Experiment |
g h OnbIT
[Ty
s 5%,/ 4
S de— .
X Time, days |
0 T T T 'Bpemg, oyt
0 2 4 6

6
Beef | lToBAaUHa )
. 25
e
220 X
<
=) /
<
S 15
i / Experiment |
¢ OnbIT
210
S aimControl |
< KoHTponb
g s
<
5 .
ey Time, days |
0 ! ! f " Bpems, cyt
o 1 2 3 4 5 6 7

Fig. 2. Changes in QMAFAnMin the semi-prepared products from pork (a) and beef (6) treated with the electromagnetic field of the SG-generator
Puc. 2. Usmenenrie KMAGAHM nonydadpukaTos 13 CBMHUHBI (a) ¥ roBARUHBI (6), 06padoTannbix IMII CT-reneparopa
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Table 2. In vitro digestibility of the semi-prepared products | Ta6muua 2. Ilepeapumocts in vitro nonydabpuxaros

Products | IlepeBapuMoCTb in vitro Mr TUPO3MHA/T Genka
HaumeHnoBanue b o ot
TPONYKTOB Y pepsin Y rypsi total | 06myas
TIENICMHOM TPUIICUHOM

In vitro digestibility mg of tyrosine /g of protein |

Mass fraction of tyrosine in

protein, g/100 g of protein |

MaccoBas g0/ THPO31MHA
B 6enke, r/100 r 6emka

In vitro digestibility, % |
IlepeBapumocTh
in vitro, %

pork semi-prepared products | nonygaGpukars 13 CBMHUHBI

control | (konTpoNB) 14.8+0.2 12.8+0.2 27.6+0.25 2.97+0.05 81.9+0.4

experiment | oubIT 14.6+0.2 11.9+0.2 27.4+0.25 2.98+0.05 81.6+0.4
beef semi-prepared products | momyda6pukarsi us roBARUHBI

control | (kouTpoNB) 12.8+0.2 10.8+0.2 23.6+0.23 3.2+0.05 75.5+0.4

experiment | ombiT 12.6+0.2 10.7+0.2 23.3+0.23 3.25+0.05 75.7+0.4

Kak BupHO 13 npuBefeHHbIX AaHHbIX (Puc. 2), mocne
obpaborkn IMII nonydpabpuKaTtoB U3 TOBSAUHBI U CBU-
HVHBI HaO/TI0JaeTCsl 3HAYNTEIbHOE 3aMejlIeHle B HUX Po-
CTa MUKPOQIOPBL.

OpraHoenTu4eckne NCCIefOBAHNA [TOKa3a/I, 4TO Ha
KOHel| CPOKa XpaHeHMsA obpaboTaHHBIe 0OpasIbl MONTy-
($abpuKaTOB OTINYAINCH OT KOHTPOTIBHBIX 00Pa3I[oB 110
BHEIIHEMY BUJY, 3allaxy, L[BeTy U KoHcucteHuun. Obpa-
6oTaHHbIe 00pa3Lbl TOBSAMHBI Y CBYHIHbI MIME/I KOPOU-
Ky IOJICBIXaHMs 67IeTHO-PO30BOTrO I[BETa, Ha pa3pese MACO
IJIOTHOE; 00pasyomasicss Mpy HaJaBAMBaHUM TaiblieM
sMKa OBICTPO BBIPAaBHMBAJIACh, 3aIlaX CIeLN(UUECKUL,
CBOJICTBEHHBIII CBeXXeMy MACY. B KOHTpo/mbHBIX 06pas-
I1aX TOBSJVHBI Y CBUHMHBI IOBEPXHOCTh MsICA MeCTaMU
YBJIQ)KHEHa, C/lerka JIMIIKas, IoTeMHeBlIasd. Ha paspese
MSICO MeHee IVIOTHOE 1 MeHee YIIpyToe.

C uenpio onpesieNieHNs BAVAHNA MIeKTPOMAarHUTHO
06paboTKM Ha OMONTOrMYECKYI0 LeHHOCTD monydabpuka-
TOB IIPOBEJIEHbI MICCTIENOBAHMA TIEPEBAPUMOCTU «in Vitro»
(Ta6n. 2). Tlo pesynpraTaM IPOBEJEHHOTO SKCIEPYMEHTa
CJIe[IyeT, 9TO 9/IeKTPOMAarHuTHas 006paboTKa He BIuseT Ha
JIOCTYIIHOCTDb 0€/IKOB K BO3JIE/ICTBUIO (DEPMEHTOB Key-
JIOYHO-KMIIEYHOTO TPAKTA.

Takum 06pa3oM, B pe3y/nbTaTe U3ydeHMsI STeKTPOMAr-
HuTtHOro mond (OMII) mIasMEeHHOro BBICOKOYACTOTHOIO
reHepaTopa Ha ocHOBe camoreHepupytouero (CI') pasps-
Jla Ha aKTMBHOCTb aHTMOKCUJAHTHBIX (PepMEHTOB MACHBIX
KYCKOBBIX MONMTy(haOpMKaToB 1 Ha MMUKPOOMOMOTMYECKYIO
6€30IaCHOCTDb OX/IAK/IEHHBIX 10Ty(abpUKaTOB B IIPOLleC-
Ce XpaHeHV MOTyYeHbl Pe3y/IbTaTbl, KOTOPbIE COITIACYIOT-
cs ¢ jaHHbIMU aBTOpoB beccamasa VL., Pemernaxk AV,
Honuenko JI.B. [13, 14], ycTaHOBUBLIMMUY, YTO STT€KTPOMAT-
HNUTHasA 06paboTKa ciocob6cTByeT cHIDKeHN0 KMAD®AEM
B MSCHOM CbIpbe, U pe3y/IbTaTaMi, NMonydeHHbIMU Kachb-
sHoBbIM V. [15, 16] o cHuKeHMM MMKPOOMANBHON 00-
CEeMEHEHHOCTV MSICHOTO 1 PacTUTENBHOTO CBIPbs, 00pa-
6OTAaHHOTO 3/IEKTPOMArHUTHBIM Io7eM. VccmenoBaHuA
Emuceesoit JLI. o BO3AeiicTBUIO 3/1€KTPOMarHUTHBIX II0-
neit CT-paspspa, IpOBOAMMbIE HAa PACTUTENIbHBIX 00BEKTaX
[17], Tak>ke OKa3am, YTO 3aMeM/IAIOTCA TIPOLIECChI TUPO-
JIM3a ¥ OKVIC/IEHsI OCHOBHBIX XMMMUYECKIUX COEVHEHNIL.

BriBogbr

HOHY‘ICHHbIe IIpeaBapuUTe/IbHbIE SKCIIEPVMIMEHTAJIb-
HbI€ JaHHbI€ ITIOKAa3bIBAIOT, YTO IJIEKTPOMATrHUTHOE I10/I€
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As can be seen from the presented data (Fig. 2), after
treatment of the pork and beef semi-prepared products
with the electromagnetic field, a significant delay in the
microbial growth was observed.

The organoleptic analyses showed that by the end of
shelf life, the treated samples of the semi-prepared prod-
ucts differed from the control samples in terms of appear-
ance, odor, color and consistency. The treated beef and
pork samples had palepink'crust, meat was firm on a cut
surface; a pit formed under pressing with a finger leveled
out rapidly; the odor was specific and typical of fresh meat.
In the control beef and pork samples, the meat surface was
moisturedin places, slightly sticky and darkened. Meat was
less firm and elastic on the cut surface.

To detect an effect of the electromagnetic treatment on
the biological value of the semi-prepared products, the in
vitro digestibility was analyzed (Table 2). It follows from
the results of the experiment that the electromagnetic
treatment does not influence protein availability for the di-
gestive enzyme activity.

Therefore, as a result of the study on an impact of the
electromagnetic field (EMF) of the self-generating (SG)
discharge on the enzyme antioxidant activity (AOA) in the
beef and pork semi-prepared products in pieces and mi-
crobiological safety of the chilled semi-prepared products
during storage, we obtained the results that correspond to
the data of Bessalay LI, Reshetnyak A.I, Donchenko L.V.
[13,14], who established that the electromagnetic treat-
ment contributed to the reduction of QMAFAnM in meat
raw material, as well as to the data obtained by Kasyanov
G.1.[15, 16] about a decrease in microbial contamination of
meat and plant raw material treated with the electromag-
netic field. The study of Eliseeva L.G. on an effect of the
electromagnetic field (EMF) of the self-generating (SG)
discharge performed on plant objects [17] also demon-
strated the retardation of the processes of hydrolysis and
oxidation of the main chemical compounds.

Conclusions

The obtained preliminary experimental data show that
the electromagnetic field (EMF) of the self-generating
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CI-reHepaTOpoB OKa3bIBae€T OMOJOTMYECKN AKTUBHOE
IelICTBIIE Ha MACHOE CbIpbe, BbI3bIBas 3HAYUTENbHOE 3a-
MeJlIeHVIe Pa3BUTHA BPeJHBIX MUKPOOPTaHN3MOB B MsAC-
HBIX TOMy(dabpukarax ¥ MO3BOMAS COXPAaHUTb OanaHC
MeX/y IPO- I aHTUOKCUJAaHTbIMU cucTeMamu. [Tpn sTom
YCTaHOBJIEHO, 4TO Bo3zeiicTBre OMII He OKa3bIBaeT B/IM-
SAHMA Ha 6MI0/IOTMYeCKYIO IIeHHOCTbD, YTO IO/ TBeP>KAaeTCA
pesy/IbTaTaMy MCCIeOBAHUII IepeBapuUMOCTH Tomyda-
6pukaros in vitro.

ITpoBeneHHbIe MCCIENOBAHNS TIO3BOMAIOT IIPEATIONO-
KUTh, 4TO ucnonb3oBanne Cl-paspsga uemecoobpasHo
I/1A yBEeMMYEHMsI CPOKA TOJHOCTY MACHBIX KYCKOBBIX IO-
nydabpuxaros. VMccnenoBannsa He0OXOAMO IPOJOKIUTD
C Le/IbI0 CO3[aHMS HOBOM, 9KOJIOTMYECKN YUCTON TeXHO-
JIOTVMV XpPaHEHUA MACHOI IIPORYKIUIL.
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(SG) discharge has a biologically active impact on meat
raw material causing a significant delay in the development
of harmful microorganisms in the meat semi-prepared
productsmaking it possible to maintaina balance between
pro- and antioxidant systems. With that, it was established
that an exposure to EMF did not influence the biological
value, which was confirmed by the results of the in vitro
digestibility analysis of the semi-prepared products.

The performed research allows us to suggest that the
use of the SG discharge is expedient for increasing shelf life
of meat semi-prepared products in pieces. It is necessary
to carry on the research to develop a new ecologically pure
technology for meat product storage.
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THE USE OF TOOLS DENSITOMETRY
IN THE QUANTITATIVE COMPUTATIONS OF PROTEIN FRACTIONS

NCIIOTTb3OBAHVE MTHCTPYMEHTOB JEHCUTOMETPUU
TPV KOJIMYECTBEHHBIX ObCUHETAX BE/IKOBbBIX ®PAKII NN

Vostrikova N.L.
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

KiroueBbie cnoBa: deHcumomempus, 6UouHgopmamuxa, npo-
meomuka, Oenku, 6a3v. 0aHvlx, 08yMepHbill dnekmpogopes,
ppakyuu benkos.

Annomauus

IIpu uccnedosanuu npomeomHuix npoguneil 6enKos, MmHozue yte-
Hble 0CMAHABNUBAIOMCA HA IMAne NOTYHeHUS UMO0208biX OaH-
HbIX dKCHepumeHma 6 éude KapmuHbvl 2esieli, He NPpedCcmassis
B03MONHOCU U NEPCHEKMUBLL NPUMEHEHUST COBPEMEHHBIX KOM-
NolomepHbIX U OUOUHPOPMAUUOHHBIX PeCYPCO8, NO3BOTTIOULUX
nepegectnu pe3ynbmam U3 Ka4ecrnéeHHozo 6 KOIUUecH8eHHbLI.
Hcnonvsosarie KomMnviomepHLX MexHOL02ULL NO380IUTO OCYe-
CMBUMb He MOIbKO COXpaHeHUue 3aNUCAHHbIX U300paeHut, HO
U obecheuump 8bINONIHEHUE PACHETNOB XPOMAMOZPAMM Ha Oase
UUuPpPo6020 610E0U30OPANCEHUS XPOMANOZPAMMDbL.
OmnuuumenvHoiMuy vepmami. 0eHCUMOMeMPUU C UCNOTIb306d-
HUeM 8100 MeXHON02ULI SBTIAIMCS, 8bICOKAS CKOPOCHb pacte-
M08, HUSKAS CIOUMOCNb PACXOOHBLX MAMEPUATIOB.
3aapxusuposartvie XpoMAmMozpamMmol 6 INEKMPOHHOM 6Ue
MONCHO UCHOIb308AMDb, 8 MOM HUCTe U 0TI PACUenos, 6 moboe
8pems.

Taxum 06pasom, nposedeHHbvlll «Py*HOL» OUOUHPOPMALUOHHDBLI
AHANIU3 N0360JISIEM He MOMbKO UCHONb306aAMYb PA3/IUUHbLE NPO-
epammHuie 0becnedeHuss OeHCUMoMempos 075 nepesooa U coxpa-
HeHUs 2efietl 8 INeKMPOHHDBITE U0, HO U KONUHECINBEHHO UHmMep-
npemuposams NomLyHeHHble Pe3ynbmarmoL.

B dannoti pabome npedcmasneHvl memoovt NpaKmu1ecKoeo npu-
MeHeHUS IIeMeHM08 OUOUHPOPMAMUKY NPU UHIMepHpemauU
pe3ynvmamos 6enxosvix npoduseti, NOIYHeHHbIX OOHOMEPHBIM
U 08ymMepHbIM d7eKMpodope3om, nepesederivle 6 dNEKMPOHHO-
yugposoe uzobpasxcerue. Paccmompervt acnexmul KonuuecmeeH-
HOU UHmepnpemayuy nexmpogopezpamm, Kak 00HOMEPHO20
anexmpogpopesa (11]E), max u 0symepHozo snexmpogopesa (2/]E)
NOMYUeHHDbIX 6 pe3ynvimarme UCCIe008aHUS MblULeHHOT MKaHU
CenbCKOX03ALCIMBEHHbIX HusomHbvix. IIpusedeHvl npumepvl uc-
NOMb30BAHUS PASIUMHBIX Npozpamm 06cuemos. Bomonuenue
pabom 6 0aHHOM HANPABTIEHUU NO360/IUM 3HAYUINENILHO PACULU-
pumv no0x00bl K UOeHMUPUKAUUU U KONIUUECHIBEHHOMY Onpe-
Oenenuto 6eNKOBbIX MAPKePO8 Kauectmed, PyHKUUOHAIbHOCHU
u 6esonacHocmu NPoO0BOTILCIMBEHHO20 CbIPBS U 201068020 NpPO-
OyKma 6 uenom, a maxie NPoOSEC MeMPONoUecKy 0 IKcnep-
U3y NOTYHAEMBLX Pe3YTIbIMA0s 0151 NOOMBEPHOeHUS 3AsT67IeH-
HO020 CO0MBEMCMBUS NPOOYKMA.

BBenenmue

OnexTpodopeTrueckie MeTO/bI UCCIEeROBaHUI Oer-
KOBBIX IpOoQueil ABIATCA aKTya/JbHBIMU T.K. SBJIA-
I0TCsA Hambosiee IIMPOKO VICIIONIb3yeMBIM WHCTPYMeEH-
TOM pasfaenenns 6enkoB. Hambonee muHpoOpMaTuBHBIM
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Keywords: densitometry, bioinformatics, proteomics, protein da-
tabase, two-dimensional electrophoresis, protein fractions.

Abstract

In the study of proteomic profiles of proteins, many scientists stop
at the stage of obtaining the final data of the experiment in the
form of gels. They have got no information on the possibilities and
prospects concerning the application of modern computer and bio-
informatics resources that allow to convert the result from qualita-
tive to quantitative form. The use of computer technology allowed
to save the recorded images and carry out the calculations with
chromatograms using digital video images.

Densitometry with the use of video technology is characterized by
high calculation speed and low cost of consumables. Digitally ar-
chived chromatograms may be used at any time for a number of
applications including calculation.

Thus, the “manual” bioinformatics analysis allows not only to use
different densitometer software for conversion and storage of gels
in digital form, but also to quantitatively interpret the results ob-
tained.

This paper presents the methods for practical application of bio-
informatics tools in the interpretation of protein profiles obtained
by one-dimensional and two-dimensional electrophoresis and con-
verted into digital image. The aspects of the quantitative interpre-
tation of electrophoretograms from one-dimensional electropho-
resis (IDE) and two-dimensional electrophoresis (2DE) resulting
from the studies of muscle tissue of farm animals are reviewed. Ex-
amples of various calculation software usage are given. The work
in this direction will allow to considerably expand approaches for
identification and quantification of protein markers related to
quality, functionality and safety of food raw materials and finished
products and to carry out metrological examination of the results

for confirmation of product compliance.
Introduction

Electrophoretic methods for studying protein profiles
are relevant because they are the most widely used tools

for protein separation. The most informative method is
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cayxut mMetof; 2 JIE n 0co6eHHO TONIe3HBIM IIPU WJIeH-
TU¢UKALUY, Iie CPAaBHUTEIbHBIN aHA/IN3 ABIACTCA CY-
ThIO MccenoBanus. CpaBHUTENbHBIN aHA/IN3 M3MeHe-
HUIt Gefka flaeT MHGOPMALNIO U MOXKET IMPUMEHAThCA
B MCC/IEOBAaHNUAX KaK OMOMapKep Ipy UAEHTUDUKALUN
PasIMYHBIX TEXHOMOTMYECKUX M3MEHEHMII M BO3ZENCT-
BMit Ha MpoRyKT. Kpome Toro, Texuuka 2 JIE Habupaet
HONY/ISPHOCTD 671arofiapss BO3MOXKHOCTY CBSI3bIBAHMS
ee C MHOTOYMC/ICHHBIMM aHAIUTMYECKUMM IpUeMaMu
u Metomamu 6uonHpopmaruku. Tak Kak, KOHEYHOI Iie-
JIBIO TIPOTEOMMKM SBJISICTCSI TeHepalus 0eIKOBBIX IIPO-
¢bueit, UX cpaBHEHMe M BBIABJCHUE PA3INYUA MEXIY
HuMI [1], u3ydeHne mporeoMa MOXKET OBITb TOCTATOYHO
YCIIEIIHBIM, O/1arofjaps IMPUMEHEHUI0 Pa3IMYHOTrO aHa-
JIUTUYECKOTO OOOPY/OBaHMsI BBICOKOTO paspelieHys
Y METOJ0B 6MOMH(POPMATUKIL.

bruonndopmatrka, Kak HoBass GOpMUPYOLIAACA AUC-
LVUIUIMHA, COYeTaeT MaTeMaTuKy, MHPOPMATUKy u Oum-
OJIOTMIO M IIOMOTAaeT OTBETUTb Ha pas3/MyYHble BOIPOCHL
[TaBHBIMY 3a/1a4aMyl, KOTOPOIL SIB/ISIETCS AHANMUS U IHTEP-
npeTanusa OMOMOTMYECKUX JAHHBIX C MOMOIIbIO pas/ind-
HBIX ITPOTPAaMMHBIX CPEJICTB U1 aITOPUTMOB, B HACTOALIEN
paboTe 9TO IpUMEHEHVe 97eMeHTOB JeHCUTOMETPUU Ha
IpaKTHKe.

[TocnenHuM sTanoM anekTpodopesHoro aHanmmsa 6en-
KOB SIBJIICTCS apXMBALVIA TeJlsd, OIpefieieHne crenydu-
4ecKMX OeKOB 1/ M3MepeHue KomudecTBa 6enka yim
upeHTUUKANMs ONTy4eHHBIX pPe3y/lIbTaToB I0 6asam
JlaHHBIX. APXMBUPOBaHUe Te/lell OCYIeCTBIACTCA MyTeM
cosgmanua umdposoro msobpaxenua (ckaH wim (HoTo)
C TIOMOIIBIO CKaHEePOB, IM(POBIX KaMep WU JTa3ePHBIX
JIeHCUTOMETPOB.

AHanus NOJTyYeHHBIX IIATEH IPOBOAUTCS C UCIO/b-
30BaHMEM OVOMH(OPMATMYECKUX pPeIleHMil — CIelu-
a/MM3MpOBaHHBIX IporpaMM, Hanpumep PDQuest (buo-
Pan, Tepkynec, Kamupopnusa, CIIA), ImageMaster 2D
u DeCyder (GE Healthcare, Chalfont, bakc, Benuko6pu-
tanusA), wiu Dymension (Syngen, Kem6pnmx, Bennko6-
puTaHMA). DTN NPOrpaMMBbl, CPefiu MPounx (GyHKIMIL,
BBINOTHAKT NpodunnpoBanue 6enkoB, npeHTHUKa-
VIO IIATEH, HOPMa/IN3alyIo TaHHBIX ¥ CTATUCTUYECKUI
aHa/mus.

CTOMT OTMETUTb, YTO MHCTPYMEHTHI OuomHpopma-
TUKY HOCTOSIHHO YIYYIIAITCS U PaclupsoTcs. [lanHbIe
97IEKTPOPOPETUIECKOTO aHANINM3A COAepKaTcs B Oasax
[aHHBIX (XpaHMINIIAX), Haubojee PacIpOCTPaHEHHBIM
n3 xoropeix saBnsgerca -World-2DPAGE Repository.
Npentuduxauys crenuduyiecknx OeIKOB OCYILIeCTB-
JIIeTCSI METOJOM TOYEYHOIO aHajM3a >KemaeMoro Genmka
(2, 3].

OS¢ dexTUBHBII NOUCK 10 6a3e TaHHBIX TpebOyeT ad-
(eKTUBHBIX aITOPUTMOB B KOMIIBIOTEPHBIX IIPOrpaMMax.
CaMpIMM HONIY/IAPHBIMM Ha 3amajie ABJIAITCA IPOrpaM-
Mbl Mascot, Sequest, Tandem, MS-Blast u Peak.

VHTepnperanusa aHaIU3MPYeMbIX O€IKOB OYeHb
TpyfoeMKa. B KOMIIZIEKCHON MaTpulle, TAKOM KaK MbI-
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2DE; it is particularly useful in identification, where the
purpose of the study is comparative analysis. Comparative
analysis of protein changes provides information and may
be used in studies as biomarker in identification of various
technological changes and effects on a product. In addi-
tion, 2DE technique is gaining popularity due to the pos-
sibility of linking it with numerous analytical techniques
and methods in bioinformatics. Since the ultimate goal of
proteomics is generation, comparison and identification
of differences between protein profiles [1], the proteome
studies can be quite successful due to the use of various
high-resolution analytical equipment and bioinformatics
methods.

Bioinformatics, as a new emerging discipline, combines
mathematics, computer science, and biology and helps to
answer various questions. The main tasks of bioinformatics
are the analysis and interpretation of biological data with
the help of various software tools and algorithms. In this
paper, the application of densitometry tools in practice is
described.

The final stage of electrophoresis analysis of proteins
is gel archiving, determination of specific proteins and/or
measurement of the protein level or identification of pro-
teins using the databases. Gel archiving is carried out by
creating digital image (scan or photo) using scanners, digi-
tal cameras or laser densitometers.

The analysis of spots is carried out using bioinfor-
maticstools, which are specialized software, such as
PDQuest (Bio-Rad, Hercules, California, USA), Im-
ageMaster 2D and DeCyder (GE Healthcare, Chalfont,
Bucks, UK), or Dymension (Syngen, Cambridge, UK).
This software, among other functions, performs protein
profiling, spot identification, data normalization and
statistical analysis.

It should be noted that bioinformatics tools are con-
stantly improved and expanding. The data of the elec-
trophoretic analysis are contained in databases; the most
common one is World-2DPAGE Repository. Identification
of specific proteins is carried out by point-counter analysis
of the desired protein [2, 3].

Effective database search requires efficient algorithms
in computer software. In the West, the most populars oft-
ware programs are Mascot, Sequest, Tandem, MS-Blast
and Peak.

Interpretation of analyzed proteins is very labour-con-

suming. In a complex matrix, such as animal muscle tissue,
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HIeYHas TKaHb >XMBOTHOTO, HAaXOAUTCSA: CMeChb COTEeH
0€IKOB ¥ THICSIYYM MacC-CIEKTPOB, IPOAHANN3UPOBATD
TaKOe OCTATOYHO JINTE/NbHBIN ¥ TPYZOEMKUIl IpO-
mecc [4].

BuotexHonmornyeckue 6aspl JaHHBIX COfEpXKaT JiO-
HOTHUTENbHYI0 MHpOpManyio o Oenkax, Halpumep
KpaTKoe omucanue ux pyHkumit (ecnm mM3BecTHO), 3a-
MeTKM 00 OTHENbHBIX XapaKTepPUCTUK aMUHOKUCIOT-
HOJl TIOC/IeOBATeIbHOCTY (HAIpuMep, BO3MOXHOCTb
MoauQUKaILMM), OXKUAAaeMble BTOPUYHASA M TPeTUYHas
CTPYKTYpa 1 cchUIKM [5]. JleTanbHblil aHanmmn3 o6pasios
610/IOTYECKOTO MPOMCXOXK/EHNS, TaKuX Kak Oenku,
TpebyeT MCIONMb30BAHMS TIIATE/IbHO TOJ0OPAHHOI TeX-
HOJIOTUML.

PasButue coBpeMeHHOJ HayKu HeMBICIUMO 6e3 uc-
nOMb30BaHMA WHPOpManymoHHbIX TexHonormit (VIT).
Buonorus xak ogHa 13 Haubosee CTPEMUTETBHO Pa3By-
BAIOLINXCSl €CTECTBEHHBIX HAYK SIB/IAETCS SPKUM TOMY
npuMepom. brmaropaps BHempenuio VT B 6monoruio
BO3MOXKHOCTM MCCIIEOBAaHNUII B JaHHOW o6nmactu 6bun
3HAYUTE/NbHO pacuypeHsl. Tak, paspaboTka COOTBETCT-
BYIOI[MX [TAaKETOB IIPOTPAMM II03BOJISIET YaCTUIHO WK
[IOTHOCTBI0 ABTOMATYU3MPOBATh IPOIECCHI BbIENTeHNs
OMOIOrMYeCcKOro Marepuana: KIeTOK, CYOKIeTOYHBIX
¢dpaxiuit, opraHenI, MOIEKY/LIPHBIX KOMIITIEKCOB 1 IaXKe
MOJIEKY/; OYMCTKM IIOJTy4eHHOTO MaTepuaja, aHaansa
pasnMYHBIX (UNKO-XMMUYECKUX CBOVICTB M OMOMIOTH-
9eCKOll aKTMBHOCTM Pa3/MYHBIX BEI[eCTB 1 T.JA. ITO,
B CBOIO O4Yepe[b, 9KOHOMUT BpeMsI MCCIejoBaTes, Ciie-
JIOBaTe/IbHO, 3HAYMTE/NIbHO MOBbIIIAET 3P PeKTUBHOCTD
paboTBl KOHKPETHOTO COTPYAHMKA. Takke B OOJIBIION
CTeIleH) CHVDKAeTCSl BEPOATHOCTb OMIMOOK M HETOYHO-
CTell, CBA3AHHBIX C MOTPEIIHOCTAMM NIPY Py4dHOI pabo-
te. KpoMe TOro, KOMIIbIOTEpPHOE OCHAIIleHME Pa3IMIHbIX
OMOTIOTMYECKNX JVCCIE[OBAHNUII TI03BO/ISET HE TONBKO
HAKaIIMBaTh U XPAaHUTb JaHHBIE B yIOOHOM /ISl MCCTIe-
JioBaTess BYJie B IIAMATY KOMIIBIOTEPa, HO U IIPY HE00X0-
JMMOCTH C JIETKOCTBIO OCYIIECTB/ISATh MaTeMaTUYeCKYIo
00paboTKy IOTy4eHHbIX JaHHBIX, CPABHNMBATD BIIVAHIE
Pas3/IMYHBIX YCTIOBUI 9KCIIEPMMEHTA Ha IO/TydaeMble pe-
3y/IbTAThl I HA OCHOBE 9TOI0 KOPPEKTUPOBATh IpOBefe-
HIe VICCTIeOBaHS.

Cpeny OTpOMHOTO KONMMYECTBA aHATUTUYECKUX Me-
TOZOB, HanboJjiee MMPOKO MPUMEHsIEMBIX B OMOXVMUY,
0co6ylo ponb urpaiot crnekrpodoromerpudeckue (CD)
MeToApl. [laHHas TpyIIa MeTOJOB II03BOJISAET PeIIaTh
MHOTOYVC/IEHHBIE 3a/lauyll, KOTOpble CTaBUT IIepef CO-
6011 mccienoBarenb B obmactu 6moxumum, obmagaer
HECOMHEHHBIMU IIPEUMYIIeCTBaMM Iepefy, JpyTUMu
aHa/IOTMYHBIMU MeTofaMu. Ha ocHOBaHMM OmbITa MHO-
TUX aBTOPOB I10 IIPMMEHEHNIO JaHHOII TPYIIIIBI METOLIOB
B ITOBCE[JHEBHOI IIPaKTUKe, ObIIN BHECEHBI HEKOTOPbIE
npenoXeHus 1o ucnonb3osannio VT B crekTpocko-
1Y, KOTOpble, HECOMHEHHO, OYAyT MOIe3HBI UCCIERO0-
BaTenaMm [6].
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there is a mixture of hundreds of proteins and thousands of
mass spectra, which analysis is long and labour-consum-
ing process [4].

Biotechnology databases contain additional informa-
tion about proteins, for example a brief description of
their functions (if known), notes about individual charac-
teristics of the amino acid sequence (e.g. the possibility of
modification), the expected secondary and tertiary struc-
ture, and references [5]. A detailed analysis of biological
samples, such as proteins, requires the use of properly se-
lected technology.

The development of modern science is impossible
without the use of information technology (IT). Biology,
as one of the most rapidly developing natural sciences, is
an example. Due to the introduction of IT in biology, re-
search opportunities in this field have been significantly
expanded. Thus, the development of appropriate software
packages makes it possible to partially or fully automate
the processes of biological material isolation (cells, subcel-
lular fractions, organelles, molecular complexes and even
molecules), purifythe obtained material, analyze various
physical and chemical properties and biological activ-
ity of various substances, etc. This, in turn, saves the re-
searcher’s time and, therefore, significantly increases work
efficiency of particular employee. Also, the probability of
errors and inaccuracies associated with manual work is
greatly reduced. In addition, the computer equipment in
various biological studies allows not only to store the data
in computer memory in a form convenient for researcher,
but also easily perform mathematical processing of the ob-
tained data, compare the influence of various experimental
conditions on the results and adjust research design on the
basis of this information.

Among huge number of analytical methods most
widely used in biochemistry, a special role is played by
spectrophotometry. This group of methods makes it pos-
sible to solve numerous problems that researcher sets
before himself in the field of biochemistry, and has ad-
vantages over other similar methods. Based on the expe-
rience of many authors concerning the application of this
group of methods in everyday practice, some suggestions
were made on the use of I'T in spectroscopy, which will be

useful for researchers [6].
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KommnbloTepHOE MOfeMpOBaHue MOIEKY/IApHO-TeHe-
TUYECKUX VM OMOXMMIYECKIX IIPOLIECCOB AB/IACTCSA CAMBIM
MOJIOf{bIM i TIePCIIEKTUBHBIM HAlpaBJIeHIeM B PasBUTUN
6MOMEIMIIVHCKIX HayK. B maHHOI 006/1acTy 3HAHUII po-
nomkaercsa auddepeHIuanua HayK 1o IpegMeTy 1 00b-
eKTy WCCefoBanuil. KOMIbIOTepHBIM MOJeMMpPOBaHM-
€M MOJIEKY/IIPHO-TEHEeTUYeCKUX U CMEeXHBIX IIPOL[eCCOB
3aHVMMAIOTCs TaKyue HayKu Kak OmomHpopmarmka, cuc-
TeMHasi OMO/IOrusA, TeHOMMKA, 9BOMIOLMOHHAsA IeHeTHKa,
IPOTEOMMKa, TPAHCKPUIITOMMKA, METabo/IOMMKa U [py-
rue, emje Oojee y3KOCIeIVAaIM3NPOBAaHHbIE VICIIVIIIN-
HBI, B K&XK/IOV 13 KOTOPBIX pabOTAIOT THICAYN U JIeCATKU
TBICSTY MCCTIefioBaTerteit. Takoit BBICOKUIT ypoBeHb audde-
peHIMAIMM HayK CBSA3aH C KOJMOCCATIBHON CII0KHOCTBIO
Y OTPOMHBIM 00'beMOM MOJIEKY/ISIPHO-TeHeTUIeCKIX JJaH-
Hbix. Hanpumep, pabora ¢ mocnegosarensHoctsio JHK
IaXKe TIPOCTEMIINX 9yKapUOT — JPOXKKell S. cerevisiae —
He ObUTa ObI BO3MOXKHA 6€3 MCIIO/Ib30BAHMST KOMIIBIOTEP-
HBIX METOJIOB, He TOBOPS Y>Ke O TeHOMe 4e/oBeKa [7].

B xauectBe npuMepa, B Tabs. 1 npefcraBieHsl 3aja4n,
petraembie 610MH(OPMATUKOIL.

3HaHMe IMPOCTPAHCTBEHHOI OPraHM3alMU OeNKOBBIX
MOJIEKYJI SIBJIICTCST K/TIOUOM He TONIBKO K IIOHMMAHUIO UX
dyHKIMIT 1 MexaHM3Ma pabOThI, HO I OCHOBOII [/l pas-
pabotku 3¢bdeKTUBHBIX U 6e30MacHBIX TeKAPCTBEHHBIX
CpencTB. B TO e BpeMs, OIpefennTb CTPYKTYpy OelKoB
B IIPsAMOM SKCIIepYIMEHTe He BCerfia BO3MOXKHO MM Iie-
71ecO00pasHO — 13-3a CIOXKHOCTH, JOPOTOBU3HBI U OT-
PaHIYEHHOCTY BO3MO>KHOCTE SKCIIePUMEHTA/IbHBIX Me-
TopuK. IIpy 9TOM MOXXHO TOROVTY K pelIeHNIO JaHHOI
po6JIeMbl NHaYe: CTPYKTYPy 6MOMaKpPOMOJIEKY/I MOXHO
«IIpeCKa3aThb», VICIONb3ysd TeOpeTUdecKye IOfXOHbl —
OCHOBAaHHBbIEe Ha (PU3NYECKUX WINM SMIMPUYECKUX IPU-
OMVDKEHMSX.

Hampumep, ¢dapmaieBTel 1 Bpauy 3aMHTEPECOBAHBI
B IIPOU3BOJICTBE U BBIITYCKe HA PHIHOK HOBBIX IIOKOJICHUI
JIeKapCTBEHHBIX cpeficTB. [Tpy aTOM HE0OXOAMMO XOPOIIO
pasbuparbCs B MOJIEKY/LIPHBIX MeXaHM3Max HAECTBUA
IPOEKTUPYEMOro JIeKapCTBa, HAaIpaBJIeHHOIO, Ha B3au-
MOJIEVICTBYE C KaKMM-HMOYAb 6eNKOM (pelienTopoM WIn
(dbepmMeHTOM) B YemoBedeCKOM opranmsme. IIpoektuposa-
HJle HOBOTO JIEKapCTBa C YYETOM aTOMApPHOTO CTPOEHUA
MOJIEKY/I- «MUILIeHel», Ha KOTOpbIe 9TO JIEKapCTBO OymeT
IeICTBOBATb — HAYKOEMKUIL U CJIOXKHBIN IIPOLIecC, Ha3bl-
BAaeMbIll Apar-gus3aliHoM. MOoneKynApHO-TreHeTUIeCcKHe
JlaHHbIE XPAHATCA B CIENVaIN3/POBAaHHBIX OaHKaX JaH-
HBIX:

— KpYyIHelias 6a3areHeTM4ecKux JanHbIX — GeneBank;

— ymoOHas B HaBUTanyy 6a3a reHeTYeCKMX IOC/IeioBa-
TenbHOCTEN — Ensembl;

— YHOOHBI JOCTYII K ITOJTHBIM FeHOMaM 4epe3 caiit EB-
porerickoro MHCTUTyTa 6nonHpopmaruku — http://
www.ebi.ac.uk/genomes/;

— KpymHeimmit 6aHK JaHHBIX 0 6enkax— UniProt.org;

— KpYyIHeimmii 6aHK JaHHBIX O CTPYKType Ouonornde-
ckux Makpomosnekyn http://www.pdb.org/.
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Computer modeling of molecular-genetic and bio-
chemical processes is the most recent and the most prom-
ising direction in the development of biomedical sciences.
In this area of knowledge, the differentiation of sciences
depending on the subject and the object of research still
continues. Such computer science as bioinformatics, sys-
tem biology, genomics, evolutionary genetics, proteomics,
transcriptomics, metabolomics and other even more spe-
cialized disciplines employing thousands of researchers,
are engaged in computer modeling of molecular-genetic
and related processes. Such a high level of science dif-
ferentiation is associated with high complexity and huge
volume of molecular-genetic data. For example, work with
the DNA sequence of the simplest eukaryote, S. cerevisiae
yeast, would not have been possible without the use of
computer methods, let alone the human genome [7].

As an example, Table 1 represents the tasks solved by
bioinformatics.

Information on the spatial organization of protein
molecules is the key to understanding their functions
and mechanisms, and basis for the development of effec-
tive and safe medicines. At the same time, it is not always
possible or appropriate to determine the structure of pro-
teins in a direct experiment, because of the complexity,
high cost and limitations of experimental techniques. But
there is another approach to this problem: the structure
of biomacromolecules may be «predicted» using theoreti-
cal approaches based on physical or empirical approxi-
mations.

For example, pharmacists and doctors are interested
in the production and release of new generations of medi-
cines. At the same time, it is necessary to understand the
molecular mechanisms of developed drug targeted at the
interaction with some protein (receptor or enzyme) in
human body. The development of new drug taking into
account the atomic structure of target molecules is a sci-
ence-intensive and complex process called drug design.
Molecular and genetic data are stored in specialized data
banks:

— the largest database of genetic information — Gene-
Bank;

— database of genetic sequences with convenient naviga-
tion — Ensembl;

— convenient access to complete genomes through the
website of the European Institute of Bioinformatics —
http://www.ebi.ac.uk/genomes/;

— the largest database of proteins — UniProt.org;

— the largest data bank on the structure of biological mac-
romolecules — http://www.pdb.org/.
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Table 1. Tasks in bioinformatics | Ta6mima 1. 3agaun 6nonndopmaTKy

Data source | VICTOYHUK JaHHBIX

Sequenced DNA | CexBeHupoBaHHbIe
nocnenoBarenbuocTi JTHK

Protein sequences | benkosbie
MOCTIEHO0BATENbHOCTH

Structures of macromolecules |
CTpyKTypBI MAKPOMOTIEKYT

Genomes | TeHombI

Expression of genes in various tissues,
stages of development, states of

the body, etc. | xcnpeccus renos

B Pa3IMYHBIX TKAHAX, CTAAMAX
PasBUTHSA, COCTOAHIIT OPraHN3Ma

U T.J.

SNP (single nucleotide mutations in
DNA) | SNP (opHOHYKT€OTHHbIE
myrauuu B JTHK)

Molecular interactions, metabolic
pathways and gene networks |
MonexynapHble B3anMofeiicTBuA,
MeTabonuyecKue Iy TH ¥ TeHHbIE CeTH

Data volume | O6bem ganHbIX

~ 40 million sequences, 10" base pairs |
~40 MITH mOCTeNoBaTeNbHOCTEIl, 10" map
OCHOBaHII

~5.510° sequences (~300 amino acids
each) | ~5.510° mocnegoBarensHocreii (~300
AMIHOKUCIOT KaXK/aas)

50000 structures (~ 3000 atomic coordinates
each) | 50000 crpykryp (~3000 aroMHbIX
KOOPMHAT KaXK/1ast)

About 1200 genomes of prokaryotes, more
than 160 genomes of eukaryotes | Oxomo 1200
reHOMOB NPOKapHoT, 6onee 160 reHoMOB

9yKapHoT

Hundreds of thousands of samples with
thousands of measurement options for
thousands of genes. ~ 1013 measurements |
CoTHM THICAY 00PA31[0B € THICAYAMU
BAapUAHTOB M3MePeHIT /I IeCATKOB TBICAY
reHoB. ~1013 nusmepenmit

dbSNP database alone contains information
on 108 mutations in 23 genomes | Tonpko
opHa 6a3a jauubpix dbSNP comepxur
uHdopmanuio o 108 Myrammsax B 23 reHoMax

More than 106 molecular interactions are
described in publications. More than one
hundred thousand metabolic pathways and
gene networks are represented in databases |
bonee 106 MmoneKynApHBIX B3aNMO[ eliCTBUIA
omicaHo B MyOnuKanusax. bomee cra Toicay

Tasks | 3agaun

Functional annotation (determination of
the nucleotide sequence of DNA fragment) |
DyHkuMoHaTbHAS aHHOTALNA (OTIPETee e
HYK/IEOTUHOI MOCTIeN0BATENbHOCTH
¢dparmenra JHK)

Comparative analysis. Identification of
conservative motives (search for degenerate
oligonucleotide sequences) | CpaBHUTeTBHBII
aHa/m3. BolAB/IeHIe KOHCEPBATHBHbIX
MOTHBOB(IIONCK BBIPOXKAEHHBIX
O/INTOHYK/TeOTUHBIX IOC/IEOBATeTbHOCTENN)

Prediction, alignment, geometry
measurement, docking (molecular
modeling) | Ilpenckasanue, BBIpaBHUBaHIE,
u3MepeHIe reoMe TP, JOKMHT (MeTox
MOJIEKY/IIPHOTO MOJETMPOBAHILA)

Compilation of complete genomes; Functional
annotation; Comparative analysis | COopka
MOTTHBIX TeHOMOB; OYHKIMOHATbHAS
anHoTtanusa; CpaBHUTENIbHbIN aHAIN3

Analysis of regulation mechanisms of
co-expressed genes. Relationship with
sequences, structural and biochemical
data | AHa/M3 MeXaHN3MOB Pery/sun
KO9KCIPeCCHPYIOUINXCs reHoB. CBA3b

C IIOCTIe[OBATeIbHOCTAMM, CTPYKTYPHBIMU
1 OMOXMMIYECKIMU JAHHBIMI

Analysis of the relationship with diseases |
AHanmms cBA3H ¢ 32607eBaHIAMM

Modeling of molecular genetic processes and
systems | MogenupoBaHue MOIEKYIAPHO-
TeHeTHYeCKMX MPOLeCCOB M CUCTEM

MeTa6oMIyecKIX myTeii i TeHHbIX ceTell
NpefcTaBIeHo B 6a3ax JaHHBIX

Publications | Ily6nukampum

Ectp mporpamma Atom, IIpoTenn-3]I, KoTopyto pas-
paboramm B CaHkT-IleTepOyprckoM rocymapcTBEeHHOM
9/IEKTPOTEXHNYECKOM YHUBepcuteTe M. B.V. YnpanoBa
1 HECKOJIBKO CXOfIHBIX ¢ HUMMM. Takue porpaMmbl I03BO-
JIAI0T U300pa’kaTh TPEXMEPHYI0 MOJeNb OefKa, BpalaTb
ee, CMOTPeTb, KaK OHa BBIIVIANUT, MOJENMPOBaTh U3MEHe-
HUA B CTPYKType Oelka, M CMOTpPeTh, KaK IIPU 9TOM M3-
MeHseTcs caMa MojleKyna. KoMIboTep UCIonb3yeTcs Ipn
3TOM, KakK rpaduyeckas CTaHIMA, KOTOpass MOXKeT ITOKa-
3aTh, KaK BBIVIALUT MOJIEKy/Ia. [l KoMIbIoTepa 3ajada
HeNpocTasi, HO perraeMas. A CTyfeHTaM, 0COOeHHO 6110-
XVMMMKaM, O4eHb MHTEPECHO IIOCMOTPETb Ha MOJIEKYILY,
IpefiICTaBUTD, KaK OHA XuBeT U (PyHKUMOHMpyeT. XoTA
MOJIEKy/Ia B BOJJHOM U B COJIEBOM PacTBOpax MeHsAETCH,
HO 3TV IIPOrpaMMbl IIO3BOJIAIOT IIOKA3aTb AaXKe TaKue
npoueccel. [l MoCcTpoeHns 3TUX MOJIEKYIT UCIIO/NIb3YIOT-
Csl JaHHDBIe PEeHTIeHOCTPYKTYPHOIO aHammsa. A [yIisd Ma-
LIMHHOTO 9KCIIepMMEHTa MOYKHO Mcnonb3oarb MS Excel,
60 apyrue nporpaMmsi[6, 8].

Tens of millions of publications | Jecsarku
MUJITMOHOB Ty O/IMKaIiuit
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Search and retrieval of knowledge | ITonck
U M3BIIeYeHIIe SHAHMIT

There is Atom, Protein-3D software, which was devel-
oped in the Saint Petersburg Electrotechnical University
«LETI», and several similar ones. Such software allows to
represent a three-dimensional model of protein, rotate it,
simulate changes in the structure of protein, and see how
the molecule changes. The computer is used as a graph-
ic station showing how the molecule looks, which is not
simple, but solvable task. And for students, especially bio-
chemists, it is very interesting to look at the molecule, to
imagine how it lives and functions. The molecule varies in
aqueous and in salt solutions, but this software can show
even such changes. To build up these molecules, X-ray dif-
fraction data are used. And for computer experiment, MS

Excel or other software may be used [6, 8].
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Takum 06pazom, B GONMBIIOM BBIOOpPE MPOrPAMMHOI
VHTEepIpeTalUyl INOTyYeHHbIX pe3y/IbTaTOB MUCCIENOBa-
TereM, HeoOxoyMa (KenaTenbHa) 6o/mee HaI/IAZHAS Kap-
TIHA TIPECTaB/IeHNs JaHHBIX dKcIepuMeHTa. Hixe pac-
CMOTPUM IpPUMEPBI TaKoi 00pabOTKM M MCIIOTb3yeMble
IIPY 3TOM MHCTPYMEHTBI 1 IIPOTPAMMHBIE PO YKTBL.

Tak kak, npu uccnenoBannm snexrpodoperpamm 1 J1E
n 2 JIE, MHOTM€ y4eHble OCTaHaB/IMBAIOTCA Ha STaIle TOy-
YeHNS UTOTOBBIX JAHHBIX 9KCIIEPUMEHTA B BI/le KAPTUHBI
rejiell, He Mes IOPO IIpeiCTaB/IeHNA O JaIbHeNIINX IIep-
CIIeKTVBAX MCIIONIb30BaHMsI COBPEMEHHBIX KOMIIbIOTEp-
HBIX ¥ 6MOMH(OPMALMOHHBIX PeCypCOB, MO3BOJIIOINX
HepeBeCTy Pe3y/IbTaT U3 Ka4eCTBEHHOTO B KO/INYECTBEH-
HBIL. B aHHOI paboTe mpefcTaBIeHbl TOAXOBI I METO-
Jibl, TTO3BOJISIONINE TIOTTyYeHHbIe OeIKoBble MpoduIn Ha
rejie, MHTEPIPETHPOBATb KONNYECTBEHHO. BbINomHeHMe
paboT B JAHHOM HAIpaB/IEHNM! IIO3BOJIUT 3HAYUTENTBHO
PacIIPUTD TOAXO/BI K eHTUPUKALNA Y KOIMYeCTBEH-
HOMY OIIpefie/IeH N0 OeNTKOBBIX MapKepOB KauecTBa, PyHK-
LMOHAJIBHOCTY U 0€30IaCHOCTU IPOJOBOIBCTBEHHOTO
CBIPbs ¥ TOTOBOTO IPOAYKTA B IienioM [9, 10].

MaTePI/IaIIbI " ME€TOIbI

[l 6oree OMHOTO NOHVMAHUA NIPYMEHEHNUS pecyp-
coB OnonHpOpPMATUKY, 2 KOHKPETHO MCIIO/Ib30BAHNE Me-
TOfIa KOMIIBIOTEPHOIT fleHcuToMeTpun (06paboTkm) s
MHTEpIpeTALMM TIOJyYEHHOTO Pe3y/IbTaTa, PacCMOTPUM
o61ye IOAXOABI Ha IIpUMepe VICC/IeNOBAHNA IPOTEOMHO-
ro npoduist 6eKoB Msca.

B kadecTBe MaTepuanoB MCIONb3yeMbIX B paboTe mc-
nonb3oBanm anekrpodoperpammsi 1 JJE.

s BoigeneHuss OENTKOBBIX COENMHEHMI W3 MCCIIe-
JlyeMBIX 00paslioB, B MUKPOLIEHTPU(DYKHYIO IPOOUPKY
orbupanu (50 £ 0,05) Mr HaffOCaZOYHON >KUAKOCTU IKC-
TpakTa Ipo6bl J06aB/AMM 50 MKII COMOOMIN3NPYIOIIETO
pactBopa (rmuuepuH 10 %, p — mepkanToatanon, 0,02 %
6pomdenon cuumii, Tpuc-OH, SDS2 %) n BbIjep>KUBaIN
B TepMocTare Ipu Temneparype 95 °C B TedyeHye 5 MUH.
[Tormry4eHHBIN pacTBOP LEeHTPUPYTUPOBAIN B LIEeHTPUPY-
re Eppendorf 5402R npu 14000 06/muH B TedeHue 8 MIH.
HapmocagoyHyo XUAKOCTb VCIIONb30BaIN i Ja/bHEN-
LIero aHa/IN3a.

AHamm3 QpakLMOHHOTO COCTaBa O€NKOB MCCIemye-
MBIX 00pasI[0B aHAIM3MPOBAIN METOAOM JIeHaTypPUPYIO-
mero anekrpodopesa B 12,5% MOMMAKPUIAMITHOM Terle
B IIPUCYTCTBUY JOfleUMICYIb(aTa HATPUS C MCIO/Nb30Ba-
HueM s1eKTpodoperndeckor kamepsl ¢pupmel «Hellicon»
«VE-10», mpy IOCTOSHHOM CKUIe TOKa U HaINpsDKEHUU
55 B n 130 B, B Teyenue 2 yacos. B kauecTBe pacTBopa
CTaHAAPTOB MCIIONb30BAJIN MapKep, cocTosamuii u3 11 mpe-
I1apaToB — CTaHZJAPTOB C MONEKYIAPHOIT Maccoit 250, 150,
100, 70, 50, 40, 30, 20, 15, 10 u 5 x[la (¢pupmbr «Thremo»,
CIIA), 6omee netanbHO npuBeReHo B [11].

Taxoxe ucnonpszoBanu snekrpodoperpammsi 2 J1E.

Ins axcrpakuym 6enkoB 6pamn mo 300 Mr TOHKO U3-
MeJIbYEHHO CBUHMHBI CMeMIMBaaM € 4 MJI 3KCTPaKLM-
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Thus, in a large choice of software interpretation of the
results obtained by the researcher, more visualizable rep-
resentation of the experimental data is needed (desirable).
Hereafter, there are some examples of such processing, as
well as the tools and software used.

When studying 1DE and 2DEelectrophoretograms,
many scientists stop at the stage of obtaining the final data
of the experiment in the form of gels. They have got no
information on the possibilities and prospects concerning
the application of modern computer and bioinformatics
resources that allow to convert the result from qualitative
to quantitative form. This paper represents the approaches
and methods that allow the obtained protein profiles to be
interpreted quantitatively. The work in this direction will
significantly expand the methods of identification and
quantitative determination of protein markers related to
quality, functionality and safety of food raw materials and
finished products [9, 10].

Materials and methods

For more complete understanding of the application of
bioinformatics resources, in particular the use of the com-
puterized densitometry (processing) method for interpret-
ing the result, we will consider the general approaches by
the example of the protein profile of meat proteins.

In this work, 1DE electrophoretograms were used as the
materials.

To isolate proteins from the test samples, 50 + 0,05 mg
of the supernatant of sample extract was transferred into a
microcentrifuge tube, then 50 ul of a solubilizing solution
(glycerin 10 %, B-mercaptoethanol, 0.02% bromophenol
blue, tris-OH, SDS2 %) was added and placed in thermo-
stat at a temperature of 95 °C for 5 minutes. The resulting
solution was centrifuged on Eppendorf 5402R centrifuge
at 14,000 rpm for 8 minutes. The supernatant was used for
further analysis.

Analysis of the fractional protein composition of the
test samples was carried out by the method of denatur-
ing electrophoresis in 12.5% polyacrylamide gel withso-
dium dodecyl sulfate using Hellicon VE-10 electrophoretic
chamber, with a constant current and voltage of 55 V and
130 V, for 2 hours. A marker consisting of 11 preparations,
i.e. standards with molecular weight of 250, 150, 100, 70, 50,
40, 30, 20, 15, 10, and 5 kDa (Thremo, USA), was used as
the standard solution; more details are given in [11].

2DE electrophoretograms were used also.

To extract the proteins, 300 mg of finely minced pork
were mixed with 4 ml of extraction buffer (0.3 M KCI, 0.15
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onHoro 6ydepnoro pacrsopa (0,3 monp KCl, 0,15 monb
KH2PO4 u 0,15 mons KH2PO4, pH 6,5) u xpanunu jBa
Jaca IIpy KOMHATHOJI TeMIlepaType Ipy IIOCTOSIHHOM IIe-
peMelIMBaHNY IyTeM BCTPSAXMBAHMUA. 3aTeM OCYIIeCTB-
AT UeHTpUQYrupoBaHyue B TedeHue 60 MMHYT IIpu
40°C n obopore Bpaiienns nertpugyru 12000 06./MuH.
V3 HagocamouHoit Xupkoctu 6pamu 100 MKJI, BbITapu-
BanM B moToke azoTa npu 39°C u nomemanu B 100 Mxn
6 MOJIAPHOTO pacTBOpa MO4YeBMHBI. Ilocie BoccTaHOBITe-
HuA gurnotpenrtonoM (JTT) m ankunmpoBanus itopm-
ctbIM attetamuyoM (IA) mpoucxopun mporecc paciernsie-
HUA TIOf, IefiCTBMeM TPUIICMHA B TeyeHue Houy npu 37 °C
IpY MeJJICHHOM IlepeMelVBaHUM ITyTeM BCTPSAXUBAHUA.
3aTeM IpoObI pa3baB/IAIN JeMOHN30BAHHOI BOJOI B CO-
oTHomeHun 1:2 M obeccomuBanu Ha KOMOHKe Strata-X
(30 mr). Iy atoro 6pamu 1 M cmecu, cocrositeit u3 5%
MeTaHONa 11 1% MypaBbIHON KUCTIOTBI, ¥ TPOMBIBAJIN BO-
IOVL. DJIIOVpOBaHNe NeNTURIHON CMeCU OCYIIeCTB/IA/NIACh
¢ mpuMeHeHMeM 1 My aneToHuTpmia/Bogsl (90:10; 0,1%
MYPaBBbJMHOJ KVC/IOTBI). DJII0AT ITOMeIaly B IPOOVPKI
Ty OnmeHgop¢ ¢ 5 Mxagumermacynbpoxcuaa (DMSO).
B xadecTBe OCHOBHBIX IIPOTEOMHBIX T€XHOJIOTMII IIpUMe-
HAIN IByMepHBIIT anekTpodopes o O Farrell ¢ n3oanex-
TpodokycupoBanueM B amponnuosoMm (IEF-PAGE) mnn
ummo6bumaoBoM (IPG-PAGE) rpagnentax pH; nocneny-
IOIIYIO JIeTEeKIIMIO OeIKOB IPOBOAWIM OKpamBaHueM Ky-
Maccy R-250 u a30THOKMCIIBIM cepeOpoM, MeTOROOTNA
HOJTy4eHMsI KOTOPBIX MOAPOOHO pacnucaHa B (12, 13].

B kayecTBe MeTOHOB 0OPaOOTKY IOTYYEHHBIX 3JIeK-
TpodoperpaMyM, NCHONb3YIOT PasIMyHble IPOTPAMMBI,
VHTEePIPETUPYIOLINe TTOTyYeHHbIe Pe3y/lIbTaTbl. XOYeTCs
Cpasy OrOBOPUTbHCSH, YTO MX Pa3HOOOpasHOe KOIMYeCT-
BO, OT IIPOTPAMM [JIA TIOCTPOEHNA 0eTKOBBIX MOJIEKYII 1O
KaKuX-m60 MmporHoctudeckux mopeneir. Ho Ham 6b110
UHTepecHee pa3obpaTbcs 1 Nofo6paTh Hanbonee MHPOp-
MaTVBHYIO IIPOrpaMMy, KOTOpas OTBedyasna Obl Ha KOH-
KpeTHbIe BOIIPOCHI, Ha IIpUMepe TOTO, CKOIBKO U KaKOTO
6erKa ecTb B MOell Tpo6e ¥ KaK U3MEHUTCS OH B Pe3y/ib-
TaTe KaKOro-1M60 TeXHOTOIMYECKOTO BO3/Ie/ICTBIA.

J71g cCpaBHUTENIbHO OLIEHKU M KONMMYeCTBEHHOI MH-
TepIpeTaliiyl pe3y/IbTaTOB SKCIIEPMMEHTOB 3IeKTPodo-
perpaMmM B paboTe MCIIONIb30BAIN ClIefylollee 060pyno-
BaHIe U IPOrpaMMHOe obecIieyeHue:

— ckaHep Epson Expression 1680. CxaHuposaHue mpo-
BOAVIN BCETZla BO BJIQXHOM COCTOsAHuU. [lanmee mo-
JydeHHble IUQPOBbIe U300paKeHNsT PefaKTUPOBAIN
B IrpaMyecKOM pefaKTope U3 CIelNaan31pPOBaHHOTO
nakera nporpamMm MelanielmageMaster, Bepcuii 6 u 7
(«Genebio», IlIBertapus). Mauubiii Bug o6paboTKu
Pe3y/IbTaTOB UCC/IeNOBAHNIT UCIIONb30BAIM B Ka4ecT-
Be MHTEpIpeTalluy Teflell JIBYMEPHOro 3/meKTpodo-
pesa 2]1 mo O'Farrell ¢ nsoanexrpodoxycnpopanuem
B amponuuoBom (IEF-PAGE) wi mMmo6uanHOBOM
(IPG-PAGE) rpapmenTtax pH.

CHUCTeMY Te/lb-JJOKyMEHTUPOBaHNA Syngene ¢ IIpo-
rpaMMHBIM obecniedyenneM GeneTools (mms ananmsa
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M KH2PO4 and 0.15 M KH2PO4, pH 6.5) and stored for
two hours at room temperature with constant stirring by
shaking. Then, centrifugation was carried out for 60 min-
utes at 40 °C and centrifuge rotation of 12,000 rpm. Then
100 pl of supernatant was taken, evaporated in a stream
of nitrogen at 39 °C and added into 100 pl of 6 M urea so-
lution. After reduction with dithiothreitol (DTT) and al-
kylation with iodide acetamide (IA), degradation by tryp-
sin were carried out overnight at 37 °C with slow stirring
by shaking. The samples were then diluted with deion-
ized water with 1:2 ratio and desalted in Strata-X column
(30 mg). For this purpose, 1 ml of mixture consisting of 5%
methanol and 1% formic acid was taken and washed with
water. Peptide mixture elution was carried out using 1 ml
of acetonitrile/water (90:10; 0.1% formic acid). The eluate
was placed in Eppendorf type tubes with 5 ul of dimeth-
ylsulfoxide (DMSO). Two-dimensional O’Farrell electro-
phoresis with isoelectrofocusing in ampholin (IEF-PAGE)
or immobilin (IPG-PAGE) pH gradients was used as the
main proteomic technology; the subsequent detection of
proteins was carried out by Coomassie R-250 and silver
nitrate staining; the methodology for preparation of these
stains is detailed in [12, 13].

Different software for interpretation of the results was
used as the methods for processing of received electropho-
retograms. It should be noted that there are a variety of
them, from programs for constructing protein molecules
to prognostic models. But it was more interesting for us to
find the most informative software that would answer spe-
cific questions, for example, how much and what protein
is in my sample and how will it change as a result of some
technological impact.

For comparative evaluation and quantitative interpreta-
tion of electrophoretograms, the following equipment and
software were used in this work:

— Epson Expression 1680 scanner. Scanning was al-
ways carried out in a wet state. Then the resulting digital
images were edited in a graphics editor from a specialized
Melanie Image Master software package, versions 6 and 7
(Genebio, Switzerland). This type of results processing was
used as an interpretation of O’Farrell 2D gel electropho-
resis with isoelectrofocusing in ampholin (IEF-PAGE) or
immobilin (IPG-PAGE) pH gradients.

— Syngene gel recording system with GeneTools soft-
ware (for image analysis) was used for interpretation of

1DE electrophoretograms.
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U300paXkeHns1), UCIONb30BAIN B KaueCTBe MHTEpIIpe-
tauyn snexkrpodoperpamm 1 JIE.

— nporpammHoe obecriedenne Sorbfil TLC View, ucronb-
30Ba/i B KadeCTBe MHTepIpeTanuu ameKTpodope-
rpamm 2[1E.

O6cyxnenne

Il mpoBefieHNsA KOMMYECTBEHHOTO aHa/IN3a OTHeIb-
HBIX 0€TKOBBIX (pakimil Ha snekTpodoperpammax 2 JE
CHayaja CO3faBa/iy IIOTHbIe LM(POBBIE M300paXKEHNS
OTOOpaHHBIX [yl CPaBHEHMsI IBYMEPHBIX 37IeKTpodope-
rpaMM (M1 MX OT/e/IbHBIX ()ParMeHTOB) C IIOMOIIBIO CKa-
Hepa Epson Expression 1680 (mnn Perfection 2450 Photo).
CkaHupoBaHMe IPOBOAWIN BO BIAYXHOM COCTOSTHUN.

JlanbHerimas mpoueaypa IpOXOAUT B HECKOIbKO 9Ta-
noB. Ha mepBoMm 3Tame, IpoBOAMICA aBTOMAaTHYeCKUI
NIpOrpaMMHbIN aHa/AM3 TeJeli, B Pe3yabTaTe KOTOPOTro
IporpaMma HaXOfUT IIATHA U NPUAAET OdepTaHMe MO UX
OKpallleHHOJI IrIomaan. Jlamee Ha BTOpoM artare obpa-
60TKM 1M300paKeHNIT OCYLIeCTBIACTCA COOp CBemeHMIl
0 IIATHAX ¥ MOCTPOEHNE TPeXMEepPHbIX MOJieJIell Ha UX OC-
HOBe. AHa/IN3 MATEH IPOBOANIN €llé IT0 TPeM OCHOBHBIM
IapaMeTpaM: MHTEHCUBHOCTD, IUIOIAaAb ¥ 00beM IIATHA.
VToroBble TpexMepHbIe MOIe/N IIPECTABIIAIOT CO60IT Ha-
OOpBI IIMKOB, IPY 9TOM, 4eM OO0JIbllle MHTEHCUBHOCTD, TEM
BBIIIIE ITUK, ¥ TeM OOsIbIile KOHI[eHTpauys Oe/ka B JaHHOII
¢dpakuun. BeicoTa nuka 6epercs n3 pacyera 75 % OT MH-
TEHCUBHOCTH IIsATHA. Bojiee feTanbHble MAHUIY/ISIINN 110
paboTe ¢ HaHHBIM IIPOrPAaMMHBIM OOeCIeYeHMeM IIpefi-
CTaBjIeHHl B [9].

Hioke Ha Puc. 1 mpepfcraBieHa IocneqoBaTeNbHOCTD
00paboTKM pe3yIbTaTOB pasfiefieHns OeKOB CBMHUHBI
MEeTOJIOM IByMEPHOTO 37IeKTpodopesa.

HecmoTps Ha IpoBefieHHYIO IIpeBapUTENbHYI0 00pa-
60TKy M300pakeHMit, IpOorpaMMa MHOIAA B OT/ETbHBIX
y4acTKax 1M300pakeHNs HaeT He COBCEM TOYHBbIE OdYep-
TaHUA HATHA. [[/1A ycTpaHeHMsA NMOJOOHBIX HEJOCTATKOB
(dbopMa OT/ENbHBIX IATEH [JONOMTHUTETBHO KOPPEKTUPY-
etca Bpyunymo (Puc. 1I).

Vcnonp3oBaHMe JOIOMHNUTENILHON PYYHOI 00paboTKM
OT/IE/IbHBIX YIACTKOB M300paykeHN T IIPUBOAUT K TOMY, YTO
[PV HOCTPOEHUM OOIEro CUHTETUYECKOTO M300paskeH st
(kapTbl) CWIBHO YBEIMYMBA/ICS WTOTOBBIN pasMep, 4TO
HPYXOAM/IOCH YYUTHIBATH IIPY MOCTIEAYIOLEM aHATIN3e.

Takum o6pasoM, 1A UCIIONb30BAHUA IpeACTaBIeH-
HBIX BUAOCTIENNUIHBIX OENTKOBBIX OMOMAapKepOB IpH
OLieHKe KOJIMYeCTBa 1 Byjja Oe/Ika B MACHOM ChIpbe 1 BbI-
pabOTaHHBIX U3 HETO MsACHBIX IIPOAYKTaX YCHEIIHO MpH-
MEHVMBI METOJbl KOMIILIOTEPHOJ JIEeHCUTOMETPUY, IPU
3TOM MOXXHO BBOAMTH IIONpaBOYHble K03(uIineHTs!,
YYUTBHIBAIOLNIT KPaTHbIE Pa3/INyysl ICXOHOTO CBIPbS IO
CoflepXKaHUIO 9TOrO OeKa.

Hapsiy ¢ BblleonucaHHBIMMU IIpureMaMu 06paboTKm
97eKTpodoperpaMM i MHTEPIpeTaluyl IIOTyYeHHBIX
pe3y/IbTaToOB MCIONb3YI0T 06paborky remeit 1 JIE mpu
IIOMOUIY CHUCTeMbl reb-foKyMeHTHpoBaHusa SYNGENE
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— Sorbfil TLC View software, was used for interpreta-

tion of 2DE electrophoretograms.

Discussion

For the quantitative analysis of individual protein frac-
tions on 2DE electrophoretograms, complete digital im-
ages of the two-dimensional electrophoretograms (or their
individual fragments) selected for comparison were cre-
ated first using Epson Expression 1680 scanner (or Perfec-
tion 2450 Photo scanner). Scanning was carried out in a
wet state.

The further procedure was carried out in several stages.
At the first stage, automatic program analysis of gels was
conducted, as a result of which the software identified
spots and made contour over their stained area. At the sec-
ond stage of image processing, information on spots was
collected, and three-dimensional models were construct-
ed. The analysis of spots was carried out by three param-
eters: intensity, area and volume of the spot. The resulting
three-dimensional models are sets of peaks; the higher the
intensity, the greater the peak and the higher the protein
concentration in this fraction. Peak height sets as 75% of
the spot intensity. More detailed information for work with
this software are presented in [9].

Figure 1 shows the sequence for processing of the re-
sults of pork protein separation by the method of two-di-
mensional electrophoresis.

Despite pre-processing of images, in some image sec-
tions software sometimes gives not quite accurate outlines
of the spot. To eliminate such drawbacks, the shape of
individual spots is additionally corrected manually (Fig-
ure 1D).

The use of additional manual processing of individual
image sections leads to the fact that the total synthetic im-
age (map) greatly increase in total size, which had to be
taken into account in the subsequent analysis.

Thus, when using species-specific protein biomarkers
for estimating the amount and type of protein in meat
raw materials and meat products derived from it, com-
puterized densitometry methods are successfully applied,
and correction factors may be introduced that take into
account the differences in this protein content in raw ma-
terials.

In addition to procedures of electrophoretogram pro-
cessing described above, the processing of 1DE gels by
SYNGENE Bio Imaging gel recording system with Gene
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Figure 1. Graphical representation of the results of pork muscle protein studies: | Puc. 1. [padudeckoe npeicraBienue pe3ynibTaTos UCCIe0Ba-
HUI1 MBIIIEYHBIX O€JIKOB CBUHUHBI:

A — electrophoretograms of muscle proteins obtained by 2DE method are indicated by dashed rectangles, a- and -tropomyosins (1), myosin
light chains MLC1 (2) and MLC2 (3) | A — anexrpohoperpamMma MbIILIEYHBIX 0€TKOB IONy4eHHas MeTooM 2JIE, BbIe/IeHbl IYHKTUPHBIMU
IPAMOYTOMBHYKAMY O- i P-TpormoMio3uHsl (1), Muosunossle nerkue memt 1 MLC (2) 1 MLC2 (3);

B — intermediate stage of image acquisition; | b — mpomexyTouHbIi STAI ONYYeHs H300PaXKEHIS;

C — processing of obtained images; | B — o6pa6oTka moyueHHbIX 1300paskeHmit;

D — manual processing of individual image sections; | [ — pyuras 06paboTka OT/ie/IbHbIX yUaCTKOB 1300 paKeHmit;

E — correction results of manual image processing; | [l — pesynbrarsl KoppeKiyuy pyanoit 06paboTki n306paxenii;

F, G — the final result, three-dimensional models (hills) of protein and peptide fractions. | E, JK — urorosbiii pesynbrar — TpexmepHble MOfie/N
(xomMbI) pakiuit 6€KOB U TENTHIOB.
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Biolmagingsystems ¢ mporpaMMHBIM obecriedennem Gene
Tools (ma anamu3a nsobpakenns) u Gene Sys. Ha Puc. 2
IpUBeJieH IIpUMep HOC/IeoBaTe/IbHOCTI 06paboTku ¢do-
perpamm 1JIE MbpllieqHO TKaHV TOBAAVMHBI B IIEPUO]] AB-
TO/NN3A.

Bna>xubiii renb nonydeHHbit MerogoM 1 IE mpensa-
PUTETBHO CKaHUPYIOT B KaMepe TeHCUTOMETPA, B Pe3y/lb-
Tare nomy4yanT ¢ororpaduio rena (Puc. 2 A), nsobpa-
JKeHNe KOTOpoil 3arpyxawT B mporpammy Gene Tools
U JaTbHeIIeM IPOBOAAT PAa3IMYHOTO POAa MaHUIY/IA-
uuu. [Tporpammuoe o6ecnieuenne Gene Tools aBromaTu-
YeCKM pacIo3HaeT TPeky (JOPOXKKM) ¥ MOTOCHI Ha reje
aBTOMATNYECKV KOPPEKTUPYeT W3TMOBl 1M VCKaKeHMs
H0JIOC ¥ TPEKOB, aBTOMATIYeCKV ITPOBOANUT 6a30BYIO /-
Huto (Puc. 2 B). [Ipn Heo6X0AMMOCTH NTOIOKEHVIE TPEKOB
1 6230BOJI IMHUM MOXKET OBITH 3a[JaHO 1 CKOPPEKTUPOBa-
HO BpyuHy. OIpe/eneH1e MOIEKY/IAPHOTO Beca o MOo-
JIOXKEHUIO TTOTIOCHI VI/VIU KONMMYEeCTBEHHOE OIpefieieHIe
[0 MHTEHCUBHOCTYM MOTYT OBITb IIPOBEIEHBI C VICIOMb-
30BaHMEM CTAHJAPTOB C OJHOIL MM HECKONbKMX TPEKOB
(mopoxxek). Gene Tools ocHameHo 6mbMMOTEKON Map-

Mwm, kla CT
260 Lo
150 mem—

=

W= e

i

Fortv, Pt ) T = W

Figure 2. Scanned 1DE gels processed with SYNGENE Bio Imaging system

Tools (image analysis) and GeneSys software is used to
interpret the results obtained. Figure 2 shows an example
of 1DE electrophoretogram processing sequence for beef
muscle tissue during autolysis.

Wet gel obtained by 1DE method is pre-scanned in the
densitometer chamber, a photo of gel (Figure 2A) is loaded
into Gene Tools software and further various manipula-
tions are performed. Gene Tools software automatically
recognizes tracks and bands on gel, automatically corrects
the bends and distortions of bands and tracks, and auto-
matically traces the baseline (Figure 2B). If necessary, the
position of tracks and baseline may be set and adjusted
manually. Molecular weight determination from the posi-
tion of the band and/or quantitative evaluation by intensity
can be performed using standards from one or more tracks.
Gene Tools is equipped with marker library for automatic

or manual matching (the library may be supplemented by

AlA

Puc. 2. Ckaunposanusie reim 1 JIE obpaboranusie ¢ momopio SYNGENE Bio Imaging systems
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KepOB [U/IsI aBTOMATUYECKOTO MM PYYHOTO COIOCTABIIe-
HuA (616/11M0TEeKa MOYKET NOIOMHATHCA II0Ib30BATEIEM).
B03MOXHO WMCIIONIB30BAHME E€IMHOTO TPeKa B KavyecTBe
CTaHJapTa /I HECKOMbKIMX 0OpabaThiBaeMbIX 0OIacTei.
Bce pesynbraThl (BKIoyas npoduan TPeKoB, KOMUIeCT-
BEHHbBIE XaPAKTEPUCTUKI KaXK/OI MTOTIOCHI, TOSICHUTETh-
Hble HAJINCY JJIs1 TPEKOB M MHOTOE IPYroe) MOTYT OBbITh
BBIBEJICHbl Ha Ie4yaTh 1/WiKM BHIrpyxeHsl B Word wan
Excel. TTonyyenHOe n306pa>keHne BBIBOAUTCSA Ha 9KpaH
(OCHOBHOE TI071€), TAPA/JIENIBHO C «ICKM3aMU» TEKYIIETO
U IIpeAbIyIIero n300paskeHNnit (TONbKO 4TO MOTyYeHHBIX
WIN OTKPBITBIX U3 COXPaHEHHBIX paHee). VITorosoe uso-
OpakeHNs CKAaHMPOBAHMSI TIpefCcTaBIeHo Ha Puc. 2 B, Ha
KOTOPOM JKeJITBIM MapKepoOM aBTOMATUYeCK) IIPOPIUCO-
BaHbI OEIKOBbIE MTOIOCHI, IPY HEOOXOMMMOCTI CKOPPEK-
TUPOBAHHbBIE B PYYHYIO.

Paboras ¢ nony4eHHBIM U300pa>keHNeM, MO)KHO yBe-
JINYUTH €T0, ZOOABUTD MOSICHUTENbHYIO HA/INCh, COXpPa-
HUTb B PasNMM4HbIX popMaTax u/miam pacnedararb, a TaK-
)K€ OTKPBITh B IIPOrpaMMe it 00pabOTKM M300pasKeHsI
GeneSys (Puc. 3). Bce aTn1 meiicTB1A TaKyKe MOYKHO IIPOBO-
IATH C N300pa>KeHNMM, COXPAaHEHHBIMU paHee.

[Tonp3oBaresib MMeeT BO3MOXKHOCTb COXPAHITh He
TOJIBKO CaMy M300paXKeHNsI, HO U KOHUTypaIuy Cucre-
MBI (IIapaMeTpbl, MCIIONb30BAHHBIE IS IOMYYeHNUs U30-
OpaXKeHVs), YTO MCKIIOYNTENIBHO YAOOHO /IS CTIOXKHBIX
B 00paboTKe 00BEKTOB, U TAK>Ke AaHHOTALUY, C/lelTaHHbIe
K IIO/Ty4eHHOMY 1300paskeHMIO.

[Ipu pabote ¢ GeneSys B aBTOMaTMYECKOM peXIMe
(Autocapture) mob30BaTENIO JOCTATOYHO BBECTU NHOP-
Malmio 0 TOM, C KaKuM 06pasijoM HeoOXoxumMo paboTaThb
(mnm 3arpy3nTh 9Ty MHGOPMALVIO 13 COXPAHEHHBIX paHee
koH¢urypaumit). Heobxopumo Be6path popmar obpasia
(«sample format» — resnp, 6710T MM MHOE), THI 0OpasLa
(«sample type» — Hanpumep, 6emok, JHK mm PHK), tun
MaTpuubl («matrix type» — Hampumep, aKpUIaMUTHBIN
WIN arapo3HBIl Te/Ib), METOM HeTeKuyu (KOTOPUMETPH-
Jeckas, QyopeclieHTHas, XeMMUIIOMuHecleHTHas). [lo-
cie BbIOOpA TUIIA BU3YaIM3UPYeMOrO OObeKTa B PeXu-
Me «Autocapture» GeneSys NpefOXUT IOIb30BATENIO
BbIOpaTh THH MeTKM (pryopodopa mam BUAMMOTO Kpa-
curessi) U3 6aspl JaHHBIX. BO3MOXKEH BBIOODP KaK OJHOTO
Kpacutena (MeTKM), TaK ¥ HEeCKONbKMX (B CIydae MY/Ib-
TUIIEKCHOM fleTekunn). basa janubix GeneSys cofepuT

user). It is possible to use a single track as a standard for
several processed sections. All results (including track pro-
files, quantitative characteristics of each band, explanatory
notes for tracks and much more) can be printed and/or up-
loaded to Word or Excel. The resulting image is displayed
on the screen (main field) along with the thumbnails of
current and previous images (just acquired or previously
saved ones). The resulting scan image is shown in Figure
2C, where protein bands are automatically traced by yellow
highlighter tool and may be adjusted manually, if neces-
sary.

The resulting image may be enlarged, saved in vari-
ous formats and printed out or opened in GeneSys image
processing software, and explanatory note may be added
(Figure 3). All these manipulations may be also carried out
with images saved earlier.

The user is able to save not only images themselves, but
also system configurations (parameters used to acquire the
image), which is very convenient for complex objects, and
also notes to the resulting image.

When working with GeneSys in automatic mode (Auto
capture), the user just enters information about what sam-
ple is to work with (or download this information from
the previously saved configurations). It is necessary to se-
lect the sample format (gel, blot or other), sample type (e.g.
protein, DNA or RNA), matrix type (for example, acryl-
amide or agarose gel), detection method (colorimetric,
fluorescent, chemiluminescent). After selecting the type
of the object to be displayed in the «Auto capture» mode,
GeneSys will prompt the user to select the type of label
(fluorophore or visible stain) from database. A choice of
one stain (label) and several stains (in the case of multiplex

detection) is possible. The GeneSys database contains more

Figure 3. An example of calculation in GeneSys gel recording software of SYNGENE Bio Imaging system
Puc. 3 Ilpumep obcuera B mporpamme Gene Sys rens-gokymentuposanus SYNGENE Bio Imaging systems
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6oree 210 KkpacuTesnell U pery/IApHO OOHOBJIAETCSA B COOT-
BETCTBIUY C MOAB/IAIONIVMICS Ha PbIHKE HOBMHKAMIL.

GeneSys copiep>kut 6asy HAaHHBIX, OOBEAVNHAIONIYIO
B cebe HeOOXOAMMYI WMH(POPMALMIO IO IIMPOKOMY
CIIeKTPY SKCIIepMMEHTa/NbHBIX 3afjad (ryopecueHuns,
XeMWIIOMUHeCIeHIMA U T.4.). Kak Tombko B pexnme
«Autocapture» 1o/1b30BaTe/NIb 0603HAYAET, KAKOI IMEHHO
obpaser; obpabareiBaeTcsa, GeneSys onpesensieT HammIyd-
Y0 KOH(UTYpaLyIo /I 3aXBaTa U300paXKeHNs 1 yCTa-
HaB/IMBaeT pabouye ImapaMeTpbl CUCTEMBI B COOTBETCT-
BUU C HEL.

Takme ycCTaHOBKM KaK: KOHTPOJIb KaMepbl M JIMH3,
OCBellleHNe, BpeMs OSKCIO3VUINM, BBIOOp (GUIBTPOB
HOOMPAIOTCA B COOTBETCTBMM C XapaKTepUCTUKAMU
obpasia — B pexxnme «Autocapture» Bce KOHTPOIUPY-
etcs1 GeneSys (TIpy >KelaHUY WM HEOOXOAMMOCTH JJaKe
B pexxuMme «Autocapture» ImapaMeTpbl IOTY4eHNUSA U30-
OpakeHUsA MOTYT OBITb CKOPPEKTMPOBAHBI BPYYHYIO).
[Tonb3oBaTeno OCTAETCA TONBKO OIEHUTb KauecTBO
n306paxkeHNs (B pe>XMMe peaqbHOTO BPeMEHN), HaXKaTb
KHOIIKY «capture» (3axBaT M300pakeHNsI) U JOXKAAThCA
HOSAB/IEHN KapTUHKMA.

[Tp XeMWIIOMUHECIIEHTHOM MeTeKL[MM CUCTeMa aB-
TOMaTMYeCKM YYUTHIBAET CBOJCTBA UCIIONb3yeMOro Cyo0-
CTpaTa U yCTaHaB/IMBaeT Haubojee MOAXOAAIIee UMEHHO
UL HeTO BpeMs 9KCIosuiuy. B mpomecce 3axBara uso-
OpaXeHNA MCXOAAIUI OT O/I0Ta CUTHA/M HeNpepbIBHO
KOHTPO/IMPYETCA BIUIOTb [0 IIOJTy4eHMS HayJIydIlero
U300paKeHNsL.

[Tpu mynbrunnekcuon gerexuun GeneSys aBTOMaTH-
YeCK) yCTaHaBIMBAeT HAM/IYYIINe TapaMeTPhl CUCTEMbI
(xaMepa, ocBelieHue, GUIBTPHI) IS PaOOTHI C KaXKbIM
KpacuteneM (METKOII) IO OTHEIBHOCTY U (PUKCUPYeT
OTZie/IbHbIe M300paXKeHN s, 3aTeM aBTOMAaTI4eCcKN 06be-
AVHAA VX ¥ BBIBOJS Ha 9KPaH MY/IbTUIUIEKCHOE 1300pa-
JKeHIe.

B pyunom pexxume (Manual capture) Bce mapameTps
cucreMsl (Pokyc, aneprypa auadpparmsl, IpuOIDKEHNE,
BpeMs 9KCIIO3MIUY, BHIOOP MCTOYHMKA OCBEILEHN, BbI-
60p GUIBTPOB U T.II.) YCTAHAB/INBAIOTCSA MO/Tb30BATE/IEM.
ITpocMOTp M306paskeHNs B peXXIIMe peajbHOrO BpeMeH!
CYILIIECTBEHHO YIPOIIAET 3Ty MPOIEAYPY.

[TomryuyeHHOe M300pakeHVe BBIBOAMTCA HAa 9KpaH
(ocHOBHOE TIO7IE), TTAPA/IIENIBHO C «3CKM3aMI» TEKYIIETO
U IIPeJIBIAYIIero 1M3006paskeHu ! (TONbKO YTO IIOTyYeHHBIX
VIV OTKPBITBIX M3 COXPAaHEHHbIX paHee). «/IKOHKM» BHMU-
3y 9KpaHa MO3BO/IAIOT BEPHYThCA Ha MPefbIAYIye TAIIbI
Ipolecca IMOTy4eHUsA N300paXKeHNs.

Taxum o6paszom, pu MHTepIpeTauun sneKrpodope-
rpamm 1JIE Tak >Xe MOXHO IONYy4YUTb KOIMYECTBEHHOE
cofiep)KaHMe KaX/IOTO BBIABIEHHOTO Oe/Ka, 110 VHTeH-
CMBHOCTU OKPAaCKM IIOJIOCHI Tejifl, IPMHMMAs oOIee Ko-
JIMYECTBO BBIABIEHHBIX IONOC B Tpeke 3a 100 %.I1pu aTom
METOJOJIOTUA VIMeeT allpUOPHbIe OTPAaHNYeHNS: P3N
(UBMKO-XMMIYECKUX CBOJICTB OTHEIbHBIX IENTUIOB Ha-
IPAMYIO BAMAIOT HA BO3MOYXHOCTD X IeTEKLIMN.
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than 210 stains and is regularly updated in accordance with
new products on the market.

GeneSys contains database that combines the necessary
information on a wide range of experimental tasks (fluo-
rescence, chemiluminescence, etc.). Once the user desig-
nates which sample is being processed in «Auto capture»
mode, GeneSys determines the best configuration for cap-
turing the image and sets system parameters according to
this configuration.

Such settings as camera and lens control, lighting, ex-
posure time, the choice of filters, etc. are selected in accor-
dance with sample characteristics. In «Auto capture» mode
everything is controlled by GeneSys (if desired or neces-
sary, image acquisition parameters may be adjusted manu-
ally even in «Auto capture» mode). User can only evalu-
ate image quality (in real time), press the «capture» button
(image acquisition) and wait for the picture to appear.

In chemiluminescent detection, the system automati-
cally takes into account the properties of the substrate used
and sets the most appropriate exposure time. During im-
age capture, the signal emitted from the blot is continu-
ously monitored until the best image is obtained.

With multiplex detection, GeneSys automatically sets
the best system parameters (camera, lighting, filters) for
each stain (label) individually and captures individual im-
ages, and then automatically integrates them and displays
multiplex image.

In «Manual capture» mode, all system parameters (fo-
cus, aperture, zoom, exposure time, light source selection,
filter selection, etc.) are set by user. Viewing the image in
real time significantly simplifies this procedure.

The resulting image is displayed on the screen (main
field) along with the thumbnails of current and previous
images (just acquired or previously saved ones). Icons at
the bottom of the screen allow you to go back to previous
stages of the image acquisition process.

Thus, when interpreting 1DE electrophoretograms, it is
also possible to carry out quantitative evaluation of each
detected protein by the color intensity of gel band, taking
the total number of detected bands in the track as 100 %.
However, the methodology has a priori limitations: dif-
ferences in physical and chemical properties of individual

peptides directly affect the possibility of their detection.
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Ha cnepyromem sTame Haureit paboTbhl MbI M3YUMIN
UCIIOIb30BaHMe OfHON U3 Haubonee MH(POPMATUBHBIX
U TIPOCTOJ B IPUMEHEHUM IIPOTPaMMBbl KOMIIBIOTEPHOII
nercuromerpun — nporpammsl Sorbfil TLC View (Mmng,
Poccust) o6paborku anexrpodoperpamm 1/1E.

[Tporpamma Sorbfil TLC View mpomsBoput pacuer
BUJICOM300pa’KeHNA IUIACTVMHBI C HMOCTPOEHMEM XpOMa-
TOrpaMMBbl (rpadyka aHaJIOrOBOJ KPMBOJ) HA OCHOBAaHNM
OTKJIOHEHMs SIPKOCTY IIATEH OT APKOCTYU (POHA ITACTUHBDI
C TOC/IENYOIMM HaXOXXJEeHMEM IIMKOB Ha 3TOV KPMUBOIL
U PacuyeToM MX IUIOIafy (KOMMYeCTBEHHBIM pPacueTOM
HOTyYEeHHOI XPOMaTOrpaMMbl). Pasmepsl 1 sIpKOCTD IIAT-
Ha (10 OTHOIIEHMIO K (POHY ITACTUHBI) IIPONOPIIVIOHATIb-
HbI KOJIMYECTBY BellleCTBa B IIATHE.

OcHoOBHBIe (PyHKIMOHA/TbHbIE BO3MOXXHOCTM IIPO-
rpammbl Sorbfil TLC View:

— BU3yaJ/IbHaA OLIeHKa I1M(POBOro 1M306pa>keHNA XpoMa-
TOIpaMMBbl;

pacyeT OpMEHTMPOBOYHOIO COZEP)KaHUA aHATM3UPY-
eMBIX BellleCTB B CMecCH (BBIPR)KEHHOTO B IIPOLIEHTAX)
10 METOJ[y HOPMMPOBKI;

pacueT KOHLEHTPAL[MM BellleCTBa B Mpobe, ¢ VICIOIb-
30BaHIEeM CTaH/[APTOB;
o6paboTka/coxpaHeHMe
XpOMAaTOrpaMM, 3alMCAaHHBIX KaK B JIHEBHOM,
U B YIbTPa(MOTIeTOBOM L|BETe;
py4Has/aBTOMAaTH4YeCKas pacCTaHOBKA TPEKOB;
CITIaKMBaHMe IIPU ITOVICKE TPEKOB;

aHaJIM3 IIBETOBOI'O COCTaBa;

onpepenenne orHomenna Curnan/Ilym;
COCTaBJ/IeHMe OTYeTa Pe3y/IbTaToOB pacyeTa COCTaBa Be-
IIeCTB B CMeCH VIV KOHIIEHTpPALMY BelleCTB B Ipobe.
OTamsl paboThl B IporpaMMe IpefcTaBIeHsl Ha Puc. 4.
PacyeT TpekoB MOXXHO ITPOM3BOANTD B TOOOM IOPSA/KE,
HO ypoOHee 9TO fIeNlaThb MOC/IEIOBATe/IbHO, HAUMHAA C IIep-
BOTO TpeKa. [Ijis1 pacueTa TpeK Hy>KHO BbIfIE/IUTD, IIE/IKHYB
MBIIIBIO IO TOJIIO TPeKa (BbIIE/IEHHBIN TPeK OYepyeH rpa-
HULIAMM, er0 HOMep IOKa3aH KPacHBIM L[BeTOM Puc. 4A).

Pesynbrarel pacueTa Tpeka faloTca B OKHe «Pacyer
TpeKa» B BUJ€ aHAJOTOBOV KPUBOJl — XpOMaTOIPaM-
MBI — IIMKM, KOTOPOJ COOTBETCTBYIOT IIATHAM TpeKa,
BBIBOZIUTCA YBE/IMUYEHHOE V300 paXKeHNe XpPOMaTOrpaMMBl
Tpeka B KooppuHarax Rf — SIpkocTs (rfe sspkocTh paBHas
0 — sapkoctb poHa)(cm. Puc. 4B). [Tpu BxIodeHUn 910
KOMAaH[bl Ha 9KPAaH BBIBOOUTCA OKHO Tpex copepykalee
pesynbraThl pacueTa Tpeka: Rf, mpober martha L, miomans
IMKa S, OTHOLIEHMe IUIOMAAM MMKa K CyMMe IUIoLafeit
BCeX IMMKOB %S, BbIicoTa nKa H, oTHoIIIeH1e BBICOTHI ITMKaA
K CyMMe BBbICOT BcexX nuKoB %H. Bemmunust %S u %H xa-
PaKTepu3yI0T OPMEHTHPOBOYHOE COfep>KaHMe BelleCTB
B cMecn (BecoBble nporeHThl), NTP — uimcro Teopernye-
ckux tapenok, UNTP — ynenbHOe 4ncio TeopeTndeckux
TapenoK, As — acUMMeTPUIO NMKa. B okHe MOXXHO [aTb
OICaHMe OT/e/IbHBIX NMUKOB U Bcero Tpeka. Ha Puc. 4B
IIpefiCTaB/IeHa XpoMaTorpamMma Tpeka Ne 3, B mmpaBoil 4a-
CTY KOTOPOTO NIPUBEJIEH PacyeT I0/Ty4YeHHbIX IIMKOB.

MPOBBIX  M300pa>KeHMIT
TaK
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At the next stage of our work, we studied the use of one
of the most informative and easy-to-use densitometry soft-
ware — Sorbfil TLC View (Imid, Russia) for 1DE electro-
phoretogram processing.

Sorbfil TLC View software calculates the video image
of the plate and constructs chromatogram (graph of the
analog curve) based on the deviation of spot brightness
from the plate background brightness followed by detec-
tion of peaks on this curve and calculation of their area
(quantitative calculation of the chromatogram obtained).
Dimensions and brightness of the spot (compared to the
plate background) are proportional to the amount of sub-
stance in the spot.

The main functionality of Sorbfil TLC View software:
visual assessment of the chromatogram digital image;
calculation of the approximate content of analytes in
mixture (expressed as a percentage) using the normal-
ization method;

calculation of substance concentration in the sample
using standards;

processing/storing digital images of chromatograms re-
corded both in visible and ultraviolet spectra;
manual/automatic arrangement of tracks;

anti-aliasing when searching for tracks;

analysis of color composition;

determination of signal-to-noise ratio;

compilation of a report on the results of composition
calculation for substances in the mixture or substance
concentration in the sample.

The stages of software operation are presented in Fig-
ure 4.

Calculation of tracks may be done in any order, but it
is more convenient to do this sequentially starting with the
first one. To calculate the track, it must be selected by click-
ing on the track’s field (the selected track is bordered, and
its number is shown in red, Figure 4A).

The results of track calculation are presented in Track
Calculation window in the form of analogue curve, chro-
matogram, which peaks correspond to track spots. En-
larged image of track chromatogram is displayed in bright-
ness coordinates, Rf (where the brightness of background
is equal to 0) (see Figure 4B). When this command is
turned on, Track window containing the results of the
track calculation is displayed: Rf, spot distance L, peak area
S, peak area to total peaks area ratio%S, peak height H,
peak height to total peaks height ratio%H. The values 0f%S
and%H characterize the approximate content of the sub-
stances in mixture (weight percent), NTP is the number of
theoretical plates, uNTP is the specific number of theoreti-
cal plates, and As is peak asymmetry. In this window, you
can give a description of individual peaks and the entire
track. Figure 4C shows the chromatogram of track No. 3,
on the right side of which the calculation of the obtained

peaks is presented.
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Figure 4. An example of quantitative interpretation of 1DE electrophoretograms
Puc. 4. [Ipumep KomI4ecTBeHHOI MHTepIIpeTanuy anekrpodoperpamm 11E

Pacyer comep>kaHUsl BEUIECTB B CMECU: OPUEHTHUPO-
BOYHBIII pacyeT COIEp>KaHMsl BeleCTB B CMeCH, BbIpa-
JKEHHBINI B IPOLEHTAX, [POU3BOJAUTCS METOOM HOp-
MUPOBKI. IDTOT METOJ OCHOBAaH Ha IOJIOXEHUMU, UYTO
BeIl[eCTBA, HE3aBUCHMO OT UX CTPOEHMs, B3sIThlE B Of-
HAKOBOM KO/MMYECTBe, AT OFHY ¥ Ty >Ke IUIOLIafb
nuKa (3TO MOMoXKeHue IPUOIVKEHHO BBITIOTHAETCS JIIst
XMMUYECKN CXOMHBIX BelecTB). /il onpefenieHnst Opu-
E€HTHPOBOYHOTO COJleP)KaHMSI BEI[eCTB B CMECU HAXOJSAT
BBIDO)KEHHOE B IPOL[EHTAX OTHOIIEHJE IUTOMIAfN KaXK-
JIOTO OT/ENBHOTO MMKa (MATHA) K CyMMe IToLIafielt Bcex
IUKOB (IISITE€H) B TPEKe.

PacyeT KOHIeHTpauUMu BelecTBa B mpobe: pacder
IPOM3BOJAT METOZOM aOCOIOTHOI KanmuOpoBKu (IyTeM
HOCTPOEHMsI TPaAyUPOBOYHOTO rpaduKa ¢ mprMeHeHeM
BHEIIIHETO CTaHapTa).

Il pacyeta KOHI[EHTpAL[MM BeljecTBa B mpobe 1o
3TOMY METORY OIpPENeSIIOT abCOMIOTHOE KONMNIECTBO
MCKOMOTO BelllecTBa B Ipobe, a 3ateM, 3Hast Bec (00beM)
VICXOJHOI IPOOBI, PACCUNMTHIBAIOT KOHIIEHTPALMIO Be-
IjecTBa B Ipobe, KaK OTHOIIEHNE Beca BelecTBa K BeCy
(0o6bemy) poOBI.

Calculation of the content of substances in mixture is
an approximate calculation expressed as a percentage and
performed by the normalization method. This method is
based on the assumption that substances taken in the same
amount, regardless of their structure, give the same peak
area (this provision is approximately met for chemically
similar substances). To determine the approximate content
of substances in mixture, the ratio of each individual peak
(spot) area to the sum of areas of all peaks (spots) in the
track expressed as a percentage must be calculated.

Calculation of substance concentration in the sample:
the calculation is made by the absolute calibration method
(by calibration curve construction using an external stan-
dard).

To calculate substance concentration in the sample by
this method, the absolute amount of substance in the sam-
ple is determined and then, knowing the weight (volume)
of initial sample, substance concentration in the sample
is calculated as the ratio of substance weight to sample
weight (volume).

62



2017 | N°3 TEOPUSI U NPAKTUKA NEPEPABOTKWN MSICA

Omnpenenenne abCOMIOTHOTO KOMMYECTBA BeIlleCTBA
B po0e TPOM3BOAUTCA [I PACCIUTAHHON IUIOLA/IN
IITHA BellleCTBa B Mpobe 1Mo KamnmbpoBOYHOMY IpaduKy
3aBUCHMOCTY KOJIMYECTBO BEILEeCTBAa — IUIOLIALb IIMKA.
910T rpad MK CTPOUTCS /IS M3BECTHBIX KOMYECTB Bellje-
cTBa (CTaHJAPTOB).

Bce omucaHHble BbIlle PacyeThl BBIIOTHSIIOTCA KOM-
MBIOTEPOM B AaBTOMATUYECKOM PeXVMe Ha OCHOBE 06cye-
Ta U306pa>KEHNS XPOMATOTPAMMBIL.

3aknaroueHnue

[nsa passutusa 6uoxumun 6enkos B Hadane XXI Beka
IPUHLIMINATbHOE 3HaYeHVe NMproOpeso LMINMPOKoe IMpHu-
MeHeH)e NPOTeOMHbBIX OMOMH(OPMALMOHHBIX TEXHOJIO-
ruit [14, 15, 16]. HakammmBaromyecss pesynbTaTsl, Ipef-
CTaB/IALIMe €000/ COBOKYITHOCTYM B3aMOCBA3aHHBIX
CBeJIeHMIT, OJUIeKAIINX COBMECTHON 00paboTKe, paccMa-
TPUBAIOTCA KaK COOTBETCTBYIOLME MHGOPMAIMIOHHbIE
MacCHBBI, Ha OCHOBE KOTOPBIX (OPMUPYIOTCS pas3MyHble
o61ye 1 Crelaa3MpoBaHHble 6a3bl JaHHBIX, pa3Mellla-
emble B cety VIHTepHeT [17]. [Tpu nccnegoBanmny nporeoMm-
HBIX IpoduIelt 6€IKOB, MHOTHE YYeHble OCTaHAB/IMBAIOT-
s Ha 9Talle NOMy4YeHNA IBYMEPHBIX 9/IeKTPodoperpamMm,
He UMes IIOpOJl fHake IPEeJCTABIeHNSA O MAaJTbHENIINX
HepCHeKTUBAaX NCIO/Nb30BAHUSA COBPEMEHHBIX WHCTPY-
MEHTA/IbHBIX U OMOMH(OPMAIMOHHBIX PECYpPCOB, TO3BO-
JIAIONINX TIOATBEPAUTD WM OIPOBEPTHYTh UX TMIIOTESH,
a mopoit npocto upeHtudunyposars (8, 18]. B mannoit
paboTe IpeANpUHATA IONBITKA IIPE/ICTABIEHN Pe3y/IbTa-
Ta IPOTEOMHBIX VICCTIEOBAHMII OT HMOMy4YeHNs HpOPUIIA
6e/KOB Ha reje, O KOHKPETHOI MHTepIIpeTaIy MoIy-
YeHHOTO pe3y/IbTara.

BupeocucreMpl B 3HAYMUTENbHON Mepe BBITECHU-
m 06b14HYI0 (oTOrpaduio Kak CPefCTBO PerucTpanyn
U apXMBUPOBAHNUA PA3NYHBIX OOBEKTOB, B TOM YNCIIE
U B IpoTeoMuKe. VICIIob30BaHMe KOMIIBIOTEPHBIX TeXHO-
JIOTMII TIO3BONIWJIO OCYILIECTBUTH HE TO/NIBKO COXpaHEHUe
3aIJICAaHHBIX N300pa)KeHMII, HO V1 BHIIIOJIHEHNE PAcueTOB
XpoMarorpaMMbl Ha 6ase HnMdpPOBOro BumeomzoOpake-
HJISL XpPOMaTOTPaMMBI.

OTInMYnNTeNPHBIMU YepPTaMy JJeHCUTOMETPUU C WC-
H0/Ib30BAHVEM BUJIEO TEXHOJIOTUI SABJIAIOTCHA, CKOPOCTb
pacyeToB, HM3KasA CTOMMOCTb PACXOHBIX MaTepyajoB
U COXpaHEeHHble B 9JIEKTPOHHOM BH/JE€ XPOMAaTOIPaMMbI
MOTYT OBIT CIIO/Ib30BAHBI, B TOM YNUCIE U /IS PacyeToB,
B m060e BpeMmsl.

Takum 06pa3oM, IPOBENEHHBIIT «Py4HOI» 6110MHPOP-
MAalLMOHHBIJI aHA/IN3 TI03BOJIAET HaM He TOJIbKO UCIIONb-
30BaTb pa3/IMYHbIe IPOrPaMMHbIe 0OeCIIedeH s JeHCUTO-
MeTpOB i nepeBopa u coxpanenusd reneit 1 IE n 2 JIE
B 9JIEKTPOHHBIIT BUJ, HO U KOJIMYECTBEHHO MHTEPIPEeTH-
pOBaTh MOMTy4YeHHbIE Pe3y/IbTaThL.

K HacTosIeMy BpeMeHM pe3y/IbTaThbl, paHee BBIIOJ-
HEHHBIX NPOTEOMHBIX MCCIEOBAHMIT MBIIII CeIbCKO-
X03AJICTBEHHbIX >KMBOTHBIX, OTKPbIBILNE ITyTh K CO3/1a-
HUI0O BBICOKOYYBCTBUTETBHBIX TEXHONOIMII KOHTPOJIS
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Determination of substance absolute amount in the
sample is made for the calculated area of the substance
spot in the sample using calibration curve of the substance
amount against peak area. This graph is constructed for
known quantities of the substance (standards).

All the calculations described above are performed by
the computer in automatic mode on the basis of the chro-

matogram image calculation.

Conclusion

For the development of protein biochemistry in the
beginning of the 21st century, the widespread use of pro-
teomic bioinformatics technologies has become of fun-
damental importance [14, 15, 16]. The results are accumu-
lated, i.e. aggregates of interrelated information subject
to joint processing, that are considered the information
arrays, on the basis of which various general and special-
ized Internet databases are formed [17]. In the study of
proteomic profiles, many scientists stop at the stage of
obtaining the final data of the experiment in the form
of gels. They have got no information on the possibili-
ties and prospects concerning the application of modern
computer and bioinformatics resources that allow to con-
firm or disprove their hypotheses and sometimes simply
identify [8, 18]. In this paper, an attempt was made to
represent the results of proteomic studies from protein
profile obtaining in gel to specific interpretation of the
data obtained.

Video systems have almost replaced conventional pho-
tography as a tool for recording and archiving various ob-
jects, for example in proteomics. The use of computer tech-
nology allows not only to store recorded images, but also to
perform chromatogram calculations based on the digital
video image of the chromatogram.

Densitometry with the use of video technology is char-
acterized by high calculation speed, and low cost of con-
sumables. Digitally archived chromatograms may be used
at any time for a number of applications including calcula-
tion.

Thus, the «manual» bioinformatics analysis allows not
only to use different densitometer software for conversion
and storage of 1DE and 2DE gels in digital form, but also to
quantitatively interpret the obtained results.

To date, the results of previous proteomic studies of
farm animal muscles, which opened the way to creation

of highly sensitive technologies for quality monitoring of
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KauecTBa MSCHBIX IPOAYKTOB IMTAHUs Ha OCHOBE aHa-
nn30B Bugoctendryecknx n30GpopM psijia MbIIIETHBIX
6enkoB [7, 12, 19, 20], uMerOT peanbHbINl LIAHC TIepeiTH
U3 paspsifa KaueCTBEHHBII COCTaB B KOMMYECTBEHHOE
copiep)KaHue.
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meat products based on species-specific isoform analyzes
of various muscle proteins [7, 12, 19, 20], have a real chance
to transform from the qualitative method to the quantita-

tive one.
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KiroueBble cioBa: KomnviomepHoe MoOenuposarue, Camucmu-
ueckas obpabomia, cucmema SSS Bio, sxcnepumenmanvHole 0aH-
Hble, MACHOU Papiu, YUK MOOETUPYEMOLL CUCTNEMDL.

AHnHomauyus

B cmamve paccmompenvt 6onpocol, cészanHvie ¢ uHmezpayuet
SHAHUIL «MeXHON02US MACHBIX NPOOYKIMO6 + KOMNbIOMmepbl + Ma-
memamuueckue mernoovt». I10ka3anvl 603MONCHOCTNU UCNONL30-
BAHUSL KOMNLIOMEPHOTI CUCTNEMDbL U MATHEMATNUYECKUX ME 0008
O7I5T ONMUMATILHOZ0 PeuleHust 3a0a4 6 06acmu nuwesoil 6uo-
MeXHONIOZUU U MeXHON02UU MACHBIX NPOOYKIOB.

Paspabomana u onucana npuxnaonas npozpamma SSS Bio, pe-
Anu308aHHAT 6 KoMNviomepHoti cucmeme. TIpu nomousu 00HO-
PaxmopHoz0 OUCNEPCUOHHO20 AHANU3A, ABTIAIOUL20CH OOHUM
U3 MoOysell cucmembl, NOLyueHbl UCHEPNDIBAIOU4EE KOTUHECBO0
CMamucmu4eckux OaHHbIX O/ UHmMepnpemayuu pesynvma-
mos. Modynu npozpammovl (KOPPeNTUUOHHDLTL U PeepeccUOHHbLIL
AHANU3) NO360IIOM YCMAHOBUMb CIPYKMYPy U napamempol
MOOenu, CBA3bI6AIOULell KOMUHECBEHHDIE  PEe3YTIbINUDYIOULY IO
u axkmopHuie nepemeHHble, U OUYEHUMDb CHNeneHb ee C02IACOBaH-
HOCHU € IKCNEPUMEHNATLHBIMU OaHHbIMU. DMOom U0 cmamu-
CIMUYecK020 AHANU3A NO3BOTAEM PeUIamb 2IABHYI0 3a0a4y IKC-
nepumenma 6 criyuae, ecnu HA6n0OAeMble U Pe3yNbIupyoulie
nepemeHHble ABATIOMCT KOIUHECHBEHHBIMIU.

Ha ocHose sxcnepumenmanvHvlx OAHHbIX NPU NOMOULU KOMNDIO-
mepHoti cucmempt SSS Bio paccuumarivs mamemamuueckue mooe-
7 enazocsszviearoueti (BCC), enazoyoepacusarowieii (BYC) u yeu-
pocsszvsaroueti (QKCC) cnocobrocmeil 6 papuie 0nst KONOACHbIX
u30enuti ¢ UCNONb306aHUEM COeB020 U30NUPOBAHHO20 benKa 6 3a-
BUCUMOCTNU O COOEPHAHUS HUPA U OENIKA C UCHOTL308AHUEM MO-
Oy MHOJMCECTBEHHOTI Peepeccuut KOMNbIOMEPHOTI CUCIEMDL.
Ilonyuennas cmoxacmuueckas 3asucumocmo usmenenus BCC
(Y) om codepucanust o6usezo benxa (X1) u xupa (X2) 6 xonbac-
HOM apuie noKa3vleaem, 1mo npu NOCMOTHHOM YPOBHE Hupa
yeenuuenue 00ujeeo codepicanus 6enka cnoco6cmeyem pocmy
BCC ¢apwa. Oonaxo pocm BCC na edunuyy benka ymeHvua-
emcs ¢ yeenuueruem Konu4ectea Hupa.

BBenenne

MscHon Q)apm SIBIISIETCS CTIOXKHOM CUCTEMOIt, 06pa-
3yeMOI1 B pe3ynbTaTe MHTEHCMBHOTO MEXaHNYECKOTO U3-
MeJIb4eH!Us TKaHell ¢ MOCHeAyIIUM IepeMellBaHlieM
¢ pobaBeHMeM NUINEBBIX MHTpefueHToB. [lomydaemast
IVCIIepCHAsA CUCTeMa COCTOUT U3 JUCIIEPCHOHHON cpe-
Ibl — TUAPATUPOBAHHBIX OETKOBBIX MULE/T U SKMPOBBIX
YACTULl Pa3/IMYHBbIX PasMepPOB U U3 AUCIEPCUOHHOM cpe-
bl — pacTBOpa O€/IKOB U HU3KOMOJIEKY/IIPHBIX BEll[eCTB.
B mscHolt amynbcuu 6enok 1 Bofa 06pasyioT MaTpuiy,
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Abstract

The paper examines the issues associated with the integration of
knowledge in meat product technology + computers + mathemati-
cal methods. The possibilities to use a computer system and mathe-
matical methods for an optimal solution to tasks in the field of food
biotechnology and meat product technology are demonstrated.
The applied software program SSS Bio realized in the computer
system was developed and described. Using the one-way analysis
of variance, which is one of the system modules, a comprehensive
amount of statistical data for interpretation of the results was ob-
tained. The program modules (correlation and regression analysis)
allow establishing the model structure and parameters that link
quantitative resulting and factorial variables, as well as assessing
a degree of their correspondence with the experimental data. This
kind of statistical analysis makes it possible to solve the main task
of an experiment when the observed and resulting variables are
quantitative.

Based on the experimental data obtained with the use of the com-
puter system SSS Bio, the mathematical models of moisture binding
capacity (MBC), moisture holding capacity (MHC) and fat bind-
ing capacity (FBC) in sausage meat were calculated for sausages
with isolated soya protein depending on the fat and protein content
using the module of multiple regression of the computer system.
The obtained stochastic dependence of changes in MBC (Y) on the
total protein (X1) and fat (X2) content in sausage meat shows that
at the constant level of fat, an increase in total protein favors a
growth in MBC of sausage meat. However, a growth in MBC per

unit of protein decreases with an increase in the fat amount.

Introduction

Sausage meat is a complex system, developed as a result
of mechanical mincing of tissues followed by mixing with
added food ingredients. The obtained dispersion system
consists of a dispersed phase (hydrated protein micelles
and fat particles of different sizes) and a dispersion me-
dium (a protein solution and low molecular weight sub-

stances). In a meat emulsion, protein and water create a
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KOTOpasi OKPY>KaeT >KUP, T.e. MHa4Ye TOBOPSI, CBIPOIL KO-
6acHbIl Gapil — 9TO IMY/IbCKS XKIPA B BOJIE, TP ITOM
CONIepacTBOPUMbIe OIKY SIBIAIOTCA CTabMIM3aTOpaMu
aMynbcun [1].

[Togo6HOrO posa MsCHBIE IMYIbCUU OTHOCAT K KOa-
TYJIALVIOHHBIM CTPYKTypaM, 4acTHUIIbI KOTOPBIX CBSI3aHbI
CMTaMM MeXMOJIEKY/IAPHOTO B3aMMOJIEIICTBUA B €AVHYIO
IPOCTPAaHCTBEHHYIO CETKY (KapKac).

IIpu mocnenymoleM TePMUYECKOM BO3JEVICTBUM B pe-
3y/IbTaTe B3aMMOJEICTBIS IeHATYPUPYIOLINX OEITKOB BO3-
HMKAeT IPOCTPAHCTBEHHBII KapKaC — TEPMOTPOIIHBIN
refib, IPOYHOCTb KOTOPOTO 3aBUCUT OT KOJIMYECTBA U CTe-
HIeH B3aMMOJEICTBIUA MUKPODUOPIULIPHBIX O€/IKOB.

ITon, modenuposaruem [2] moHMMaeTCs: Ipolecc Io-
CTpOeHNsI, U3y4YeHUs 1 IpUMeHeHus Mopierneit. OHO TeCHO
CBA3aHO C TaKMMM KaTeropusAMU, KaK abCTpaKius, aHa-
norus, runotesa u ap. Iporecc MomenupoBanus o6s3a-
TE/IbHO BKJIIOYAeT U MOCTPOeHue abCTpaKumii, ¥ yMmo3a-
K/TIOUEHNUA II0 aHAJIOTUM, ¥ KOHCTPYMPOBaHME HayYHBIX
runoTes. [laBHass 0COOEHHOCTb MOJENMPOBAHMS B TOM,
YTO 9TO METOJL OIIOCPEJOBAHHOIO MO3HAHMA C MOMOIIbIO
00BEKTOB-3aMEeHUTEIEI.

MopenupoBaHye — OfHO 13 (PyHAAMEHTa/IbHBIX ITOHSI-
THIT Teopuy MHGOPMALY, Ha KOTOPOIt 6a3upyeTcs moboit
MEeTOJl HAy9HOTO MCC/IeoBaHN (1o3HaHmsA). B cBoux 3Ha-
MEHUTBIX PacCyXXJJeHIAX ApIUCTOTeNb (TepBast kKHura «Me-
tapmsuka» [3]) o «amucTeme» (3HaHME, HAYKA) U «TEXHI»
(TeXHOMOTM, MICKYCCTBA)) OIpefenieT HeKOTOpble KIode-
Bble OT/INYVA, KOTOPbIE YaCTO IIUTUPYIOTCA M laXKe VICTIONb-
3YIOTCSA [/Is1 aHa/I3a COBPEMEHHOII HAYKU U TeXHUKIL.

OnHaKO HUKAaKOrO OTIMYMA, MO CYIIECTBY, MEXIY
HVYIMU HeT: «3MICTeMe» U «TeXH3» MO3HAIT o0lliee depes
IPUYMHBI, HO COLMATIbHOE pasinyye MeXAy HUMU MMe-
ercsi. OKaspIBaeTCs, HayKy, M0 APUCTOTENIO, He CITyXKaT
HJKAKOJ1 I0/Ib3e OOIIecTBa, a TEXHOMOTUN Clyxar. Tex-
HOJIOTUY CYIIECTBYIOT pajy KaKOWN-TMO0 BBITOABI VI
I0/Ib3BI, HayKa JKe CYIIeCTBYeT pajy cebsi caMoil, 3HaHIe
paiy 3HaHMA: U3 HAayK OOJIbIIENl MyAPOCTbIO Oobmajaer
Ta, KOTOpas >Ke/laTelbHa Pajy Hee CaMoil, HeXemn Ta,
KOTOpast >KeJlaTe/IbHA Pafiyl U3BJIEKaeMOll 13 Hee MOMb3bL.
B OCTanbHOM «TEXHOMOTHS» He OTIMYAETCS OT HAYKU:
OHa MOJHMMAeTCs HaJ OOBIYHBIMY [IOKA3aHWMSMU YYBCTB,
IpefonaraeT 3HaHye IMPUYMH 1 00Iero, ClocoOHO Ha-
y4anTb. MOXKHO CKa3aTh, YTO «TEXHI» — ITO «IMUCTEME»
B €€ IIPaKTUIeCKOM IPYMEHEHUN.

CoBpeMeHHass MapagMrMa HAyKM U TeXHOJIOTMIA
(Puc. 1) ropaspo cmoxxHee 1 pasHoOoOpa3Hee, 4eM BO Bpe-
MeHa Apucrorens [4-6].

B Hacrosiiee BpeMsi MPUMEHUTENIBHO K TEXHIYECKIM
HayKaM Pas/JINyaloT CJIefyIollyie BU/bI MOl POBaHMA:
— KOHUenmyanvHoe MoOenuposarue, Ipyu KOTOPOM COBO-

KYIIHOCTb Y>Ke M3BeCTHBIX (PaKTOB VIV IIPeCTaB/IeHII

OTHOCHUTE/IbHO VCCIeAyeMOro OObeKTa WM CUCTEMBI

MHTEPIIPETUPYETCsI C TOMOIIbIO HEKOTOPBIX CIIEI[/alb-

HBIX 3HAKOB, CUMBOJIOB, OIIepallMil HaJl HUMM WIN C TO-

MOIIIbI0 €CTECTBEHHOTO WM/IN VCKYCCTBEHHBIX S3BIKOB;
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matrix, which surrounds fat; that is, in other words, raw

sausage meat is an emulsion of fat in water; with that, salt

soluble proteins are emulsion stabilizers [1].

This kind of meat emulsions are assigned to coagula-
tion structures, which particles are connected in the united
spatial net (framework) by the forces of intermolecular in-
teractions.

Asaresult of the interaction of denaturing proteins dur-
ing the following thermal treatment, a spatial framework,
a thermotropic gel, is formed, which strength depends on
an amount and degree of microfibrillar protein interaction.

By the term modeling [2], a process of building, studying
and using models is meant. It is closely related with such cat-
egories as an abstraction, analogue, hypothesis and so on. The
modeling process necessarily includes creation of abstrac-
tions, inference by analogy and construction of scientific hy-
potheses. The main peculiarity of modeling is the fact that it is
a method of mediated perception by substitute objects.

Modeling is one of the fundamental concepts of the in-
formation theory, on which any method of scientific investi-
gation (cognition) is based. In his famous writings, Aristotle
(the first book Metaphysics [3]) about epistémé (knowledge,
science) and techné (technologies, art)) determines several
key differences, which are often cited and even used for
analysis of the modern science and technology.

However, virtually, there is no any difference between
them: both epistémé and techné cognize general through
causes; but, there are social differences between them. It
appears that sciences, according to Aristotle, do not serve
for the benefit of the society, while technologies do. Tech-
nologies exist for the sake of a profit or benefit; a science
exists for the sake of itself — knowledge for the sake of
knowledge. Among sciences, more wisdom has the one
that is desirable for the sake of itself than the one that is
desirable for the sake of an obtained benefit. As for the
rest, technology does not differ from science: it rises over
general evidence of the senses, assumes the knowledge of
causes and general, and is able to teach. It can be said that
techné is epistémé in its practical use.

The modern paradigm of science and technology
(Fig. 1) is much more complex and diverse than in the time
of Aristotle [4-6].

At present, with regard to technical sciences, several
kinds of modeling are distinguished:

— conceptual modeling, in which a complex of already
known factors or insights about an object under inves-
tigation or a system are interpreted by several special
characters, symbols, operations with them or by natural
or artificial languages;
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— usuueckoe moolenuposarue, TIPU KOTOPOM MOJIENb
Y MOJIe/IPyeMBlil 00BEKT IpefcTaBIIAeT cOOOI peasb-
Hble 00'beKThI VTN IIPOLIECCHI eVHOI, VI Pa3/INIHO
¢busMUecKoll MPUPOABI, IpUYEM MeXJy IpolieccaMm
B 00'beKTe-OpUTVHA/Ie ¥ B MOJIE/IV BBIIIOMHAITCA He-
KOTOpble COOTHOLIEHVs IOf00Ms, BBITEKAIOIUe U3
CXOXKeCTV PU3NIECKUX SABJICHNUI;
CMpyKmMypHO-PYHKUUOHATbHOE MOOenUposaHue, TIpU
KOTOPOM MOJE/ISIMU SIBJISIIOTCS CXeMbl (O7I0K-CXeMbl),
rpaduKy, YepTeXM, AMarpaMMBbl, TaOINIIbI, PUCYHKH,
JIOTIO/THEHHBIe CHEI[MaIbHBIMY IIPAaBU/IAMU UX 00be-
[VMHEHUs ¥ IpeobpasoBaHus;

mamemamuueckoe (710euKo-mamemamuqeckoe) mooe-
Juposarue, TIpY KOTOPOM MOJeMPOBAHNY, BK/II0YAs
IOCTPOEHMEe MOJE/N, OCYIIeCTB/ISETCS CpefCTBaMM
MaTeMaTVUKI ¥ JIOTUKI;

umumayuonHoe (npoepammuoe) modenuposarue, Ipu
KOTOPOM JIOTMKO-MaTeMaTi4ecKasi MOfie/lb UCCIeye-
MOro 00'beKTa IPeACTaB/IsAeT c060i aIropuT™M QyHK-
[VIOHMPOBaHMsI OODEKTa, peann3OBaHHbII B Bufe
IIPOrpaMMHOT0 KOMIUIEKCA JI/IsI KOMIIbIOTepa.
ITepeunceHHbIe BUBI MOJETNPOBAHNUA MOTYT IIPUMe-
HATBCS TIPY UCCIIEOBAHNUM CTIOKHBIX OOBEKTOB, KaK ca-
MOCTOATE/IbHO, TaK ¥ OHOBPEMEHHO, 160 B HEKOTOPOI
KOMOMHALI.

MaremaTndeckoe MOJeNIMpOBaHMe BKIIOYAET IBE OC-
HOBHBbIE CTA/INV — COCTaBJ/IeHe MaTeMaTI4eCKOI MOZe/N
U ee UCCIeloBaHIue.

ITpn MaTeMaTM4eCKOM MOJEIMPOBAHNUM BBINOTHEHNUE
OJIHOTO 113 OCHOBHBIX 9TAaIlOB — ITOCTPOEHNE MaTeMaTye-
CKMX MOJieieli IO 9KCIIepUMEeHTa/IbHbIM IaHHbIM — B Ha-
cTosilllee BpeMs MPOCTO HEMBICIMMO 0e3 COBpeMeHHOI
BBIYMC/IUTEIBHON TeXHUKY. KoMIbIoTep O/KeH BBIIOI-
HATb POJIb BCIIOMOTATeIbHOIO CPEACTBA JUIA PeLIeHMA
3ajiay, pelraeMbIX OOBIYHBIMY BBIUMCIUTETbHBIMU CPefi-
CTBaMM, aJTOPUTMAaMU, TE€XHOJOTYMAMM; PONb CPefCcTBa
IIOCTAHOBKY U pellleHNs] HOBbIX 3a/ja4, He pelllaeMbIX Tpa-
IVIVIOHHBIMY CPeJiCTBAMH, ITOPUTMAaMU, TEXHOIOTUAMU

— physical modeling, in which a model and modeling ob-
ject are real objects or processes of the common or dif-
ferent physical nature; with that, several similarity rela-
tions resulting from a similarity in physical phenomena
are executed between the processes in an original object
and in a model;
structural-functional modeling, in which models are
charts (flow charts), graphs, diagram, tables, figures
with added special rules for their combination and
transformation;
mathematical (logico- mathematical) modeling, in which
modeling, including construction of a model, is carried
out by means of mathematics and logic.
simulation (program) modeling, in which a logico-
mathematical model of an object under investigation is
an algorithm of object functioning realized in a form of
a computer program complex;
The listed types of modeling can be applied when study-
ing complex objects both individually and simultaneously
or in some combinations.

Mathematical modeling includes two main stages: cre-
ation of a mathematical model and its investigation.

Nowadays, execution of one of the main stages (con-
struction of mathematical models by experimental data)
in mathematical modeling is absolutely unthinkable with-
out modern computation technique. A computer has to
play a role of an auxiliary means for solving tasks that are
solved by usual methods, algorithms, technologies; a role
of a means for setting and solving new tasks that cannot

be solved by traditional methods, algorithms, technologies

Developments |
Paspaborku

Fig. 1. Relationships between science, investigations, developments and technologies
Puc. 1. OTHOLIEHNA MeX/Ty HAYKOIT, MCCTIe0BAHUAMY, Pa3pabOTKaMI U TEXHOMOTHAMN
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(ammapat He4eTKOIT JIOTHKY, POeBble, TeHeTIYeCKIIe a/Ir0-
PUTMBI); POJIb CPEACTBA KOHCTPYUPOBAHNUA KOMIIBIOTEP-
HBIX 00y4allie-MOJeMNPYIoINX Cpel (My/IbTHareHTHOe
MOJIeTPOBAHME).

[TepcrieKTVBBI  Pa3BUTHA MsAcCONepepabaThIBalOIIel
IPOMBIIITIEHHOCTY BO MHOTOM 3aBUCAT OT 3¢ ¢eKTus-
HOCTY HAay4YHBIX MCCIEOBAHNUI B OONTACTM IPUKIATHOI
OMOTEXHOIOT MY 1 BHEIPEHNEM WX Pe3y/IbTaTOB B IIPOMU3-
Bo#cTBO. IIpy pelreHuy 3ajad yrnpaBIeHNUs HAyIHBIMU
VICCTIEIOBAaHMAMM HEeOOXOAMMO OLEHMBATh MX IIE€PCIIeK-
TUBHOCTb, ONpPENEIATb BKIAJ, OTHEIBHBIX pPaspaboTOK
B pelLIeHuy IIOCTaBJIeHHBIX MHpoOieM, paspabaTbiBaTh
CTpaTernio BHeAPEHNMs MIONyIeHHbIX pe3yIbTaToB. B cBs-
31 CO CTIOKHOCTBIO 1 ITyOVHOII ITepedICIIeHHBIX IIPo6/IeM
VIS X paspelleHys TpeOyoTcsa CHelManucThl, obmasa-
IollVie 3HAaHVMAMM 110 KOHKPETHBIM TEXHOJIOIMAM Iepepa-
6OTKM MACHOTO ChIPbS ¥ YMEIOIIVIe CIIONTb30BaTh CPefiCT-
Ba BBIYMC/IUTEIBHOI TEXHUKIL.

BonpImMHCTBO pa3pabOTaHHBIX aBTOMATU3/MPOBAaHHBIX
Y KOMITBIOTEPHBIX MAKETOB MPUKIA[HBIX MPOTPaMM IS
00pabOTKM 9KCIIePUMEHTA/IbHBIX MUCCIENOBAHUI C MpHU-
BJIEYEHMEM CTATUCTUYECKUX MeTomoB (Statistica, SPSS —
Statistical Package for Social Science, MatLab, MathCad,
MuMath, Statgraf, ITaker anammsa 8 MS Excel u np.) un-
($OpMAIIOHHO U METOROIOTMYECKY HEe3aBMCHMBI OT II0-
CIeYIOIINX TEXHOTOTMYECKMX PacyeTOB ¥ IPOEKTHBIX
paspaborok. O630p YHMBEpCaTbHBIX CTATUCTIYECKNUX ITa-
KeTOB 10 OJHOMY V3 BaXKHENIINX MOKa3aTenell — QyHK-
L[MIOHAJIPHOCTY — IIPefCTaBjIeH B pabote [7].

Il KoMMepumanusalyuu U YCKOPeHMs BHeJpeHMs
Hay4YHO-VCC/IEJOBATe/IbCKUX Pa3pabOTOK B IPOMU3BOJ-
CTBO, IEPCHEKTUBHBIM SIB/sIETCA OOBefMHeHNe 3HAHUI
B 00/1aCTM MaTeMaTU4eCKOro MOJenuMpoBaHusa, MHOp-
MAalLMOHHBIX TEXHOJIOTMII ¥ TEXHONOIMU B KOMIIbIOTEp-
HOJl CUCTeMe ITaHMPOBAHVS SKCIEPUMEHTa C IIOJCHUC-
TEeMOJI TeXHOJIOTMYECKOTO pacyeTa MPOLeCCOB B €AVHYIO
KOMIIBIOTEPHYIO CHCTeMYy Ha 00Ieit MHPOPMAIMOHHOIM
U METOJIOIOTNYeCKOit ocHOBe. Paspaboranunas B PIBHY
«BHUVIMII nm. B.M. Top6atoBa» cucrema SSS Bio [8]
IpefHa3HaYeHa I OOpabOTKM MAHHBIX, ITOTYYEHHBIX
B xofie BbinonHenusa HVIP, n ontuMmusanum skcnepruMeH-
TaJIBHBIX MCC/IEJOBAHNIT IIPOLIECCOB HA CTA[UM UX M3yde-
HUA B TabopaTopHbIX ycnoBuaAx. Ilytem ¢opmammsanum
pAa 9TanoB KoMIbloTepHas cucTeMa SSS Bio mossonder
peIINTDb 3a7a4M ONTUMAIbHOTO IUIAHNUPOBAHNUSA KCIePH-
MEHTA, IPOBEMICHNA CTATUCTUYECKOTO aHA/IM3a Pe3y/IbTa-
TOB, MICCTIEJOBAHISI KMHETUKI Y IPOBeIeH s TeXHOIOT -
4eCKOTr0 pacyeTa, OIpe/ie/IeHHOTO MHOXKeCTBA BapMaHTOB
OpraHM3aIMM VICCIEAYeMOTo Ipolecca.

OpHako, IO MHEHMIO CIIeIMA/NNCTa, JMEIOLIETO
20-71eTHWIT OMBIT pabOTHI CO CTATUCTUYECKMMM ITaKeTa-
vy, University of California, Los Angeles (www.ucla.edu)
M. Murtuena [9], ecnu crienmyanuct He obamaer mocTa-
TOYHBIMM 3HAHVMSAMU ¥ KOMIIETEHIMSIMIY, TO JJaXKe CaMbli
COBEPLIEHHBIV IIPOrPaMMHBbII IPOAYKT HE ITO3BOJIUT IIPO-
BECTV KauyeCTBEHHBbIII aHa/IN3 TaHHBIX.
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(apparatus of fuzzy logic, swarm and genetic algorithms);
arole of a construction tool for computer training -model-
ing media (multiagent modeling).

Prospects for development of the meat processing in-
dustry to a large extent depend on effectiveness of scien-
tific investigations in the field of applied biotechnology
and introduction of their results into production. When
solving the tasks of managing scientific investigations, it is
necessary to evaluate their prospectivity, determine a con-
tribution of certain developments in solutions to set tasks,
create a strategy of incorporation of the obtained results.
Due to the complexity and depth of the listed problems,
there is a need for specialists with knowledge of specific
technologies of meat raw material processing and experi-
ence in using the means of computer technologies.

The majority of the developed automated and computer
packages of applied software programs for processing of
experimental data with the use of the statistical meth-
ods (Statistica, SPSS — Statistical Package for Social
Science, MatLab, MathCad, MuMath, Statgraf, analysis
package in MS Excel and others) are informatively and
methodologically independent of the following techno-
logical calculations and project designs. A review of the
universal statistical packages on one of the most impor-
tant indicator, functionality, is presented in [7].

To commercialize and accelerate introduction of re-
search developments into production, consolidation of
knowledge in the field of mathematical modeling, infor-
mation technologies and the technology in the comput-
er system of experiment planning with the sub-system
of process technological calculation into a united com-
puter system on the common information and method-
ological basis is promising. The SSS Bio developed in
FGBNU «The V.M. Gorbatov VNIIMP» [8] is intended
to process data obtained during experimental research
and to optimize experimental research processes at the
stage of their analysis in the laboratory conditions. By
formalization of the several stages, the SSS Bio com-
puter system allows solving problems of optimal experi-
mental planning, carrying out statistical analysis of the
results, studying kinetics and performing technological
calculations for multiple organization options for a pro-
cess under investigation.

However, according to M. Mitchell, a specialist with
20-year experience in working with statistical pack-
ages from the University of California, Los Angeles
(www.ucla.edu) [9], if a specialist does not have enough
knowledge and competence than even a perfect program
product will not be useful for high quality data analysis.
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Llenpio maHHONM PabOTHI — MOKa3aTh BO3MOXKHOCTHU
paboThl B KOMIIbIOTepHOII cucteMe SSS Bio, ocyjectss-
foeil 00pabOTKy CTATUCTUYECKUX HAHHBIX (IOTydYeHue
CTOXaCTUYECKOI 3aBUCUMOCTY (MaTeMaTyecKast MOJIE/b)
MEeTOJaMy aKTMBHOTO U NTACCYBHOTO 9KCIIEPVIMEHTA).

MaTepMamﬂ " ME€TOIbI

SSS Bio paspaboraHa B cpefie NpOrpaMMUpPOBAHMUA
Embarcadero Delphi 2010. IIporpamma mpouria tectu-
poBaHue ¥ anpobanyio Ha MepCOHAIBHOM KOMIIbIOTepe
¢ 64-X paspsAgHON OIepalnoHHOI cucTeMoit Microsoft
Windows 7. TIpu cosganuu SSS Bio ncnonb3oBancs cro-
pOHHMII Momynb Matrixes.pas. [laHHBII MOAyNIb peann-
3oBaH «JKCoders Team», nmeeT akTyanpHyto Bepcuio 1.0
U MICHOMb3yeTcA I peanmsannn Kmnacca TMatrix, koro-
PbIl TO3BOJIAET COBEPIIATh OCHOBHBIE JIEMICTBMSA HAJl Ma-
tpunamu. CTpyKTypHasi cXeMa CICTeMbl IpefcTaBlIeHa Ha
Pnc. 2.

O6paboTka 9KCHEepUMEHTAIbHBIX JAHHBIX JaeT BO3-
MOXKHOCTb IIOATBEPAUTDb peaJbHO CYLIECTBYIOLINE 3a-
KOHOMEPHOCTM MEXZY MCCIefyeMbIMU IIapaMeTpamiu,
3a(PMKCMPOBAHHBIMU B XOfie TIPOBEMICHN SKCIIEPYIMEHTA.

O6paboTka sKCIepUMeHTaTbHBIX JAHHBIX He0OXou-
Ma: JUIS1 OLJeHKY MICTMHHOTO 3HaYeHNsI M3MepsieMOll Bemy-

The aim of this work is to show the possibilities of
the work in the computer system SSS Bio that processes
statistical data (obtaining the stochastic dependence
(the mathematical model) by the methods of the active
and passive experiment).

Materials and methods

SSS Bio was developed in the programming environ-
ment Embarcadero Delphi 2010. The program was tested
on a personal computer with 64-bit operating system Mi-
crosoft Windows 7. When designing SSS Bio, the external
module Matrices.pas was used. This module was realized
by JKCoders Team, has the actual version 1.0 and is used
for realization of TMatrix class, which allows performing
the main actions on matrices. The structure diagram of the
system is presented in Fig. 2.

Processing of the experimental data allows confirming
the real regularities between studied parameters that were
recorded during an experiment.

Processing of experimental data is necessary to assess
the real value of a measured parameter and accuracy of pa-

Cucrema SSS Bio | SSS Bio System

[TacCUBHBIIT 9KCIIEPUMEHT |

AKTUBHBIIT 9KCIIEPUMEHT |

Crarucrudeckue Tabmuus |

- Craructuka Kenpanna |
Kendall's statistics

PerpeccioHHbI aHAINS |

Regression analysis
1. Linear paired regression |
JIvuHeliHasA MapHas arpeccus
2. Nonlinear regression |
Henunerinas perpeccus
- hyperbolic | runep6onuyeckast
- power | cTeneHHas
- demonstrative (combined) |
HOKa3aTe/IbHas
- logarithmic | morapnmuyeckas
- exponential | sxcrIoHeHIMAIbHASL
- parabolic | mapa6onnueckas
- polynominal | nonuaomMmanbHas

MHoecTBeHHasl perpeccus |
Multiple regression

passive experiment active experiment Statistical tables
> OmHOQAKTOPHBIII JUCTIEPCIOH- ITonHblit paKTOPHBILIT SKCIIEPH-
—>| HbIT aHa/U3 Fone—way analysis of —> wment ([IDI) | complete factorial > Tabmima F-xp repua (Pymep)]
. . Fisher's F-test
variance experiment (CFE)
KoppensuyosHsbli aHanus | I po6HbIit haKTOPHBIIT IKCIIEPH- i
7 correlation analysis > wmenrt (II®3J) | fractional factorial | »{ Tabmuna t-kpurepus (Croropent) |
/ Student t-test
experiment (AFE)
Panrosas xoppemstuus |
rank correlation with N HEHTPam’HO_TOMI{[OSimMOHHO.i | 5| Tabmua G-kpurepus (Koxpen)|
N _ Cratncruka Crmpmera | H}IaHI/IPOBaHI/IS central composite Cochran's G test
Spearman's statistics €sign
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Fig. 2. The structure diagram of the SSS Bio system
Puc. 2. CrpykrypHas cxema cucremsl SSS Bio
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YVHBI; 715 OLIEHKM TOYHOCTHU M3MepPEeHUs BeMMIMHbL; IS
COIIOCTaBJIEHNA IBYX METOJOB aHA/IN3a WM CIIocoba 1po-
U3BOJICTBA; J/I1 YCTAaHOB/ICHSI KOPPE/IALMOHHON 11 PYHK-
IIMOHAIbHOM 3aBUCUMOCTEIN.

Bce akcriepuMeHTa/bHbIE UCCIENOBAaHNUA OODbeNuHA-
eT 0OLIHOCTD Tornyeckoit cxemel [10], IO KOTOpOIT OHM
CTPOSITCSL M KOTOPYIO MOXKHO IIPEJICTaBUTh B BUJIE CIIENY-
fojero anropurma (Puc. 3).

Coop nadopyannm ob obwerTe,
BBIIBIGKEHHE THIOTES,
MPE AN OIS BHBI AHANNS

'

[MpoekTHpOBAHNE CTPYETYPEL H
coCTaBa Moaene (nogamoaeneii)

¥

[MocTposHne Moaenm, paspadoTka
OTAENBHBIX TIOIMO IS,
HAeHTHPIKALNS NapaMeTpoR
MOZEAN (NOaMOaenH)

L 4
HCE.‘J'JE,I[“I]E‘HIHE MOOCITH Bh[ﬁi}r.l
METDIA HCCNeTGBEAHNA H
pazpadoTka ANropHTMA
(NporpaMsb) MOACIHPOBIHHA

L J

OueHKa a1eKBaTHOCTH,
YCTOD HunBOCTH,
UVBUTEHTCARHOCTH MOICIN

b J

Hurepnpertauna, ananms:
PEIVARTATOR MOACTHPOBIHNAA W
VETAHOBACHUE HEKOTOPBIX
NPHUHHHO-CAEACTREHHEX CEA3EI
B HCCHEaveMoi cucTeme

L J

Yrounenue MOICH, €CIH 3TO
HEQDXOLHME, | BOIBPAT K
HCE‘JI'E.II}'EH{lﬁ CHCTEME C HOBBIMH
SHAHHAMH, MOAYHMCHHBIMH C
MOMOULBEY MOICTHPOBIHHA

Puc. 3. ukn MopiennpyeMoit CUCTeMbL

Pesynbrarsl 1 06cyxeHme

B kavecTBe mpumepa pabOTHI CUCTEMbBI PaCCMOTPUM
HECKOJIbKO MOJLYJIEIL.

ITepBbiit U3 HUX — OO0HOPaAKMOPHDBLE OUCnePCUOHHDLLL
ananu3. [Tpyu mpoBefeHny 9KCIIepUMeHTaIbHbIX MICCTIENO-
BaHMII Ha BBIXOHYIO BeMM4INMHY (OTK/INK Y) OKa3bIBAlOT
B/IMsIHVE BXOJ{HBIE ITepeMeHHble (ITapaMeTpbl), He IMofa-
folyecs: KOMM4YeCTBeHHOMY omumcanuio. Takumn dakro-
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rameter measurement, to compare two methods of analy-
sis or methods of production, to establish correlation and
functional dependency.

All experimental investigations are united by generality
of a logical design [10], according to which they are build
and which can be presented in the form of the following
algorithm (Fig. 3).

gathering information about an
object forming a hypothesis
pre-model analysis

'

Planning of a structure and
composition of models (submodels)

¥
Construction of a model,
development of individual
submodels, identification of model
(submodel) parameters

v
Study of a model, selection of a
method for an experiment and
development of an algorithm
(program) of modeling

h J

Evaluation of model
adequacy, stability
and sensitivity

¥
Interpretation, analysis of
modeling results and
establishment of several cause-
effect relations in a system under
investigation

¥
Model refinement, if necessary,
and return to a system under
investigation with new knowledge
obtained using modeling

Fig. 3. Modeling system cycle

Results and discussions

Let’s consider several modules as an example of system
operation.

The first of them is the one-way analysis of variance. In
an experiment, the output value (the response y) is influ-
enced by the input variables (parameters) that defy quan-
titative description. These factors can be controllable and
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paMm MOTYT OBbITD yIIpaB/igeMble M HeyIpaBs/isieMble Iepe-
MeHHbIe. [l u3ydeHus BIusAHMUA GakTOPOB TAKOTO posia
Ha OTKIMK, UX OOIEero OIleHMBAaHMS, PAaH)XMPOBAHUA
U BBIJI/ICHNA CPelM HUX CYLIeCTBEHHBIX IPUMEHSETCH
[VCTIEPCUOHHBIN aHAJIN3.

IIpu orpabotke MOAyIsA OZHOPAKTOPHOTO AUCIIEP-
CMOHHOIO aHa/lM3a MCIOAb30Banu pngaHHble [11] maa
YCTaHOBJIEHUA BIUAHMA (3HAUMMOCTM) HUTATENIbHBIX
cpen Ha HakoIUleHMe macrepern. JlaHHble TpefcTaBiie-
HBl Ha Puc. 4. B cny4ae BbIAB/IeHMS JJaHHOTO (akTopa,
HeOOXOAMMO YCTAaHOBUTDb IUTATETIBHYIO Cpefy, obecre-
YMBAIOLIYI0 Hanbosblllee HaKoIUleHMe nactepet. OT-
K/IMKOM Y SIB/ISAETCS Be/IMYMHA ONTUYECKON IIOTHOCTH
(9KCTMHKINA), XapaKTepuU3yIolias HaKOIJIeHNe MUKPO-
opranusmMoB (macrepesnn). Yem 60blile BeTMYMHA ONITH-
4eCKOJl IJIOTHOCTH, TeM 60/Ibllle HaKOIJICHNUe [acTepesi
U, C/Iej0BaTe/IbHO, y4lllas MUTaTelbHas cpena. Vccre-
[yeTcsl BIMAHUE OTHOTO KadeCTBEHHOTO PacTBOpa, KO-
TOpBIII BapbuUpyeTcs Ha 4eTblpex ypoBHAX: A(1), B(2),
C(3), D(4) — i=1, 2, 3, 4. DKCIEpUMEHT MPOBOJUTCS
C 4eTBIpbMS MOBTOPHBIMU ombiTamy (m=4). Ob1ee Ko-
JINYEeCTBO OIBITOB PaBHO 16.

(@) DaHOPAKTOPHBIN AUCMEPCUOHHDIN 3HANU3
Mapamerpsi:

Yucno napannencHeix onsitos: 4
Konuyecreo ypoeHei dakropa: 4

Frput: 3,48 Gkput: 0,75

[ CoopmupoBaTb ] [ Paccuurare ]

uncontrollable variables. The analysis of variance is used
to study an influence of such factors on a response, their
total evaluation, ranking and selection of significant fac-
tors among them.

To refine the module of the one-way analysis of vari-
ance, we used the data [11] for establishing an effect (sig-
nificance) of culture media on accumulation of Pasteurella.
The data are presented in Fig. 4. In case of determining this
factor, it is necessary to find a culture medium that ensures
the highest accumulation of Pasteurella. The response y is
a value of optical density (extinction) that characterizes an
accumulation of microorganisms (Pasteurella). The higher
an optical density value, the higher an accumulation of
Pasteurella and, consequently, the better a culture medi-
um. An effect of a qualitative solution, which is varied on
four levels (A(1), B(2), C(3), D(4) —i=1, 2, 3, 4) is studied.
The experiment is carried out in four replicates (m=4).

The total number of experiments is 16.

A1) B(2) Cc(3) D(4)
Onuitl 1,30 2,70 2,20 2,10
OnuiT2 1,50 2,00 2,00 1,70
Onuit3 1,70 2,20 2,00 1,40
Oneit4 1,90 2,40 2,10 1,80
Cpeaxee
AOucn-5

Fig. 4. Single factor experimental design | Puc. 4. OpHodakTopHbIiT [71aH 9KCIIepUMEHTa

[Inan aKcrepuMeHTa TpefcTaBiseT co60i opHodak-
TOPHYIO KJIacCUPUKALUIO ANCIEPCHOHHOTO —aHaju3a:
9KCIIepMMEHTA/IbHbIE JJaHHbIE CTPYIIMPOBAHBL IO 4eThI-
peM ypoBHAM opHoro ¢axropa. Ilman cbamaHcupoBaH,
IIOCKOJIbKY YMC/IO TIOBTOPHBIX OIBITOB [ BCEX YPOBHEII
(akTOpa OIHO U TO Xe.

B pesynbrare npoBefieHNs AMCIEPCHOHHOTO aHA/N3a,
nporpaMma SSS Bio npefocTaBifgeT ucyepnbIBalee Ko-
JINYECTBO CTATUCTUYECKUX HaHHBIX (Tabr. 1).

Mopenb AMCIIePCHOHHOTO aHA/IN3a /IS OffHO(AKTOPHO-
TO 9KCIIEPVIMEHTA IIPefICTABIIACTCS CIenyoleil hopMyIIoit

V.=uta+te,

e y, — OTK/IMK, TONMydYeHHbI Ha i-oMm ypoBHe (axropa
A B m-011 MOBTOPHOCTY; |t — OOlIlee CpefHee, OTPaKalolee
001Nt YPOBEHb BCEX Pe3y/IbTaTOB (T.e. CpefHee 13 i Cpef-
HUX 3HA4YEeHMII 10 CTONMOIaM, IMOCTOSHHOE IS BCeX aH-
HbIX); @, — 9P deKT i-To ypoBHA daKkTOpa; €, — CaydaiiHas
om6bKa B 11-0M HaOMIOZeHNN Ha i-OM YPOBHe.

Ba>kHOIT 0COOEHHOCTDBIO BCEX CTATUCTUYECKUX 00pabo-
TOK SIB/ISIETCSI MHTEPIIPETALVs MIOMTYIYeHHbIX Pe3y/IbTaToB.
Cy1ecTByeT [JOBOJIBHO PacIPOCTPAHEHHOE MHEHME, YTO

The experimental design represents a single factor clas-
sification of the analysis of variance: experimental data are
grouped into four levels of a single factor. The design is bal-
anced as the number of replicates is the same for all levels
of a factor.

As a result of the execution of the one-way analysis of
variance, the SSS Bio program provides a comprehensive
number of statistical data (Table 1).

A model of analysis of variance for a single-factor ex-
periment is presented by the following equation:

yim:p’ + ai+ 8im’

Where, Vin
A in the m™ repeatability; p — the overall mean that reflects
the overall level of all results (that is, the mean of the i

— a response, obtained at the ith level of the factor

mean values by columns constant for all data); a,—an effect
of the i level of a factor; ¢, — a random error in the m™
observation at the i level.

An important peculiarity of statistical processing is an
interpretation of the obtained results. There is quite com-
mon opinion that the results of the analysis of variance in a
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Table 1. The results of the analysis of variance | Ta0r. 1. Pe3yprarsl gucnepcioHHOro aHaausa

A1) B(2) c(3) D(4)
Oner1 1,30 2,70 2,20 2,10
OnuiT2 1,50 2,00 2,00 1,70
OnuT3 1,70 2,20 2,00 1,40
OneiT4 1,90 2,40 2,10 vt L
Cpeanee 1,6 2,325 2,075 1,75

Aucn-5 0,067 0,089 0,009 0,083

Mean squared deviations (MSD) associated with dispersion by
parallel experiments on each level:

S[1]: 0.20 S[2]: 0.27 S[3]: 0.03 S[4]: 0.25 | CpennexBagpaTyHbIe
OTK/IOHEHN CBA3aHHbIE C pacCeBaHUEM 0 Mapa/lIeTbHBIM
OIBITAM Ha KOKJ[OM YPOBHe:

S[1]: 0,208[2]: 0,27S[3]: 0,03S[4]: 0,25

Mean squared deviations (MSD): | CpennexBagparidsbie
OTK/IOHEHUST:

Deviations associated with dispersion

relative to overall mean (Sm): 2.02 | OTKIOHEeH NS, CBA3aHHBIE

C paccenBaHueM OTHOCHTENbHO 0011ero cpeguero (Soct): 2,02
Deviations associated with dispersion between levels

of a factor — interlevel (Sfact): 1.27 | OTknonenns,

CBsI3aHHDbIE C pacCceNBaHNeM MEKY YPOBHAMHU paKkTopa —
MeXayypoBHeBbie (Sdaxr): 1,27

Deviations associated with dispersion inside sampling —
intralevel (Sr): 0.74 | OTk/10HeHus, CBAI3aHHbIE C PaCCENBAHNEM
BHYTPU BbIOOPKM IT0 yPOBHAM — BHYTpUYypoBHeBbIe (Sr): 0,74
G =0.3591 — dispersions are uniform | G = 0,3591 — aucmepcun
OXHOPO/IHBI.

Factor dispersion = 0.4242 | ®axropHas pucnepcus = 0,4242
Residual dispersion = 0.1834 | Octarounas gucnepcus = 0,1834
Repeatability dispersion = 0.093 | Jucnepcus
Bocnpoussopumoctu = (,0931

F=6.832| F=6,832

An effect of a factor is established. | BiusiHue ¢axropa ycranoeneno.

Pe3yIbTaThl AVCIIEPCYIOHHOTO aHA/IN3a B BUZIE 3HAUMMOCTHI
VIV He3HAYVMOCTY IO KpuTepyio Puimepa u MpoLeaypsl
MHO)XeCTBEHHOTO CPaBHEHVISI SIBJISIIOTCSI OKOHYATE/IbHBIMIL.
Ho 570 s1BHO o1mmm6ounoe MHeHre. KOHeYHBIM 9TAIIOM 10/~
KeH OBbITb ITepeBOJ] IOTYYeHHbIX Pe3y/IbTaTOB CO CTATUCTH-
YeCKOro SI3bIKa C €r0 YPOBHAMM 3HAYMMOCTY, OMIMOKaMM
HIepPBOTO 11 BTOPOTO POJIA, JIOKHOCTBIO HY/IEBON TMIIOTE3bI
(H,) n T.1. Ha cofiep>KaTenbHbIi A3bIK. OKOHYaTeTbHbIE BbI-
BOJIbI JIO/DKHBI OBITH CII/TAHBI B TEPMIHAX TOIT OO/TACTH VIC-
CJIeOBaHMsA, B KOTOPOIL ObUI IIPOBeZieH aKcIiepyMeHT [11].

M3 rabmunsl 1 cnemyer, 4YTO (HAKTOp 3HAUUM
(F=6,832> FKPMT =3,48). OT0 03HaUaeT, 4TO CpeA YPOBHEIl
(akTopa ecTb Takue, KOTOpbIe OT/INYAIOTCS APYT OT ApPyra.
[ onpepnenenys pa3manii MeXXAy ypOBHAMU (HaKTOPOB
VICTIONIb30BAH METOJ MHOXKeCTBEHHBIX cpaBHeHmit [lled-

e (Tabm. 2).

form of significance or insignificance by Fisher's F-test and
procedures of multiple comparisons are conclusive. How-
ever, it is an unsound opinion. The final stage should be
translation of the obtained results from the statistical lan-
guage with its levels of significance, errors of the first and
second kind, falseness of the null hypothesis (HO) etc. into
the comprehensive language. The definitive conclusions
are to be made in the terms of the field of investigations, in
which an experiment was carried out [11].

It follows from Table 1 that the factor is significant
(F=6.832>F_ =3.48). This means that among the levels
of the factor are those that are different from each other.
To determine the differences between the levels of the fac-
tors, the Shefte’s multiple-comparisons method was used
(Table 2).

Table 2. Sheffe’s multiple-comparisons method | Ta6n. 2 Muosxecrsennbie cpanenus no meroyy lledde

Factor level | YpoeHn ¢axropa Mean value |
A(1)
B(2)
C(3)
D(4)

3Be30YKOJl OTME€YeHbl Te Mapbl, BHYTPU KOTOPBIX
YPOBHM 3HaYMMO OT/IMYAIOTCA SPYT OT Apyra. VI3 pesynb-
TAaTOB IIAPHBIX CPAaBHEHMI CTPOUTCA CIIEAYIOIIMIA Psf
npennourutenpHocT A(l)=D(4) <B(2)=C(3). Hlnpuna
95% HOBEPUTENIPHOTO MHTEPBaja /I yPOBHell (akTopa
pasHa 0,27.

ITonmy4yeHHBIE JTaHHBIE TOBOPAT O TOM, YTO NNTATE/b-
HBbIe Cpefibl, COOTBeTCTBymoUMe ypoBHsAM B(2) n C(3)
obecrieunBaloT Oojblllee HAKOIUIEHME ITACTApeI, 4YeM
cpenst A(1) u D(4).

B TexHOMOrMYeCKMX MCCIENOBAHMAX YacTO pelLIaloT
3ajjaqy BBIAB/IEHNUSA (DAKTOPOB, OIPENE/AININX YPOBEHbD
U JVHAMUKY (KMHETHKY) IIPOTEKAHVA TeXHONOTMYECKOTo
mponecca. Takas 3ajiaya yalje BCErO penraeTcss MeTofaMu
perpeccuoHHOro aHanmsa. JJjida JOoCTOBEpPHOro oToOpaske-

CpenHee 3HaYeHMe Paired comparisons | Ilapubie cpaBHeHNs
1.60+ 1 2% 1 3 1 4
2.33% 2 3 2 4*

2.08+ 3 4

1.75+

The asterisk marks the pairs, within which the levels are
significantly different from each other. From the results of
the paired comparisons, the following row of preference
A(1)=D(4)<B(2)=C(3) is built. The width of the 95%
confidence interval for the factor levels is 0.27.

The obtained data suggest that the culture media that
correspond to the levels B(2) and C(3) ensure higher ac-
cumulation of Pasteurella compared to the media A(1) and
D(4).

In technological investigations, a task of revealing fac-
tors that determine a level and dynamics (kinetics) of the
technological process is often solved. This task is more fre-
quently solved by the methods of the regression analysis.
For the reliable reflection of the processes that objectively
exist in technology, it is necessary to find significant rela-
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HYISI OOBEKTUBHO CYILIECTBYIOMINMX B TEXHOTIOIMU IIPOLieC-
COB HEOOXOIMMO BBIABUTH CYLIECTBEHHbIC B3aNMOCBS3N
U He TOJIbKO BBIABUTH, HO M JaTh UM KOIMYECTBEHHYIO
OLIEHKY. DTOT NOAXOf, TpeOyeT BCKPBITYSA IPUIMHHBIX 3a-
BucuMocTeil. Ilof IpUYMHHONM 3aBUCHMOCTBIO IIOHMMA-
€TCsA TaKas CBA3b MEXJY IpolLleccaMy, KOITia M3MEHeHNe
OIJHOTO M3 HUX ABJIAETCSA CJIEICTBMEM M3MEHEHUA NPYro-
ro (HampyMep, BIMSHME MacCOBOVI IOV XJIOPUAA HATpUsA
Ha aKTMBHOCTDb BOJbBI B MACHBIX n3fienAx).C 9Toll Ie/bio
UCIIONb3YIOTCA [IBA MOJY/IA KOMIIbIOTEPHOI CUCTEMBI SSS
Bio — KOppenALMOHHBIN aHa/IN3; PETPECCYOHHBIN aHA/IN3.

Mopynb 2 — Pezpeccuonnuiii ananus. Ilponssenem pac-
94eT U BBIABMM 3aBUCHMOCTb MEXIY NPOLEHTOM 3aMeHbl
MSCHOTO CHIPbsI 6€JIKOM IIa3MBbl KPOBU M COEpPIKaHUEM
BJIaTU B MsCHOM (apite. VcxonHble JaHHbIE TIpeiCTaBIIe-
Hbl Ha Puc. 5.

(@) PerpeccuoHHbIM aHanus
Mapametpei:
Konusecreo perpeccopo 1 % Fkp: 5,99
O6wuém seibopkn: 5 Tkp: 2,57

Pacy&T N0 CPeaHHM SHa4eHUSM:)
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Koadduumnentr koppensuun: 0.9

[ CoopmMupoBaTts ][ Paccuvrars ]

Fig. 5. Regression analysis | Pric. 5. Perpecciormsit amans

B pesynbrare mpoBefieHNA perpecCUOHHOrO aHa/IN3a 110-
JTydeHbl CIefyIole cTaTuctTideckre fanusle (Tabm. 3) Ha
OCHOBaHMM KOTOPBIX TEXHOJIOT MOXKET CIPOTHO3VMPOBAThb
HOBefIeHNe MSICHOVM CHUCTeMBbl U INPUHATH OOOCHOBaHHOE
pellleHye B KaKOM fialla3oHe pallyiOHajIbHee (JIydlle) OCy-
I[ECTBUTD 3aMeHY MACHOTO ChIPbs OTKOBBIMY T00aBKaMIL.

Cymma

tionships, and not only find but also give them quantita-
tive assessment. This approach requires detection of causal
dependencies.

A causal dependency is a relation between processes,
when a change in one of them is a consequence of changes
in another (for example, an effect of mass fraction of so-
dium chloride on water activity in meat products). To this
end, two modules of the computer system SSS Bio are used:
correlation analysis and regression analysis.

Module 2 — Regression analysis. Let’s carry out calcula-
tions and determine a dependency between a percent of
meat raw material replacement with blood plasma protein
and the water content in sausage meat. The initial data are
presented in Fig. 5.

X % X*X XY
10 67,9
15 69,6
20 71,3
25 72,4
30 73,1

As a result of the regression analysis, the following sta-
tistical data were obtained (Table 3), on which basis a tech-
nologist can predict a behavior of a meat system and make
a grounded decision regarding a range of the most rational
(the best) replacement of meat raw material with protein
additives.

Table 3. The results of the regression analysis | Ta6/1. 3 Pesynbrarsl perpeccuoHHOTo aHamu3a

Text Field «Information» | TexcroBoe mone «Vudopmas»

X Y X*X XY
1 10 67.9 100,00 679,00
2 15 69,6 225,00 1044,00
2 20 71,3 400,00 1426,00
4 25 72,4 625,00 1810,00
5 30 900,00 2193,00
Cymma [100,00 354,30 2250,00  7152,00

Coefficient a = 65.58 | Koadpuunenr a = 65,58
Coefficient b = 0.26 | Koa¢puuuent b = 0,26

Correlation coefficient: r=0.9857 | Koapdunuent koppemsummu: r=0,9857
Determination coefficient: R*= 0.972 | Koadduient perepmunarym:

R*=0,972

Additional Text Field | [JomonuuTensHoe TeKcToBoOE MOTE

Sampling variance X = 50.00 |
Boi6opounas pucnepena X =
Sampling variance Y = 3.59 |
Bri6opounas sucnepcus Y = 3,59

Standard deviation: S(x)=7.071 |
CpennexBagpaTinyeckoe oTKIoHeHue: S(x)=7,071
Standard deviation: S(y)=1.894 |
CpenHekBagpaTinyeckoe oTkroHenne: S(y)=1,894
Standard error of regression Sy= 0.412 |

CrangaprHas omm6ka perpeccun Sy= 0,412

Standard deviation of random variables a and b: |
CraHgapTHBIe OTKIOHEHIA CTyYaliHbIX BeIM4NH a n b:
Sa =0.5521

Sb =0.0260

50,00

Regression equation: Y = 65.5800 + 0.2640 * X | YpaBHeHue perpeccuu:

Y = 65,5800 + 0,2640 * X
Student test t, = 10.1438 | Kpurepuii Crorofenta t, = 10,1438
Student testt =118.7856 | Kpurepuit CTbIOlIeHTat =118,7856

Confidential interval for a and B:| ,[[onepmenbnme MHTepPBaIbI /1A o 1 [B:

0.197 < $ <0.331
64.159 < a < 67.001

The analyzed dependence is statistically significant! | Viccnenyemas

3aBMCHMOCTb CTATHCTIYECKN 3HAYMMa
F=102.8976
The model is adequate! | Mopennb agexBaTHa
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JIJIsT OLeHKM TOYHOCTM TPOBEIEHHBIX MCCIET0Ba-
HUI 60/IbIIIOe 3HAUEHVE MIMeeT 008epuUrnevHbLil uHmep-
sazn. ViccmemoBaHMsI CYUTAIOTCS JOCTOBEPHBIMMU, €C/IN
pe3y/IbTaTbl 9KCIIEpMMEHTa He BBIXOAAT 3a IIpeJieIbl
JIOBEpUTEIPHOTO MHTEepBaja. JTOT MHTEPBA/ ITOKa3bl-
BaeT, B KaKuX Ipefenax KomebaeTcss TOYHasl BeTndnHa
MICCTIeyeMOro TI0Ka3arte/isi B CPAaBHEHNY C TeHepalbHbIM
CpemHuM.

Baxxnoit ocobennoctpio SSS Bio sABisgerca BO3MOXK-
HOCTb IIOCTPOEHVS TPadUKOB CTOXaCTUYECKNUX 3aBUCU-
MOCTell (MaTeMaTu4ecKOll MOJENN), a TaKKe HaIIAZHOe
HpeficTaBeHne pacnonoxxenus Boibopku (Puc. 6). Jau-
Hasg QYHKIVS TI03BO/sIET BU3YalIbHO OLEHUTb KOppess-
IIVIOHHO-PETPeCCUOHHYIO0 3aBUCUMOCTD.

To assess the accuracy of performed investigations,
a confidence interval is of high importance. Investiga-
tions are considered reliable if the experimental results
do not exceed the limits of a confidence interval. The
confidence interval shows limits, within which a pre-
cise value of the studied indicator varies compared to
the universe mean.

An important peculiarity of the SSS Bio is a possibility
to construct stochastic dependency graphs (a mathemati-
cal model) as well as a demonstrative presentation of sam-
pling distribution (Fig. 6). This function allows a visual as-
sessment of the correlation-regression dependency.

-

= 5 711

g g 70 v & : =A2neHHE B

T © v MuHWA perpeccH

§ % B 1; ------------- NWHWA perpeccil = oT ¥

§ z e —_— - —_— — | b CpeaHAn Tovka (20,00:;70,.86)
8 § 10 12 14 16 18 20 22 24 26 28 30

VYpoBeHb 3aMeHbl MsicHOTO cbipbd, % | The level of meat raw material replacement, %

Fig. 6. Graphs of regression lines and sampling | Puic. 6 I'paduxut nmusumit perpeccuut u pacrpejienenie Bi60pKit

AHanmM3 TIONy4eHHBIX Pe3y/IbTaTOB IIOKAa3bIBAET, YTO
C yBeIMYeHNeM IPOLeHTa 3aMeHbI MACHOTO ChIpbsA Oer-
KOBBIMM J00aBKaMI yBeINYMBAETCA COAEp>KaHMe BJIaru
U yMEHbBIIAeTCsA COAep)KaHue >kupa 1 Oelka B MACHOM
dapie.

OnHaxko, COITIACHO COOTHOIIEHNIO Oe/I0K: BOfIa B TOTO-
Boit mpopykuyn B = (b x 4) +10, (B — MakCcMaIbHO JOIY-
CTVMOe COfiepKaHIe B/Iary B IpOAyKTe,%; b — MaccoBas
nons 6enka B IPOAYKTe, %), AEICTBYOLEMY B PsAle CTpaH
EBpocorosa u CIIIA npuMeHUTENbHO K IPYIIIIe MACOIPO-
JIyKTOB BBICIIVIX ¥ IIEPBBIX COPTOB, 4eM OOJIbIlIe MacCOBas
o 6enka B KOMOACHBIX U MACHBIX IIPOAYKTaX, TeM O0b-
1iIe BOZIBI B HUX MO>KeT cofiepKaTbces [1].

[lna 6ONbIIMHCTBA MACONPOAYKTOB TPagMILIMOHHBIX
peLenTyp ¥ TeXHOJIOIMil 3HaUeHMs COOTHOIICHMs BOJA:
6€JI0K HaXOATCA B uHTEpBase or 4,1 mo 5,0.

VI3ameHeHMs PYHKIIMOHATIBHBIX CBOMCTB (haplia Haxo-
IATCS B 3aBUCUMOCTH OT COfIepXKaHMs B HEM BJIari, Oeka,
XIMpa U ux cooTHoueHuit. KommnbrorepHas cucrema SSS
Bio 1mo3Bo/AeT IO 3KCIEePUMEHTAIbHBIM JAHHBIM IIOTY-
yuth MaTeMaTndeckre mogenu BCC, BYC u JKCC B xoi-
6acHOM (haplire ¢ MCIOIb30BaHMEM COEBOTO M30/IMPOBaH-
HOTo 6e/IKa B 3aBUCHMOCTH OT COfIep>KaHMs >Kupa u 6eka
(Mopnynb — MHoxcecmeeHHast pezpeccust).

Ha npumepe comepyxanus obutero 6emka (X1) u >xupa
(X2) B xonbacHoM dapire nmokaxem usmeHenne BCC (Y).
VcxonHble JaHHBIE IIpeICTaBIeHbl Ha Puc. 7.

B Ta65. 4 npepncTaB/IeHbl pe3ynIbTaTbl 00paboTKM Mc-
XOJTHBIX IaHHBIX.
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Analysis of the obtained results shows that with an in-
crease in a percentage of meat raw material replacement
with protein additives, the moisture content increases,
while the fat and protein content decreases in sausage
meat.

However, according to the protein: water ratio in the
finished products B = (bx4)+10, (B — maximum al-
lowable water content in a product,%; b — protein mass
fraction in a product, %) that exists in several EC states
and the USA for the group of meat products of higher
and first grades, the higher protein mass fraction in
sausages and meat products, the higher water they can
contain [1].

For most meat products of the traditional recipes
and technologies, the value of the water: protein ratio is
in a range from 4.1 to 5.0.

Changes in the functional properties of sausage meat
depend on the content of moisture, protein and fat, as
well as their ratio. On the basis of experimental data, the
computer system SSS Bio allows obtaining mathemati-
cal models of MBC, BHC and FBC in sausage meat with
isolated soya protein depending on the fat and protein
content (The module — multiple regression).

We will show the changes in MBC (Y) by the example
of the total protein (X1) and fat (X2) content in sausage
meat. The initial data are presented in Fig.7.

Table 4 presents the results of the initial data pro-
cessing.
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(@) PerpeccHoHHbIN aHanus X
MapamerTpbi: 1 10
Konwsecreo perpeccopo 1 L%,' Fkp: 5,99 B 15

3 20

O6:émM euibopku: S5 Tkp: 2,57 4 s

Pacy&T No CpeaHuM ZHaYeHnsM:) = s 20
Koadpuunentr koppensuun: 0.9 - CymmMa
[ CeoopmupoBaTh ] [ Paccuurare ]

Fig. 7. Multiple regression | Puic. 7. MHOXecTBeHHas perpecciis

X*X
67,9
69,6
21;3
72,4
73.1|

Table 4. Results of the multiple regression | Ta01. 4 Pe3ynprarsl MHOXKeCTBEHHOIT perpecc

Text Field «Information» | TekcroBoe none «/upopmamus»

Coefficient b, = -8.94 | Koadpumuent b = -8,94
Coefficient b = -39.69 | Koapdumuent b, = -39,69
Coefficient b, = 37.72 | Koappumment b,=37,72
Regression equation: | YpaBueHue perpeccu:

Y =-8.94-39.69 * X1 + 37.72*X2

Adequacy dispersion, $* = 0.98 | Tuciepcus aieKBaTHOCTH, Sza;[= 0,98
Factorial dispersion, Szfmz 0.44 | ®akropHas gucnepcus, S* q)m=0,

F=22.04
The model is adequate! | Mopens agekBarHa

3Hauenne K03bduueHTa MHOXXECTBEHHOI KOppes-
un (R=0,98) ykasbiBaeT Ha BBICOKYIO CTEIIeHb JIMHeETI-
HOJI 3aBUCKMOCTM Y OT ABYX OOBACHSIOMINX IepeMeH-
HBIX X1 1 X2.

V3 Tabmuupl 4 ciaegyeTr, 4TO MOJeNb ajjeKBaTHa
(F = 22,04 > FKpm: 6,94). OToO 0O3HaYaeT, YTO MOTYYEH-
HOe ypaBHEHIe Perpeccuy XOpOIlo COITIacyeTcs ¢ dKC-
MePUMEHTATbHBIMI JTAHHBIMU M MOXKET OBITh MCIIOJb-
30BaHO B JaJIbHEMIINX MCCIenoBaHusAX. [paduyeckoe
0TOOpakeHMe MOTyYEeHHOTO YPaBHEHUS INpefCTaB/lIeHO
Ha Puc. 8.

Y=-8,94 - 39,69X, +37,72*X,

44

Additional Text Field | JononuutenbHoe TeKCTOBOE MOTIE

Paired correlation coefficient between x1 and Y, Ryl=-0.41 |
Koa¢ ummrent napnoit koppensamym mexnay x1 n Y, Ryl=-0,41
Paired correlation coefficient between x2 and Y, Ry2 = 0.14 |
Koaddunuent napHoii koppemauun mexxpy x2 n Y, Ry2=0,14
Paired correlation coefficient between x1 and x2, R12 = 0.84 |
Koaduunent mapHoii koppemauun Mmexxpy x1 u x2, R12=0,84
Multiple regression coefficient, R = 0.98 |

Koa¢ punuent muoxxecTBenHoit perpeccum, R=0,98

The value of the multiple regression coefficient
(R=0.98) indicates the high degree of linear dependence
Y on two explicative variables X1 and X2.

It follows from Table 4 that a model is adequate
(F=22,04>F_,=6,94).This means that the obtained re-
gression equation is in good agreement with the experi-
mental data and can be used in the following investiga-
tions. The graphical reflection of the obtained equation
is presented in Fig. 8.

Y

-8.94-39.69X, + 37.72*X,

I - 220
B <214
I:]<204
] < 194
B < 134
-<174

Fig. 8. A response surface of an effect of the total protein and fat content on sausage meat MBC
Puc. 8. [ToBepXHOCTD OTK/IMKA BIMSHIA COflepKanust obmiero 6enka 1 xmpa Ha BCC xonbacHoro dapira
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AHanu3 MOTY4eHHOTO YpaBHEHMs IIOKA3bIBaeT, UTO
nsmerenre BCC 3aBucut ot comepxanusi obiero 6enka
" Xupa B KonbacHoM ¢apure. IIpy MoCTOSHHOM YpOBHe
XKVpa yBelIM4YeH1e o0IIero cofiep>kanms Oemka crocooct-
ByeT pocty BCC dapma. Ognaxo poct BCC Ha egunnny
6e/lka yMeHbILIAeTCsA C yBelIM4eHNeM KOIMYecTBa XKUPa,
4TOo cornacyercs ¢ fanubivMy CaaBarynmnHoit PM., JTwo6-
yenko B.J. [12, 13].

BriBogbr

HdopMaLMOHHbIe TeXHOTIOTMH, peanupyeMble ¢ I10-
MOIIIBIO TPOTPAMMHOTr0 00 ecIiedeH st KOMIIbIOTePa, MOTY T
MHoroe. OHI HeM3MepMMO YBeINYNBAIOT HALIN BbIYMC/IN-
Te/IbHbIe BO3SMOXXHOCTU. OHM MOTYT XPaHUTD U OIIePaTUB-
HO 06pabaTbiBaTh 607IbIINE 06 beMbI MHPOPMALUIL.

MeTonbl MaTeMaTMYeCKON CTaTUCTUKY, peannsyeMble
B KOMIIbIOTEpHOII IporpaMMe SSS Bio, pacmmpsioT Bo3-
MO>KHOCTM HayYHOTO IPOTHO3MPOBAHMA 1 LieJiecoobpas-
HOTO IPUHATHS pelIeHNI B YCIOBUAX HEOIIpele/IeHHOC T,
KOT7Ia MCCIeIOBATeN0 IPUHIVIINAIBHO He MOXeT ObITb
U3BECTeH BeCh KOMIUIEKC YCIOBUII IPOBENIeHNA SKCIIePH-
MeHTa. Ha mpumepax maccuBHOTrO skcrmepyMeHTa (OZHO-
(haKTOPHOrO AMCIIEPCHOHHOTO aHA/IN3a, MHOXKECTBEHHOI
JIMHEHO perpeccun) nokaszaHa pabora B SSS Bio.
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Analysis of the obtained equation demonstrates that
changes in MBC depend on the content of total protein
and fat in sausage meat. At the constant fat level, an in-
crease in the total protein content contributes to an in-
crease in sausage meat MBC. However, an increase in
MBC per protein unit is decreased with an increase in the
fat amount, which corresponds to the data of Salavatu-
lina R.M. and Lubchenko V.I. [12, 13].

Conclusions

The information technologies realized with program soft-
ware can do many things. They immeasurably increase our
computational capabilities. They can store and operatively
process high volumes of information.

The methods of the mathematical statistics realized in
the computer program SSS Bio extend our possibilities of
scientific prediction and expedient decision making in the
uncertain conditions, when a researcher, in principle, cannot
know the whole complex of experimental conditions. The
work in SSS Bio has been shown by the example of the pas-
sive experiment (one-way analysis of variance and multiple
linear regression).
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RESEARCH METHODOLOGY OF SUS SCROFA TISSUE
EXTRACTS PROTEIN-PEPTIDE COMPONENTS

METOAONMOINA NCCITEJOBAHVIA BEIKOBO-HEITTUHDBIX
KOMIIOHEHTOB 9KCTPAKTOB TKAHEMN SUS SCROFA
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V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia

KroueBble crmoBa: Genku, nenmuovl, 3KCMpakuyus, cnexmpo-
pomomempusi, memod bpadgpopd, memoo Jloypu, memod Kure-
cnest — BeiixcenvOayma, 6uypemosas peakiyus.

AHHOmMauus

B Oaunoii cmamve npusedenvl OaxHvle CPABHUMENLHOZ0 AHA-
JIU3A 4ermvLpex Menooo8 KOnuU1ectmeeHHOL OUeHKU CO0epiIcais
6e1K060-NeNMUOHDIX KOMNIIEKCO8 8 IKCMPAKIMAX, NOJLYHeHHbIX
HA OCHOBE COIPLA IHUBOMHO20 NPOUCXONOEHUS, A MAKHEe HU3-
KOMOJIEKYNAPHOLX U BbICOKOMONEKYTAPHOIX PPAKUUIX IKCMPAK-
ma: npamozo cnekmpogomomempuneckozo onpedeseHus npu
onunax éont 260 u 280 Hm ¢ nocnedyouum pacuemom no ¢op-
myne Kanvkapa; 6uypemogoti peaxyuu no memoody Kumnecness —
Betixcenvbayma; ¢ ucnonvsosaruem peaxkmuea bpaodopoa u no
cmandapmuomy memody Jloypu. Ananus nomyueHHvix sKcnepu-
MeHMANbHOIX 0AHHbIX NOKA3A, 4O 6 Cy4ae ¢ IKCHPAKHOM,
codepicaugum 6enKo80-nenmuoHvle KOMNEKCol 8 PA3NIU4HOM
ouanasoxe MONEKYNAPHLIX MACC HAUOONee KAUECHBEHHO NOKA-
3vieaem KoHueHmpauuto benka memod Kumecnes-Beiixcenv6a-
YMa, NpU UCCIE008aHUY BbICOKOMOTIEKYNSPHOLL Ppakiyuu (6oree
30 x/a) 6onvuie uHpopmayUU B03MONCHO NOLYHUMb NPU COUe-
MAaHuU cnexmpopomomempu1eckozo memooad u makice memooa
Kunecnes-Beiikcenvbayma. Huskomonexynspmote (menee 30 klla)
ppaxyuu cnedyem uccnedosamv KOMNIEKCHO, ¢ NpumeHeHUem
cnexkmpogomomemputeckozo mermooa, memooos Jloypu u Bpa-
Ogopoa. Hantvie memoovl 0aiom 603MONHOCHb NPeONOnoNcU-
MenvHO OueHUMs OUANa3oHvl Pasmepos OenKoBbIX MONEKYL
(no uucny nenmuoHbIX c6s3eil), a makice onpedenumny Hanuuue
2UOPOPOOHDLX U APOMAMULECKUX AMUHOKUCTIOM.

BBegenne

KiroyeBbIM MOMEHTOM OOJIBIIMHCTBA MCCIEHOBAHUI
B 0071aCTV BBIZIe/IeHVsI OMOTOTMYeCKM aKTUBHBIX MOJIEK /I
SB/ISIETCSL TIPeBapUTEe/IbHOE OIIpefieNieHre CONepIKaHMs
6enKa B 9KCTpaKTe, YTO IMO3BOJsIET OO/ee KaueCTBEH-
HO ¥ TOYHO BBIIIOJIHATDL [JA/IbHEJIIINII aHA/IN3 CBOJCTB
u pyHKUMIT 6eTKOBBIX MOJIEKYN (aneKTpodopeTnyecke,
xpomarorpadudeckre 1 nHble nccnenoBanms). Kpurude-
CKUM MOMEHTOM SIB/ISI€TCS IPABMIbHBIN BHIOOp MeTOfa
ompefieNieHNst Coflep>KaHusl Oenka u ero MomuduKaiuii,
IOCKOJIBKY B 3aBUCUMOCTH OT IPUPOAbI 00pasija, MOXHO
HOTY4YUTb OO0 3aBbIIIEHHBIE, TNO0 3aHV>KEHHbIE Pe3Y/Ib-
taThl [1]. OGHUM 13 CaMBbIX B&YKHBIX TPeOOBaHUIL, KOTOPbIE
HPEebsB/IOTC K METOAY OIpeie/ieHNsI KOHLeHTpalun
OesKa, SIB/ISETCS €r0 MHEPTHOCTD K IIPUCYTCTBUIO TTOCTO-
POHHUX BHYTPUK/IETOYHBIX KOMIIOHEHTOB M K COCTaBY
9KCTparupylouiei cMecu. B HacTosIee BpeMs He CyILIecT-
ByeT MeTOJa KOMMYEeCTBEHHOTO OIpefie/ieHns Oenka, Ko-
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Abstract

The article presents a comparative analysis of four methods for
quantifying the protein-peptide complexes content in extracts ob-
tained from animal raw materials, as well as the low- and high-
molecular weight extract fractions: the direct spectrophotometric
determination at wavelengths of 260 and 280 nm with subse-
quent calculation by the Kalckar formula; the biuret reaction by
the Kingsley-Weichselbaum method; the method with Bradford
reagent and the standard Lowry method. Experimental data
analysis demonstrates that in case of the extract that contains pro-
tein-peptidic complexes in different molecular weights range, the
Kingsley-Weichselbaum method shows the highest quality of pro-
tein concentration determination; while studying highmolecular
weight fraction (more than 30 kDa), it is possible to obtain more
information by combining the spectrophotometric method and
the Kingsley-Weichselbaum method. Low-molecular weight frac-
tions (less than 30 kD) should be investigated by complex methods
including the spectrophotometric method, Lowry and Bradford
methods. These methods make it possible to presumably estimate
protein molecules size ranges (by amount of peptide bonds), and

also to determine hydrophobic and aromatic amino acids presence.

Introduction

A key moment in the most of investigations in the field
of biologically active molecules extraction is protein con-
tent preliminary determination in an extracts, which al-
lows performing with higher quality and more accurately
following analysis of protein molecules properties and
functions (electrophoretic, chromatographic and other in-
vestigations). Critical moment is aright choice of protein
content determination method and its modifications as
overestimated or underestimated results can be obtained
depending on a sample nature [1]. One oft he most impor-
tant requirements to a method for protein concentration
detection is its inertness to foreign intracellular compo-
nents presence and to extraction mixture composition. At

present, there are no methods for quantitative protein de-
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TOPBIIT 06/1aa1 6bI B paBHOI CTEHEHN CrIelnUIHOCTBIO,
4yBCTBUTEIBHOCTDBIO, BOCIIPOU3BOAMMOCTDIO, OBICTPOTON
U TIPOCTOTOJ HPOBEEHNs, a TaKXKe OTCYTCTBMEM BINs-
HYIS1 HeOeTIKOBBIX KOMIIOHEHTOB. Y KaXK[JOTO MeTOfja OIl-
penenieHNs cofiep>KaHus 6eka eCTb CBOY IpeyMyIIecTBa
U HeJocTaTKu [2].

Haubomnee monynspHbIMM U TOCTOBEPHBIMM MeETOHA-
MM, MCTIOTIb3YeMbIMU B COBPEMEHHOII IIPAKTIKe, SIB/IAIOT-
csi: CIeKTpooTOMETpUYECKOe OIpefieieHrie KOHIIeHTpa-
uu 6enka, merop, Kuurcnes — Belikcenbbayma, MeTof
Jloypu n metop, bpandopna [3].

CrekTpodoTOoMeTprYecKnii MeTO, OCHOBAaH Ha IIO-
IJIOIIeHNN  YAbTPadIOIETOBOTO W3ITy4eHMsT apoMaTH-
YeCKMMM aMMHOKMC/IOTaMu (TMpo3uHa, Tpunrodaxa,
u QeHNIaaHNHa), BXOAAIMMM B HOC/IEOBATEIbHOCTD
6enkoBoit Monekynbl. CopepykaHne OeKa HAXORAT IO
¢dbopmyne Kanbkapa, KoTopast jaeT BO3MOXKHOCTb MCKITIO-
4UTh BIVSHME HYK/IEMHOBBIX KUCTIOT B 0Opasiax, Ha oc-
HOBE JIaHHBIX OIpefe/ieHNs] ONTUYECKON IUIOTHOCTH K
280 n 260 uM [4].

Merop, Kunrcnes — Belikcenmbbayma BriepBble ObIT
omucaH B 1914 ropy, OCHOBaH Ha OMYypeTOBON peakuun
U ABJISIETCs KonmopuMeTpudeckuM. [IpuHumm mMetozna co-
cTOoUT B 00pasoBaHUM (GUIOTEBOTO KOMIUIEKCA MOHOB
Meyu ¢ 6eIKOBBIMY MOJIEKY/IaMI B II[e/IOYHOIT Cpefie: CBs-
3bIBaHMe aTOMa KUCIOPO/a C MIOHOM MeZ IIPOVCXOANT 3a
CYeT MOSIB/IEHNs OTPULIATEIBHOTO 3aps/ja, BO3HUKAIOIIETO
IIpY OTIIEIVIEHNY aTOMa BOJZOPOJAa OT €HONbHOI TPYIIIIbI
HeNnTUIHON CBsA3M [5]. B 61ypeToByIo peakijuio BCTyIaoT
Oe/Ky ¥ HMEeNTHUAbI, COCTOSINE He MeHee 4eM U3 3 aMu-
HOKUCIOT. KoHIjeHTparmio 6e/ka yCTaHaBIMBAIOT IO VMH-
TEHCUBHOCTH CBETOIIOIVIOIEHNS IIPY JINHE BOTHBI 540
580 HM. IIpenen 4yBCTBUTENIBHOCTI OMYPETOBOTO METOfA
orpaHMYeH KOHIeHTpalyeit 6enka 300 mr/n [6].

Mertop JIoypu 0CHOBaH Ha peaknuu ¢ peareHToM Qo-
nnHa — YoKanTey, aKTMBHBIM KOMIIOHEHTOM KOTOPOTO
SIBJIsSIETCS KOMIUIEKC 13 MOnmnbara, Bonbdpamara u doc-
¢dopHOIT KMCTIOTBL. B Xopie 6MypeToBOIT peakiuy 1 BOC-
cTaHOBJIeHU:A peakTnBa PonyHA IUKINYECKUMI aMIHO-
Kucmotamn [7](rmaBHBIM 00pasoM THUPO3KMHOM, a TaKXKe
tpuntodaHoM 1 (QeHUIaTaHNHOM, B MeHbIIEN CTelle-
HY — LJCTEMHOM ), IPOVCXOUT OKpaIliBaHMe PacCTBOpA.
Mertop Jloypu 60ee 4eM B CTO pa3 4yBCTBUTENIbHee O1I-
YyPEeTOBOTO, OJJHAKO SIB/ISETCS] HEBBICOKOCTENVDUUHBIM,
($uU3NONIOrNYecKy aKTUBHbIE AMVMHBI MEIIAIOT TOYHOMY
OIIpefie/IeHNI0 KOHL[eHTpauyn benka [8].

Metrop, bpandoppa ¢ mpumenenmem Kpacutens Ky-
maccu 6pummantoBoro cutero (KBC) G-250 sBnsercs
JIOCTATOYHO YYBCTBUTENBHBIM 1 IIPOCTHIM. [Ipenonoxu-
TE/IbHO, MOJIEKY/Ia KpacuTe/sl 00pa3yeT MOCTUK MEXAY
[IByMsI OTPULIATe/IbHO 3apsDKEHHBIMM IPYIIIAMI MH/VIKA-
TOpa U MOJIOKUTEIBHO 3apsDKEHHBIMM MOJIEKy/IaMu Oer-
Ka, pearupys ¢ HUMU, B pe3yibrate 4ero GopMupyercs
OTHOCKTENBHO KPYIIHBIN KOMIUTEKC 13 Geka 1 Kpacure-
JIs, OKpALIeHHBIT B CMHMIT 1BeT [9]. [JaHHBIN KpacuTeb
He oOpasyeT OKpalIeHHOTO KOMIIEKCAa CO CBOOOTHBIMMU
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tection, which have specificity, sensitivity, reproducibility,
rapidness and simplicity of performance in an equal de-
gree, and also free of non-protein components effect. Each
protein determination method has its own advantages and
disadvantages [2].

The most popular and reliable methods used in the
modern practice are: spectrophotometric determination of
protein concentration, the Kingsley-Weichselbaum meth-
od, Lowry method and Bradford method [3].

The spectrophotometric method is based on ultraviolet
radiation absorption by aromatic amino acids (tyrosine,
tryptophan and phenylalanine), which are constituents
of protein molecule sequence. The protein content is de-
termined by the Kalckar formula, which allows excluding
an nucleic acids effect in samples based on data on optical
density at 280 and 260 nm [4].

The Kingsley-Weichselbaum method was described for
the first time in 1914. It colorimetric method based on the
biuret reaction. The principle consists in the development
of violet colored copper ions complex with protein mol-
ecules in the alkaline medium: oxygen atom binding with
the copper ion takes place due to negative charge appear-
ance that occurs upon splitting of hydrogen atom from of
the peptide bond enol group [5]. Proteins and peptides that
contain not less than 3 amino acids enter into the biuret re-
action. The protein concentration is determined by the in-
tensity of light absorption at a wavelength of 540-580 nm.
Biuret reactionsensitivity limit is restricted by protein con-
centration of 300 mg/1 [6].

The Lowry method is based on reaction with the Folin-
Ciocalteu’s reagent, which active component is a molyb-
date, tungstate and phosphoric acid complex. In the course
of biuret reaction and reduction of Folin reagent by cyclic
amino acids [7] (primarily, tyrosin as well as tryptophan
and phenylalanine, to a lesser degree by cystein), solution
coloring takes place. The Lowry method is a hundred times
more sensitive than the biuret method; however, it is not
highly specific and physiologically active amines impair
accurate determination the protein concentrations [8].

The Bradford assay with the Coomassie brilliant blue
G-250 dye (CBB) use is high sensitive and simple. Presum-
ably, the dye molecule forms a bridge between two nega-
tively charged groups of indicator and positively charged
protein molecules reacting with them; as a result, relatively
large protein complex and the dye having blue color is
formed [9]. This dye does not form a stained complex with

free amino acids and low molecular weight oligopeptides
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aAMMHOKJC/IOTaMM ¥ HM3KOMOJIEKY/IIPHBIMY OJIUTOIIEII-
TUJAaMM, COlepKallMMI MeHee 15 aMMHOKUCIOT, B TO e
BpeMsI JIETKO CBA3BIBASICh C OCHOBHBIMM aMUHOKMCIIOTA-
MU: TM3VHOM, TUCTUAVHOM, apruamnuaoM [10, 11].

Ilenpio faHHOI pabOTHI SABSJICA NMOAOOP ONTHMAIb-
HBIX MeTOIOB OIIpefie/ieHVs] KOHILIEHTpauuyu OeTKOBO-
HENTUIHBIX KOMITTIEKCOB, COTePXKAIMXCsI B KOMIIEKCHBIX
BOJIHO-COJIEBBIX 9KCTPAKTAX KUBOTHOTO CHIPbSI U OTHENb-
HBIX QpaKLMsX.

Marepuanbl 1 METOAbI

B xadyecTBe OCHOBHBIX 00'bEKTOB MCC/IEJOBAaHNIT: KOM-
IIJIEKCHBIN BOJHO-CO/IEBOI SKCTPAKT Ha OCHOBE IMMYHO-
KOMIIETEHTHBIX OPTaHOB CBMHeN (TMMYC, Cele3eHKa, Me-
3eHTepa/IbHble MMMpATIYeCKIe Y37Ibl); PpaKIuy JaHHOTO
9KCTpPAKTa, Cofep)Kaliue 6elKOBO-NeNTUHbIe KOMIIIEK-
Cbl C MOZeKyIApHbIMM Maccamy MeHee 30 kx/la m 6omee
30 xJla. TexHonorusa 6eIKOBO-IENTUNHBIX KOMIIIEKCOB
BKJIIOYAJIa MCIIO/Ib30BaHMe BOJbI C PA3/IMYHBIM COfepKa-
HUeM feliTepus B kadecTBeskcTparenta (D/H 40 n 150
ppm). OpakuyoHupoBaHue O€TKOBO-TENTULHBIX KOM-
IIEKCOB IIPOBOAVIV METO/IOM CTYHNEHYaTON Y/IbTpapuIb-
Tpanuy Ha ycTaHoBKe Brmammcapt (Bmmpumcapt, Poccus)
nopt gapneHueM P = 2,5 6ap ¢ ucrnonp3oBaHueM MOAYIIei
u3 nomuadupcynbpoHa ¢ IIACTUKOBBIMU (PUTTUHIAMU
u emkoctsamu VivaFlow200 (Sartorius, Tepmanus). B pe-
3y/bTaTe ObUIN OMTy4YeHbl PpaKIUK B AMaITa30He MOTIEKY-
nspHBIX Macc MeHee 30k/a u 6omee 30 x/[a [12].

Omnpepenenne KOHIEHTpauuy Oe/ka IPOBOAVIIN de-
TBHIPbMSI METOJAMU: IIPAMOE CIIEKTPO(OTOMETprIecKoe
ompefielieHNe KOHLeHTpauyuy Oenka, 6uypeTroBas peak-
1y no Merony Knnrcnes — Betikcenb6ayma, ¢ IIOMOIIbIO
peaktusa bpandopna u metoom Jloypu.

[Ipamoe cmexTpodoTOMeTpUYecKOoe —OIpefe/eHre
KOHIIeHTpanyu 6e/Ika IPOBOAMIN IyTeM M3MepeHNUs Oll-
TUYECKON IJIOTHOCTU PacTBOPOB IIPM JIMHAX BOMH 260
n 280 HM B KBapLEBbIX KIOBETaX C [IMHOV ONTUYECKOTO
nyTy 1 cM. Pesynbrarel oneHuBamm ¢ npumMeHeHneM ¢op-
mynel Kanpkapa [13].

Meton Kunrcmes — Beiikcenbbayma MCIIOnb3oBa-
Csl ¢ IpYMEHEeHMeM IOTyaBTOMAaTUYEeCKOTO aHaINM3aTopa
BioChemSA (HTI, CIIIA) no cTaHZapTHbIM MeTORMKAM,
npunaraeMeiM K peaktusam (HTI, CIIIA).

KonopumeTrpudeckuit Merop, Jloypu mposBopguau Io
CTaHIAPTHOII MeTO/UKe 6e3 IpeBapUTETIbHOTO OCaXKIe-
Husa Oenka, npepnoxeHHoit Ommeepom X. B 1951 ropy
(14]. Peakums 6enkoB ¢ moHamyu Cu2+ HPOMCXOAMIA
B 1IIeJIOYHOM PACTBOPE B NPUCYTCTBUY BOCCTAaHAB/IMBA-
fouterocst GpochopHOMONUOEHO-BONbYPAMOBOTO peax-
tuBa (Folin&Ciocalteu’s phenol reagent, Sigma-Aldrich,
Germany), cofiepaHye 0e/Ika pacCYNTBIBAIN IO K-
6poBOYHOMY rpaduKy.

Merop, Bpapdoppa mpoBogwau ¢ ¥CHONb30BaHUEM
kpacutena Kymaccum OpwimmanroBoro cmuero G-250.
OnTuyeckyo IJIOTHOCTb M3MEPS/IN NPU JJIMHE BOJIHBI
595 HM HPOTUB KOHTPOJIS, COZlEPIKAIlero BMeCTO Oenka

81

that contain less than 15 amino acids; at the same time, it
easily binds with basic amino acids: lysine, histidine, argi-
nine [10, 11].

The aim of this studywas an optimal methods selec-
tion for detecting protein-peptide complexes contained in
complex aqueous-salt extracts of animal raw material and
individual fractions.

Materialsand methods

The main research subjects were the complex aqueous-
salt extract based on porcine immunocompetent organs
(thymus, spleen, mesenteric lymph nodes); fractions of this
extract that contain the protein-peptide complexes with
molecular weightsless than30kDa and more than 30kDa.
The technology of the protein-peptide complexes included
the use of water with different deuterium content as an ex-
tracting agent (D/H 40 and 150 ppm). Fractionation of the
protein-peptide complexes was carried out by the method
of stepwise ultrafiltration on a Vladisart unit (Vladisart,
Russia) under pressure of 2.5 bar using the polyethersul-
fone modules with plastic fittings and containers Viva-
Flow200 (Sartorius, Germany). As a result, fractions in a
molecular weights range less than 30kDa and more than
30kD awere obtained [12].

Protein concentration determination was carried out
by four methods: the direct spectrophotometric protein
concentration determination, the Kingsley-Weichselbaum
biuret method, method with Bradford reagent use and the
Lowry method.

The direct spectrophotometric protein concentration de-
termination was carried out by measuring the optical den-
sity of solutions at wavelengths of 260 and 280 nm in quartz
cuvettes with an optical path length of 1 cm. The results were
assessed with the use of the Kalckar formula [13].

The Kingsley-Weichselbaum biuret method was used
with the semi-automatic analyzer BioChemSA (HTI,
USA) according to the standard methods supplied with the
reagents (HTI, USA).

The colorimetric Lowry method was carried out by the
standard methodology without a preliminary protein pre-
cipitation proposed by Oliver H. Lowry in 1951 [14]. The re-
action of proteins with Cu** occurred in the alkaline solution
in a presence of the reducing reagent containing molybdate,
tungstate and phosphoric acid (Folin&Ciocalteus phenol
reagent, Sigma-Aldrich, Germany); the protein concentra-
tion was calculated by using the calibration curve.

The Bradford method was applied with the use of the
Coomassie brilliant blue G-250 dye. The optical density
was measured at a wavelength of 595 nm against the con-
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Bony. KoHuenTpaiuio Oeka ompepensimm 1mo Kamopo-
BOYHOMY I'paduKy, [JIs1 IOCTPOEHNSI KOTOPOTO MCIIONb30-
Ba/IM CTAHJAPTHBII PaCTBOP CBIBOPOTOYHOTO anbOyMIHa
0,5 mr/mn (BCA) [15].

Pe3ynbrarsl 1 06cyKeHMe

Omnpenenenne KOHIEHTpauun O6enKa B 9KCTPaKTe IMO-
Ka3ajio, 4TO OMypEeTOBBIM METOOM MOXKHO OIIPEefieINTh
MaKCUMaJIbHO€ KOIMYECTBO OEIKOBBIX COENVHEHNIT, B TO
BpeMs KaK IIOKa3aTeny, IOMy4eHHble CIeKTpogdoToMe-
TpudeckuM MetonoM u Metomamu Jloypu u Bpapdopna,
6bUTK 3aHIDKEeHBbI 60mee 4eM Ha 20 MpoleHTOB. Bo3MOXK-
HO, 9TO OOYC/IOBJIEHO [JOCTaTOYHO Y3KVM JValla3OHOM
omnpepenenns 0eKa, 4YTo AB/IAETCS Crel(uKol JaHHBIX
METO/IOB.

CpaBHUTE/IbHBII aHAN3 Pe3y/NbTaTOB, MOTYYEeHHBIX
BBIOpaHHBIMY METO[AMIA, TIOKA3aJI, YTO Hanbosee moixo-
JALIMMY IS aHAJIM3a BBICOKOMOJIEKY/IAPHON (paKLuy
(c mMonexynsapHoit Maccoit 6omee 30 k/la) ¢ comep>xaHu-
eM pasINIHbIX OeTKOBBIX COENVMHEHMIl SBSIOTCSA M-
MOJl CrIeKTpodOoTOMETpUYeCKUil MeTon U OuyperoBas
peaxuys. ITorydeHHBIe JaHHBIE CBUAETENBCTBYIOT O TOM,
YTO B IaHHON (paKUMK COREP)KATCsI B OCHOBHOM CO€[V-
HEeHMsI, cofiepyKalue OONbIIoe KOMUYECTBO CBA3AHHBIX
apOMaTNYeCKNX aMMHOKMCIOT (TpuntodaHa, TMPO3MHA
U B MEHbIIIel! cTeneHy (peHnIasaHHa), a TakKe 0 Hajlu-
4y 6€/IKOB, IMEIOIINX B CBOEV CTPYKType He MeHee IByX
OH-rpymn 1 Tpex aTOMOB a30Ta, HAXOASALINXCS B MOJIN-
HenTUIHONM 1eTn.

[IpucyTcTBue B 9KCTpPaKTe HYKJIEMHOBBIX KUC/IOT
Y HYKJICOTHOB IIPAKTUYEeCKY He TIOB/IVSAT Ha aHanu3 6e-

trol, which contained water instead of protein. The protein
concentration was determined by using the calibration
curve, in which construction the standard solution of se-
rum albumin (0.5 mg/ml) (BSA) was used [15].

Results and discussion

Protein concentration determination in the extract
showed that it is possible to determined the maximum
protein compounds amount by the biuret method, while
the levels obtained by the spectrophotometric method, the
Lowry method and the Bradford method were underesti-
mated by more than 20 percent. It is possibly conditioned
by a comparatively narrow range of protein determination,
which is a specific characteristics of these methods.

A comparative analysis of the results obtained by the
chosen methods demonstrates that the direct spectro-
photometric method and the biuret reaction are the most
suitable for high molecular weight fraction analysis (with
the molecular weight more than 30 kDa) containing dif-
ferent protein compounds. The obtained data suggest that
this fraction largely contains the compounds with the high
number of bound aromatic amino acids (tyrosine, tryp-
tophan and, to a lesser degree, phenylalanine), as well as
proteins, which have in their structure not less than two
OH- groups and three nitrogen atoms present in the poly-
peptide chain.

The presence of the nucleic acids and nucleotides in the
extract practically did not influence an analysis of protein
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KOBOTO COCTaBa CIIEKTPOPOTOMETPUYECKUM METOHOM,
OTKJIOHEHNe OT 0011ero 61ypeToBOro MeTOAa COCTABIIIO
He 6oree 7 %.

VcnonbsoBanne meropna Jloypu n meroma Bpandop-
fla TaKKe ITOKA3aI0 CXOXKUe MeXJy 000l pe3ynbTaThl,
OJIHAKO IIO/y4eHHBINl Pe3yIbTaT OTINYA/ICS OT JAHHBIX,
HOTy4YEeHHBIX OMYPETOBBIM 1 CIIEKTPOPOTOMETPUIECKIM
MeTtofiamu 6oree 4eM B 2 pasa. Ilogo6Hast OrpentHocTh
MO>XKET CBUJETENbCTBOBATh O TOM, YTO IIPOM3OLIIO Ypes-
BBIYAJIHO aKTVBHOE CBA3bIBaHNUE C APTVHUHOM U TMAPO-
($OOHBIMM AMUHOKVC/IOTHBIMU OCTaTKaMu (B cCiIydae
¢ metonoM bpandopza), a Takke 06 aKTMBHOM BOCCTa-
HaB/IMBAIOLIEM B/IVSHUY BOJBI C TIOHVYKEHHBIM COepyKa-
HIeM Jieiitepus (B crydae ¢ MetofoM JIoypn), 4To 6b110
mokasaHo pasee [16].

AHanu3 [aHHBIX, MOTYYEHHBIX HPU MUCCIESOBAHUM
HI3KOMOJIEKY/IIPHOI (pakiuyu (C MONEKyIAPHOI Mac-
coit meHee 30 k/la), mokasas, 4TO B JAHHOM CTy4ae Hefjo-
IMYCTUMO MCIIO/Ib30BaHMe OMypeTOBO peakluy BBUAY
CIMIIKOM MAJioro cofepKaHus 6enka B obpasiie, B 1O-
IO6OHOI cuTyanuy obpasel; clefyeT CKOHIIEHTPUPOBATh
(HampuMep, MMO(UIBHO BBICYLIINTH), KPOMe TOTO OuUy-
peToBast peakius He 03BOIsET ONPeeNATh el TUIHbIe
coenuHeHns. Hanbonplee 3HaueHue Oeka ObIIO Ompe-
feneHo MetonoM JIoypu, 4TO CBU[ETEIbCTBYeT O Ha-
nuyuyu B obpasije 3HAYMTETbHOTO KOMMYeCcTBa OEnKOoB
U HENTHU/IOB, UMEILINX B CBOEN CTPYKType apoMaTnye-
CKIfe aMMHOKVC/IOTBI, YTO TaKXKe OBIIO MOATBEPX/IEHO
criekTpodoToMeTpudeckuM MetogoM. Kpome Toro, me-
tooM bpapdopaa 6p110 MokasaHo Hamuue ruApodo6-
HBIX aMIHOKVCTIOTHBIX OCTaTKOB.

[Ipu 06Cy>XKeHNN MONyYeHHbIX PE3y/IbTaTOB CIEAyeT
00paTuTh BHMMaHUe IIPY OLIEHKe KOHIleHTpauum Oenka
B 9KCTpaKTe Ha B3auMoJelicTBMe peakTuBa Kymaccu co
CTPOTrO OIpefie/leHHBIMI aMIUHOKIC/IOTaMU OOKOBBIX Iie-
el MOJIEKY/IbI OeJiKa, TIOCKO/IbKY OCTajIbHble OenKOBBIe
COelMHEHMsI, B COCTaBe KOTOPBIX HET apryMHMHA U apo-
MaTUYeCKVX KVC/IOT, BBIIAJAIOT U3 aHAIUTUYECKOI BBI-
6opku [17, 18]. Takum 06pasoMm, OTMEYEHO 3aBeLOMOE
3aHIDKEHNUE Ppe3yIbTaTOB IPM MCIIONb30BAaHUU METOfA
Bpandopn orHocuTenpHO Metopa Jloypu. IIpu ananmse
HEM3BECTHBIX II0 OEITKOBOMY COCTaBY >XMIKOCTENl TaK-
JKe CTIOKHO Tof00paTh HEOOXOAUMBIN CTaHAAPT IS T10-
CTpPOeHMsI KamuOPOBOYHOI KPUBOIL, B CBS3M C Ye€M BBIHY-
JKIeHHOe JICIIONb30BaHNue cTangapra bCA MoxeT Takxe
BIMATb Ha IONMydeHHble naHHble [19]. KammbpoBounsbie
KpMBbIe, MTOCTPOEHHbIE II0 pe3yabTaTaM CIEeKTPo¢OTO-
MeTPUYECKOTrO MCCIeJOBaHNsA, ABIAITCA 60Jee YeTKUMU
U TIO3BOJISAIOT MCIIONIb30BATh JAHHYI0O METORUKY 6e3 pu-
CKa IIOTEPATh IPM ONpefe/IeHNM KOHIeHTpauuy Genka
HM3KOMOJIEKY/IAPHbIE NeNTUHbIe COCNVHEHNA, KOTOpbIe
obnmagaoT Hanbosbleit QYHKIVOHATBHON aKTUBHOCTDIO
U ABJIAIOTCA LjelIeBBIMM, OFHAKO B JAHHOM C/Iy4ae Ha pe-
3y/IbTaThl MOTYT BIMSATH TEXHUYECKIE M KOHCTPYKTUBHbIE
XapaKTepPUCTUKIU IPUOOPOB, C UCTIONb30BAHMEM KOTOPBIX
npoBoautcs aHamus [20,21].
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composition by the spectrophotometric method; deviation
from the general biuret method was not more than 7 %.

The use of Lowry and Bradford methods also gave
results that were similar to each other; however, they
differed from the data obtained by the biuret method
and the spectrophotometric method by more than two
times. This discrepancy can be indicative of an extreme-
ly active binding with arginine and hydrophobic amino
acid residues (in case of the Bradford method) and of
an active reducing effect of water with lowered deute-
rium content (in case ofthe Lowry method), which was
shown earlier [16].

Analysis of the data obtained when studying the low
molecular weight fraction (with molecular weight less
than 30 kDa) shows that in this case, it is infeasible to use
the biuret reaction because of too low protein content in
a sample; in this situation, a sample is to be concentrated
(for example, lyophilized). In addition, the biuret reaction
does notal low determination of peptide compounds. The
highest protein level was determined by the Lowry meth-
od, which points to the presence in the sample of the high
amount of proteins and peptides that have aromatic ami-
no acids in their structure, which was also confirmed by
the spectrophotometric method. Moreover, the Bradford
method revealed the presence of hydrophobic amino acid
residues.

While discussing obtained results and assessing a pro-
tein concentration in an extract, it is necessary to pay at-
tention to the interaction of the Coomassie reagent with
specific amino acids of the side chains of the protein
molecule, as other protein compounds that do not con-
tain arginine and aromatic acids fall out of the analytical
sample [17, 18]. Therefore, undoubted underestimation of
the results when using the Bradford method compared
to the Lowry method was noted. In analysis of liquids
with an unknown protein content, it is also difficult to
choose a needed standard for constructing a calibration
curve. In this connection, the necessary use of the BSA
standard can also influence the obtained data [19]. Cali-
bration curves constructed by the results of the spectro-
photometric analysis, are more clear and allow using this
method without a risk of losing low molecular weight
peptide substances, which have the highest functional
activity and are a target, in determination of the protein
concentration. However, in this case, the results can be
influenced by technical and design features of equipment,
which is used in analysis [20, 21].
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3akiaoueHne

Takum 06pa3oM, MOXHO CZielIaThb BBIBOJ, YTO IIPM KO-
JINYECTBEHHOM OIIpeielleHNN Cofiep)KaHus Oeka B 9KC-
TPaKTaX Ha OCHOBE CBIPbA >KMBOTHOTO IIPOVCXOXK/ICHNA,
C IIVPOKMM CIIEKTPOM 0€KOBO-TIENTH/IHBIX COeMHEHMIT,
HanOOo/IbIIIell TOYHOCTBIO 00/1aiaeT 6MypeTOBbII METO.
I[Ipu mccnenoBanyy Qpakimii SKCTPAKTOB C MOJIEKYIIAP-
HoOII Maccoit 6oree 30 x/la Hambosee monHyo MHGOpPMa-
V0 MOYKHO HOJTYYNTH C HOMOIIBIO CIIEKTPOMETPIYECKO-
ro MeTofia U 6MYpPeTOBO peaklny, a Py UCCIeSOBaHUN
HV3KOMOJIEKY/ISIPHBIX (PpaKIMil C MOIEKY/IIPHON Maccoi
MeHee 30 kJla clegyeT mpoBOAUTH KOMIIIEKCHOE VICCTIEHO-
BaHIe ¢ coueTaHneM MeTozos Jloypu, bpandopaa u criex-
TPOHOTOMETPUIECKUM METO[IOM, 8 OUMYpPEeTOBBINI METOJ
B JaHHOM C/Ty4ae HeIPUTOfieH.
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Conclusion

Therefore, itispossible to conclude that upon quantita-
tive protein content determination in extracts based on
animal raw material with a high range of protein-peptide
substances, the biuret method is the most accurate. While
studying the extract fractions with a molecular weight
more than 30 kDa, the most comprehensive information
can be obtained using the spectrophotometric method
and the biuret reaction. When studying the low molecular
weight fractions with a molecular weight less than 30 kDa,
it is necessary to carry out a complex analysis combining
the methods of Lowry, Bradford and spectrophotometric
analysis, while the biuret method is not suitable in this
case.
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