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Annomauus

IIpumenenuie nPpozHO3HbIX MEXHONO2ULL ABAACCT OOHUM U3 HA-
npasneHuil Hay4HO-UCCIe0068aMenbCKUX pabom, nposoOUMbLX
kax 6 Poccuu, max u 3a pybesxcom. Ilepepabomka msca conposo-
HOAEMCS CTOICHOIMU PUSUKO-XUMUHECKUMU, OUOXUMUHECKUMU
U mMexamuueckumu npoveccamu. I npozno3a noseoeHus msc-
HO20 CbIpbs 6 X00€ MeXHO/I02U1ecKotli 00pabomKU UCNOIb3YIoMm
KOMNJIEKC (PYHKUUOHATLHO-EXHONI02UMEeCKUX U  CMPYKmyp-
HO-MexXaHu4yecKux nokasamerneti, 00beKMUBHO OMPANAOULUX
e20 kauecmso (senuuuna pH, 6000c6a3b16a10u4a U HUpoyoep-
HCUBAIOWLAST CHOCOOHOCIU, AKINUBHOCMb B000bL, IUNKOCHID, B53-
Kocmb, naACMUYHOCMb U m.0.). B cmamve nokazano énusuue
HUBOMHBIX 0en1K08 (208ANVUX U CBUHDIX) HA PUBUKO-XUMUUE-
ckue U PYyHKUUOHATIbHBLE CB0LICIMEA MACHBLX dapuieii 00 u nocrue
mepmuueckoti 06pabomKu, biPAGOMAHHBIX U3 MACHOZ0 CbIPBS C
DPAasHbIM coOepicanuem coeduHumenvHotl u xuposoti mraneil. Ha
0CHOBE ONBIMHBIX 0AHHBIX C NOMOULLIO MEMO008 PeePeccuOHHO20
aHanusa ObiIu Nomy4eHvl napamempul moodenu (crmoxacmute-
CKOTi 3A6UCUMOCINUL), CBA3bLBAIOU4UE KOTUHECTNBEHHbIE De3YIib-
mupyrouue 1 PakmopHvle nepemerHvle, U OUeHeHA CmeneHb
C021ACO08AHHOCIU C IKCNEPUMEHMATbHUIMU 0aHHbIMU. Memoda-
MU MAMEMAMU4ecK020 NPozPaAMMUPOBAHUS ObLIU YCIMAHOBTIEHDL
npedenvHo 0Onycmumble YPOSHU 3aMeHbL MICHO20 CoLPLST HUBO-
Homu Genkamu (208sicoumu u céunbimu). Ilpumenenue ungop-
MAYUOHHDIX THEXHOTIO2UTE CYULeCtNB8eHHO COKPAMUM 3ampanvl
HA IKCNePUMEHMATIbHBLLL NOUCK U 000CHOBAHUE ONMUMATILHOZ0
YPOBHS 3aMeHblL MACHO20 CbLPbS HUBOMHbIMU OenKamu (20854cb-
UMU, CBUHBIMIL), A MAKHE NOMONEM YCIMAHOBUMb 63AUMOCEA3b
nokasamerneil Kauecmea npooyKma ¢ KOIUHECHBOM U Kauect-
B0M UHZDEOUEHINOB 8 MACHOM papue.

BBenenne

OpHo 13 HanpaB/IeHNIT TOCYAAPCTBEHHOI MOIUTUKI B
061acTy 3[0pOBOTO MUTAHMUS SBJISIETCS Pa3paboTKa BbI-
COKOKAQYEeCTBEHHBIX IMIEBBIX IPOAYKTOB C 3a/laHHBIM
XMMMWYECKVM COCTAaBOM U NMILEBOJ LEHHOCThIO, OTBEYA-
IOIIMX BCeM TPeOOBAHUAM TEXHUYECKMX PEIrIAMEHTOB U
HOPMAaTMBHBIX JJOKYMEHTOB. B CBA3M C 9TMM BakKHeIIIen
3ajadert MsiconepepabaTbiBaOIiell POMBIIITIEHHOCTI
ABJIAETCA PalMIOHA/JIbHOE VCIIONIb30BAHME CBIPbs, HTEH-
cupuKauua IPOM3BOACTBA HA OCHOBE MCIIONIb30BAHMSA
Hay4YHO-TE€XHMYECKOTO IIpOrpecca ¥ BHEJPEHNA IIPOTpec-
CUBHBIX TEXHOJIOTUI, pacIIMpeHye acCOPTUMEHTHOTO
pAfa IPONYKLMM ¥ MOBBILIEHNE KayeCTBa NPOAYKLINN, B
TOM YMCTIE 3a CYET CO3/IaHMA HOBBIX BUJOB IIPOJYKTOB Ha
OCHOBE COYETAHVIS MACHOTO ChIPbs C Oe/IKaMI )KMBOTHOTO
U PACTUTE/IBHOTO ITPOMCXOKIEHMA.

KoH1enuus MozienpoBaHysA ¥ ONTUMM3ALNN, CHOPMY-
JIMpOBaHHAsA B TPY/ax IIKo/Ibl akageMuka Kagaposa B.B. [1],
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Abstract

Use of the prediction technologies is one of the directions of the
research work carried out both in Russia and abroad. Meat
processing is accompanied by the complex physico-chemical,
biochemical and mechanical processes. To predict the behavior
of meat raw material during the technological processing, a
complex of physico-technological and structural-mechanical
indicators, which objectively reflects its quality, is used. Among
these indicators are pH value, water binding and fat holding
capacities, water activity, adhesiveness, viscosity, plasticity and
so on. The paper demonstrates the influence of animal proteins
(beef and pork) on the physico-chemical and functional properties
before and after thermal treatment of minced meat made from
meat raw material with different content of the connective and
fat tissues. On the basis of the experimental data, the model
(stochastic dependence) parameters linking the quantitative
resultant and factor variables were obtained using the regression
analysis, and the degree of the correlation with the experimental
data was assessed. The maximum allowable levels of meat raw
material replacement with animal proteins (beef and pork) were
established by the methods of mathematical programming. Use of
the information technologies will significantly reduce the costs of
the experimental search and substantiation of the optimal level
of replacement of meat raw material with animal proteins (beef,
pork), and will also allow establishing a relationship of product
quality indicators with quantity and quality of minced meat
ingredients.

Introduction

One of the directions of the state policy in the field
of health nutrition is the development of high quality
food products with the targeted chemical composition
and food value that correspond to all requirements of the
technical regulations and normative documentations. In
this connection, an important task of the meat process-
ing industry is the rational use of raw material, intensifi-
cation of production on the basis of using the scientific-
technical progress and incorporation of the progressive
technologies, extension of the product assortment and
increase in product quality through, among other things,
the development of new types of products based on the
combination of meat raw material with animal and plant
proteins.

The concept of modeling and optimization, which
is stated in the works of the school of academician
Kafarov V.V. [1], is associated with predicting quality of
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CBsI3aHa C IPOTHO3MPOBAHMEM KadecTBa IIPOAYKINY Hepe-
PaboTKM OMOCHIPBS )KUBOTHOTO IPOMCXOKAEHNUSA CO CITy-
YalHBIMI XaPAKTEPUCTUKAMMU Y CBOVICTBAMIL

HavanpHas HeompeneneHHOCTb OOYCIOB/IEHA pas-
OpocoM IOKasaTesell U CBOJICTB CBIPbsl OMOIOrNYECKOTO
nponcxoxaeHns (Gpuanko-xuMmndecknx 1 GyHKIMOHAIb-
HO-TEXHOJIOTMYECKIX TIOKa3aTesel) MOXKeT ObITh OXapaK-
Tepu30BaHa BeMMYMHON SHTponu [2-3]:

H(02) =333 P8z log, P(ac))
Jj=1 k=1 r=l1
( P AZJ’” ) - BEPOATHOCTDb 7-TO YPOBHS OTK/IOHEHNSA

k r0 HOKa3aTeNs B j-M Bufie 60/IOTMYeCKOTO ChIPbS;

U OIpenensaeT CIOKHOCTb NPUHATUA PELIEHUI C Lie-
b0 o0ecredyeHNs KadecTBa NMPORYKLVM IO KPUTEPUAM
MUIEBOI U OMOTOTMYECKOI IIEHHOCTH.

OcHoBHas 3afavya MsCONepepabaThIBaIOIIETO Ipef-
OpUSTUA — BBIPAOOTKA MSCHBIX M3[eNI 3aJaHHOTO Ka-
4yecTBa. B cBA3M ¢ 9TMM IeneBas QyHKUUA yIpaBIeHUA
KauyecTBOM MOXXeT OBITh IPe[CTAaB/IeHa B BU/IE ME€PAPXIU
HEKOTOPBIX IapaMeTPOB M IIOKA3aTesell, OTPaKaloLuxX
AMHAMUKY (OPMUPOBAHMA KadyecTBAa IIPOU3BOJVIMBIX
MSICHBIX HpOI[YKTOB

szb Zyk ij..k>

i=1 Jj=1

rne a;,b;,d;, - xosbuiuentsr sHaummocTu u-
3UKO-XVMWYECKNX, (YHKIMOHATbHO-TEXHOIOTMIECKIX,
CEHCOPHBIX IIOKasareleil U CTPYKTYPHO-MeXaHMIeCKUX
CBOJICTB, XapaKTePU3YIOLINX KaueCTBO MSCHON IPOAYK-
LIV, OIIpefienisieMble MeTO/{OM 3KCIIEPTHBIX OL[eHOK I per-
PECCHOHHOTO aHa/N3a;

Ax; , - HOpMaTBHAs BeTMYMHA OTKIOHeHNsA k-ro 1o-
Kasaresis HeKOTOPOIL TPYIIIIBL.

Il COMOCTaBMMOTO aHa/IM3a BIVAHMSA Pas/IMYHbIX
¢busuKo-xuMIdecknx (HakToOpoB Ha KayeCTBO IIPOAYKIIUM
HOPMIPOBAHHbIE BE/IMYVMHBI OTKIOHEHWII ITapaMeTpOB OT
3a/JaHHbIX 3HAYCHNIT PACCUNTHIBACTCS CTIEAYIOLINM 00pasom
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rae xU &> Xy - 3A/IAHNOE I TEKYIIee 3HATEHIe k-ro mo-
Ka3aTesis, j-ii TPyIbt (aKTOpPOB i-ro MACHOTO IPORYKTA;

j.k - JOIYCTUMOE OTK/IOHEHMe ITapaMeTpOB OT 3a-
JIAHHOTO 3HAYeHMA.

KauecTBO MsACHOTO IIpoiyKTa Hanbosee IMOTHO XapakK-
TepU3yeT KOMIUIEKCHBII KPUTEPUil KadecTBa, y4UThIBA-
ot GU3NKO-XMMuYeckne, (QYHKIMOHAIbHO-TEXHO-
JIOTMYecKye MOKasaTeI ¥ CTPYKTYPHO-MeXaHMYecKue
corictBa. Ocoboe 3HaueHNUe MMEIOT PeosIorMYecKue Xa-
PaKTepUCTHKM, KOppenupyome ¢ GU3UKO-XUMIYeCKN-
MU IIOKa3aTeIsAMU OMOCBIPbs >KMBOTHOTO IPOMCXOXKIE-
HUS, MSICHOTO (papiiia ¥ ToToBOro mamenus [4-5].

[lenpro JaHHONM pabOTHI ABJANOCH U3Y4EHME BIIU-
SAHUA SKUBOTHBIX OeIKOB (TOBSKBMX M CBUHBIX) Ha
¢dusnko-xumMmyeckrie ¥ QyHKIMOHATbHbIE CBOJCTBA
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products from processing of animal biological material
with random characteristics and properties.

The initial uncertainty is conditioned by the dispersion
of indicators and properties of biological raw material (the
physico-chemical and functional-technological indica-
tors), can be characterlzed by the entropy value [2-3]:

H(2,)=-3 33 P(ac)log, P(azl")

j=l k=1 r=1

where (P Az/" ) - probability of the " value of deviation
of the k™ indicator in the j™ kind of the biological raw ma-
terial;

and determines the complexity of decision making with
the aim of ensuring product quality by the criteria of food
and biological value.

The main goal of a meat processing enterprise is to
produce meat products with specified quality. In this con-
nection, the target function of quality management can be
presented in a form of hierarchy of several parameters and
indicators reflecting a dynamics of quality formation in
produced meat products
ko

where g, b,, , dy B coefficients of significance of
physico- chemlcal tunctional-technological, sensory indi-
cators and structural-mechanical properties characterizing
meat product quality, which is determined by the method
of expert assessment and regression analysis;

Ax; , - normative value of the k™ indicator of some
group.

For comparative analysis of an effect of different physi-
co-chemical factors on product quality, the normative val-
ues of parameter deviations from the specified values are
calculated as follows

k

0
Xij k
0

Ax;

ij..k

ik

0
where X x> X;_ - specified and current values of the k™ in-
dicator in the j factor group of the i meat product;

Ax; .- allowable variation of parameters of the
specified value.

A complex quality criterion, which takes into consid-
eration the physico-chemical, functional-technological in-
dicators and structural-mechanical properties, most fully
characterizes meat product quality. The rheological charac-
teristics correlating with the physico-chemical indicators of
biological raw material of animal origin, minced meat and
finished products are of special importance [4-5].

The aim of this work was to study the influence of ani-
mal proteins (beef and pork) on the physico-chemical and
functional properties of minced meat and cooked samples
produced from meat raw material with different content of
the connective and fat tissues and to develop a mathemati-
cal model for predicting meat product quality dependent
on a percentage of meat raw material substitution.

According to the set goal, the following objectives were
achieved:

- to determine the content of total and connective tissue
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CBIPBIX U BapeHbIX MsCHBIX (apiieil, BHIpaOOTaHHBIX U3
MSICHOTO CBIPbSI C Pa3HBIM COfiep)KaHUeM COENVHUTENb-
HOJI 1 XMPOBOJ TKaHeil ¥ paspaboTKa MaTeMaTI4ecKoil
MOJIe/IV NIPOTHO3MPOBAHMA KauyecTBa IIOMYYeHHON IIpo-
AYKOVUM B 3aBMCUMOCTU OT IIPOLIEHTA 3aMeHbI MACHOTO
CBIPbSI.

B cooTBeTcTBMM C NOCTaB/IEHHON IIe/IbI0 pelIaTnch
CIefyIoIyie 3a/Ia4un:

- ONpeNeNuTb COflep)KaHue OOILIEro M COeNUHNUTENb-
HOTKAHHBIX 0€/IKOB, B 3aBUCHMOCTY OT COJePXKaHMS JKI-
POBOII 11 COEAVHUTENBHOI TKaHeil B 00pasIiax;

- USYYUTH BIIVISIHME )KMBOTHBIX O€/IKOB (CBUHBIX U TOBSI-
JKbUX) Ha (PU3MKO-XMMMYeCKue M (PyHKIVMOHATbHO-TEeX-
Hozornyeckue nokasarenmu (pH, maccoyio pgomo 6enka,
JKMpa, BJIary, OKCUTIPOJIVHA, IIBET, aKTUBHOCTD BOJIbI, BSI3-
KOCTb, B/IATOCBS3bIBAOIYI0 CIOCOOHOCTD) Ha MOJIE/TbHBIX
o6pasiiax cbIporo MsCHOro apiia;

- USYYUTH BIIVISIHME )KMBOTHBIX O€/IKOB (CBUHBIX U TOBSI-
JKbUX) Ha (PU3MKO-XMMMYeCKue M (PyHKIVMOHATbHO-TEeX-
Hozornyeckue nokasarenu (pH, maccoyio pgomo 6enka,
OKCUIIPO/IVHA, BJIaTOYAEPKUBAIOIIYI0 CHOCOOHOCTb) Ha
MOJIE/IBHBIX 00pasiax TepMoOOpPabOTaHHOTO MSICHOTO
apua;

- paspaboTaTh MaTeMaTHYeCKyl0 MOJEIb IPOTHO3MUPO-
BaHNA KayeCTBa MACHOTO IIPOAYKTA IIPY 3aMeHe MACHOTO
CBIPbsI )KUBOTHBIMU Oe/TKaMu;

- anmpoO6MpoBaTh pa3pabOTAHHYIO MOJEIb.

Marepuanbl I METOMbI

3a Mope/bHbIe 00pa3Lbl MACHOTO (hapia ObIIV B3ATHI
00pasLbl ¢ pa3INYHbIM YPOBHEM 3aMEHbBI MACHOTO ChIPbs
Ha I'MIPATMPOBAHHBIE OE/IKM XMBOTHOTO IIPOVICXOXK/ICHIS
B guanasoHe oT 10% no 30% c npupamennem 10%. [uppa-
TALMIO )KUBOTHBIX O€/IKOB IPOBOAMIN B COOTHOILIEHNU Oe-
JIOK : Bojia 1y1s1 ToBspKbero — 1 : 10, g ceuHoro —1: 8.

B kadecTBe KOHTpO/IA OBIIM M3TOTOBJIEHBI 00OpPa3Iibl
M3 MsACA TOBANVHBI ¥ CBMHMHDI IIOTY>KVPHOM: KOHTPO/Ib
1 - roBagyuHa >XUJIOBaHHAA BBICLIETO COPTa C MacCOBOI
JIOTIelt COeIMHUTENBbHON 1 )KMPOBOII TKaHeit He 6ortee 3%,
KOHTPO/Ib 2 — TOBAJMHA XWJIOBaHHAsA 2 COpTa C MaccCo-
BOI1 [{O7IeNl COeNVHUTEIbHOI U YKUPOBOI TKaHeil He 6ortee
20%, KOHTpONb 3 — CBMHMHA >XWIOBAaHHAA IIOMTY>KMPHAsA
C MaccCOBOJI JOJIEN >KUPOBOM U COENVHUTENbHON TKaHen
He 6oree 45%. B ombITHBIE 00OpasIbl BHOCUIN TMAPATH-
POBaHHBIII XXMBOTHBII 6e/10K B KonmndecTse 10, 20 1 30% k
Macce MsCHOTO CbIpbs. [ToBapeHHYI0 cO/b BO BCe 0Opas-
116 BHOCW/IM B KO/IM4ecTBe 2,2%, TakoKe, UICXOHs U3 QYHK-
LIMOHA/IbHO-TEXHOIOTMYECKUX XaPAKTEPUCTUK MACHOTO
CBIPbsI, BO BCe 00pasIbl HOMOTHUTEIBHO BHOCWIN BOAY,
B KOHTPOJIbHbIE o6pa3ubl B KonndecTtBe 25%, B OIIBITHbBIE
00pasIibl UCXOMS U3 CHIDKEHMsI MacCOBOM JOU MSCHOTO
cbIpbsl. JKumoBaHHOE MACHOE ChIpbe C 33aJJaHHBbIM COfep-
JKaHMeM XXMPOBOM 1 COEIMHUTENNIBHON TKaHel M3Me/bya-
7Y Ha BOTYKE C JMaMeTPOM OTBEPCTUIN PEeIIeTKN 2-6 MM.
3areM M3MeJIbYEHHOE MSACHOE ChIPbE IlepeMelIMBalIl B
MeNIaJIKe C TIOBAPEHHOI COMbI0, BOIONM C TeMIIepaTypon
He Bpille 4 °C 11 IpeiBapUTe/IbHO TUAPATUPOBAHHBIM XKI-
BOTHBIM 0€/IKOM JI0 paBHOMEPHOTO pacIpefie/ieHns Bcex
MHTrpenyeHToB. KaXX/plil 13 IOTy4eHHbIX 00pa31ioB [eu-
7Y Ha 2 9acTU: OfIHY YacTh OTIIPABJIANM Ha IIpOBEfeHNE
3aIUTAHMPOBAHHBIX JCCIIETOBaHMII, BTOPYIO-(OpMOBaIM
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proteins in dependence of the content of fat and connec-
tive tissues in the samples;

- to study the effect of animal proteins (pork and beef)
on the physico-chemical and functional-technological in-
dicators (pH, mass fraction of protein, fat, moisture, oxy-
proline; color, water activity, viscosity, moisture binding
capacity) on the model samples of raw minced meat;

- to study the effect of animal proteins (pork and beef)
on the physico-chemical and functional-technological in-
dicators (pH, mass fraction of protein, oxyproline; mois-
ture holding capacity) on the model samples of cooked
minced meat;

- to develop a mathematical model for predicting meat
product quality upon meat raw material replacement with
animal proteins;

- to test the developed model.

Materials and methods

The samples of minced meat with different level of
meat raw material replacement with hydrated animal pro-
teins in the range of 10% to 30% with an increment of 10%
were used as the model minced meat. Hydration of animal
proteins was carried out with the protein: water ratio of
1:10 for beef minced meat and 1:8 for pork minced meat.

The samples of beef and semi-fat pork were used as a
control: control 1 — trimmed beef of top grade with mass
fraction of connective and fat tissues not more than 3%;
control 2 - trimmed beef of the second grade with mass
fraction of connective and fat tissues not more than 20%,
control 3 — trimmed semi-fat pork with mass fraction of fat
and connective tissues not more than 45%. The hydrated
animal protein was added to the experimental samples in
amounts of 10%, 20% and 30% of the meat raw material
mass. Table salt was added to all samples in an amount
of 2.2%. Based on the functional-technological charac-
teristics of meat raw material, water was further added to
all samples: to the control samples in an amount of 25%
and to the experimental samples on the basis of decrease
in the mass fraction of meat raw material. Trimmed meat
raw material with the specified content of fat and connec-
tive tissues was minced in a grinder with 2-6-mm-diam-
eter grinder plates. Then, minced meat raw material was
mixed in a mixer with table salt, water with a temperature
of not higher than 4 °C and preliminary hydrated animal
protein until the homogeneous distribution of all ingredi-
ents. Each of the obtained samples was divided into two
parts: one part was sent for performing the planned experi-
ments; the second was formed and cooked in a water bath
at a heating medium temperature of 75 °C and relative hu-
midity of 100% until reaching a sample core temperature
of 70-72 °C. After thermal treatment, the samples were
cooled until reaching a sample core temperature of 6 °C.
The samples of minced meat subjected to thermal treat-
ment were analyzed after cooling.

The prepared samples (control and experimental) were
sent for determination of the following indicators:

- determination of the physico-chemical characteristics:

- pH value was determined with portable pH meter “Za-
mer” (model 2696) by direct measurement in different
points of a sample;

- mass fraction of total moisture was determined by the
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¥ HOfiBepraiy TePMUIecKoii 06paboTke B BOASHOI OaHe
IIpyU TeMIepaTrype rperomieii cpenbl 75 °C 1 OTHOCUTEND-
HoM BnakHocTy 100% mO mMOCTVDKEHMA TeMIlepaTypbl B
neHtpe obpasma 70-72 °C. Iocnme TemmoBoit 06paboTKM
00pasupl OXIAXKAAIN IO JOCTIDKEHNS TeMIlepaTyphl B
neHTpe obpasua 6 °C. O6pasisl ¢apieli, HOABEPrHYThIE
TEIIOBOI 00pabOoTKe MCCIeNOBaIN ITOCTIe OXTaXK/IEHML.

VsroroBneHHble 00pa31bl (KOHTPOIbHBIE 1 OIBITHBIE)
HaIlpaBJ/IeHbI HA VICIIBITAHME 110 C/IEAYIOIIVM ITOKa3aTe/AM:

- ompepeneHne GU3NKO-XMMUYECKIX XapaKTepUCTHUK:

- BemmunHa pH - ompenensanum nmopraTuBHbIM pH-meTpom
«3amep» (Mogmenp 2696) IpAMBIM U3MEpeHVEM B PasINYHBIX
TOYKax 06pasia;

- MaccoBas o/ 001IelT B/Iary — MeTOOM, OCHOBAaHHBIM
Ha BBICYIIMBaHMU 00Opaslja 1O MOCTOSHHOM MaccChl IpU
105 °C,;

- - MaccoBas o/ 0611ero 6enKa — MeTOOM, OCHOBAaH-
HBIM Ha olpefienieHnu 6enka MetofoM o Kbenpaanio.;

- - MaccoBas Jo/A KMpa — MeTOJOM, OCHOBAaHHBIM Ha
OIpefieNeHnN X1pa MeTofoM 1o COKCTIeTy;

- OKCUIIPONIMH —MEeTO[IOM, OCHOBAaHHBIM Ha BbIfIeIEHUN
OKCUIIPO/IVHA IpU KUCTOTHOM TUAPOINM3e HMPOOBI Ipo-
OYKTa, MPOBENEHMM IIBETHON peakuuu ¢ MpPOJyKTaMu
OKIIC/IeHNs ee ¢ 0Opa3oBaHMeM COeIVMHEHMsI KPAaCHOTO I
M3MepEHUN MHTEHCUBHOCTU OKPACKI;

- KOJUIaT€H ONpeJeNAny pacueTHbIM ITyTeM YMHOXKEHU-
eM MacCOBOJI OV OKCUIIPO/IVHA Ha KO3 UIMEHT Iepe-
cyeta 8,07;

- ompefenieHNe JUHAMUYIECKON BA3SKOCTM OCYIEeCTBIA-
M METOZ,OM, OCHOBAHHBIM Ha OIIPefleIEHUN CUTIBI, TeJCT-
BYIOIIEl Ha eIVHUYHYIO IJIOIAb IOBEPXHOCTH, KOTOPast
IepeMeIaeTcsl C eUHUYIHON CKOPOCTbI0 OTHOCUTEIBHO
APpyToii HOBEPXHOCTY;

- OIpefie/ieHMe  BJIATOCBA3BIBAIOIIEN  CIIOCOOHOCTU
(BCC) n Bnaroymepxmusatomeit crocobnoctu (BYC) -
METOJOM IIPeCCOBAaHMA HaBeCK! IIOJ, Harpy3Koil B 1 KT
U TOC/IeNyIoLleM pacyeTe IO pa3HMIE MacC 10 U IOCIIe
IIpeCOBaHMA U MJIOWAIN BIISYKHOTO IIATHA, ONPefe/IeHHO-
ro mraHnMeTpoM, 1o PIpay n P.Xammy B mopudnxanum
B.Bonosunckoit n b.Kenpman u Beipakanu B % K 061ieit
Macce B/Iar'yl B IPOJYKTe ;

- ompefielieHNe IIBETOBBIX XapaKTEPUCTUK OCYIIECTB-
TAMM Ha KOMIIBIOTEPU3MPOBAHHOM CIIEKTPOKOIOPMMeE-
tpe (CrextpoToH, Poccus). Ilpunnumn paborsr mpubdopa
OCHOBaH Ha OJHOBPEMEHHOM M3MepeHuu Koadduimen-
TOB OTpa)keHMsI 00pa31oB Ha 24 GUKCUPOBAHHBIX AIMHAX
BOJIH, PacIO/IOKeHHBIX Yepe3 13 HM B BUAMMOIL 06macTu
cnextpa ot 380 mo 720 HM, ¢ IOCIeyOWEeN MaTeMaTnde-
CKOIT 00paboTKOI pe3y/lIbTaTOB M3MEepPEeHUsI MMUKPOIPO-
1IeCCOPHBIM KOHTPOJIIEPOM, BCTPOEHHBIM B M3MEPUTE/b-
HbI 6710K. [Ipnbop n3mepser: koopanHatel useta MKO
(1931r.) - X, Y, Z; KOOpAMHATEI IBETHOCTH — X, Y; KOOPAU-
Hatbl iBeTa CIELab (1976 1.) — L (cBeTn0TA), a* (KpacHoTA),
b* (xenTusHa) 1 fpyrue moxasaren.

Pe3ynbrarsl 1 06Cy>KIeHNA

[yt paspaboTKu METOOIOT M IPOTHO3MPOBAHNS Ka-
YecTBa BapeHBIX KOMOACHBIX M3[ennii He0OXOAMMO TIpo-
BeCTU aHAIN3 METO[OB, MCIONb3yeMBbIX /IS PpelIeHMNs
QHAJIOTMYHBIX 3a/ja4 Pa3/IMIHBIMU aBTOPAMI.
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method of specimen drying to the constant mass at 105 °C;

- mass fraction of total protein was determined by the
Kjeldahl method;

- mass fraction of fat was determined by the Soxhlet
method;

- oxyproline was determined by the method based on
oxyproline release at oxidative hydrolysis of a product
specimen, color reaction of the products of its oxidation
with development of a red compound and measurement
of color intensity.

- collagen was determined by the calculative method
multiplying the mass fraction of oxyproline by a conversion
factor of 8.07;

- dynamic viscosity was determined by the method
based on measurement of a force acting on a unit area
of a plane, which moves at a unit velocity with respect to
another plane;

- moisture binding capacity (MBC) and moisture hold-
ing capacity (MBC) were determined by pressing of a spec-
imen under a press of 1 kg and subsequent calculation of
the difference in masses before and after pressing and the
area of wet spot detected by a planimeter according to the
Grau - Hamm filter-paper press method in modification of
Volovinskaya-Kelman and were expressed in percents of
the total moisture of a product;

- determination of the color characteristics was carried
out on the spectrocolorimeter (Spectroton, Russia). The
principle of operation of the apparatus is based on the si-
multaneous detection of the reflection coefficients of sam-
ples on 24 fixed wavelengths located at a distance of 13 nm
in the visible spectrum (380-720 nm) with the subsequent
mathematical processing of the measurement results with
a microprocessor controller, installed into the measure-
ment block. The apparatus measures the CIE XYZ color
space (1931); color coordinates - x, y; CIE 1976 (L*, a*, b*)
color space (L - lightness; a* -redness, b* -yellowness) and
other indicators.

Results and discussions

To develop a methodology for cooked sausage quality pre-
diction, it is necessary to carry out an analysis of the methods
used for solving the similar tasks by different authors.

In designing food products with a complex raw ma-
terial composition, a possibility of modeling the charac-
teristics of a finished product, predicting its quality and
functional-technological properties is of high importance.

At present, the methods of linear experimental statis-
tical programming and the object-oriented approach are
mainly used for designing recipes of multicomponent food
products.

Design of the combined food products is based on the
principle of food combinatorics, which is a process of de-
veloping recipes of new types of products by substantiated
quantitative selection of the main raw material, ingredi-
ents, food and biologically active additives, which combi-
nation ensures the formation of the required organoleptic
and physico-chemical properties of products as well as the
specified level of food, biological and energy values [6,7].

The process of optimization of the recipe composition
is based on the use of the calculative criteria and concepts
proposed by I.A. Rogov, N.N. Lipatov and A.B. Lisitsyn, as
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[Tpn mpoeKTMpOBaHMM NMNIIEBBIX IPOAYKTOB CIOX-
HOTO CBIPBEBOTO COCTaBa HO/IbIIOE 3HAYEHIE VIMEeT BO3-
MO>XHOCTb MOJIeIPOBAHNSA XapaKTePUCTUK TOTOBOTO
IPOAYKTa, IPOTHO3MPOBAHNA €r0 KayecTBa M (YHKINO-
HaJIbHO-TeXHO/IOTMYECKUX CBOVICTB.

B HacTosImee BpeMs /I IPOEKTUPOBAHNS PELIENTYp
MHOTOKOMITOHEHTHBIX INIIEBBIX IPOAYKTOB B OCHOBHOM
UCTIONIb3YIOTCSI METO/BI JIMHEITHOTO, 9KCIIePUMEHTA/IbHO-
CTATUCTUYECKOTO IMPOrPaMMIPOBAHYS U 0O BEKTHO-OPH-
eHTUPOBAHHOTO IIO/IXO/IA.

[TpoexTnpoBaHyne KOMOVMHUPOBAHHBIX HPOAYKTOB
IMUTAaHUA OCHOBAHO Ha INPMHIMIE INIIEBOJ KOMOMHA-
TOPMK, T.€. IPOLECC CO3IAHNSA PELEeNTyp HOBBIX BUJOB
IPOAYKTOB MyTeM OOOCHOBAHHOIO KOJIMYECTBEHHOTO
107100pa OCHOBHOTO ChIPbsi, MHIPEAVNEHTOB, MUIIEBBIX U
6107IOTMYeCK) aKTUBHBIX J0OaBOK, COBOKYITHOCTb KOTO-
pBIX obecneunBaeT GopMMpPOBaHUEe TpeOyeMBbIX OpPraHo-
JIEITUYECKUX, (PUUKO-XVMUYECKUX CBOVICTB IIPOAYKTa,
a TaK)Xe 3a/IaHHBII YPOBEHDb NUIIEBOI, OMOTOTMYeCKOil 1
9HePreTUYeCcKO LIeHHOCTH [6, 7].

[Tpomecc onTMMM3aLMM COCTaBa PELENTYpP OCHOBAH
Ha JVCIIO/Ib30BAHMM PACYETHBIX KPUTEpUeB U MOHATUI,
npennoxxeHublx VLA, PoroseiM, H.H. JIlumaroBbiM u
A.b. JIucunpiHbly, a Takke B paborax 0.A. VBamknna
[0 CTPYKTYpPHO-IApaMeTpUIeCKOMY MOJETMPOBAHUIO U
CTPYKTYPHOJ OIITUMU3AIVY TEXHOTOTMYECKIX CUCTEM.

B mocegHme fecATUIETA B 9TOM HAIlPAaBJIeHUY TaK-
Ke TIPOBOAIMINCH HayYHbIE MICCTIeIOBAHNA.

ITpu pa3paboTKe ONTMMANBHBIX PELEeNTYP MOMTOYHBIX
IPOAYKTOB [8] MOBBILNIEHHON OMOTOTMYECKO LIeHHOCTI
IPUMEHAETCS METOHO/NIOINA IKCIIepUMeHTa/IbHO-CTaTH-
CTMYECKOTO MOJeMPOBAaHNA. MeTO0/MIOr s OCHOBBIBAET-
Cs1 Ha BBIJIe/IEHNM K/IIOYeBOTO Hy TPMEHTA MOJeMMPOBAHNSA
U ONITUMM3ALNM €TI0 Ka4ecTBa.

Carunoit O.B. u I0gunoit C.b. [9] mpennoskena meTo-
[VKa IPOEKTUPOBAHUA PeLENTyp MACHBIX IPOAYKTOB,
BK/TIOYAIOIUX B ceOs TPy 3Tama MOAEIMPOBAHINA: MOfe-
JMpOBaHMEe AMUHOKNC/IOTHOTO COCTaBa IPOEKTUPYeMO-
TO IIPOAYKTA U BBIOOP 3HAYEHWIT, B HAMOOIbIIIEN CTeIIeHN
YZLOB/IETBOPAIOLINX KPUTEPUIO; OL[eHKA XKVPHOKVICIIOTHOTO
CoCTaBa IIPOEKTUPYEMOro IMPOAYKTa; pacueT SHepreTmde-
CKOJI IIeHHOCT! IIPOeKTMPYeMOro INpOAyKTa. B kauecTBe
KpPUTepMs MUCIIONb30BA/IACh KBA/TMMeTpUYecKas MYJIbTH-
IUIMKAaTUBHAS MOJIe/Ib, IO3BOJIAIONIAS CBECTU B OHY (op-
MY OTHOCUTE/IbHbIe KOMIUIEKCHBIE VI TIPOCTbIE eVHIYHbIE
MIOKa3aTe/y Ka4yeCTBa pas/IMYHOrOo XapaKkTepa, obecreunsa-
IOIIVe He3aBUCUMOCTD CBOJICTB KaXKIOTO U3 IOKa3aTesell.
I[Tpouecc MofenMMpoBaHUsA TepOHTONIOINIECKIX IIPOIYKTOB
OCYIIeCTBIIA/ICS. aBTOpaM B 00IIeM Buje IMKIMYeCKIM
aIropuUTMOM, npefnoxeHHbIM JIunatosbim H.H.

B pabore Myparosoit EJ. u gp. [10] ncnonbsyercs
00BEeKTHO-OPUEHTNPOBAHHBIN NOAXOA. OTINYNTENbHON
0COOEHHOCTBIO JJAHHOTO MeTOfa SBJIAETCS IIPefiCTaB-
JIeHMe PeLeNTypbl B BUJie MEPAPXUYECKON CTPYKTYPBL
Kaxkmas m3 BepUIMH MepapXmM4ecKoll CTPYKTYpBI Ipef-
cTaBisgeT o060l 00beKT (TOTOBBII HMPOAYKT, momyda-
Opukar, coipbe). Kakplil ypoBeHb MepapXum COOTBET-
CTBYeT OIpefleJIEHHON CTAafiM/l U3TOTOB/ICHMS INIIEeBOTO
IPOAYKTa I MOXKET VIMETb CBOE, MHAVBYU/[Yya/IbHOE YMCIIO
BEpIINH, PaCcIIOJIO>KEHHBIX HIDKE TI0 MepapXuu. AJITOpUTM
pacyeTa MHOTOKOMIIOHEHTHOTO IIPOAYKTa HAUMHAETCH C
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well as in the works of Yu.A. Ivashkin on the structural-
parametric modeling and structural optimization of tech-
nological systems.

The work in this direction has been also carried out
over the last decades.

In design of the optimal recipes of dairy products [8]
with increased biological value, the methodology of the
experimental statistical modeling is used. The methodol-
ogy is based on the determination of the key nutrient of
modeling and optimization of its quality.

Satina O.V. and Yudina S.B. [9] proposed a methodol-
ogy for designing meat product recipes, which includes
three stages of modeling: modeling of the amino acid com-
position of a product under design and selection of the val-
ues that meet a criterion to the fullest extent possible; as-
sessment of the fatty acid composition of a product under
design; calculation of the energy value of a product under
design. As a criterion, a qualimetric multiplicative model
was used, which allows convolving the relative complex
and simple single quality indicators with different charac-
ters into one form ensuring independence of the proper-
ties of each indicator. The authors performed a process of
modeling of the gerontological products in a general form
with the cyclic algorithm proposed by Lipatov N.N.

Muratova E.I. et al. [10] used the object-oriented ap-
proach in their work. The distinctive characteristic of this
method is presentation of a recipe in a form of a hierarchi-
cal structure. Each peak of a hierarchical structure pres-
ents an object (a finished product, semi-prepared product,
raw material). Each level of a hierarchy corresponds to a
particular stage of food product preparation and can have
its individual number of peaks located down through the
hierarchy. An algorithm of calculating a multicomponent
product begins with calculation of the last level with the
longest branch of a hierarchical structure of calculation.
The main advantage of this approach is a solution to a task
of a multicriteria optimization.

The work [11] on the basis of the mathematical models
and recursive cycle shows the algorithm of modeling poly-
component mixtures that ensure obtaining a necessary set
of options and their composition according to a criterium
of macro- and micronutrient composition.

Bessonova L.I. [12] developed a quality function ac-
cording to consumer preferences, as well as QFD for food
products based on detection of a autocorrelation function
that allows building a predictive model for management of
prospect indicators of technological processes, ready food
products and services.

Therefore, computer design of a recipe composition of
food products is methodically well mastered [8-12], sup-
ported by the mathematical apparatus and information
base, which, as a result, allows obtaining a set of preferable
compositions that meet the formalized requirements.

However, “an optimal recipe” obtained by this means
does not guarantee a transformation during technological
processing into a stable meat system with required organo-
leptic indicators, structural-mechanical properties, yield
and so on. This is conditioned by the fact that individual
components of recipes have quite specific individual and of-
ten mutually exclusive functional-technological properties.

Thus, to predict quality of future products, it is nec-
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pacdera IIOC/IeHETO YPOBHA ¢ Haubojee JIMHHON BETBU
MepapXu4ecKoil CTPyKTypbl pacdera. OCHOBHBIM JIOCTO-
VMHCTBOM [JAaHHOTO IIOfIXOZa ABJIAETCS pelIeHNe 3ajadn
MHOTOKPUTEPHATbHO ONTYMU3ALUIL.

B pa6orte [11] Ha 6a3e MaTeMaTHYeCKUX MOJENeEN U pe-
KYPCUBHOTO LMKJIA IOKa3aH a/JITOPUTM MOJENINPOBAHNA
MO/IMKOMITOHEHTHBIX cMeceil, 00ecIedrBaoIX MoTyde-
HJle HeoOXOMMOro Habopa BapMaHTOB U MX COCTaBa II0
KPUTEPUIO MaKpO- I MUKPOHYTPUEHTHOTO COCTaBa.

becconosoit JI.JL. [12] pazpaboTana GpyHKIMS KadecTBa
B COOTBETCTBUU C IIOTPEONUTETbCKUMIY NPEANOYTEHIAMI,
a Tarxoke COK /141 nuIeBbIX TPOAYKTOB, OCHOBAaHHYIO Ha
OIIpefie/IeHNN aBTOKOPPEIALVOHHON (QYHKI[UY, TI03BOJIA-
IOLIMIT IIOCTPONUTD IIPOTHO3HYIO MOJIE/Tb YIIPAaB/IeHNA IIep-
CIIEKTVBHBIMM IOKa3aTe/IAMI TEXHOJIOTMYECKIX IIPoLec-
COB, TOTOBBIX MUIIEBBIX IPOLYKTOB U YCITYT.

Taxum 06pa3oM, KOMIIBIOTepHOE IIPOEKTUPOBAHNE pe-
L[ENTYPHOTO COCTaBa MUIIEBBIX IPOAYKTOB METOANYECKN
XOpoIIO 0CBOeH [8-12], MOmKpervieH MaTeMaTu4yeCKUM
anmaparoM 1 MHGOPMAIOHHOI 6301, YTO MTO3BOMISET B
pesynbTaTe MPOEKTUPOBAHMA HOMTyYaTh HAOOp Mpennoy-
TUTE/IbHBIX KOMIIO3MIUII, Y/IOBIETBOPAIOMNX (POpMam-
30BaHHBIM TPeOOBaHMAM.

Opnako, Moy4eHHas TakKuM 00pa3oM «ONTUMaIbHAsSA
pelienTypa» He rapaHTUpPYeT IpeBpalleHNsA B Ipolecce
TEXHOJIOTMYECKOIT 00PaOOTKY B YCTONYMBYIO MACHYIO CH-
CTeMy ¢ TpeOyeMBbIMY OPTaHOMeNITNYeCKIIMI TI0Ka3aTess-
MM, CTPYKTYPHO-MeXaHIYEeCKVMU CBOJICTBAMM, BHIXO/IOM
U T.Ji. DTO 0OYCIOB/ICHO TeM, YTO OT/e/IbHbIe KOMIIOHEHTBI
pelLienTyp 061aaloT BIIOJIHE OIIpefieleHHBIMI MHAVBULY-
QJIPHBIMM M 9aCTO — B3aMMOVCK/TIOYAIOMIUMY (YHKIIVO-
HaJIbHO-TE€XHO/IOTMYEeCKUMIY CBOMICTBAMIL.

[TosToMy AjIsi IPOTHO3MPOBAHMS KadecTBa Oymyleit
IpOAYKINM HeOOXOAUMO pacrmonaratb nHpopMmanyen He
TOJIBKO O XMMIYECKOM COCTaBe U 61OTOrn4IecKoit IieHHO-
CTV OT/E/IbHBIX KOMIIOHEHTOB peLeNTyp, HO M JaHHBIMI
0 (aKTHYeCKMX 3HAYEHUAX (PYHKIVOHATBHO-TEXHOJO-
TUYECKVX CBOVICTB OCHOBHOTO CHIPbsI, BCIOMOTATe/IbHBIX
VHTPEIVeHTOB, KMHEeTIKe IPOTeKaHUA OMOXUMIYECKUX 1
KOJUIOV/IHBIX IIPOIIECCOB B MHOTOKOMIIOHEHTHBIX MMIIe-
BBIX CMCTEMaX, AaHA/IUTUYECKMMU ¥ SMIUPUIECKUMI 3a-
BUCHMOCTSIMY, XapaKTepU3YIOUIVIMII OCHOBHBIE 3aKOHO-
MEPHOCTH ITOBEfIeHNsI TeTePOTeHHBIX AVICIePCHBIX CHCTEM
IpY BapbUpPOBaHNN PU3UKO-XUMIYECKUX PaKTOpoB [7].

B 5TOM HarpaB/IeHNN OIIpeie/IeHHbI MHTepeC IPeCTaB-
JIAI0T paboThl [13-14], B KOTOPBIX ONMICBHIBACTCS PelIeHNe 3a-
a4yl ONTUMM3AIVY PELeNTYpPhbl ¢ YIeTOM PeOIOTMYeCcKIX
nokasarerneli, Takux Kak BYC, JKYC, BCC, pH. B xauectBe
11e71eBOIT QYHKIMY BBIOpAH KpUTepUii MUHIMATIBLHOI cebe-
CTOMIMOCTYI MHOTOKOMIIOHEHTHOTO IIPOAYKTA.

B paborax psiga aBropos [15-17] paccmarpuBaeTcs 3a-
laya MMMUTAI[MIOHHOTO MOJIeIMPOBAHNSA B3aUMOMIEVICTBIUA
HOMY/IALMIT MUKPOOPTaHM3MOB, KaK CPeCTBO AMArHO-
CTMPOBAHNUA U IPOTHO3MPOBAHNSA Pa3BUTHUSA MUKPOOMO-
1IeH030B. Perlenne 3Toi1 3a/jauy O3BOJIAET peann3oBaThb
OIlepaTVBHOE YIpaB/IeHMe IpolieccaM IPON3BOACTBA 1
ONTUMM3ALMNIO TEXHOTIOTMYECKNX ITapaMeTPOB B peXXuMe
PeaIbHOTO BpPEMEHN, a TaKKe OTKPBIBaeT BO3MOXXHOCTH
K CO3/IaHUIO CUCTE€M aBTOMATU3VPOBAHHOTO IPOEKTUPO-
BaHNA IITAMMOB MUKPOOPTaHM3MOB C L[e/IbI0 OTyYeHNs
IPOAYKTOB C 3aIaHHBIMY CBOJICTBAMIL.
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essary to have information not only about the chemical
composition and biological value of individual recipe com-
ponents, but also the data on the actual values of the func-
tional-technological properties of the main raw material,
auxiliary ingredients, kinetics of biochemical and colloid
processes in the multicomponent food systems, analytical
and empirical dependences that characterize the regulari-
ties of the behavior of the heterogeneous disperse systems
upon variation of physico-chemical factors [7].

In this regard, the works [13-14], which describe a so-
lution to the task of a recipe optimization with consider-
ation for the rheological indicators such as MHC, FHC,
MBC and pH are of particular interest. The criterion of the
minimal cost of a multicomponent product was chosen as
a target function.

The works of several authors [15-17] examine the task of
the simulation modeling of the interaction of microorgan-
ism populations as a means of diagnostics and prediction
of microbiocenosis development. Solving this task enables
realization of the operative management of production
processes and optimization of technological parameters in
the real time regime, and also opens a possibility to develop
systems of the automated design of microorganism strains
with the aim to obtain products with specified properties.

The work [18] examines a computer-based safety and
quality assurance system for raw air-dried sausages. The
developed system is intended for creation of a bank of
simulation models that makes it possible to analyze and
predict the results of the processes of air-dried sausage
production and detect the optimal management effects on
a studied object.

An analysis of the literature sources shows that design-
ing multicomponent food products is largely carried out
by the criteria of food, biological and energy value without
consideration for the functional-technological indicators
and structural-mechanical properties. The issues of pre-
diction are mainly examined on the fermented meat prod-
ucts (uncooked smoked and air-dried sausages).

Based on the foregoing, it is interesting to obtain
simulation models for predicting results of the processes
of cooked sausage production, create a bank of models
and develop a software. To this end, it is necessary to
obtain a statistical material with its further processing
for investigation of the real technologies used in the
conditions of the informational uncertainty caused
by various factors of the informational and physical
character (uncertainty of the characteristics of food raw
material, used means of processing and control, target
criteria of management and so on).

The most important requirement according to the In-
ternational standards of the ISO 9000 family is an active
use of the statistical methods for decision making at all
stages of a product life cycle.

The prominent specialist in the field of quality manage-
ment K. Ishikawa [19, 20] stated that the statistical meth-
ods were precisely the means that were necessary to study
for implementation of quality control.

An analysis of the obtained data on this stage of the in-
vestigation was carried out by the methods of the corre-
lation-regression analysis [21] for obtaining the stochastic
dependences forming a bank of the mathematical models
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B pabore [18] paccMaTpuBaeTcss KOMIbIOTEpHAs CUCTe-
Ma obecrieyeHne KayecTBa 1 6€30IacCHOCTH ChIPOBSIIEHBIX
konbac PaspaboraHHas crucTeMa IpegHa3HauYeHa IJIA CO-
3maHusl OaHKa VMUTAIVOHHBIX MOJIENEl, MO3BOISIOLNX
aHA/IM3MPOBATD U IPOTHO3MPOBATDH PE3y/IbTATHI MPOLiec-
COB IIPOM3BOJICTBA CBIPOBSIIEHBIX KOMOACHBIX U3JENNIT U
OIlpefie/IATh ONTMMA/IbHbIE YIIpaB/IeHYeCKUe BO3JENCT-
BUISL HA MICCTIENYEeMBIIT OOBEKT.

AHanus MUTepaTypPHBIX UCTOYHNMKOB MOKA3aJ, YTO
B OCHOBHOM IPOEKTUPOBaHME MHOTOKOMIIOHEHTHBIX
HPOAYKTOB MUTAHNA OCYLIECTB/IACTCA IO KPUTEPUAM
MAIEBO, OUMOMOTUYECKON ¥ 9HEePreTHYecKOol ILeH-
HOCTU 0e3 ydyeTa (PYHKIMOHAIbHO-TEXHOTOIMYECKIX
IoKas3aTesell ¥ CTPYKTYPHO-MeXaHNYEeCKUX CBOJCTB.
Bompocsl mporHo3upoBaHus B OCHOBHOM paccMoOTpe-
HbI Ha GepMEHTUPOBAHHBIX MICHBIX U3TeNUsIX (ChIPO-
KOITYEHBIX M CHIPOBSIIEHBIX Konbacax).

Ha ocHOBaHMM BBIIIEN3TOKEHHOTO MpPeCTABIISIET
UHTepec MOy4YeHNe UMUTALMOHHBIX MOJie/Iell IPOTHO-
3MPOBAHMS Pe3yIbTaTOB IPOLIECCOB IIPOU3BOJCTBA Ba-
peHBbIX Konbac, co3ganme 6aHKa Mojiesiell 1 pa3paboTKu
IporpaMMHOTO obecrederus. [Ijist 9TOro He0OXOAUMO
HOJTYYUTDb CTAaTUCTUYECKUI MaTepuasl ¢ MOC/Iefyomeit
ero 06paboTKOI [/Is VICCIeSOBAHNS PeaNbHbIX TEXHO-
JIOTUI, EVICTBYIOIMNX B YCAOBUAX MH(POPMAILMOHHON
HeOIIpefleIeHHOCTN, OOYCIOBJIEHHON  pas3INYHBIMU
¢daxTopamu MHPOPMALMOHHOTO ¥ PU3NIECKOTO XapaK-
Tepa (HeOIpeLeNeHHOCTh XapaKTEPUCTUK MUIIEBOTO
CBIPbs, IPUMEHSIEMBIX CPEJCTB BO3JIEMCTBUSA U KOHTP-
0714, IIeJIeBBIX KpUTEPUEB YIIPABICHNS U T.J.).

BaxxneimumM Tpe6oBaHMEM, COITacHO MeXayHa-
ponubiM cta"papraM cepun VICO 9000 saBnsercs ax-
TUBHOE MCIONIb30BaHMe CTATUCTUIECKIX METOMIOB TSI
NPUHATHS PellleHUI Ha BCeX ITamax XM3HEHHOTO LII-
KJIa IPOJAYKLNI.

KpynHeitmmit cnenuanuct B 06/1acTu yIpaBIeHN
kadectBoM K. Vcukasa [19, 20] roBopun: «MeTofpl cTa-
TUCTUKU — UMEHHO TO CPefICTBO, KOTOPO€e HeOOXOUMO
U3YYUTh, YTOOBI BHEJPUTD YIIPAB/IEeHNE KAYeCTBOM».

AHanu3 IONyYeHHBIX NAHHBIX Ha JaHHOM JTale
UCCIeJOBAHNI OCYIIECTB/IA/ICSA METOJAaMU KOpeJIi-
I[MIOHO-PeTPeCCUOHHOr0 aHanumsa [21] ama momydyeHus
CTOXAaCTUYECKUX 3aBUCUMOCTEN, GOopMUPYIOIINX OaHK
MaTeMaTUYeCKNX MOJeNel, IO3BOMANIINIL peannso-
BaTh TI000J1 BapMaHT 3aMeHbl MSCHOTO CBIPbsI KMBOT-
HbIMU OenkaMy (CBMHBIMU U TOBSDKBMMH) B paMKax
VMMUTAIMIOHHOTO 9KCIIEPMMEHTa C Y4YeTOM peajbHOIl
TeXHOJIOTMYECKOJI CUTYyallY B IPOM3BOACTBE BAPEHBIX
Konbac.

Kak BugHO u3 THCTOTpPAaMM C TpPyIIUPOBKOIL
(puc. 1, 2), npuMeHsAeMOIl A1 CpaBHEHM 3HAYEHUII IO
HECKONBKUM KaTeropusiM, BUJHO OTIMYME OMBITHBIX
00pasIoB OT KOHTPO/IA. AHA/IN3 MOTYYEeHHBIX Pe3y/b-
TAaTOB IIOKa3bIBaeT, YTO 3aMeHa Msca IUAPATUPOBaH-
HBIM TOBSDKBVM XMBOTHBIM 0€/IKOM B KonmudecTBe 10 u
20% B 06pasiax, BbIpabOTaHHBIX HA OCHOBE TOBSIIVHBI
>KMJIOBAHHOJ BBICIIET0 COPTA MPUBOJUT K CHUYKEHUIO
o61rero 6enKa 1Mo CpaBHEHMIO C KOHTPOIBHBIMU 00pas-
maMu Ha 3-8%. 3aMeHa Msca TOBSXKbUM >KMBOTHBIM
6enkom B kommuectBe 30% CHMXKaeT cComep>KaHue
6enka Ha 13%. Takas >xe TeHJeHIUA HAOMIOACTCA U Y
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that allow realization of any options for replacement of
meat raw material with animal proteins (pork and beef)
in the framework of a simulation experiment using a real
technological situation in cooked sausage production.

As can be seen from the histograms with grouping
(Fig. 1, 2) used for comparison of the values by several
categories, a difference of the experimental samples from
the control is obvious. An analysis of the obtained results
demonstrated that replacement of meat with the hydrated
beef protein in amounts of 10% and 20% in the samples
produced on the basis of trimmed beef of top grade led to
a decrease in total protein by 3-8% compared to the con-
trol samples. Replacement of meat with beef protein in an
amount of 30% reduced the content of protein by 13%. The
same trend was also observed in the samples produced
with trimmed beef of the 2nd grade. Replacement of 10
and 20% of meat with beef protein decreased total protein
by 3-10%, respectively; and replacement of 30% of meat
raw material reduced total protein by 19%.

In the samples produced on the basis of semi-fat
trimmed pork, replacement of meat with animal protein
in amounts of 10, 20 and 30% led to a decrease in protein
by 7, 8 and 12%, respectively.

With an increase in the dose of the hydrated beef pro-
tein, the moisture content increased and the content of to-
tal protein and fat decreased in the experimental samples
compared to the control.

Addition of the hydrated pork protein in amounts of 10,
20 and 30% led to an increase in collagen in all samples and
a decrease in total protein compared to the control sample.

In the samples produced from trimmed beef of top
grade, a decrease in total protein was 6, 9 and 10%, and in
the samples produced from trimmed beef of the 2nd grade,
a decrease in total protein was 11, 15 and 19%.

Reduction of protein in the samples produced from
semi-fat pork was 7, 13 and 14%, respectively.

In the experimental samples produced with the hydrat-
ed animal proteins, a decrease in protein and fat was ob-
served as their dose increased; it was especially noticeable
in the samples produced from fattier raw material, such as
trimmed beef of the 2nd grade and semi-fat trimmed pork.

Determination of the mass fraction of collagen in the
analyzed samples showed that upon increasing a dose of
animal protein incorporation, an increase in the collagen
content was recorded, which was predictable since it is the
main protein of animal proteins. This, undoubtedly, was
conditioned by a composition of raw material, from which
animal proteins were obtained.

The obtained experimental data showed that the col-
lagen content in the samples produced from semi-fat
trimmed pork was noticeably lower than in the beef sam-
ples, which can be explained by the difference in the amino
acid composition of pork and beef.

As a result of processing of the experimental data by
the methods of the correlation and regression analysis,
the linear relationship of the type y=b+ax was established
between the percentage of meat raw material replacement
with animal protein (beef or pork) and the physico-chem-
ical indicators of minced meat (Table 1).

The quality of finished meat products directly depends
on minced meat quality. An analysis of the experimental
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Fig. 1 - Dynamics of the changes in the chemical composition of the experimental model system by the example of trimmed beef of top grade
(control sample 1)

Puc. 1 - JluHamMmKa M3MeHEHUsl XMMUYECKOTO COCTaBa OIBITHBIX MOJIE/bHBIX CHCTEM Ha MpUMepe TOBSIAMHBI XXIIOBAHON BBICIIETO COPTa
(koHTpOMBHBII 06paserr 1)
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Puc. 2 - JluHamuka M3MeHEeHMs XUMNYECKOTO COCTaBa OIbBITHBIX MOJE/NbHBIX CUCTEM Ha [PUMepe CBUHMUHbI XKMIOBAHOI HOMY)XUPHOI
(koHTpOMTBHBIN 06paser 3)
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06pasiioB BbIPAaOOTAHHBIX C TOBSIAVHOI XXMIOBAHHO
2 copra. 3ameHa 10 u 20% MsAca rOBSI)KbUM >KUBOTHBIM
0enKOM CHIDKaeT 00Init 6elT0K COOTBETCTBEHHO Ha
3-10%, a 3ameHa 30% MsCHOTO CBIPbsI CHIDKAeT 00N
6emox Ha 19%.

B o6pasuax, BbIpabOTaHHBIX HA OCHOBE HOMYXMPHOII
JKIJIOBAHHOJ CBUHVHBI, 3aMeHa MACA XIBOTHBIM 0€IKOM
B Komdectse 10, 20, 30% NpUBOAUT K CHIDKEHUIO Oenka,
COOTBETCTBEHHO, Ha 7, 8, 12%.

C yBenu4eHneM 103bl TUAPATUPOBAHHOTO KMBOTHOTO
TOBSDKbETo Oe/IKa YBeIMYMBAETCSA COAepKaHMe BJIaTy 1
CHIDKeHMe o061jero 6eka 1 >KMpa B ONBITHBIX 0Opasiax
10 CPAaBHEHMIO C KOHTPOJIbHBIMI 00Opa3LiaMIL.

JobaBneHne rUApaTMPOBAHHOIO XMBOTHOTO CBIHOTO
6enka B komndectse 10, 20, 30% BefeT K yBeIMYEHNIO KOJI-
JlareHa BO BCeX 00pasljax 1 CHIDKEHMIo 0011ero 6enka 1o
CPaBHEHUIO C KOHTPOJIbHBIM 00pasIioM.

Y 06pasnoB, BBIpAaOOTaHHBIX 13 TOBAVHBI XKXVIOBAH-
HOJ1 BBICILIETO COPTa CHIDKeHNe 0011[ero 6eKa coCcTaBsieT
6,9,10%, a y 06pas1ioB, BBIpaOOTaHHBIX 13 TOBSJVIHBI XKI-
JIOBAaHHOIT 2 COpTa CHIDKeHMe 00111ero 6enka coCTaBIsieT
COOTBETCTBEHHO 11, 15, 19%.

CHimxeHne 6enka B 06pasiiax, BBIpaOOTaHHBIX 13 CBYHU-
HbI TIO/TYKUPHOM, COCTaB/IAET COOTBETCTBEHHO 7, 13 11 14%.

B ombITHBIX 06pasijax, BRIPaOOTAHHBIX C TUAPATUPO-
BaHHBIMU >KMBOTHBIMU OelIKaMmy, 10 Mepe YBeIMIeHMNs
VX 03Bl HAOMIOAaeTCA CHIDKEHME He TOJIbKO OefKa, HO 1
JKUPa, 0COOEHHO 3TO 3aMeTHO Ha 00pasIiax, BeIpabOTaH-
HBIX U3 607Iee KMPHOTO CBIPbsI, TAKOTO KaK TOBSAMHA KM~
JIOBaHHaA 2 COpTa M CBMHIHA )XMIOBaHHaA MOMY>KMPHas.

Onpenenenne MaccoBoli JOMN KO/UIaT€HA B MCCIENye-
MBIX 00pasIjax M0Ka3ajo, YTO IIPY YBe/TNYeHN BHECEHNA
JKMBOTHOTO 0€/IKa OTMeYaeTCsl yBeMTuueHne COfepKaHus
KOJI/IareHa B 00pas1ax, 4To SIB/AETCS MPOTHO3UPYEMBbIM,
MOCKO/IbKY VIMEHHO OH SIBJISIETCSI OCHOBHBIM 0@/IKOM XK~
BOTHBIX 0e/KOB. UTO, KOHEYHO, OOYC/IOBIEHO COCTABOM
CBIPbsI, 13 KOTOPOTO IIPOU3BOASITCS XMBOTHbIE OETKIL.

ITomy4yeHHbBIE 9KCIIEpMMEHTATbHbIE PE3Y/IbTaThl IIOKa-
3a/, 4TO COflepXKaHMe KojUIareHa B obpasiiax, BbIpabo-
TaHHDBIX M3 CBMHIHDI )KMIOBAHHOII IIOTY>KMPHOI 3aMETHO
HIDKe, 4eM Y 00pasIioB, BBIPAOOTAHHBIX U3 TOBAAVHBI, YTO
O0OBACHAETCS pa3nnyuueM B aMMHOKVUCIOTHOM COCTaBe
CBUHUHDI VI TOBSAIVHBL.

data on the chemical composition and their mathemati-
cal processing made it possible to reveal the linear depen-
dence (Table 1), which reflected the closeness and depth of
the relationship with the percentage of meat raw material
replacement with animal proteins as the paired correlation
coeflicient, which was close by a module to 1, indicated a
strong linear relationship between the resultant and factor
variables.

Moisture binding capacity (MBC) of meat raw material
is of high practical importance; it significantly influences
such quality characteristics of finished meat products as
consistency, storage stability and yield of finished products.

Moisture binding capacity is one of the most impor-
tant indicators of raw sausage meat for cooked sausage
products. As a result of the physico-chemical and colloid-
chemical changes, which occur during the process of
thermal treatment, a part of water and fat bound in raw
sausage meat separates in a form of mass loss or broth-fat
purge. An amount of moisture and fat held in minced meat
characterizes the moisture holding (MHC) and fat hold-
ing (FHC) capacities; that is, the higher cooking losses, the
lower the moisture holding capacity of minced meat.

Moisture binding capacity (MBC) depends not only on
the total protein content, but also on its quality; with that,
it is necessary to take into account an amount of fat. With
an increase in fat mass, MBC reduces. In this connection,
moisture binding capacity of the samples produced from
trimmed beef of top grade is higher than in the samples
produced from pork.

When animal proteins in the hydrated form were incor-
porated into minced beef in amounts of 10 and 20%, MBC
of these samples was at the same level as in the control
(75-78%); however, when the mass fraction of the incorpo-
rated proteins increased up to 30%, MBC reduced by 2% in
contrast to the control sample.

When animal proteins in the hydrated form were in-
corporated into minced pork, MBC in the experimental
samples was 57-58% when comparing them between each
other and the control.

Moisture holding capacity (MHC) of minced meat
has lower values compared to moisture binding capacity
(MBC) as proteins denature during thermal treatment,
which leads to loss of part of moisture. The MHC values of

Table 1 Values of the paired correlation coefficients and regression equation
Taémuma 3. JKupHOKMCIOTHBIIT COCTaB MaceyI, BXOAAIIMX B COCTAaB UCCIELYEMBIX IIPOTYKTOB

Physico-chemical indicators

Trimmed beef of top grade | ToBsanna )itoBaHHas BBICIIET0 COPTA

OuU3NKO-XNMIYeCKIe
IMoKasaTrenn

Beef protein | ToBsnxumit 6emox

Pork protein | CBuHoi Germox

Moisture | Brara

r=0.971; y=79.7+0.07x

1=0.955; y=79.67+0.065x

Fat | Kup

r=-0.866; y=2.13+0.005x

r=-1; y=2.4+0.01x

Protein | Bemox

r=-1; y=16.6+0.08x

r=-0.971; y=15.6+0.035x

Collagen | Konnaren

1=0.989; y=0.7+0.0415x

r=0.972; y=0.94+0.0275x

Trimmed semi-fat pork | CBuHMHA )X1TOBaHHAsI MOy KUPHAs

Moisture | Brara

1=0.97; y=59.13+0.355x

r=1; y=64.7+0.17x

Fat | JKup

r=-0.976; y=25.73+0.295x

r=-0.931; y=21.07+0.125x

Protein | Bemox

r=-0.933; y=11.37+0.03x

r=-0.918; y=11.5+0.04x

Collagen | Konnaren

1r=0.999; y=0.72+0.021x

1=0.999; y=0.63+0.0135x
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B pesynbraTe 00pabOTKM 3KCIIEPUMEHTAIbHBIX JjaH-
HBIX METOJjaMMl KOPPesALMOHHO-PerPecCMOHHOIO aHa-
nu3a ObUIa YCTAHOBJ/IEHA IIPSIMOJIMHENHAs B3aMMOCBA3b
BufIa y=b+ax Me>XJy IPOLEHTOM 3aMeHBI MACHOTO ChIPbs
>KMBOTHBIM 0€/TKOM (TOBSDKBMM WM CBUHBIM) M QUBKUKO-
XMMMYeCKMMH TIOKa3arenssMu MscHoro dapiia (tabi. 1).

KauecTBO TOTOBBIX NPOAYKTOB HAaXOAWUTCA B Ips-
MOJI 3aBUCUMOCTH OT KadyecTBa MsCHOTO dapuia. AHa-
N3 3KCHePMMEHTA/NbHBIX NAHHBIX II0 XMMWYECKOMY
COCTaBy U UX MareMarumdeckas o6paboTKa MO3BONU-
NIV BBIABUTD HMPSAMONNHENHYIO 3aBUCUMOCTD (Tabi. 1),
KOTOpasi OTpa)kaeT TECHOTY U IIYOUHY CBA3M MEXJY
MPOIL[EHTOM 3aMeHBbl MSICHOTO CBHIPbsI )KUBOTHBIMU OeJI-
KaM#, Tak Kak KoobduiuueHT mapHOV KOppensauuu
O6MM3KMIT IO MOAYMIO K 1 CBUIETE/IBCTBYET O CUIBHO
NVHEHON CBA3YM MEXJy pe3ylIbTUpyRmMUMu u (ax-
TOPHBIMU TepeMEeHHBIMMU.

Bonpiioe mpakTuieckoe 3Ha4yeHMe IMeeT BIaroCcBsi-
3piBatomas crocobHoctb (BCC) MsCHOTO CHIpbs, OHA
OKa3bIBaeT CYI[eCTBEHHOE B/IMAHIME Ha TaKue KadecT-
BeHHbIE XapaKTePUCTUKN TOTOBBIX MSCHBIX U3JENTUI,
KaK KOHCUCTEHUNS, YCTOWYMBOCTD IIPY XPaHEHNUM, a
TAK>Ke BBIXOJ] TOTOBOI NPOJAYKIUNL.

BrarocssispiBaomas CiocOOHOCTD SABIAETCS OTHUM
U3 BaXKHeIINX MOKa3areyeil cbporo apiia BapeHbIX
Ko/nOacHBIX u3fenuit. B pesynpraTe mpoucxopsmmx B
mpolecce TepMUUYECKO 06paboTKM (PU3NKO-XUMU-
YeCKMX, KO/UIOUJHO-XMMUYIECKUX M3MEHEHMII 4YacTb
BOJIBI U JKMPa, CBSI3aHHBIE B CBIPOM dapiiie OTHeNTI0TCS
B BIJIe IOT€Pb MACChI MM B BYUie OY/IbOHHO->KMPOBBIX
oTexkoB. KommyecTBo ypep>KaHHBIX B cocTaBe ¢apiia
BJIATU ¥ JKMpa XapaKTepusyeT BaroyjepKuparomas
(BYC) u xupoynepxxupawomas (JKYC) crnocobnoctu,
T.€., 4eM 0OJblile TepMUYECKNE TIOTEPYU, TEM MeEHbIIe
BJIaTrOyAep>KMBalollasi CIoco6HOCTh dapiira.

BrarocssssiBatomiast crioco6uocts (BCC) o6pasijos
3aBMCUT HE TOMBKO OT OOIero comepxanus Oenka, HO U
OT ero KauecTBa, IIPM 9TOM TaKKe HeOOXOAUMO YUMTBI-
BaTb KO/MM4ecTBO Xupa. C yBeIMYeHMeM MacChl XXUpa
BCC cHmxaeTcs, B CBA3K € 9TUM Y 00pasIioB, BeIpabo-
TaHHBIX U3 TOBSIIVMHBI XMIOBAHHON BBICIIETO COPTa OHA
BBIIIIE, YeM Y 00pasIioB, BbIPAa0OTAaHHBIX 113 CBYHIHBL

[Ipu BHeceHMM B roBsDKMIT Gapir KUBOTHBIX Oer-
KOB B TU/IpPaTUPOBAHHOM Bujie B Konndectse 10 u 20%
BJIATOCBA3bIBAOIAsl CIIOCOOHOCTD B 9TUX 0bOpasiax B
CpaBHEHUN C KOHTPOIbHBIM 00pasiioM ObIIa Ha OTHOM
ypOBHe U cocTaBnAna 75-78%, OfHAKO IpU yBenuye-
HUM MacCOBOM HOIU BHOCUMBIX 6enKoB 1o 30% cHu-
>Kanmach Ha 2% B OT/IMYME OT KOHTPOJIBHOTO 0Opasia.

[Tpu BHeceHUNM B CBMHOI (apIil 5KUBOTHBIX OETKOB B
TU/IPaTUPOBAHHOM BUJie BJIarOCBSI3bIBAIOLIAsI CIOCO6-
HOCTb B OIIBITHBIX 00pasllax B CPAaBHEHMM MEXAY CO-
60if 1 C KOHTPOJIBHBIM 00pa3IOM CcOCTaBIsANa 57-58%.

BnaroymepxuBatomas crnocobnocts (BYC) dap-
ureit uMeeT 6o0ee HU3KME 3HAYEHUs IO CPAaBHEHMUIO C
BrarocBasbiBaouiein crocooHoctprio (BCC), Tak Kak
6enKku mpy TennaoBoil 06paboTKe AEHATYPUPYIOT, YTO
NPpUBOJUT K MOTepe JacTy Binaru. 3HavyeHusa BYC Bcex
UCcefyeMbIXx 06pasnoB ObUIM Ha 7-9% HIDKe 3Hade-
HMII MX BJIarOCBs3bIBamIleit crmocobHocTu. Ilotepu
PV TePMUUYECKOIT 06paboTKM MCCIeayeMbIX 06pa3LoB
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all tested samples were 7-9% lower than the MBC values.
Cooking losses in the tested control and experimental sam-
ples with the hydrated animal protein content in amounts
0f 10 and 20% were at the same level and were equal to 10%;
upon increasing the hydrated protein level up to 30%, the
losses increased by 2%.

To establish the maximum allowable level of meat raw
material replacement with animal proteins, the princi-
ple [22] was taken into account, which ensures high func-
tional properties of minced meat (moisture and fat hold-
ing capacities). The principle is based on the fact that the
highest binding of water in a mixture can be achieved at
the specific fat:protein ratio, and the highest holding of fat
at the specific moisture:protein ratio. Distortion of these
ratios leads to the irrational use of protein.

The emulsifying capacity of protein is restricted; thus,
the most optimal fat:protein ratio in homogenized minced
meat is a range from 0.6:1.0 to 0.8:1.0. In the national prac-
tice, the optimal protein:fat:water ratio is considered to be
at a level of 1:0.8:(3+5).

The control of a muscle protein content in an emulsion
is the main prerequisite for producing stable meat systems.
A high content of total protein (both muscle and connec-
tive tissue) does not indicate a high level of the potential
emulsifying capacity, as collagen in the native form does
not take part in the process of fat absorption, emulsifica-
tion and stabilization of emulsions. These functions are ac-
complished by muscle proteins.

As a result of the mathematical processing, it was es-
tablished that the maximum allowable level of meat raw
material replacement was 18% for beef and 22% for pork.

One of the main organoleptic characteristics is a prod-
uct color. The color characteristics were determined for the
instrumental evaluation of changes in minced meat color
upon incorporation of animal proteins. Table 2 presents
the indicators of color characteristics.

As can be seen from table 2, replacement of meat
with 10% of the hydrated animal proteins (both beef
and pork) in samples No. 1 led to an increase in light-
ness (L: 45.04 and 44.21) and an insignificant decrease
in redness (a: 13.97 and 13.62) compared to the control
and the value of yellowness remained at the level of the
control sample.

Samples No 2 (both with beef and pork) showed a sig-
nificant decrease in redness and insignificant decrease in
yellowness; while the value of lightness increased.

A sharp decrease in redness (a: 9.87 and 9.31) was
observed in samples No.3 produced with 30% of hy-
drated animal proteins; while lightness and yellow-
ness significantly increased compared to the control and
experimental samples.

The obtained results of the instrumental investiga-
tion of minced meat color showed that incorporation of
the hydrated animal proteins in an amount of up to 10%
decreased redness by 3%, which was undetectable in
organoleptic assessment.

According to the experimental data, the adequate mod-
els were built for the changes in mass fraction of moisture,
fat, protein and collagen (Table 1) in replacement of meat
raw material with animal proteins (beef and pork). The
diagrams for several models are presented in Fig. 3.
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Yy KOHTPOJIbHBIX U ONBITHBIX 00Pa3L0B ¢ coflep>KaHNeM
TUPATUPOBAHHOTO XMBOTHOTO Oe/lKa B KOIMYEeCTBAX
10 n 20% OblIM Ha OXHOM ypoBHe M coctaBunu 10%,
IpM yBeIMYEHUM TUApaTUpPOBAaHHOrO Oenka o 30%
HOTEepY YBeMMYIMBAIUCHh Ha 2%.

[l1s1 ycTaHOB/IEHNS TIpefieIbHO JOIYCTUMOTO YPOB-
Hs 3aMeHBl MSCHOTO CbhIPbsl JKMBOTHBIMU OelKaMu
ObUT yuTeH nmpuHUKI [22], obecreuynBarommil BHICOKIE
(dyHKI[MOHA/IbHBIE CBOJICTBA MACHOTO (apura (Baaro- un
KUPOYAepKUBaoIas cnocobHocts). I[IpuHIMI OCHO-
BBIBAETCs Ha TOM, YTO HaMOOJIbIIETO CBA3bIBAHMSA BOIbI
B CMeCU MOXXHO JOCTUYb IPU OIPee/IeHHOM COOTHO-
HIeHMM XUP : 610K, a HanbOIbIIETO yAep)KaHus XK1pa
— TpU OIpefileIeHHOM COOTHOLIEHMM Brara : Oenox.
HapymeHne sTUX COOTHOIIEHNII IPUBOAUT K HepaIu-
OHAJIbHOMY MCIIO/Ib30BaHUIO OesKa.

OMynbprupymomas CIocoOHOCTb OenKka oOrpaHuye-
Ha, [I09TOMY Hambojiee PaIVIOHATbHBIM COOTHOLIEHVEM
XUP:0€7IOK B TOMOT€HV3MPOBAHHBIX (apliax sBIAETCS
puanasoH ot 0,6:1,0 mo 0,8:1,0. B oredecTBeHHOI mpa-
KTYKE IIPUHATO CYUTATh ONTUMYMOM COOTHOILICHME
6enokskup:Boa pasuoe 1:0,8:(3+5).

KonTponp 3a comepkaHumeM MBIIIEYHOTO Oenka B
9MY/IbCUY — IJTIABHOE YCJIOBYE IONYy4YeHUsI CTaOVIIbHBIX
MSICHBIX CHUCTeM. BbIcOKoe copepkaHue oOiero Oemka
(M MBILIEYHON U COENMHUTENBHON TKAHN) ellle He CBUE-
TETIbCTBYET O BBICOKOM YPOBHE IIOTEHIVIAJIbHOM SMYIIb-
TUpYIOLIell CIOCOOHOCTM, TaK KaK KO/UTareH B HaTUBHOM
BUJIe HE yYaCTBYeT B IIPOIlecce KMPOIOI/IOIEHNS, SMYIIb-
TMPOBAHNA U CTAOMWIM3aumm sMynbcuil. Ot QyHKumm
BBINIOIHAIOT TOJILKO MBIIIEYHbIE OEIKIA.

B pesynbrare MaTeMaTN4ecKOro pacdyera ObUIO MOTyde-
HO, YTO IPefIe/IbHO TOITYCTYMBIN YPOBEHb 3aMEeHBI MACHOTO
CBIpbsl cOCTABIACT 18% 117151 rOBANVHDIL U 22% J1A CBUHVHBL.

OpHOJt M3 OCHOBHBIX OPraHOIENTIYECKUX XapaKTepn-
CTHK ABJISAETCS LIBET MPOAYKTA. [I/I1 MHCTPyMEeHTaIbHOM
OLIeHKV M3MeHeHUs 1iBeTa ¢apiia Ipy BHECEHUN KUBOT-
HBIX OENKOB OBUIM OIpefielieHbl 1IBETOBbIe XapaKTepyu-
cTuku. B Tabn. 2 mpepcTaBieHbl IMOKa3aTeny I[BETOBBIX
XapaKTePUCTHK.

Table 2 - Color characteristics in the samples of minced meat
Ta6muua 2 - I|BeToBbIe XapaKTePUCTHKY B 06pasuax ¢apura

A comparative analysis of the obtained models and con-
structed diagrams allows suggesting almost full identity of
the models and, as a consequence, using some averaged
models in the prediction tasks.

Product quality assurance consists of the minimal de-
viation from the specified (set) structure of the physico-
chemical indicators determining food value

2
n m
P(z): z le - zbijxj — min
i=1 j=1

where x, = mass fraction of the j" recipe component;

b,-j = proportion of the i element of the chemical com-
position in the j" recipe component of a product under
design, %;

z = content of the i* element of food value, % ac-
cording to GOST, TU and TI.

As a result of the mathematical processing, it was es-
tablished that the maximum allowable level of meat raw
material replacement was 18% for beef and 22% for pork.

The accumulated experimental and statistical material
is intended for creation of a bank of simulation models en-
abling analysis and prediction of changes in a meat system
when replacing meat raw material with animal proteins.

The present work demonstrates the first stage of investi-
gations, where the experiments were carried out separately
on beef and pork. However, in cooked sausage produc-
tion, the industry uses, as a rule, different percent ratios
of these kinds of meat raw material. Therefore, the next
stage of the work will be directed towards development of
a model, which would allow selection of an adequate ratio
of the specified kinds of raw material with animal proteins
(beef and pork).

Color characteristics | IIBeToBbIe XapaKTepHCTHKH
Samples | . ] i i
ST T G ST L (lightness) | L-ceetnora a (redness) | a-xpacHora b (yellowness) | b-xxentusua
Arbitrary units of color | YcmoBHbIe efuHnIb! nBeTa
Control 1 | 1321 14.40 15.49
OHTPOTb 1
Experiment 1 with beef protein | 45.04 13.97 15.98
OnbIT N2 1 € TOBsSHKBMM 0€eTKOM ) ) )
Experiment 2 with beef protein |
OnbIT N 2 € TOBSLKBUM 0€TKOM 44.69 11.64 14.99
Experiment 3 with beef protein |
OnbIT Ne 3 ¢ TOBSKBYM 6eTKOM e — 58
Experiment 1 with pork protein |
OnbiT N 1 co CBUHBIM OeTkoM 44.21 13.62 14.77
Experiment 2 with pork protein |
OnbIT N2 2 CO CBHBIM 0€TKOM B P L
Experiment 3 with pork protein |
OmbiT Ne 3 CO CBUHBIM O€eTKOM 46.04 9.31 16.60
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Kak BupiHO 13 Tabm. 2 , 3amena msica 10% rugpatnpo-
BaHHOTO )XIBOTHOTO 0€eIKa, KaK TOBSKbEr0, TaK ¥ CBUHOTO
B 0Opasiax Nel, BbI3bIBAaeT yBeIMUYeHNe IIOKa3aTeNsd CBeT-
noctu (L - 45,04 n 44,21) 1 He3HAYUTETbHOE CHIDKEHIE
mokasatessi KpacHOTHI (a — 13,97 1 13,62), o cpaBHEHMIO C
KOHTPOJIEM, a TIOKa3aTe/b JKeITU3HbI OCTAeTCs Ha YPOBHE
KOHTPOJIBHOTO 00pasIa.

O6paspr Ne 2 (¢ TOBSHKbUM U CBUHBIM O€7TKOM) MMe-
I0T 3HAYUTE/IbHOE CHIDKEHME IOKasaTens KPacHOTHI U
HE3HAYUTETbHOE >KEITU3HBI, a IOKa3aTelb CBETIOCTU
YBEINYMBAETCA.

Peskoe cHIDKeHUe moKasaTtessi KpacHOTHI (a — 9,87 u
9,31) Habmogaetcst B o6pasiax Ne3, BerpaboTaHHbIx ¢ 30%
TUIPATUPOBAHHBIX YKMBOTHBIX O€/KOB, U 3HAYUTENBHO
BO3PACTAIOT IIOKA3aTe/M CBET/IOTHI U JKeJITU3HBI 110 CPaB-
HEHUIO C KOHTPO/IBHBIM U OIIBITHBIMI 0OpasIjaMit.

ITomy4yeHHbIe pe3ynbTaThl MHCTPYMEHTA/IbHOTO MCCIIe-
moBaHUsA IBeTa (apiia MoKasajay, 4YTO BHECEHNe TUApa-
THPOBAHHOTO >KMBOTHOTO 6Oefka B KomudecTse 10 10% Ha
3% cHIDKaeT IoKa3aTe/lb KPaCHOTBI, YTO HEYTOBUMO P
OPTAHOJIENITUYECKOI! OLIEHKeE.

ITo skcmepMMeHTaNbHBIM JaHHBIM OBUIM TOCTPOEHBI
afleKBaTHbIE MOJie/IM MO0 M3MEHEHUI0 MacCOBOIl oMM Bjla-
U, )KMpa, OenKa 1 KomnareHa (Ta6. 1) mpy 3aMeHe MsICHOTO
CBIPbsI )KMBOTHBIMU OenKaMy (TOBSDKBMMU M CBUHBIMMU).
[padmky HEKOTOPBIX MOZIe/Iell IpefCTaB/IeHbI Ha puc. 3

CpaBHUTENbHBIN aHA/MN3 IOMTYyYeHHBIX MOfENel U Io-
CTPOEHHBIX IPadMKOB IIO3BOJISIET TOBOPUTD O IOYTH ITOTHOM
UIEHTUYHOCTY MOJiefiell 1, KaK CTIefICTBUE, UCIIONIb30BaTh B
IIPOTHO3HBIX 3afladyaX HEKOTOPBIE YCPeIHEHHbIE MOZIETIN.

Obecrieyenne KadecTBa NMPOAYKLMY 3aKIIOYaeTCs B
MIHVMA/IbHOM OTK/IOHEHM) OT 3a/IaHHOJ (yCTaHOBJIEH-
HOJ) CTPYKTYpBl (PU3MKO-XMMUYIECKUX IOKasaTene,
OTIpefeNAIMX NUIIEeBYIO IIEHHOCTD

2
n m
P(z): Z zl(.) - Zbijxj — min
i=1 j=1

Iie X; - MaccoBas ;o7 j-TO KOMIIOHEHTA pelenTyphl;

bij - YIle/IbHOE COfiep>KaHMe i-TO 97IeMeHTa XMUMIYEeCKO-
IO COCTaBa B j-OM peleNTypHOM KOMIIOHEHTE IPOEKTUPY-
€MOTO NPOAYKTa, %;

z, - CcofepXxaHme i-TO 37IeMeHTa NUIIEeBON IIEHHOCTH, %
cornmacHo 'OCT, TY u TI.

B pesynbrare MaTeMarirdeckor 06paboTKM OIIO YCTaHOB-
JIEHO, YTO NPEMENIbHO HOMYCTUMbI YPOBEHD 3aMEHbI MACHOTO
CBIpbsl cOCTaB/sAeT 18% 1 rOBAAMHBL U 22% ISl CBUHUHBDL

HaxannuBaeMblil 3KCIIEPUMEHTA/IbHBIN UM CTATUCTHU-
YeCKMiT MaTepuan MpeqHasHaYeH il CO3[aHus OaHKa
VIMUTAILMIOHHBIX MOJie/Iell, MO3BOIAIOUMX AHATIU3UPOBATh
U IPOTHO3MPOBATh U3MEHEHMEe MACHOI CUCTEMbI NP 3a-
MéeHe MSICHOTO CBIPbsI YKUBOTHBIMU O€TKaMI.

B Hacrosimieit paboTe moKa3aH MEPBBIN TAIl UCCIENO0-
BaHUIA, I7ie OIBITHI IPOBOAM/INCH OT/Ie/IbHO Ha TOBSIMHE U
cByHMHe. OTHAaKO MPOMBIIIIEHHOCTY IIPU M3TOTOB/IEHUN
BapeHbIX KOJI0ACHBIX M3IEMNIT, KaK IPaBUIO, VCIIONb3Y-
I0TCSl pa3/IMyHble MPOLEHTHbIE COOTHOIIEHNS 3TUX BUIOB
MSICHOTO CBIpbsi. [109TOMY Cremyromiit aTan paboTsl 6yaeT
HaIIpaB/ieH Ha pa3paboTKy MOJIe/N, KOTOPasi TO3BOJINIA Obl
1ofo0paTh aJieKBaTHble COOTHOLICHNMS YKa3aHHBIX BUJIOB
CBIPBSI C )KMBOTHBIMU GeliKaMyl (TOBSDKbUMMY ¥ CBUHBIMIA).
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KOHTpOJ]l;Hblﬁ 06pa3eu 1 TOBSAJIMHA KHJIOBAHHAsA BbICHICTO
copta — Control sample 1 trimmed beef of top grade
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— percent of replacement of meat raw material with pork protein

«=@==PacyerHoe 3Ha4yeHue - Calculated value
® DkcriepuMeHTalIbHOE 3HaYeHue — experimental value
KonTposbnbiii o0pasen 1 roBsiinHa »KuJ10BaHHAS BbICIIEr0
coprta — Control sample 1 trimmed beef of top grade
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KoHTpoJubHblii 00pa3en 1 roBsiinHa ;KUJI0BAHHAS BbICLIEr0
copta — Control sample 1 trimmed beef of top grade
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KoHnTpoabHbIii 00pa3en 1 roBsiIMHA KHI0BAHHAS BBICLIET0
copra — Control sample 1 trimmed beef of top grade
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Fig.3. Comparison of the experimental and calculated indicators

Puc.3. ConocraBieHne 9KCIepMMEHTaTbHbIX 1 PacdeTHbIX TOKa3aTernelt
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Takum 06pasoM, B XOfje UCC/IETOBAHNUI U3YUEHO BIIN-
sIHME )KMBOTHBIX 0€MKOB (TOBSDKBUX U CBMHBIX) Ha Gu-
3MKO-XMMIYeCKVe ¥ (PYHKIVOHATbHO-TeXHOIOTMYIeCKye
MI0Ka3aTe/Iy MACHOTO (papla, MOTy4eHbl CTOXaCTUIeCKye
3aBUCUMOCTHU C MTOMOIIIBI0 METO[OB MATEMATUIECKOTO U
CTaTUCTUYECKOTO aHA/MN3a, a TaK)XXe OMpefe/ieHbl MaKCu-
MaJIbHO JIONTYCTVMMBIE TIPefie/ibl 3aMeHbI MACHOTO CBIPbS.
CdopmupoBaH 6aHK MaTeMaTUYeCKUX MOJeNelt, MO3BO-
JSIIOLIVI TIPOTHO3UPOBATh Ka4eCTBO MSCHBIX U3TIENMIT C
y4eTOM XapaKTepUCTUK MCXOMHOTO CHIPbS U IPOLEHTA
3aMeHbI O€e/TKaMI YKUBOTHBIX (TOBSDKBUX U CBUHBIX).

BriBogbr

IIpuMeHeHMe CTpaTernu CUCTEMHOTO aHa/lIN3a TeXHO-
JIOTMYECKUX IPOLIECCOB OTKPBhIBAET IUMPOKME BO3MOX-
HOCTM B pelleHMM 3afad IPOrHO3MPOBAHUA CBONCTB,
ABJIEHWIT, IIPOLIECCOB U CUCTEM, X OIITUMM3ALIMM U YIIPaB-
JIeHUs1, HAXOX/JeHVSI HOBBIX 9 (QEeKTUBHBIX TeXHIYECKIX
peleHuit B yCIOBUAX, KOIZia IpPUMMeEHeHe TPagIOHHbIX
METOJIOB BCTpeYaeT HENPEOHONMMbIe TPYAHOCTH.

AHanM3 COBPEMEHHOTO pBIHKa OTMETWI HENOCTa-
TOYHYI0 HACBIIIEHHOCTb IIPOIPAMMHOIO O0ecredeHMs
IJIs  TPOTHO3MPOBAHMA CIOXKHBIX MHOTOKOMIIOHEHT-
HBIX CUCTEM C y4eTOM COBOKYIIHOCTU (PM3MKO-XMMMUYe-
CKUX, (PyHKIMOHA/TbHO-TEXHOJIOTMYECKIX ITOKa3aTeseil 1
CTPYKTYPHO-MEXaHNYECKNUX CBOVICTB.

IIo MHEHNIO aBTOPOB, MMEHHO pacIlpeHye BO3MOX-
HOCTEN ONTUMMU3ALMOHHBIX IPOrPAMMHBIX CPEJCTB II0-
3BOJINT BBITY Ha Ka4eCTBEHHO HOBbLII YPOBEHb B pas-
paboTKe NUIIEBBIX IPOAYKTOB € 3a/JaHHBIM XMMUYECKUM
COCTaBOM, (YHKIVIOHA/IbHO-T€XHOMTOIMYECKIMI CBOJICT-
BaMI 1 TOTPeOUTEIbCKIMI XapaKTePUCTUKAMIL.

braromapHocTb

ABTOpBI CYMTAIOT HPUATHBIM [OATOM BBIPA3NUTh
61arofapHoCcTh A.T.H., mpod. Yepuyxe V.M. 3a obcy-
K[IeHUe ¥ KPUTUYeCKIe 3aMedaHsi, CIoCoOCTByIOLIe
YIy4IIEHUIO CTAThL.
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Thus, during the research, the influence of animal
proteins (beef and pork) on the physico-chemical and
functional-technological indicators of minced meat were
studied, the stochastic dependencies were obtained using
the methods of the mathematical and statistical analysis,
and the maximum allowable levels of meat raw material re-
placement with animal proteins were established. A bank
of the mathematical models was formed, which enables
predicting meat product quality with consideration for the
characteristics of the initial raw material and a percent of
replacement with animal proteins (beef and pork).

Conclusion

The use of the strategy of the systemic analysis of the
technological processes opens wide possibilities in solv-
ing the tasks of prediction of properties, phenomena,
processes and systems, their optimization and manage-
ment, finding out new effective technical solutions in the
conditions when the use of the traditional methods faces
unconquerable difficulties.

An analysis of the modern market revealed insuffi-
cient saturation with the software for predicting complex
multicomponent systems with consideration for a set of
physico-chemical and functional-technological indicators,
as well as structural-mechanical properties.

In the authors’ opinion, it broadens options for the
software optimization that will allow us to achieve a to-
tally new level in the development of food products with
specified chemical compositions, functional-technological
properties and consumer characteristics.
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