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IMPLEMENTATION OF IN VITRO ASSAY FOR EVALUATION
OF BIOCORRECTIVE ACTION OF BIOACTIVE SUBSTANCES

AN ANIMAL ORIGIN

VU3YYEHNE BOSMOXHOCTU ITIPUMEHEHN S METOOB IN VITRO
I OOEHKY BUOKOPPUTUPYIOIINX CBOVMCTB BUMOJIOTNMYECKUA
AKTUBHBIX BEHIECTB KMIBOTHOTO ITPONCXOKITEHW A

Fedulova L.V., Kashinova E.B., Kotenkova E.A.
The V.M. Gorbatov All-Russian Meat Research Institute, Moscow, Russia

KirroueBbie cnoBa: aopma, Sus scrofa, nenmudvt, 6uokoppuzupyio-
wee decmaue, in Vitro, OU0N02UMECKAst AKMUBHOCIb, IKCHAAHMAM.

Annomauus

Mseecmuo, umo npodyxmuot y60st A6/AIOMCT UCHOUHUKOM 00Tb-
o020 Konuuecmea OUON0UUeCKU AKMUBHDIX Beujecms, 0071d-
datougux pasnuunbimu Ouonoeudeckumu dppexmamu. Ha Ha-
CMOAWULL MOMEHM 6bi671eH0 Nopsoka 220 PyHKUUOHATILHBIX
nenmuoos, OOMLUIUHCINGO U3 KOMOPbLxX cocmosim u3 2-10 amuHo-
KUCTIOMHbIX 0cmamKo6. B 0annom uccnedosanuu usyuena 6uo-
Jl0euteckas akmusHocmy cpeornemonexynaproix (Mm 5-30 xla)
u Huskomonexyniprvix (Mm menee 5 x/a) sewsecms, codepica-
wiuxcs 6 aopme Sus scrofa, ¢ npumereHuem memooos in vitro.
Yemanossneno, umo cpeOHeMONeKynAPHbLE U HUSKOMOJIEKYILAP-
Hble Ppaxyuu, obnadarwm mraxecneyuduueckum oeticmeuem
Ha Op2aHOMUNUYecKUe KyIbiypbl mKaHeil KypuHvlx SMOpUoHo8
U 1a60PAMOPHBIX KPBIC, NPU IMOM HAOI00AECS bIPaNEeHHAS
3a8UCUMOCIL OUOI02UHECKOL AKIMUBHOCII O MOTIEKYIPHOLL
maccot uccredyemvix 0bpasuos. Ilokasaro, umo, Ha sKcnaanma-
Mol aopmol KypuHozo ImMOpuoHa bosee svipasiceHHoe Oelictnaue
0KA3bL8AIOM CPEOHEMONEKYTIAPHDIE PPaKyuU — UHOEKC N0ULA0U
00pasyouLee0cst MOHOCIOA KAemok cocmasun 56,6 £5,2 % (um-
dekc NaoU4A0U MOHOCTIOS NpU 006a6IeHUU HUSKOMOTIEKYTISIPHBIX
ppaxyuti cocmasun 37,47 +3,27 %), no omHouieHuo Kk KOHMp-
onvHoIM dKkcnnanmamam. Huskomonexynapuole dpaxuyuu oka-
3618a/IU CIUMYTIUDYIOU4EE BNIUSTHUE HA IKCHTIAHMAMDbL MKAHeL
A0pMbL CMAPEoULUX KPbic — UHOEKC NA0ULA0U NPeBbILUAT 3HAMe-
HUST CpeOHeMONeKYNAPHbIX Ppakyuti bonee uem Ha 30%.

BBegenne

[TpepcraBneHne O NPORYKTaxX >KUBOTHOBOJCTBA,
B YaCTHOCTU, MSICHOM ChIpbe, KaK MCTOYHUKE IIaCTUY-
HBIX CBOJCTB (6€/IKOB, XMPOB, YITIEBOJIOB), MPETEPIIETIO
3HauMTe/IbHble M3MeHeHms. IlocnemHme wmccnemoBaHuA
CBUJETENIbCTBYIOT O COREPXKaHMM B JXVBOTHBIX OeIKax
3HAYNMTE/IbHBIX KOMYECTB aMIHOKUCIOTHBIX IIOC/Iefi0Ba-
TETIBHOCTe1, 00/IaIaloNX Pa3/IMYHBIMU OVIOKOPPUTHPY-
oMy 3¢ dekramn. BpiABIeHO, YTO KypUHDII MUO3WH,
TOBsDKMIT KojUtareH al, cBuHOI TpomoHuH C o6mapaioT
LIMPOKUM CIIEKTPOM aKTUBHOCTelt. Hampumep, rossi-
KU KOJJIareH ol XxapakTepuayeTcs aHTMaMHeCTUIeCKIM,
AQHTUTPOMOOTUYECKUM, VIMMYHOMOAYIUPYOIM 9¢-
(dexTaMy, peryampyer aKTMBHOCTb CIM3UCTON 000/I04-
K JKeTyJKa; KYPUHBII MUO3MH — aHTHOAaKTepyaabHOI
aKTVBHOCTDBIO; TOBSDKUI KO/UIareH al ¥ CBMHON TpPOIO-
uud C — ommoupubiMu cBoiictBamu [1-3]. IlokasaHo,

Keywords: aorta, Sus scrofa, peptides, biocorrective action, in vi-
tro, biological activity, explant.

Abstract

Slaughter products are good source of bioactive substances with
different biological effects. Nowadays, approximately 220 func-
tional peptides consisting of 2-10 amino acid residues have been
identified. In this study, the biological activity of medium-molecu-
lar-weight substances (5-30 kDa, Mw) and low-molecular-weight
substances (less than 5 kDa, Mw) extracted from aorta of Sus
scrofa were investigated in vitro. Medium-molecular-weight and
low-molecular-weight fractions possessed a tissue specific effect on
organotypic tissue cultures of chicken embryos and laboratory rats.
Biological activity depended on molecular weight. Medium-molec-
ular-weight fractions possessed higher effect on aortas explants of
chicken embryo: area index of cellular monolayer was 56.6+5.2 %
(area index of the monolayer was 37.47+3.27 % for low-molecular-
weight fraction) in comparison with control explants. The low-mo-
lecular-weight fractions stimulated aortic tissues explants of aging
rats — area index exceeded area index formedium-molecular-

weight fractions by more than 30%.

Introduction

Comprehension of livestock products, in particular,
meat raw, as a source of essential nutrients (proteins, fats,
carbohydrates), was significantly changed. In recent stud-
ies animal proteins are claimed as a sourse of amino acid
sequences with different biocorrective effects. It was found
that chicken myosin, beef collagen al and pork troponin
C consisted from a lot of such functional sequences. For
example, beef collagen al is characterized by antiamnesic,
antithrombotic and immunomodulatory effects, regulates
the activity of gastric mucosa; chicken myosin — antibac-
terial activity; beef collagen al and pork troponin C —

opioid properties [1-3]. Myosin light chain enriched se-
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YTO JIeTKas I[ellb MMO3MHa OoraTra ImocaeJoBaTeIbHOCTS-
MU aHTMMUKPOOHOTO IeCTBUS, MONUIENITH] IIOIeped-
HOTIOJIOCATBhIX MBI — KOHHEKTUH — IMeNTUAaMU aH-
TMTp0M60T1/Iqec1<017[, AHTMAMHECTUYECKO, OIMOUIHOIL,
HeJIpONpOTEKTOPHOI, MMMYHOMOJY/IATOPHON, AaHTUOK-
CUJAHTHOM U TUIOTEH3MBHOM aKTUBHOCTSIMM; TOBSIKMUIA,
KYPMHBIN ¥ CBUHOJ aKTVMH OOTaThl IIOC/IeJOBATe/IbHOCTSI-
Mu-uHTHOUTOpaMu aunentuayanentunassl [V. [Tomumo
3TOTO, KOJIJIaTeH U 37aCTVMH COfEPKaT IOC/Ie[0BATEeNbHO-
CTU, Hecylljue olpefie/ieHHble KOPPUTMPYIOLe CBOJICTBA
3a CYeT BBICOKOTO COfiep>KaHNA (PYHKUVMOHA/TBHBIX aMIU-
HOKMC/IOT — I/IMIUHA U nponyHa [4]. CTOUT 0TMeTUTH,
YTO B BBILIENIEPEUNMCIEHHBIX M MPOYMX XMUBOTHBIX Oerl-
KaxX Ha HACTOSILUII MOMEHT upeHTHduimpoBaHo 6oree
220 yHKUIMOHATBHBIX IENTHU/OB, IIPU 9TOM, OOJIBIINH-
CTBO U3 M3y4YEHHBIX IIEITU/IOB COCTOAT He Ooree 4eM 13
2-10 aMMHOKUCIIOTHBIX OCTAaTKOB. IIpu arom, Hanbonee
M3YYEHHBIMM Ha HACTOALIUII MOMEHT SABJIAITCA TUIIO-
TEH3VBHBIE NENTH/Ibl, KOTOPbIE [I0 MEXAHU3MY JeilCTBIUA
TenATCs Ha KOPPEKTOPHI SH/I0TeNMMANIbHBIX KJIeTOK-IIpef-
IIECTBEHHVKOB, PEHMH-AHIMOTEH3MHOBOM CHUCTEMBI 3a
CYeT CHVDKeHMs KOHLIEHTpalWyi PeHUHaA VI VIHTMOUPO-
BaHIA aHTMOTeH3NH-IpeBpamaniero pepmenta (AIID),
a Takke akTuBaTopbl NO-cuHTasel. Hapany ¢ aTum, moka-
3aHO, YTO TMIIOTEH3UBHbBIE TTOCENOBATETBHOCTI BBICBO-
OOXXIAI0TCS IPY TUPO/IN3e MUO3MHOBON TSDKEION el
KypuHOro 0Oefpa M KOJUIareHa, TOBSKbUX CapKOIlIa3Ma-
TUYECKUX Oe/IKOB, CBMHOTO HeOy/nuHa, MUO3MHA (TsKe-
Jasi 1lemb), aKTuHa, TporoHuHa C ¥ TUTHHA, TOBSKbETO,
CBMHOTO ¥ KypMHOTO TpomnoHuHa C cephedHOl MbIIIIIbI
n np. Hampumep, atum 00OOCHOBBIBAeTCs COfiep>KaHue
OUIENTUOB IUIIOTeH3IBHON HAIIPAaBIEHHOCTY B MSCHBIX
LIeIPHOKYCKOBBIX NPOAYKTaX CYXOro mocona. B mccneno-
BaHMAX in vivo Ha SHR MbImax nokasaHo, 4To TUAPOIU-
3aThl IPOAYKTOB 00/1af1atoT 3 (HeKTOM CHIDKEHMS CUCTO-
JINYECKOTO JIaByieHns 1o 50 MM.PT.CT. B TedyeHue 6—8 4yacos
II0C/Ie BHYTPIDKETYIOYHOTO BBe[leHNA B KOMUYECTBE OT
1 o 10 r/xr Beca kpsic [1].

CopepxaHne B MPOAYKTaX WIN ChIpbe TaKUX aMUHO-
KIC/IOT KaK METMOHVH, IPOINH, TUCTULVH, TpUrTodaH,
TUPO3UH, (EeHMTANaHWT M LVUCTENH, MOXKET CBUJETe/Ib-
CTBOBATh O HAIMYUU aHTUOKCUIAHTHBIX menTumoB. [lo-
Ka3aHo, 4TO IIOC/IENOBATENbHOCTY, OOMafarole aHTH-
OKCUIIAHTHBIMM ~CBOVICTBAMU, BBICBOOOXK/AIOTCA TIPU
TU/IpO/IN3€e TOBSDKbMX KOJIareHa al, TpomommuosuHa al,
CapKOIUIa3MaTNYeCKUX OeNKOB Ie4eH), CBUHBIX MIOU-
OpWUIAPHBIX 6€/TKOB, KyPMHOTO OeIKa U TOBSDKbeNl Kpo-
BI. B 4yacTHOCTH, BBISIBJIEHO, YTO CHIPOBS/IEHbIE CBUHBIE
KO/OAachl, B YaCTHOCTH, UCTTaHCKasa «opu3o», KAHTOHCKAs
Kornbaca u xopBaTckoii «IleTpoBaly», B BOZOPacTBOPUMOIL
¢dpaxuyy 6eKOB Ccofep)KaT MHOXECTBO aHTMOKCUIAHT-
HBIX IIENTUHOB [5].

Takum obpasom, pa3paboTKa OMOIOTMYECKN AKTUB-
HBIX MOJy/Iell Ha OCHOBe OMOKOPPUTMPYIONINX eI TH/0B
U3 >KMBOTHOTO CBIpbsI IIyTeM, SIBJIA€TCA BeCbMa aKTY-
AJIbHBIM.

quences with the antimicrobial activity, polypeptide of the
cross-striated muscles (connectin) — peptides with the
antithrombotic, antiamnesic, opioid, neuroprotective, im-
munomodulatory, antioxidant and hypotensive activities;
beef, chicken and pork actin — sequences- inhibitors of
dipeptidyl peptidase IV. In addition, collagen and elastin
contain the sequences with specific corrective properties
due to high content of functional amino acids — glycine
and proline [4]. Nowadays, approximately 220 functional
peptides consisting of 2-10 amino acid residues have been
identified. Hypotensive peptides are the most studied. Ac-
cording to the mechanism of action, hypotensive peptides
are divided into the correctors of endothelial precursor
cells, renin—-angiotensin system due to reduction of the re-
nin concentration or inhibition of the angiotensin-convert-
ing enzyme (ACE) and activators of NO-synthase. More-
over, it was shown that hypotensive sequences are released
during hydrolysis of the myosin heavy chain of chicken
thigh and collagen, beef sarcoplasmic proteins, pork nebu-
lin, myosin (heavy chain), actin, troponin C and titin, as
well as beef, pork and chicken troponin C of the cardiac
muscle and efc. For example, fermentation and autolysis
stimulate enrichment of muscle dry-cured meat products
by dipeptides with the hypotensive activity. In vivo stud-
ies on the SHR mice showed that intragastric administra-
tion of product hydrolysates in a dose of 1 to 10 g/kg body
weight reduced the systolic blood pressure to 50 mm Hg
during 6-8 hours [1].

The content of such amino acids as methionine, pro-
line, histidine, tryptophan, tyrosine, phenylalanyl and cys-
teine in products or meat raw can indicate the presence of
antioxidative peptides. Sequences with antioxidative prop-
erties were released arter hydrolysis of beef collagen al,
tropomyosin al, liver sarcoplasmic proteins, pork myofi-
brillar proteins, chicken protein and beef blood. In partic-
ular, it was revealed that raw air dried pork sausages such
as Spanish Choriso, Canton sausage and Croatian Petrovac
sausage contain many antioxidant peptides in water solu-
ble fraction of proteins [5].

Therefore, development of biolactive modules on the
basis of bio-corrective peptides from animal raw material

is quite acute .
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[IpoBemeHHBIMM paHee WUCCIENOBAHUAMM IIOKa3aHO,
YTO AOPTHI SUs SCrofa ABJIAIOTCA NMEPCIEeKTUBHBIM MCTOY-
HUKOM 0€/lKOBO-IIENTU/IHBIX BeIIeCTB MOJIEKY/LIPHOI
maccoit (Mm) ot 100 x/[Ja mo 10 xJIa, o6namarommx TUIIO0-
MUINAEMUYIECKON, AHTMOKCUIAHTHOM aKTUBHOCTSMMU,
a TaKkXe CIOCOOCTBYIOLIMX BOCCTAHOBJIEHMIO (PYHKIIVIO-
HUPOBaHM 9HJOTENNATBHOTO CJI0SI COCYHOB [6, 7].

Ilep0 AAHHOTO MCCIENOBAHMUSA SBJLSUIOCH M3YyYeHUe
BO3MOXXHOCTY IPYMEHEHNA METOJOB in Vitro A usyde-
HUS OMONIOTMYECKON aKTUBHOCTM CPeSHeMOJIEKY/LIPHBIX
Y HU3KOMOJIEKY/ISIPHBIX BeIleCTB, COAEPXKALINXCS B a0pTe
Sus scrofa.

Marepuanbl 1 METOMbI

O6bekTaMy MCCIE[OBAHNs SBJIANMNCh HU3KOMOJIEKY-
nApHble (MONeKy/IApHasA Macca MeHee 5 k]la) 1 cpeHeMo-
JNeKy/IspHble (MoneKyIspHas Macca ot 5 1o 30 x/la) ynprpa-
GuIbTpaThI A0PTHI SUs scrofa. DKCTPAKT MOTy4YaI IyTeM
9KCTParupoBaHMA M3MEIbYeHHBIX A0PT B U30TOHIYECKOM
¢dusnonornueckom pactsope (0,9% pacTBOp HaTpusA XJI0-
puna) Ha 1abOPAaTOPHON [AUCHEPIUPYIOLel YCTaHOBKe
(JTabotexc, Poccus) B Teuenne 24 4 ipu 600 06/MuH, TeM-
neparype (2-5) °C, npy COOTHOIIEHNN ChIPbe: 9KCTPAreHT
1:5; oTHeneHne HEPACTBOPUMOIO OCATKa IPOBOAVIIN IIY-
TeM LeHTpudyruposanns Ha nentpudyre CM-6M (Elmi,
Benmukobpurannsi) B TedeHue 8 MuH npu 3500 06/MuH.
[TonyueHne ynpTpaduabTpaToB C BelleCTBAMU MOJIEKY-
nsipHoit maccoit Metee 5 klla (YO < 5x]/Ia) n ot 5 1o 30 x/la
(YO5-30k/la) npousBoammm nyteM QppakiOHUPOBAHUA
aKcTpakTa Ha ycraHoBke Vivaflow 200 (Sartorius, Tep-
MaHUA) C MCHOMb30BaHNeM MeMOpaH U3 MOoMuCynbdoHa
¢ puametpoM nop 30x[la u 5 x[la. [lomy4eHHble yabTpa-
¢ubTpaThl XpaHWIN npu Temreparype munyc (40)°C.
KoHueHTpanuio 6enka B 9KCTpaKTax U yabTpaduabTpa-
Tax ONpefe/syIM OMypPeTOBBIM MeTOfioM Ha (oTomeTpe
BioChem SA (HTI, CIIIA).

VccnepoBanne OMONIOrMYECKOl AKTUBHOCTHU IIONY-
YeHHBIX 00pasIOB IPOBOAMIN Ha SKCIUIAHTATaX TKaHel
cepaua (n=40) u cocynos (n=40) 10-5HEBHBIX KYPUHBIX
9MOPMOHOB I IKCIUTAHTATaX TKaHel aopTel (n=30) crape-
IOLIVX Tab0PaTOPHBIX KpbIc-caMIioB muHuyu Wistar (450-
500 r). KyprHble 5MOPMOHBI IIOZTy4aIu IIyTeM UHKYOMpo-
Banus suy B ycnoBusix CO> — nuky6aropa (Lamsystems,
Poccust) npu 38,5°C B yBIa)XKHEHHON aTMOocdepe 1 KOH-
LeHTpalMell yITeKucnoro rasa 5 %. Boimenenue ¢par-
MEHTOB TKaHell (9KCIUIAHTAaTOB) M BCe MaHMITY/ISALNN
IPOBOAWIN B YCIOBUAX aCeNTUKNM B JTAMUHApHOM OOKce
(Lamsystems, Poccns).

OxkcrmmanTarbl (okonmo 1 Mm?) momemanu B YallKu
ITerpu ¢ komnarenoBbIM HokpbiTHeM (Thermo Fisher Sci-
entific, CIIIA), nakybupoBanmu 5-7 muH npu 37°C pus
IPUKpeIIeHNs 9KCIUIAHTATOB, 3aTeM [00aBIIAIM INTA-
TE/IbHYIO CPefly C BHECEHHBIMU MCCTIEyeMbIMI 0Opasiia-
Mu B kKoHUeHTpanuu 100 ur/mn. IlutatenpHas cpega mna
9KCIUIAHTAaTOB TKaHEell KYPMHOTO 3MOpUOHA cofiepkaza
35 % pactBopa Vrma, 25 % deTanbHOI CBIBOPOTKY TeleH-

Previous studies have shown that Sus scrofa aortas are
source of proteins and peptides with molecular weight
(Mw) of 100 kDa to 10 kDa with hypolipidemic and anti-
oxidant activities, as well as stimulating of recovery of en-
dothelial layer in blood vessels [6, 7].

The aim of the study was to evaluate the possibility of in
vitro methods implementation for investigation of the bio-
logical activity of the medium-molecular-weight and low-

molecular-weight substances contained in Sus scrofa aorta.

Materials and methods

Objects were low-molecular-weight (less than 5 kDa,
Mw) and medium-molecular-weight (5-30 kDa, Mw)
ultrafiltrates of Sus scrofa aorta. Minced aortas were ex-
tracted by isotonic physiological solution (0.9% NaCl so-
lution) on a laboratory dispersing equipment (Labotex,
Russia) for 24 hours at 600 rpm, temperature of 2-5°C
and ratio of raw material:extractive agent 1:5. Insoluble
residue was separated by centrifugation on a centrifuge
CM-6M (Elmi, UK) for 8 min at 3500 rpm. The ultrafil-
trates with molecular weight less than 5 kDa (UF <5 kDa)
and 5 to 30 kDa (UF 5-30 kDa) were obtained by frac-
tionation on a Vivaflow 200 (Sartorius, Germany) using
PES membranes with 30 kDa and 5 kDa pore diameters.
Obtained ultrafiltrates were stored at a temperature of
-40°C. A protein concentration in extract and ultrafil-
trates was determined by biuret method on BioChem SA
analyzer (HTI, USA).

The biological activity was studied on explants of the
cardiac (n=40) and vessel (n=40) tissues of 10-day old
chicken embryos and on explants of the aortic tissues
(n=30) of aging laboratory male Wistar rats (450-500 g).
Chicken embryos were obtained by incubation of eggs in
CO, incubator (Lamsystems, Russia) at 38.5°C in wetted
atmosphere and 5% CO, concentration. Isolation of tissue
fragments (explants) and all manipulations were carried
out in aseptic conditions in a laminar box (Lamsystems,
Russia).

The explants (about 1 mm?®) were transferred into Pe-
tri dishes coated with collagen (Thermo Fisher Scientific,
USA) and incubated for 5-7 min at 37°C for explant ad-
hesion. Then, a culture medium with samples was added
in a concentration of 100 ng/ml. The culture medium for
the explants of the chicken embryo tissues contained 35%
of Eagle solution, 25 % of fetal calf serum, 35 % of Hanks’

solution, 5 % of chicken embryo extract, 0.6 % of glucose,



2016 | N24 TEOPUSI N NPAKTUKA NEPEPAGOTKN MSICA

Ka, 35 % pacTBopa XeHKca, 5 % KypMHOTO SMOPMOHA/Ib-
HOTO 3KcTpakTa, 0,6 % rmokos3bl, 0,5 en/M/n1 MHCYNMHa,
100 en/mn 6eH3UIT — NEHUIWUINHA, 2 MM INIIoTaMMHa.
[InTarenpHas cpefa i SKCIZIAHTATOB TKaHeil KPBIC CO-
crosna us 35 % cpenpl Vrima, 35 % pactBopa XeHKca, 25 %
¢deTanbHOI ObIYbEt CBIBOPOTKY 1 5 % KypUHOTO aMOpu-
OHAJIPHOTO 3KCTpaKTa. VIHKyOMpOBaHHNUE KCIUIAHTATOB
nposoaun B ycnousax CO® — unky6aropa (Lamsystems,
Poccus) B Tedenne 48 vacos mpu 38,5°C B yB/Ia)KHEHHOI!
atMocdepe 1 KOHI[EHTpaIyel YIIeKICIoro ras3a 5 %.

AHanmm3 610/10TM4YeCKOi aKTMBHOCTY IIPOBOJVIIN C VIC-
HO/b30BaHNeM (Pa30BO-KOHTPACTHOTO VHBEPTUPYEMO-
ro mukpockona (JIOMO, Poccus), nmytem omnpenenenus
nHpekca miomany (MII), KoTopbli pacCYuTBIBAIN, KaK
COOTHOILIEHNE IIOUIA/iM BCETO OSKCIUIAHTATa, BK/IOYas
neprdepuuecKyIo 30Hy pOCTa, K MCXOZHOII I/IOLIA/IN 9KC-
IJTAaHTaTa. 32 YCJIOBHYIO eIVHMILY IUIOLIAAV IPUHUMAIN
KBaJpaT OKY/LIp — CeTKM MMKPOCKOIIA (CTOpOHa KBajipa-
Ta Ipu yBenmueHun 3,5x 10 paBHAmach 150 Mkm). 3Hade-
HuA V11 Bblpaxkanu B IpOLjeHTaX, KOHTPOJIbHOE 3HaYeHIe
UII npuanmanm 3a 100 % [8]. Kontpomem cry>xmm akc-
IUIAHTAThl, MHKYOMpPOBaHHBIE B IMTATebHOI cpefie, 6e3
mo6aBieHnst 06pasIoB MCCIE[OBAHNUS

s pacyeroB ucnonb3osany nporpammy STATISTICA
10, pe3ynbTaThl IpeficTaB/IeHbI B Bl «B3BelleHHOe cpefi-
Hee 3HaYeHue + CtangaptHoe oTK/IOHeHue» (M +m). Cra-
TUCTUYECKAsA [JOCTOBEPHOCTh — OJHONApaMeTPUYECKUM
ANOVA rectoM. B kauecTBe 3HaUNMOT0 ypOBHS BbIOpaHa
BepoATHOCTD 0.05.

PesynpraTsl u 06CyXKIeHme

AHanmu3 9KCIUIAaHTaTOB TKaHel KYPUHBIX 3MOpHo-
HOB U KpbIC Yepe3 24 Jaca II0CjIe Hadajla Ky/IbTUBIPOBa-
HVSI B IIATATENbHON Cpefie ¢ foOaBIeHeM MCCTIeNyeMBbIX
00pasioB, MMoKasan pacIylacTeiBaHue (pparMeHTOB TKa-
Hell aOPTHI ¥ CepAlia Ha KOJTATEHOBOJI TIOMIOXKKE 1 IIep-
BUYHOE BbICe/IeHNe MepudeprdecKoil 30HbI SKCIIAHTATA.

O61mensBecTHO, uTO QopMupoBaHue mnepudepude-
CKOJ1 30HBI 9KCIUIAHTATOB 3aBUCUT OT HposndepaTus-
HBIX, MUTPALIVIOHHBIX 11 a/iTe3VBHBIX CBOJICTB Pa3/IMYHBIX
TUIIOB K/IeTOK [9]. B manHOM paboTe yuTeH CyMMapHBIN
3¢ eKT 9TUX MPOLIeCCOB, BBIPAKEHHBIX B pasMepax ¢op-
MMPYIOILEICA 30HDI BBICEIAIOIINXCS KIIETOK.

Yepes 48 vacoB KyIbTUBMPOBaHMA 3SKCIJIAHTAaTOB
KYPUHBIX 5MOPMOHOB OTMEYEHbI BBIPAKEHHBIE 30HBI —
LleHTpajbHasl, IpPEACTaBIeHHAs HEMUTPUPYIOLUMU
IUVIOTHO PAcCIONIOKEHHBIMIU KJIeTKaMu, U mepudepude-
CKUII MOHOCION, (GOPMUPYOIMIICS MUTPUPYIOLIVMMA
U nponudepupyomUMy KIeTKaMI. BbIABIEHBI OTYeT-
JIMBble VM3MEHEHNUA POCTa KJIETOK IOfi BIUAHUEM JIC-
CIelyeMbIX BelleCTB Oe/NKOBOJ IPMPOABI, IPEAIONO-
JKUTE/IbHO ITIOKAa3bIBAIOIIVe HANPABICHHOCTD JEVCTBUA
uccnenyemsix 06pasnos. IIpu aTOM OTMeYeHO, YTO MH-
JIeKChI IUIOI[A/iM 9KCIUIAHTATOB TKaHel CepALia U a0pThI
KypUMHOTO 3MOpMOHa Ipy f00aBIeHMM VCCIERYeMbIX
o6pasios 66N pa3nuyHbl. [JJob6aBieHNe cpeTHEMOIEKY-

0.5 units/mL of insulin, 100 units/mL of benzylpenicillin,
2 mM of glutamine. The culture medium for rat tissues ex-
plants consisted of 35% of Eagle solution, 35 % of Hanks’
solution, 25 % of fetal bovine serum and 5 % of chicken
embryo extract. Incubation of the explants was carried
out in CO, incubator (Lamsystems, Russia) for 48 hours at
38.5°C in a wetted atmosphere and 5% CO, concentration.

An analysis of the biological activity was carried out on
inverted phase contrast microscope (LOMO, Russia) by
determining an area index (AI), which was calculated as
a ratio of the area of the whole explant including the pe-
ripheral growth zone to the initial area of the explant. The
square of the grid reticle of a microscope (a square side at
magnification of 3.5x10 was equal to 150 um) was taken as
reference unit. The values of AI were calculated in percent-
ages; the control value of AT was assumed to be 100 % [8].
The explants incubated in the culture medium without
adding the test samples were a control.

STATISTICA 10 program was used for calculation, the
results were presented as weighted mean + standard de-
viation (M+m). Statistical significance was determined by
one-way ANOVA-test. The probability value (p-value) of

0.05 was chosen as a significance level.

Results and discussions

Explants of the chicken embryo and rat tissues were-
analyzed after 24 hours of cultivation in a culture medium
with addition of the test samples. The spreading of aortic
and cardiac tissues fragments on a collagen substrate was
observed as well as peripheral zone primary expulsion of
the explant.

Formation of explant peripheral zone depends on the
proliferative, migratory and adhesive properties of differ-
ent cell types [9]. Therefore the sum effect of these pro-
cesses expressed in forming square zone of expulsed cells
was taken into account.

After 48 hours two zones in cultivated chicken tissue
explants were observed: the central zone was formed by
non-migrating densely arranged cells and the peripheral
monolayer was formed by migrating and proliferating
cells. Test substances consisting of proteins and peptides
enhanced cell growth , presumably, due to its tissue speci-
ficity. Moreover, it was noticed that area indices of car-
diac and aortic tissues explants of chicken embryos with
addition of the test samples were different. Addition of

UF 5-30 kDa in concentration of 100 ng/ml stimulated
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JIIPHBIX YIBTPAQIUIBTPATOB 9KCTPAKTA A0PTHI Sus scrofa
B KoHLeHTpanuu 100 HI/MJI CTUMYIMPOBANIO POCT 3KC-
IUVIAHTATOB Cep/lia KypUHBIX 9MOp1OHOB Ha 31,6 +5,4 %,
aopTel — Ha 56,6+52 %, (p=0,05) cOOTBETCTBEHHO.
ITpn po6aBneHNN B NUTATENbHYIO Cpey HU3KOMOJIEKY-
NApHBIX (pakiuii, HaOTO[ANIOCh JOCTOBEPHOE BbI3BI-
Bayio nosbiieHue VIl skcmmanTatoB Ha 28,6 £5,01 %
u 37,47 £ 3,27 %, coorBeTcTBeHHO (PucyHok 1).

the growth of tissue explants of chicken embryo heart by
31.6 £5.4 %, while aorta — by 56.6 +5.2 %, (p<0.05). Ad-
dition of UF <5 kDa caused a significant increase in Al of
explants by 28.6 +5.01 % and 37.47 £3.27 %, respectively
(Fig. 1).

Addition of test samples to aortic tissues of aging rats
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Figure 1. Influence of test samples in a concentration of 100 ng/ml on expulsed cells growth in cardiac and aortic tissues of chicken embryos.
On the x-axis: samples numbers; on the x-axis : AI, %. Legend: 1 — control; 2,4 — UF 5-30 kDa; 3, 5 — UF <5 kDa.

Puc. 1. BrusiHue uccnenyeMbix 06pasiioB B KoHIeHTpanuy 100 HI/M/T Ha POCT BBICETAIIINXCA KIIETOK B 30HE POCTA KYIbTYPBI TKAH CePALia M
aopThl KypuHoro smbpuoHa. ITo ocu x — HaumeHoBaHue 06pasyos; no ocu y — MII, %. YcoBHble 0603HauyenHys: 1 — KOHTpOIb; 2, 4 — cpep-
HeMOJIeKy/sApHble ybTpadmnbrparsl (5-30 kla); 3, 5 — HUSKOMONEKy/LApHbIe yIbTpagubTparsl (MeHee 5 K/a).

VccnepoBanns Ha parMeHTax TKaHeN aOpTHI cTape-
IOIMX KPBIC IOKA3a/IM IIPOTUBONOIOXKHYIO JUHAMUKY —
HauOOJIbIleil OMONIOIMYECKO aKTMBHOCTBIO OOIamanmu
HI3KOMOJIEKY/LIpHBbIe (Ppakiuy, cofeprKaliye BellecTBa
MOJIEKY/IAPHOI Maccoil MeHee 5 kJla. 9TO BbIpaXkanoch
B 0ojlee MHTEHCUBHOI CTUMY/ALMY POCTa MOHOC/IOSA
knetok — MWII npu po6aBneHMM HUSKOMONEKY/ISIPHBIX
yIbTpadu/IbTPaTOB yBeMMUYMBANICA Ha 26,2+2,5%, mpu
Io6aB/IeHNN CPeHEeMOIEKY/IIPHBIX — Ha 17,6 +3,96%, 1o
CpaBHEHNUIO ¢ KOHTPO/MbHbIMU 3HaueHusiMu (Tabmmua 1).

ITony4yeHHble JaHHBIE CBUIETE/ILCTBYIOT O BO3MOYKHO-
CTU IpUMEHEHMsI METOJOB in Vitro s uaydeHus 6mosno-
TMYeCKOJ aKTUBHOCTY 0€/IKOBO-TIENTHIHBIX KOMIIIEKCOB,
BBIJIE/ICHHBIX 13 aOpThI Sus scrofa. Ilpy aToM oTMedeHo,
4TO OOHapy>KeHHasA OMONIOrndecKas akTMBHOCTD 3aBUCUT
OT MOJIEKY/ISIPHOJ MaccChl BeljecTB. Tak, cpefHeMOoseKy-

showed opposite dynamic: the highest biological activity
was observed in UF <5 kDa. UF <5 kDa more intensively
stimulated growth of cell monolayer compared to the control
values. Addition of UF <5 kDa increased Al by 26.2+2.5 %
while UF 5-30 kDa — by 17.6 +3,96 % (Table 1).

Revealed data confirmed the possibility of in vitro
methods implementation for investigation of biological ac-
tivity of protein-peptide complexes derived from Sus scro-
fa aorta. Moreover, it was noticed that observed biologi-
cal activity depended on molecular weight of substances.
Thus, medium-molecular-weight fraction (5-30 kDa, Mw)
stimulated the growth of aortas tissue explants of chicken

embryo on 50 % higher than the low-molecular-weight

Table 1. Influence of test samples on growth of aortic tissue explants of aging rats
Ta6muua 1. Biusnue ncciegyeMpIx 06pa3ioB Ha POCT IKCITIAHTATOB TKaHeIl A0PTHI CTaPEIOIINX KPBIC

Sample |
M (mean) | M (cp. 3Hau.)
UF 5-30 kDa | Y@ 5-30 x[Ia 117.600
UF <5kDa | Y® <5 k/la 126.200*

AL % | VITI, %

m (standard deviation) | SE (standard error) |
m (CTHJI. OTKIL. ) SE (cTHp. ommoKa)
3.96 1.294
2.513 0.649

* — significant difference from UF 5-30 kDa (P<0.05). | * — mocroBepHoe ormmyue ot YO 5-30 k[la (P<0,05).
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napHas ¢pakuna (Mm 5-30 x/la) cTumynupoBana pocT
9KCIUIAHTATOB TKaHell a0PThbI KYPUHBIX 9MOPUOHOB 6osiee
4eM Ha 50% aKTUBHee, 4eM HU3KOMOJIEKY/IAPHAs PpaKIis
(Mwm menee 5 x/1a). [Tpu aToM BeipakeHHBIX 3G (HeKTOB Ha
(dparMeHTBI CepAlla KypMHOrO 3MOpPMOHA He BBLAB/ICHO.
OTMedeHO, 4TO HU3KOMOJIEKY/IApHass ppakuys obnajana
6oree BBIPRKEHHBIM 3P PEeKTOM Ha IKCIUIAHTAThl TKaHel
aopThI cTaperomux Kpoic — V1T mpeBbiran 3HaYeHMe 9KC-
IJIAHTAaTOB, MHKYOMPYeMBbIX ¢ ZOOaB/IeHNEM CpefjHeMOJIe-
Ky/IApHbIX ppakumii, 1o 30 %. CTOUT OTMETUTD, YTO IPU
CTapeHMN MPONCXOAAT pasINYHble ISMEHEHNsI, XapaKTe-
PU3YIOLIeCs CHIDKeHNeM OMOoCuMHTe3a 0elKOB, peryss-
TOPHBIX IENTUIOB B COOTBETCTBYIOLVX OpraHax U TKa-
HAX, HAPYLIEHVS B3aVIMOJIEVICTBUA «PETYIATOP-MUIICHb»
u npoyee. [loryyeHHbIe JaHHBIE CBUAETENbCTBYIOT O BO3-
MO>XHOCTH VICHIO/Tb30BaHNA YIbTPaQUIbTPATOB B KAUeCT-
Be PETryIATOPOB IOMEOCTa3a, BK/IOYAs MEKK/IEeTOUHBIN
CUTHAJIVHI, YTO OTKPBIBAeT BO3MOXXHOCTY JIa/IbHENIIIEro
UICCTIeIOBAaHNS BBIJICTICHHBIX BeIIeCTB, VX pasfie/ieHus
U M3YYEHUS MOJIEKYIAPHO-OMOTIOTMYECKOTO0 MeXaHM3Ma
JIeCTBUSA.

BreiBog b1

B pesynbraTe mccnegoBaHuA Nnoka3aHa BO3MOXKHOCTD
IpYMeHEeHNI MeTOJIOB in vitro Ijid u3ydeHus O6monornde-
CKOJ1 aKTMBHOCTM ¥ HATIPaB/IEHHOCTH IEVICTBUS OETKOBO-
HEeNTUIHBIX BElleCTB, BbIIE/ICHHbIX U3 aOpThI Sus scrofa.

Vccnepyemble 0Opasipl OKasblBalIM BBIpaKEHHOE
B/IVIAAHNE Ha Pa3BUTHE VM POCT SKCIIAHTATOB TKaHEN Ky-
PVHBIX SMOPMOHOB 1 CTapeIOIINX KPbIC B 3aBUCHMOCTH
OT MIX MOJIEKY/IAPHOI Macchl. Tak, cpelHeMOIeKyAApHbIe
¢dbpakiuu, copepskamie BemjecTBa Maccoit 5-30 x/la,
OKa3bIBAIOT BBIPKEHHBINT Ouomorndeckuit apdexr Ha
9KCIIAHTATBl A0PTHI KYPUHOro sMOpuoHa (yBenn4yusas
MHJEKC IJI0IaAy 9KCIUIAHTATOB Ha 56,6 £ 5,2 %, 110 cpas-
HEHMIO C KOHTPOJIbHBIMIU 3HaueHMAMN). Huskomorneky-
NApHBle PpaKIVM, COfepiKalye BelecTBa MeHee 5 k/la,
HaIpOTUB, OKa3biBamyu Oojee BBIPAKEHHOE CTUMYIINU-
pymolee [ieficTBMe Ha SKCIIAHTATbhl A0PThI CTapeIoLnX
Kkpbic — VIII mpeBbIIIas MoKasaTenu CpefHEMONEKYAP-
HBIX ppakiuii 6onee yeM Ha 30%.

fraction (less than 5 kDa, Mw). However, both medium
and low-molecular-weight fractions did not intensively
influence on heart fragments of chicken embryo. It was
observed that low-molecular-weight fraction significantly
affected on aortas tissue explants of aging rat: AI was on
30 % higher compared with medium-molecular-weight
fraction. Aging is traditionally associated with different
changes such as decrease in protein and regulatory pep-
tides biosynthesis in corresponding organs and tissues, as
well as with disorder in «regulator-target» interaction and
others. Obtained data confirmed the possibility of ultra-
filtrates application as regulators of homeostasis includ-
ing intercellular signaling. Nevertheless, further research
of isolated substances and its separation are nessesary for

explanation of molecular biological mechanism of action.

Conclusion

Obtained result confirmed the possibility of in vitro
methods implementation for investigation of biological
activity and tissue specificity of protein-peptide substances
derived from Sus scrofa aorta.

Test samples influenced on proliferation and growth
of tissue explants of chicken embryos and aging rats. Ob-
served effects depended on molecular weight of fractions.
Thus, medium-molecular-weight fractions containing the
substances with molecular weight of 5-30 kDa predomi-
nantly stimulated the growth of aortas explants of chicken
embryo (AI of explants increased by 56.6 + 5.2 % compared
with control values), while low-molecular-weight fractions
containing the substances with molecular weight low than
5 kDa more primarily stimulated the growth of aortic ex-
plants of aging rats: AI was more than 30% than in medi-

um-molecular-weight fraction.
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EFFECT OF COOKING METHODS ON AMINO ACIDS COMPOSITION
OF CHICKEN MEAT

B/IVISTHUE CIIOCOBOB ITPYITOTOBIEHVA
HA AMVMHOKHNCJ/IOTHBIN COCTAB MACA IITUIIbI

Thanaa Shehab
Al-Fuart University, Deir Ezzor, Syria

KimroueBble cmoBa: memoodvt npuzomosnenus, muxposonqosas  Keywords: cooking methods, microwave, chicken , amino acids.
06pabomia, MACO NMULDL, AMUHOKUCTIOMDL.

AHHOmMauus Abstract
Msico nmuypl SA67ISTEMCS 8AHCHOTE COCMABASTIOWET CUPUTICKOTE OU-
emol. Ysenuuerue npoussoocmea Maca nmulbl, e2o Wupoxoe uc-
nomvb306atue 8 3a6e0eHUIX 00UECNBEHH020 NUMAHUS OUKmyem
HEe0OX00UMOCMYb HANTUYUS nobpo6ﬂoﬁ quiopmauuu 0 Kauecmae fOOd service operation implies the need fOV more detailed il’lfOT-
U coOepicanuy NUMamenvHolX 6eU4eCme 6 HeM. YCmAanoBneHo,  mation regarding their quality and nutrient retention. Cooking
Umo KynuxapHvle mMemoovt 06pabomku no-pasHomy 6030etici-
8y1I0M HA HATUYUE NUINMAMENbHVIX BeULeCTNd 68 Msce NMUUbL.
Taxum o6pasom, damnoe ucciedosarue nposodunoce ¢ uemvio  1herefore, this study was carried out to evaluate the effect of micro-
oyeHump 6030eticmeue NPULOMOBNIEHUS 6 MUKPOBOTHOBOL neuu  wave cooking in amino acids composition of chicken meat (breast
Ha cocmas amuHoKucnom msca (¢pune u 6edpo) yvinnsm-6potine-
D08 Mo cpasHeHuio ¢ MPAOUUUOHHBIMU MEMOOAMU KYTUHAPHOLL
obpabomxu: omeapusaruem, npuzomosseHuem noo 0asneHuem
U NOOHAPUBAHUEM.

Chicken meat is an important item in the Syrian diet. The increas-

ing production of chickens and their potential in restaurants and

methods have different effects on the values of nutrients of chicken.

&thigh) as compared with some conventional methods, i.e. boiling,

pressure and roasting.

BBenenue Introduction

B Cupun msaco nTuipl 3aHMMaeT IUAVPYIOLee IOI0-
JKEHMIO TI0 NPOVM3BOACTBY U IIOTPEeONIEHNIO CPefu BCeX
APYIMX BUAOB Msca ImTuipl. OHO CTaJo BTOPBIM IO IO-
IyAPHOCTM TOTpe6/IAeMbIM MACOM M, ckopee Bcero, — ©ond most popular meat eaten and is most likely to main-
COXPAaHNUT CBOM MO3ULMN. [JaHHBI BUJ CBIPbs SABMAETCA  tain this position. Chicken meat is a good source of protein
XOpOIIMM MCTOYHMKOM Oe/lKa M MHOIMX HYTPUEHTOB,
U COMEPXUT OTHOCUTETIBHO HeOGONbIIoe KOMNIECTBO
XK1pa, 0COOEHHO, TIPM YCTIOBUM €TI0 VICIIONIb30BaHMA 6e3
KOXI. MsCO IBIMIAT-6POiiIepoB Takke XapaKTepusy- versatility in menu planning, ease of preparation, consis-
€TCsl BOSMOXXHOCTDIO MCTIONb30BAHN [T PASHBIX LeNe  tent quality, and the availability of wide range of pre-pack-
Ipy IUVIAHVPOBAHMM MEHIO, JIETKOCTBIO IPUTOTOB/ICHNA,
CTaOV/IBHBIM KaueCTBOM ¥ Ha/IM4MeM IIVPOKOTO accop-
TYMEHTA IIPEABAPUTENbHO YIIAKOBAHHBIX, OpEH/IOBBIX,
CBIPBIX J TOTOBBIX K YIOTpeO/IeHuIo 11 mofauy npopykToB.  have increased over the years because of its convenience

Bo MHOrux crpaHax 06beMbl NUIEBBIX IPOAYKTOB,
HO/IBEPTHY THIX KY/IMHAPHOI 06pabOTKY C MCIIONb30BaHM!-
eM MUKPOBOTTHOBBIX BO3JEVCTBUIL, YBEIMUIMBAIOTCS TOJ
OT roja 13-3a yEo6CTBa U COKPALEHMA IPOJO/KUTEND- for manufacturing food products of high organoleptic
HOCTH TIpOLecca. YIy4llleHne KOHCTPYKUMU MUKPOBON-  properties and nutritional value [13].

HOBBIX IIeYeil BBICOKOI MOIHOCTU obecrieunBaeTr Obic-
TpbIe U SKOHOMIYHbIE METObI IPOM3BOACTBA IMIIEBBIX
IPOAYKTOB C BBICOKMMM OPTaHOJIEITUYECKIIMY CBOICTBA-
MU U NINIIEBOI LIeHHOCThIo [13]. of frozen foods, precooking of poultry products and snack

B muueBoii IpOMBIIIIEHHOCTI MUKPOBONHOBAA 06-  food also. Microwave use becomes of great importance
paboTKa IpUMeHAeTCS /I MacTepu3aluy YIaKOBaHHBIX
IPOAYKTOB, CTEPUIN3ALINN, [/I OTEIUIEHNS 3aMOPO>KEeH-
HBIX IIPOAYKTOB, IpeBapUTENIbHON 00paboTKM MPORYK-
TOB V3 MsCa NTUILBI U CHeKOB. Vcrmonb3oBaHme MUKpo-  nutrient retention in processed food [11].

In Syria chicken occupies a major place in production

and consumption among poultry. It has become the sec-

and many nutrients, and is relatively low in fat, especially if

the skin is removed. Chicken meat is also characterized by

aged, branded, raw and ready to eat and serve products.
In many countries microwave cooking and processing
and time saving. Improvements in the design of high-pow-

ered microwave ovens offer rapid and economic methods

In the food industry microwaves are used for pasteuri-

zation of packaged products, for sterilization, tempering

because of its extensive utilization at home for cooking,

thawing and re-heating. It is used also in research due for

11
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BOJIH mpuobpeTaeT 6O/NbIIOEe 3HAYEHNE 13-3a MIMPOKOTO
IpUMEHEHM B JOMAIIHVX YC/IOBYAX [JIA IPUTOTOB/ICHNA,
pasMopaxuBaHus 1 pasorpesa. OHM TaK)Ke UCIIONB3YIOT-
Csl B MCCIENOBAHUAX I 00eCIedYeHns COXpaHeH!s Hy-
TPUEHTOB B IepepabOTaHHBIX NMMIIEBBIX HpoAgykTax [11].

Alfaia et al. [3] ycTaHOBUIN, YTO BpeMsi HarpeBaHMNs,
TeMIepaTypa, MeTOJ IPUTOTOBJEHMUS ¥ COCTAB MBIIII]
SBJISIIOTCSI BAKHBIMU [IepeMEeHHbBIMI, KOTOpPbIe MOTYT OKa-
3bIBaTh B/IMsIHME Ha KOHEYHbIE JKelaTeIbHbIe XapaKTepu-
CTMKM Msica. XOTs MSMEHeHNs B MsCe, BBI3BaHHbIE TEPMO-
006paboTKOI1, U3yHAIOTCS B TeUeHVe MHOTMIX JIET U IIVPOKO
obcyxpatorcs (Tornberg, [14]), Tonpko B HEOONMBIIOM KO-
n4ecTBe paboT coOOIIaeTCs O BIVSAHUY Pa3INYHBIX yC-
JIOBUIT TepMOOOpPabOTKM Ha COfiep>KaHue aMUHOKUCIOT
" MuHepaabHbIX BelecTB (Wilkinson, et al., [17]). Kpome
TOTO, COCTaB HYTPUEHTOB TepMOOOpabOTAaHHOrO Msca
B JOCTYIHBIX 6a3aX JaHHBIX JOBOIBHO OTPaHMYEH.

Happich et al. [7] coobummmm o ToM, 4TO Ka4ecTBO 3a-
MEHUMBIX aMUHOKIUC/IOT BapbUPYeET, U YTO STU Bapualyn
B OCHOBHOM OOBSCHSIIOTCS PasIMYMsAMU B [JIMIMHE, TH-
IPOKCUIN3NHe U ruppokcunpornnne. O6uie 3aMeHNMble
aMMHOKIIC/IOTBI IIOCTABJIAIOT a30T JyIs CUHTe3a B Opra-
HU3Me KaKUX-TMOO 3aMEHUMBIX aMMHOKMUCIOT, KOTO-
pbIX MOXKeT He xBaTaTb. Kpome Toro, Barr et al. [5] and
Hamm [6] coobmuamu o TOM, 4TO KOJIUYECTBO BajlMHAa,
JIeMVIHA, U30JIeIMHA ¥ TUCTUAYHA ObI10 60JIble B MACE
KYPVHOI TPyZIKe, B TO BpeMs KaK MsACo Oefipa 1nMerno 60/1b-
1Ie IINIMHA, TUPOKCUTIPOINHA, TUPOKCUIN3IHA, TPEO-
HUHA U CepPUHA.

Pe3y/praThl MCC/IETOBAHNIT YKa3bIBAIOT HA TO, YTO paii-
OH BBIPALIMBAHMA ¥ COOTBETCTBYIOIIME IPAKTUKU Me-
HEIDKMEHTA, 110 BCEIl BEPOSITHOCTHU, OKA3bIBAIOT BIIMSHNUE
Ha Cofiep>KaHue MOYTHU TOJIOBMHBI aMUHOKUCIOT B MsicCe.
[ToMMMO 9TOTO, YCTAaHOBJIEHO, YTO MSICO OT CaMIIOB COJIep-
JKamo O0JIbIle TUAPOKCUIIPOTIIHA IO CPABHEHUIO C MSCOM
CaMOK.

Abd El-Wahed [2] cooburaeT, 4TO CBeXXee MACO TPYHIOK
u Gefiep COfIEpXKIUT Te >Ke MHAMBY/IyaIbHble aMITHOKVC/IOTDI
C HeOO/IBIIVIMY BapyaLsAMM B X KonndectBe. Kpome Toro,
Ibrahim and Shams El-Din [8] coo61azoT, 4T0 cofiep>kaHie
AMMHOKVC/IOT B MsICe KYPMHBIX TPYAOK BK/IIOYAeT M3MH
11,12; TpeonmH 4,24; BanuH 5,22; nzonentuux 5,40; rucTunvy
4,11; aprunuH 5,88; acraparuHoByIo Kucnory 8,88; ryTa-
MUHOBYIO KUCNOTY 4,92; cepun 4,05; nponus 4,07; s
4,11; amannH 5,98; Tuposu 3,77 (r/100 t 6enka).

CooburaeTcs, 4TO JIM3UH TEPsSeTCsl B pe3y/nbTare pe-
aKIMM OKVMC/IEHNs JKUpa pK TeMmeparypax Hipke 100 °C,
B TO BpeM: KaK IIpM BBICOKMX TeMieparypax (T.e., 115-
130°C), moTepu He 3aBUCENN OT MPUCYTCTBUA >Xupa (Lea
et al.[9]). Onnako, Macy et al. [10] ycTaHOBWMIN, YTO KOH-
LIeHTpaLuy OOIbIIMHCTBA CBOOOHBIX aMIHOKVCTIOT YBe-
JIMYUBAIUCD TIPY TePMOOOPAOOTKe MOPLMOHHBIX KYCKOB
JUTST )KapKY JIO JOCTVDKEHUY TeMIIEPATyPHl B LIEeHTpe KycKa
77 °C 3a UCK/IIOYE€HNEM TPEOHNMHA, CEPUHA, Ty TAMIHOBOII
KICIOTBI, TUCTU/MHA ¥ apruHuHa. OOlee yBenndeHue
coflep)KaHusl aMUHOKUCIOT OOBICHSAETCA TUAPOTU30M
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Alfaia et al. [3] found the heating time, temperature,
cooking method and muscle composition to be the im-
portant variables, which may influence the final desirable
characteristics of meat. Although meat changes induced by
cooking have been studied for many years and extensively
discussed (Tornberg,[14]), only few reports have specifical-
ly dealt with the influence of different cooking conditions
on the amino acid and mineral contents (Wilkinson, et al.,
[17]). Moreover, the nutrient composition of cooked meat
available in food composition databases is quiet limited.

Happich et al. [7] reported that the quantity of non-
essential amino acids varies, and that this variation is large-
ly accounted for by the difference in glycine, hydroxylsine
and hydroxyproline. Total non-essential amino acids sup-
ply nitrogen for the synthesis in the body of any of the non-
essential amino acids, which may be lacking. Besides, Barr
et al. [5] and Hamm [6] reported that amounts of valine,
leucine, isoleucine and histidine were great in breast meat,
whereas, thigh meat had more glycine, hydroxyproline, hy-
droxylysine, threonine and serine.

Furthermore, results indicated that area of production
and related management practices appeared to influence
the concentration of about half of the amino acids. More-
over, meat from males contained more hydroxyporline
than that from females.

Abd El-Wahed [2] reported that the fresh breast and
leg meat contained the same individual amino acids with
a slight variation in their amount. Besides, Ibrahim and
Shams El-Din [8] reported that amino acids content of
breast chicken meat contained lysine 11,12, threonine 4,24,
valine 5,22, isoleucine 5,40, histidine 4,11, arginine 5,88,
aspartic acid 8,88, glutamic acid 4,92, serine 4,05, proline
4,07, glycine 4,11, alanine 5,98, tyrosine 3,77(g/100g pro-
tein).

It was reported that lysine was lost by reaction with au-
toxidizing fat at temperatures below 100 °C, while at high
temperatures(i.e. 115-130°C) the loss was apparently in-
dependent of the presence of fat (Lea et al.[9]). However,
Macy et al. [10] found that most free amino acids increased
in concentration during cooking of roasts to an internal
temperature of 77 °C with the exception of threonine, ser-
ine, glutamic acids, histidine and arginine. They attributed
this general increase in amino acids content to hydrolysis
of protein by proteolyttic enzymes. Most free amino acids
decreased during heating, when isolated from the tissue by

dialysis. Besides, heat treatment (at 163°C) was found to
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6enka mpoTeonuTUYeCKUMuU (GepMeHTaMM, a KOIMYeCT-
BO OO/IBIIMHCTBA CBOOOJHBIX aMMHOKIC/IOT TIPU YKapKe
cHmKaeTcst. [IoMuMo 3TOro, 6BII0 YCTAaHOB/IEHO, YTO TeP-
Moo6paborka (rpy 163°C) yBenmuuBaeT KOHILEHTPALVN
CepuHa, [TTyTAMIHOBOJI KMUCIOTBI U Ba/IVHA, U30/IEHIIMHA,
efuHa, TUPO3nHa, GeHmTaTaHNHA 1 APTYUHIHA B MsICe
(Usborn et al., [15]).

Kpowme toro, Hamm [6] mpoBen aHanuns o6pasijos Msica
TPyROK U befiep OT OpOIiepoB, BhIPALEHHbIX U Hepepa-
60TaHHBIX B 4yeThIpex partoHax CIITA Ha X aMMHOKUCTIOT-
HBIII COCTaB. B mepecyeTe Ha MPOIEHTHOE COflEPIKaHMe
6esika KO/IMYECTBO BAJIMHA, JIEMIIVHA, M30/IEMIIMHA U TTIC-
TVAVHA OBUIO JOCTOBEPHO OOJIBIIE B TPYAKAX, A [/IMIIMHA,
TU/IPOKCUIIPOTINHA, TUPOKCUIN3IHA, TPEOHHA U CepUHA
66110 607blIe B Msice Oefep. B To e Bpemst, Moawad, [12]
o061, 4TO 061Iee KOMMYECTBO aMUHOKICIOT, ofLee
KO/IMYECTBO HE3aAMEHMMbBIX ¥ 3aMEHMMBIX aMIHOKWC-
0T B TepMOOOpaboTaHHOI roBsfuHe 6bU10 86,34; 33,01
1 53,33 1/16 r N, COOTBETCTBEHHO.

B 9701 CBA3M, LieIbI0 JAHHOI paboThI OBLIO M3yUeHNUe
B/IVSTHMSL Pa3/IMYHBIX CIOCO00B 06paboTku (Bapka, obpa-
60TKa maBneHneM, obkapKa U MUKPOBOTHOBAsT 06paboT-
Ka) Ha aMIHOKUC/IOTHBII COCTaB Msica 6poitnepos (bemep

U TPYJIOK).

Marepuanibl 1 METOMbI

Jcnonb3oBaHHbIE B JAHHOM UCC/IEIOBAHNM OPOTIIEephI
ObIIM TIO/Ty4eHbl Ha MeCTHBIX pbIHKax [lamacka. VIx Bec
6b11 B uamasone Mexay (1100-1400 r) u cpemHuit Bo3-
pact — 8 Hefienb.

IIpimiATa 6bUIM 3a0MTHI, BPYYHYIO OLIMITAHbI, OUNIIIEHDI
¥ BBIMBITBI BOFO/1. KpbI/ibs, 11€V 11 TO/IOBBI ObIIM YHa/IeHbI
BpyuHy. Tymky O6bUmM Hape3aHbl Ha YeTbIpe 4acTy (mBa
KyCKa IPY/IOK U iBa Kycka 6emep). Yactu kyp (6empa u rpyz-
K1) ObUIN TEPMOOOPAOOTAHBI C/IENYIOMIMMI METOAMI:

1 — Bapka: yacTy UbIAT (6efgpa u rpyaku) 6sutu 06-
paboTaHbl B KMIIAIIEH BOJE B KOMMYECTBE JOCTATOY-
HOM /I TOTO, YTOOBI TOKPBITh VX B COOTHOLIEHNN 2:1
(Boma: upimisATa) B TedeHue 30 MuH.

— Bapka IIOfI JaBJIeHNeM: 4acTy Kyp Uit (6empa
VI TPYAKY) ObUIV ITOMEIEHbI B KaCTPIOJII0-CKOPOBAPKY
u TepMoobOpaboTaHsl B TedeHme 20 MIUH.

— TO[pKapUBaHMe: YacTV UBIUIAT (0efpa M TPyAKu)
ObUIY TIO[KapEeHbI B IIPeIBAPUTENBHO HATPETOI 0ObIY-
HoII anexTponeun no 180°C B TeyeHMe HECKONbKUX
MMHYT.

— TepMOOOpaboTKa B MUKPOBOTHOBOI Iedl: fBa
Oezpa U [Be TPYAKM OBUIM IIOMEIeHbI Ha OO0 s
3aleKaHNA ¥ TepMooOpaboTaHbl B MUKPOBOTHOBOI
me4yy IpU BBICOKOM YPOBHE MOIIHOCTM B TeUeHNUe
20 myH. — 10 MMH. ¢ OfHOI CTOPOHBI 1 10 MKH. ¢ py-
TOVI CTOPOHBI.

Brnary, 301y, obuye munumabl v o6umii 6e/I0K onpene-
AT B COOTBETCTBUU C METOflaMU, PeKOMEHJOBaHHBIMMU
A.O.A.C.[4]. Bce ompenenenns IpoBOANUIN B TpeXKpar-
HOJI HOBTOPHOCTY U PETUCTPUPOBA/IN CPeHIE 3HAYCHMA.
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raise the concentration of serine, glutamic acid and valine,
isoleucine, leucine, tyrosine, phenylalanine and arginine in
meat (Usborn et al., [15]).

In addition, Hamm [6] analyzed broiler breast and thigh
meat samples from birds grown and processed in four loca-
tions of the U.S. for their amino acid composition. On per-
cent protein basis amounts of valine, leucine, isoleucine and
histidine were significantly greater in breast and glycine,
hydroxyproline, hydroxylysine, threonine and serine were
greater in thigh meats. Meanwhile, Moawad, [12] reported
that the total amino acids, total essential amino acids and
non-essential amino acids for fresh cooked beef meat were
found to be 86,34, 33,01 and 53,33g/16g N respectively.

Therefore, the aim of this research was to study the ef-
fect of different cooking methods (boiling, pressure-cook-
ing, roasting and microwave) on amino acids composition

of chicken meat (thighs and breasts).

Materials and methods

The broilers used in this study were obtained from the
local Damascus markets. Their weight ranged between
(1100-1400 g) and the average age 8 weeks.

Chickens were slaughtered, plucked by hand, cleaned
and washed with water. The wings, neck and heads were re-
moved by hand. The carcasses were then cut into four parts
(two breast pieces and two thighs). Chicken parts (thighs
and breasts) were cooked by the following methods:

1 — Boiling: Chicken parts (thighs and breasts) were
cooked in sufficient amounts of boiling water to cover
it at ratio 2:1 (water: chicken) for 30 minutes.

— Pressure-cooking: Chicken parts (thighs and
breasts) were placed in a pressure cooker and cooked
for 20 minutes.

— Roasting: Chicken parts (thighs and breasts) were
roasted by using a preheated conventional electric oven
to 180 °C for minutes.

— Cooking by microwave oven: Two thighs and two
breasts were placed in a baking dish and cooked in
Microwave oven on a high power level for 20 minutes,
10 minutes on one side and 10 minutes on the other.
Moisture, ash, total lipids and total protein were de-
termined according to the methods recommended by the
A.O.A.C.[4]. All determination was performed in tripli-
cates and the mean values were reported.

Amino acids were determined at the laboratories of ag-
riculture faculty. High performance Amino Acid Analyzer
was used as described by Winder and Eggum, [16]. Acid
hydrolysis was performed in sealed ampoules for the de-
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AMMHOKVICIIOTBI OTIpefie/IsA/IN B TabOPaTOPHAX Ha Cellb-
CKOXO03A/ICTBEHHOM IPeIPUATUN. BbI/I NCII0/Ib30BaH BbI-
cOK09(PeKTUBHBIN aMMHOKICIOTHBIN aHANIN3aTOpP, Kak
onucano Winder and Eggum, [16]. KucnorHusii rusponus
ObUI IIpOBeleH B TepMETUYHBIX aMITy/IaX [JId OIIpefere-
HY BCEX aMUHOKIC/IOT IIOMMMO METVMOHMHA, IMCTeVHA
u Tpuntodana. MeTHOHVH OB OIIpefie/ieH B TUAPOIN3a-
TaX OKMCIEHHON IPOObI KaK METHMOHVH CY/Ib(OH, LUCTe-
VH KaK L[VICTEeMHOBAs KUCTIOTA.

O6pasupl Obmi B3BemieHbl (20-30 Mr) B ammynax
u 6p110 Ho6asneHo 5 mn 6 N HCL Ammynsr 3ateM 6bun
3amasgHbl 1o BakyyMoM. OOpasipl 3aTeM HarpeBaam
B neuy npu 110°C B Teyenme 24 4. 3amasgHHbIE aMITy/IbI
ObUIV OTKPBITHI M COMAHASA KUCTOTA ObITa BbIIAPEHa IIOf,
BakyymoM. Harpuit-tiurparnsiit 6ydep (pH 2,2) 6b01 nc-
IO/Ib30BAH 1A PAacTBOpEHMA 0OpasIloB U JUIA pasBeie-
HUA VX 10 Tpebyemoro o6bema. [ aMMHOKUCTIOTHOTO
aHa/mM3a ObUI MCIIONb30BaH QVIBTPOBAHHBII IMAPONIN3AT
B BBICOKO3((eKTVBHOM aMUHOKJC/IOTHOM aHAa/IN3aTope
(6611 BBemeH obpaser; 06beMoM 50 ).

I[IpencTaBeHHbIe B TAONMMIAX JaHHbIE ABJIAIOTCA CPeli-
HYMI 3HAYEHVUSIMM TpeX IPOBEJEHHBIX OJHOBPEMEHHO
uccnegoBanyil. CTaTMCTUYeCKUT aHamM3 ObII OCHOBAaH
Ha OZHOGAKTOPHOM [UCIIEPCHOHHOM aHajau3e; ObUIn
copMUpOBaHbI TOMOT€HHbIE T'PYIIIBI B COOTBETCTBUM
¢ kputepueM [lynkana g P <0,05. [laHHbIe ObIIN CTAaTH-
CTUYECKM IpoaHanu3upoBanbl, ucnonbsysa STATISTICA
(IIporpaMMHYIO CHCTEMY JIA aHa/IM3a JAaHHBIX).

Pe3ynpraThl 1 00CyKaeHMe

O6pasipl Msca KYpUHBIX IPY/IOK 1 Oefiep ObIIM mpoa-
Ha/IM3MPOBAHbI Ha COflep)KaHMe B HUX BJIary, 6enka, xxupa
u 307bl. [lonydeHHbBIe pe3y/nbTaThl IPeACTaBIeHbI B Ta0-
nuie 1.

AHanus gaHHBIX B TA6MMIIBI 1 TIOKA3bIBAET, YTO COfEP-
JKaHUe BJIary B MsCe KYPUHBIX I'PYAOK ObUIO mpubmmsn-
TEeNIbHO Ha 1% BBIIIE 0 CpAaBHEHMIO C oOpasmaMm Mmsca
KypuHbIX Oenep. KomyecTBo Biaru B rpyakax u 6empax
coctaBmio 74,15 n 73,07%, COOTBETCTBEHHO.

Kak 1 o>xmpanoch, IpOLEHT XMpa B MscCe KypPUHBIX
TPYHOK OBUI 3HAYMTE/IBHO HIDKE 110 CPAaBHEHUIO C MICOM
6emep (P<0,05). CpegHee comepkaHMe >KMpa KYPUHBIX
rpyakax u 6egpax 6bu10 12,18 1 21,65% (B mepecuére Ha
CYXYIO MacCy), COOTBETCTBEHHO.

Kax BumHO 13 Tabmuis! 1 Msco KypUHBIX TPYROK 1 Ge-
ziep copepxaino 3,94 u 3,72% 3071b! (B mepecyéTe Ha CyXYyIo
Maccy), COOTBETCTBEHHO.

AMUHOKUCTIOTHBII COCTaB MsACa KypPUHBIX TPYHOK
u Oemep mokazaH B Tabnuie 2. VI3 pe3ynbpTaros, mpeq-
CTaBJIEHHBIX B Ta0/muIle, BUJHO, YTO MsCO KyPUHBIX IPy-
IOK 1 Oefiep COMep)KUT Te YKe aMUHOKICIOTHI C HeOOIb-
MMMU pasnnausamMu B ux koaudectse (P>0,05). Cxoxue
pesynbraTbl ObUIM ycTaHOBIeHBl Abd El-Wahed [2]. Pe-
3y/IbTAaThl IIpUBefeHHble B Tab/uIle 2, OKa3bIBAIOT, YTO
MSICO KYPUHBIX I'PY/IOK COflep>Kaio Oobliee KOMYECTBO
cepuHa, TUCTU/VIHA, aPTMHNMHA, TPEOHNMHA, Ba/lMHA, Me-
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termination of all amino acids other than methionine, cys-
teine and tryptophan. In the oxidized hydrolysis, methio-
nine was determined as methionine sulphone and cysteine
was detected in the form of cysteine acid.

Samples were weighed (20-30 mg) in the ampoules and
5 mls. of 6 N HCI were added. The ampoules were then
sealed under vacuum. Samples were then heated in an
oven at 110 °C for 24 hours. The sealed ampoules were then
opened and the hydrochloric acid was evaporated under
vacuum. Sodium citrate buffer (pH 2,2) was used to dis-
solve the samples and to dilute it to the required volume.
The filtrated hydrolysate was used for the amino acid anal-
ysis in High Performance Amino Acid Analyzer (a sample
of 50 uL-volume was injected).

Numbers presented in the tables are the mean values of
three concurrent iterations. Statistical analysis was based
on the one-way analysis of variance; homogeneous groups
were formed according to the Duncan test for P < 0,05. The
data were statistically analysed using STATISTICA (data

analysis software system).

Results and discussion

Fresh raw chicken breast and thigh meat samples were
analyzed for their moisture, protein, fat, and ash. The ob-
tained results are, hereafter shown in Table 1.

The analysis data in Table 1 indicated that the mois-
ture content of chicken breast samples was approximately
1,0 % higher than thigh meat samples. The percentages of
moisture of fresh raw breast and thigh meat were 74,15 and
73,07 %, respectively.

As expected, the percentage of fat in chicken breast meat
was significantly lower than that in thigh meat (P <0,05). Av-
erage fat contents of fresh raw chicken breast and thigh meat
were 12,18 and 21,65 % (on dry weight basis), respectively.

It could be noticed that fresh raw chicken breast and
thigh meat contained 3,93 and 3,72 % ash (on dry weight
basis), respectively.

Table 1. Chemical composition of fresh raw chicken meat
(On dry weight basis)

Ta6m. 1. XuMuyeckuii cocTaB Msica KypMHBIX IPYAOK U Geep
(B mepecuéte Ha cyxyro Maccy)

Constituents (%) |
Indicators | [Toxasarenn Copepsxanute (%) B KypUHBIX:

Breast | rpyakax Thigh | 6expax

Moisture | Brara 74,15 73,07
Total protein | O6uyuii 6enok 82,94 73,56
Total lipids | O6ugue mumumpt 12,18 21,65
Total ash | O6uras sona 3,93 3,72
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TUOHWHA, U3O0JIeIIMHA, JeiHa, QeHnIaTaHHa 1 n-
31Ha, B TO BpeMs KaK MsACO KYPUHBIX Oefiep COfepKao
6orblliee KOMYECTBO aClaparuHOBON KVUCIOTHI, ITyTa-
MMHOBOJI KMC/IOTBI, I/IMIMHA, a/lAHMHA, IUCTeNHA U TU-
posuna. Hamm [6] coobmun o CXONHBIX pe3y/IbTarax.
Tak, UM yCTaHOB/IEHO, YTO Ha aMMHOKVC/IOTHBII COCTAB
Msca OpoiIepoB OKa3bIBAIOT BINMAHNE PAlOH BBIPAIIU-
BaHI, IOPOJA, IO/ U BO3PACT. B0 06HApy’KeHO, YTO
obupue 3aMeHMMBbIe ¥ He3aMEHUMble AMIHOKVCIOTDI
B MsCe KYPUHBIX I'PYROK cocTaBAT 88,95 n 87,11; 50,49
u 51,37, a Takxe 38,49 u 35,74 r/16 r N, COOTBETCTBEH-
HO. OfHaKO MACO KYPMHBIX TPYLOK COfiep>Kano 6osblie
He3aMeHMMBIX Y MeHbIIle 3aMeHVMMBIX aMUHOKUCIIOT T10
CPaBHEHUIO ¢ MACOM KypuHbIX 6eep (P <0,05), uTo mo-
KasaHo Tabmure 2.

Bnusane BpeMeHU TepMo0O6pabOTKY Ha COflep>KaHue
aMMHOKIIC/IOT B MsACe LBIIUIAT-OpOTiIepoB IMpecTaBIIe-
HO B Tabmuue 3. VI3 pesynpTaTtoB B 9TOI Tabulle ACHO,
4TO TepMOOOpabOTKa 06PA3IIOB MACA C KYPUHBIX I'PYAOK
unu Geflep MpUBOAMIA K HEKOTOPOMY CHIDKEHUIO BCEX
aMMHOKMCIOT. O6pasubl MsAca KYPUHBIX I'PYAOK WM
6emep, 06pabOTaHHBIX MOJ laBlIeHVEM, COXPAHAIN Ha-
nbonpliee cogep)KaHme oO6IMX He3aMeHMMBbIX, 3aMEHM-
MBIX U 00IMX aMIHOKIC/IOT, @ 3aTeM B IOpsifiKe yObIBa-
HUS KOJIMYeCTBa aMUHOKMUCIOT CIeHOBanu CIeAyIoline
TEIJIOBble METOABI 00paboTKM: BapkKa, 06paboTKa B M-
KpOBOJIHOBOJI Teuy u nomxkapusanue (p <0,05). OgHa-
KO, CyILeCTBEHHbIe pa3inums MeXJy crocobamu Tep-
MOO6PabOTKY B OTHOLIEHNN COflePYKaHNs aMUHOKUCIIOT
B 06pasmax MsAca KYPUHBIX I'PyROK Win 6efep He ObUIN

The amino acid composition of fresh raw chicken breast
and thigh meat is shown in Table 2. From the result illus-
trated in the table, it could be noticed that the fresh raw
chicken breast and thigh meat contained the same individ-
ual amino acids with a slight differences (P> 0,05) in their
amounts. Similar results were found by Abd El- Wahed [2].
The results in the same table indicated that the fresh raw
chicken breast meat contained greater amounts of serine,
histidine, arginine, threonine, valine, methionine, isoleu-
cine, leucine, phenylalanine and lysine, while fresh raw
chicken thigh meat contained greater amounts of aspartic
acid, glutamic acid, glycine, alanine, cysteine and tyrosine.
Hamm [6] reported approximately the same results, and
he found that the amino acid composition of raw broilers
meat is influenced by area of production, strain, sex and
age. The total non-essential and essential amino acids of
fresh raw chicken breast and thigh meats were found to
be 88,95 and 87,11; 50,49 and 51,37 as well as 38,49 and
35,74g/16g N, respectively. However, fresh raw chicken
breast meat contained more total essential and less non-
essential amino acids than fresh raw chicken thigh meat
(P <0,05) as shown in the same Table 2.

The effect of cooking treatments on amino acids content
of chicken meat is shown in Table 3. From the results in the
table, it is clear that cooking of either fresh breast or thigh
meat samples caused some decrease in all of their amino
acids. The chicken breast and thigh meat samples cooked
by pressure retained the highest percentages of total essen-
tial, non-essential and total amino acids, followed in a de-
creasing order by boiling, microwave and roasting methods

Table 2. Amino acids composition of fresh raw chicken meats (g/16g N)
Ta6n. 2. AMMHOKVCIIOTHBIIT COCTaB MsACa UBIIIAT-Opoiinepos (r/16 T N)

Amino acids | AMMHOKMCTOTBI

Essential amino acids | He3aMmeHUMbIe aMUHOKMCIOTBI

Threonine | TpeonuH

Valine | Banuu

Methionine | meTronnn

Isoleucine | nsoneitun

Leucine | meituun

Tyrosine | Tuposun

Phenylalanine | pennnananuu

Lysine | musun

Total essential amino acids | Bcezo He3ameHumMbIx aMUHOKUCIOM

Non- essential amino acids | 3amenumvie amunoxucnomoi

Aspartic acid | acmaparunoBas xucnora
Serine | cepun

Glutamic acid | rryTaMunoBast Kucmora
Glysine | rmmmus

Alanine | amanuu

Histidine | rucrugun

Arginine | apruaun

Cysteine | mucrenn

Total non- essential amino acids | Bcezo 3amenumvix amunoxucnom
Total determined amino acids | O6ujue onpedenennvie amuHoKucIOMDL

Breast | [pynxu Meat | Begpa
3,09 2,80
5,87 4,62
2580 2,50
5,01 4,79
7,65 7,30
2,48 2,55
3,59 3,44
7,85 7,74

38,46 35,74
8,95 9,32
3,20 3,14
16,09 16,54
5,23 6,56
5,71 6,01
3,87 2,75
6,32 5,70
1,12 1,35

50,49 51,37

88,95 87,11
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Table 3. Effect of cooking methods on amino acids composition of fresh raw chicken meat
Ta6mn. 3. BiusaHue MeTOg0B TEPMOOOPAOOTKY Ha AMIMHOKMCTIOTHBIN COCTaB MsCa IBIIIIAT-OpoitnepoB

Breast | Ipypxu
Cooking methods | MeTopp1 TepMo06paGoTKM

s
Amino acids g/16g N | 8 E g
Avunoxucnorsi r/16r N v g &

TS B2 S

2s 37 S8

> = =] A X
Essential amino acids | nesamenumole amunoxucnomot
Threonine | TpeoHuH 3,09 2,92 2,95
Valine | Bamuu 5,87 5,51 5,53
Methionine | METIOHUH 2,92 2,36 2,42
Isoleucine | M30NMEeNIIH 5,01 4,85 491
Leucine | nejimuu 7,65 6,93 6,95
Tyrosine | Tupo3un 2,48 2,21 2,27
Phenylalanine | pennnananun 3,59 3,24 3,26
Lysine | nusun 7,85 6,98 7,08
Total | Bcero 38,46 35,00 35,42
Non-essential amino acids | samenumvie amunoxucnomoi
Aspartic | acmaparnHoBas KICIO0Ta 8,95 8,72 8,83
Serine | cepun 3,20 3,06 3,11
glutamic | rryraMunoBas Kucnora 16,09 15,81 15,90
Glysine | rummys 5,23 4,96 5,02
Alanine | amanun 5,71 5,41 5,46
Histidine | TUCTUINH 3,87 3,58 3,61
Arginine | apriaun 6,32 5,90 5,39
Cysteine | pucrenn 1,12 0,96 0,98
I;ﬁ(')f;ﬁ;gf“e““’“""‘ 50,49 48,40 48,84
Total determined amino acids | 8895 8340 8421

OO0111e aMMHOKICITOTHI

o6napyxensl (P>0,05). B pesynprare TepmoobpaboTkn
07l [aB/IeHMeM 00paslioB Msca KYPUHBIX TPYAOK WM
6emep, 6BUIO YCTAaHOB/IEHO, YTO OOIIIE AMUHOKVICIOTHI
cHIDKanuch ¢ 88,95 mo 84,21 n ¢ 87,11 o 81,16 r/16 T N,
COOTBEeTCTBeHHO. IIpu aTOM, OHM cHMXKanuch ¢ 88,95 no
81,43 u ¢ 87,11 o 77,43 r/16 T N B 06pasijax msica IPYHOK
u 6emep, 06pabOTaHHBIX MO[KAPUBAHNEM, COOTBETCT-
BeHHO. VccmenoBanns MMOKa3aay 3HAYMTEAbHOE CHIDKE-
HIUe KOMMYEeCTBA CEPOCOMEPXKAIINX aAMUHOKWUCIIOT, T.€.,
NeiI{MHA, TUPO3UHA, peHnIaNaHnHa U Tn3UHaA (KaK He-
3aMEHMMBIX AMUHOKICIIOT), @ TAK)Ke CEpPUHA, IIMINHA,
aJlaHMHA, TUCTU/MHA U apTUHMHA (KaK 3aMeHUMBIX aMI-
HOKIICJIOT), B TO >Ke BpeMsl ObIIo OTMe4eHO HeOOJIbIoe
CHIDKEHME B COJepP>KaHUU JPYTUX aMUHOKMCIIOT HOCTIe
TepMO0OOPaOOTKY 00Pas3I[OB MsICa KYPUHBIX TPYAOK UK
6emep.

Takum 06pa3oM, HOMTy4YeHHbIE Pe3y/IbTaThl CBUETEIb-
CTBYIOT, YTO TepMOOOpaboTKa 0OpasI[oB Msca KYPUHBIX
TPyROK mmu Oefiep HMPUBOAM/IA K CHIDKEHUIO BCEX aMM-
HOKMCIOT. CHIDKEHME COfiep>KaHusl aMIHOKVICTIOT MOXKeT
OBITH CBA3aHO KaK C IIOTEPeil MACHOTO COKa, TaK 1 C [leHa-
Typalueit 6elKoB IIpy TepMooOpaboTKe.
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Thigh | Begpa
Cooking methods | MeTogbI TepM006pPaGOTKY

5 Y B ) 5
_8 g 8¢ 2 _ 8 g
vfs _§ Z& § _, 9vEs _3
E: ER 2% ¢ pr fEE ER
588 %7 82 £ ZZ 5B% %g
S3¢ 8¢ 5% & £8 SIg 2%
3,01 2,93 2,80 2,65 2,61 2,56 2,44
5,42 5,24 4,62 4,36 4,35 4,17 4,01
2,25 2,16 2,50 1,83 1,92 1,85 1,80
4,86 4,80 4,79 4,59 4,73 4,51 4,35
7,02 6,95 7,30 6,41 6,52 6,36 6,21
2,11 1,98 2,55 2,14 2,10 2,03 1,95
3,15 3,11 3,44 2,97 3,02 2,95 2,83
6,91 6,85 7,74 6,78 6,86 6,73 6,65
34,73 34,02 35,74 31,73 32,11 31,16 30,24
8,64 8,55 9,32 8,91 8,96 8,75 8,59
3,02 2,98 3,14 2,93 2,97 2,96 2,87
15,81 15,74 16,54 16,16 16,21 15,95 15,83
4,93 4,85 6,56 6,25 6,32 6,18 6,12
5,30 5,26 5,01 5,76 5,81 5,72 5,61
3,48 3,39 2,75 2,39 2,45 2,34 2,26
5,81 5,77 5,70 5,18 5,23 5,10 4,94
0,93 0,87 1,35 1,17 1,10 1,14 0,97
47,92 47,41 51,40 48,75 49,05 48,14 47,19
82,65 81,43 87,11 80,48 81,16 79,30 77,43

(P<0,05). However, no significant differences were found
among cooking methods on amino acids content (P> 0,05)
in either chicken breast or thigh meat samples. As a result of
cooking of fresh breast and thigh meat samples by pressure,
the total amino acids were found to decrease from 88,95 to
84,21 and from 87,11 to 81,16 g/16g N, respectively. Mean-
while, they decreased from 88,95 to 81,43 and from 87,11 to
77,43 g/16gN, in the fresh breast and thigh meat samples
cooked by roasting respectively. Marked amounts of sulpher
containing amino acids, i.e. leucine, tyrosine, phenylalanine
and lysine (as essential amino acids) as well as serine, gly-
cine, alanine, histidine and arginine (as non-essential amino
acids) were destroyed, while as slight decrease was noticed
in all the other amino acid contents under cooking of chick-
en breast or thigh meat samples.

Furthermore, from the same obtained results it was
clear that cooking of either fresh breast or thigh meat sam-
ples caused some decrease in all their amino acids. The re-
duction of amino acid content might be attributed to their
loss with drippings separated during cooking as well as by
the heat destruction.
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BriBogbr

[TomyyeHHBIe pe3y/nbTaThl UCCIE[OBAHNA MOTYT OBITH
pe3oMIpPOBaHbI CTIEAYIOLMM 06pasom:
— He mnpomenmue KynmHapHyI 06paboTKy 06pasibl
Msica KYPUHOI TPYAKM MMey 6ojiee BBICOKOE COfep-
>KaHIe BJIary, o6miero 6ejka 1 3071bl, HO 00/ee HU3Koe
cofepaHue oOIMUX TNIN/OB;
He npomreniee KynmmHapHyI0 00paboTKy MACO Kypu-
HBIX TPYJOK U Oefiep CofepKasio OfHAKOBOe KOIMJe-
CTBO OTZ€/IbHBIX AMVHOKICTIOTBI C HEOOTIbLINMI M3Me-
HeHusAMU B ux kommyectse (P>0,05);
He nmpomenmee KynmmHapHyo 06paboTKy MACO Kypu-
HOJl TPYAKM COAEpXXUT Ooblilee KOMMYECTBO He3a-
MEHVMBIX M MeHblllee KOINYeCTBO 3aMEHMMbIX aMU-
HOKVC/IOT, YeM HEIPUTOTOB/IEHHOE MSCO KYPUHOTO
6enpa (P <0,05);
O6pasiupl Msica KypuHOIT IpyaKu u Gempa, MPUTOTOB-
JIeHHbIe IIOJ JaBJIeHNeM, COXPaHWIN CaMoe BBICOKOe
KO/IMYECTBO He3aMEeHVMBIX ) 3aMEHVMBIX aMUHOKIIC-
JIOT, @ 3aTeM B IOpsifiKe yObIBaHMsI C/IE[OBA/IY METOMBI
BapKy, 006pabOTKM B MUKPOBOHOBOJL TI€YM 1 HOJpKa-
puBanus (p<0,05). OxHaKo, CyIeCTBEHHbIE Pas/ds
MeX/Ty M3y4aeMbIMI 06pasIiamMi He ObIIV 0OHApY KEHBI
B OTHOIIICHNY COfiepKaHms aMyHOKKCoT (P> 0,05).
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Conclusion

The obtained results from this study could be summa-

rized as follows:

— Uncooked chicken breast meat samples had higher
contents of moisture, total protein, and ash but lower
contents of total lipids than uncooked thigh meat.
Fresh raw chicken breast and thigh meat contained the
same individual amino acids with a slight variation in
their amounts(P > 0,05)

Fresh raw chicken breast meat contained more total es-
sential and less non-essential amino acids than fresh
raw chicken thigh meat (P <0,05).

The chicken breast and thigh meat samples cooked by
pressure retained the highest amount of total essential,
non-essential and total amino acids, if compared in a
decreasing order with boiling, microwave and roasting
methods, (P <0,05) but no significant difference among
these cooking methods for amino acid contents were
found (P >0,05).
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AHnHomauyus

Onpedenena Heobxo0umocmv 00HOB/EHUS Kpumepues Oe3-
ONACHOCTU MACHO20 CbIPbA, UCHOTIB3YeMO020 OIS NPOU3600CHBa
COIPOKONUEHbIX KONIOAc. YCmaHOo6/eHo Hanuuue 6 MACHOM Cbi-
pve aHmepomokcuzeHHblx wimammos S. aureus. Ompabomana
memoouka u npeonoscenvt ITI[P-no0xo0vr udenmuguxayuu
U CKPUHUH2A IHIMEPOMOKCULEHHBIX WUIMAMMOB U UX MOKCUHOB
8 MACHOM colpve. [T udeHmupuKkayuy IHMepomoKcUuzeHHOCHU
BULABTIEHHDIX CTNAPUIOKOKKOB b HATIOEHL U U3YHeHbL KOHCep-
samusHvle YHaACmKU NOCIe008amenvHOCHIell eeHo8-MuueHell S.
aureus, omeeuaiouiue 3a 6bpadoOmMKy pasIuuHbIX 6U006 IHMEPO-
moxcunos (A, B, E, C, D). Takse ckoHcmpyupoeanvi Kopomxkue
ppazmenmor HyKneuHoB80U KUcI0mol (npaiimepot), coomsemcm-
BYI0U4UE INUM BbITEIIEHHDIM 2EHAM.

B pesynmvmame udenmuguxayuu Ob10 yCHaHOBIEHO, UMO
2 BLIABNIEHHBIX WMAMMA S. Aureus AJANUCL IHIEPOMOKCU-
eennvimu. O0uH U3 Hux npodyyuposan moxcunv. muna A u E
(wumamm NGI), a emopoii — mokcunvt muna C u E (wumamm
NG2). Yyscmesumenvrnocmo u cneyuduurnocmo memooda I[P
8 peanvHOM 8pemMeHU NO360/IULA NPOEOOUND He MONbKO UOeH-
MUPUKAYUI HUCHBIX KYTbMYD, HO U CKPUHUHZ IHMEPOmokK-
CUSEHHDIX WMAMMOB U UX MOKCUHO8 6 npodykme. Jamovl pe-
KOMeHOAUUYU UCNONIb3068AMb MEMOOUKY 8 NPOU3BOOCHBEHHOM
KOHMPpOe HA HAZUYUE IHINEPOMOKCULEHHBIX WMAMMO8 S. au-
reus 6 MACHOM Cbipbe, UCNONIb3YeMOM OIS NPOU3BOOCNBA CbLPO-
KonueHvLx Konbac.

BBegenne

Cradm/IOKOKKOBBIE TOKCMKO3bI 3aHMMAIOT Befylee
MeCTO B 3TMOJNOTMM IUIIEBBIX OTPABIEHWUII, HAIpUMep
B Ounnangnnu, Vicnanum n CIIIA onu Ha 1-M MecTe, BO
Opannun, OPT, Ipeunn, IOrocnasun u Kanazge Ha 2-M Me-
cTe, a B Benmukobpuranun Ha 3-m mecrte [1].

[Ipy4nHOI NNIEBBIX MHTOKCUKALNI CTaUIOKOKKO-
BOJ 3TUOJIOTUM ABJIAIOTCA SHTEPOTOKCUHBI, IPOSYLUPY-
eMble SHTePOTOKCUTEHHBIMM LITaMMaMu S. aureus. ITn
MUKPOOPTaHU3MbI IPOAYLVIPYIOT HIECTb CEPONIOTMYECKIX
tumoB TokcuHOB: A, B, C, D, E, E

ITpu aToM OTAenbHbIE ITAMMBI S. aureus MOTyT NIPO-
AYLVPOBATh Cpa3y HECKOJIBKO TUIIOB TOKCVHOB (2, 3, 4, 5].
[Ipu anmuMeHTapHOM 3apaskeHn N JieTanbHas fo3a — LD, =
4 x10°Mr1/KT.

OpHMM W3 MICTOYHMKOB OTPAaBJIeHNA ABJIAIOTCA MSACO
Y MACOIIPOAYKTBL. DHTEPOTOKCUHBI 30I0TUCTOTO CTApu-
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Keywords: enterotoxigenic S. aureus, contamination of raw meat,
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Abstract

The need to renew the safety criteria for meat raw material used
in production of fermented sausages was determined. The pres-
ence of the enterotoxigenic S. aureus strains in meat raw ma-
terial was established. The method was mastered and the PCR
approaches to identification and screenings of enterotoxigenic
strains and their toxins in meat raw material were proposed. In
order to identify enterotoxigenicity of detected staphylococci, the
conservative regions of the S. aureus target gene sequences re-
sponsible for production of different types of enterotoxins (A, B,
E, C, D) were found and studied. In addition, short fragments of
a nuclear acid (primers) corresponding to these revealed genes
were constructed.

As a result of identification, it was established that two isolated
strains of S. aureus were enterotoxigenic. One of them produced
type A and E toxins (strain NGI1) and another produced type C
and E toxins (strain NG2). The sensitivity and specificity of the
real-time PCR method allowed not only identification of pure
cultures but also screening of enterotoxigenic strains and their
toxins in a product. The use of this method in the production
control for the presence of the enterotoxigenic strains of S. aureus
in meat raw material used in fermented sausage manufacture
was recommended.

Introduction

Staphylococcal toxicoses occupy the leading position in
etiology of food poisoning. For example, they are ranked
first in Finland, Spain and the USA, the second in France,
Germany, Greece, Canada and the states of the former
Yugoslavia, and the third in the UK [1].

The causes of food-borne intoxications of staphylococ-
cal etiology are enterotoxins produced by the enterotoxi-
genic strains of S. aureus. These microorganisms produce
six main serological types of toxins: A, B, C, D, E, E

Moreover, individual S. aureus strains can produce
several toxin types simultaneously [2, 3, 4, 5].
Upon alimentary infection, the lethal dose is LD, =
4 x107° mg/kg.

One of the sources of poisoning is meat and meat prod-
ucts. S. aureus enterotoxins persist in meat food systems
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JIOKOKKa JJINTE/TbHO COXPAaHAKITCA B MACHBIX NUIEBBIX
CHCTeMax Ja)ke IIPU OTCYTCTBUY OaKTepMalTbHBIX KIETOK,
YTO U IpefolpefieNdeT BO3MOXHOCTb BO3HMKHOBEHUA
TOKCHMKO3O0B.

OHTepOTOKCHMHBI B MACHOM (hapiile, B CBIPOM, a TakKe
B Bape€HOM MsCe MOTYT HaKaI/IMBaTbCA 3a 14-16 4 mpu
temneparype 35-37°C, B mamrerax — 3a 10-12 4, a B ro-
TOBBIX KY/IIMHAPHBIX MACHBIX M3JENNAX IIPU KOMHATHO
TeMIlepaType XpaHeHnsa — 3a 3 4.

KonrammHanusa Msaca mmkpoopranmsmamm Staphylo-
coccus aureus MOKET IPOU3ONTH P >KU3HU KMBOTHBIX
B pe3y/IbTare IlepeHeCeHHbIX 3a00/IeBaHNMIL.

ITpu BeTepMHapHO-CAaHUTAPHON SKCIIEPTH3€ OPraHOB
U TKaHell yOOIHBIX >XMBOTHBIX MOTYT OBITb BBIABJICHBI
eVIHUYHbIEe MV MHOXKeCTBEHHbIe abcIiiecchl B mMMQoys-
JIaX, BO BHYTPEHHNUX OPraHaX I B MBILUIEYHON TKAHU, KO-
TOpbIe 00YC/IOB/IEHbI Pa3/INYHBIMI MHQEKIVIOHHBIMY 60-
JIe3HSAMU XVBOTHBIX, (aKTMHOMMKO3, KOpMHEOaKTepnos,
HCeBOTYOepKyIIes, Tybepkyes, cTapuIIIOKOKKO3 1 fip.).
CradM/IOKOKKM BBIABIIAIOT U3 a0CLeCCOB IMOPaXKAIOIIMX
OpraHbl U TKaHM: Y KPYIIHOT'O POraTOro CKOTa IOpa’keHue
cocraBnAeT — 7 % OT 4ycna 00CIeOBaHHbIX TYII, y CBU-
Hell — 4%, y oBery — 13%.

307moTHCTBINT  CTaUIOKOKK  SIBIsieTCsl  Hambosee
YacTBIM BO30ynuTeneM CTadUIOKOKKO30B Cpeiy BCexX
cTa(pMIOKOKKOB 1 Ha €ro IO IpuXoanTcs oT 9 1o 89%
ciydaeB 3aboseBaHuit [6].

ITpu mocTymIeHNny MACHOTO CBIPbsI, CO CKPLITBIMU BHY-
TpeHHMMM abclieccaMyl, MOXKeT IPOVICXOANTb KOHTaMIHA-
1y papiia, pefHa3HaYeHHOTO /I IPOM3BOACTBA MACHBIX
usgienuit. B cmydae mpousBoicTBa BapeHbIX, BApeHO-KOII-
YeHBbIX KO/I0AC WM KOHCEPBOB IIPOMCXOAUT MHAKTVBALINSA
IIATOTEHHBIX I YCIOBHO-TIATOT€HHBIX MYKPOOPTaHM3MOB 32
CYeT TeIIoBoit 00paboTku. B To Bpems kak, pepmeHTHPO-
BaHHBIE U3/Ie/NA, TEXHOIOIVIAA KOTOPBIX He IIPeflyCMaTpyBa-
€T BBICOKOTO TeMIIEpaTypPHOI'O BO3JIE/ICTBMA, MOTYT CTaTb
6/1aronpyATHON Cpefoil I pasBUTUA CTa(UIOKOKKOB
U1 COOTBETCTBEHHO VI IIPMYMHOI TOKCUKO30B.

HopmaTusnaa noxymenTtanusa PP ne npegycmarpusa-
€T MCCIefOBaHNA MsAca Ha S. aureus U BbIABJICHNA SHTe-
POTOKCMHA B TOTOBOJ MACHOI TpopyKuuu. besonacHocTb
OpOAYKUUM, HAaIpUMep CBHIPOKOIIYEHON, OIpefeniercs
TOCTVKEHMEM ITIOPOrOBOTO YPOBHA B/Iaru Ha ypoBHe 30%
U OTCYTCTBYEM JIPYTOro MUKpoopraumnama — E. coli B ofi-
HOM IpaMMe IpOfyKTa [7].

B 3apy6esxHoOII IpaKTyKe Ipy IIPOU3BOACTBE pepMeH-
TUPOBaHHBIX kKormbac GMP cymecTByeT anroputm pacde-
Ta BpeMeHM pepMeHTan Uy 1o Gopmye

(T-60°F)xH,
roe T — temnepatypa co3pesannus, °F; H — Bpemsa mporjecca, u;
B T€4YeHMEe KOTOPOTO JOCTUTAETCs Oporosas BenuunHa pH

IpOAYKTA, IpU KOTOPOIt S. aureus He oOpasyeT oHeTEpO-
TOKCVHOB.

ITOT aTOPUTM ONIPENENAET MAKCUMATbHOE KOIMYECTBO
BpeMeH, IIPM OIIpefie/IeHHON TeMIleparype ¢pepMeHTalum
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for a long time even in the absence of the bacterial cells,
which predetermines a possibility of toxicosis.

Enterotoxins in minced meat, raw and cooked meat
can accumulate during 14-16 hours at a temperature of 35—
37°C, in patés during 10-12 hours and in ready culinary
meat products during 3 hours at a room temperature.

Meat contamination with S. aureus can occur during
animal life as a result of past diseases.

Upon veterinary-sanitary inspection of organs and tis-
sues of slaughter animals, individual or multiple abscesses
in the lymphatic nodes, in the internal organs and muscle
tissue can be revealed, which are conditioned by various
infectious diseases of animals (actinomycosis, corynebac-
teriosis, pseudotuberculosis, staphylococcosis and others).
Staphylococci are isolated from abscesses that affect organs
and tissues: in cattle, the lesions account for 7% of the in-
spected carcasses, in pigs for 4%, in sheep for 13%.

S. aureus is the most frequent infectious agent of staph-
ylococcosis among all staphylococci and accounts for 9 to
89% cases of disease [6].

Upon entering meat raw material with hidden inter-
nal abscesses, contamination of minced meat intended for
meat product manufacture can occur. In case of manufac-
turing cooked or cooked and smoked sausages, or canned
foods, pathogenic and conditionally pathogenic microor-
ganisms are inactivated due to thermal treatment. How-
ever, fermented products, which technology does not
stipulate an exposure to a high temperature, can become
a favorable environment for staphylococcal development
and, therefore, a cause of toxicosis.

The normative documentation of the RF does not stip-
ulate meat analysis for S. aureus and detection of the en-
terotoxin in finished meat products. Product safety in fer-
mented products, for example, is determined by reaching a
threshold moisture level of 30% and the absence of E. coli
in one gram of a product [7].

In foreign practice, when producing fermented sausag-
es adhering to GMP, there is an algorithm for calculation
of fermentation duration according to the equation

(T-60°F)x H,
where T is a temperature of ageing, °F; H — process time, h, dur-

ing which a product reaches the threshold pH value, at which
S. aureus does not produce enterotoxins.

This algorithm determines maximum time at a specific

sausage fermentation temperature, during which the pH
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Kornbac, 3a koropoe pH NpomykTa JODKHO CHUSUTBCA MO
3Ha4YeHu: 5,3. ITO 3HaYEHNe BbIPAXKAETCA B IIPOM3BENeHNN
«°F/4gacp». TeMneparypa B 91011 pOpMYIIe OIIpefiensieTcs Kak
pasHHUIIA MeXly TeMIlepaTypoil codpeBaHms U «60°F» —
HIVDKHEN TPaHMIIel TEMIIEPATYPBbI, IIPY KOTOPOJ BO3MOXKHO
obpasoBaHIe cTadMIOKOKKOBBIX 9HTEPOTOKCHHOB [8]. Tak
npu cootHomennn «°F/49acpl», pasHoM 1200 11pu Temmepa-
Type «75°F» Bpems, 3a kotopoe pH cbIpbsa [O/DKEH CHU-
3UThCA 70 5,3 coctasiseT 80 4, a s «°F/gac», pasaoM 900
nipu «110 °F» ato Bpems cocTaBut 18 4.

/I3BecTHO, 4TO KPUTNYECKUM (PAKTOPOM IKCIPECCUN
CTa(pMIIOKOKKOBOTO 9HTEPOTOKCMHA, moMuMo pH, aBia-
1oTcs aspl pocta cTapUIOKOKKOBBIX KneTok [9]. Han-
6oiee MHTEHCUBHO SHTEPOTOKCHHBI HAaKAIIMBAeTCA Ha
CTagyuy 710rapuMUUECKOro pocTa, KOTfla KOIMYeCTBO
K1eToK gocturaet sHadeHns 10°-10° KOE/r. IIpu takmx
sHaveHuax KOE/r sennunna pH y>xe He okasbpiBaeT /-
MUTHPYIOIETO BO3LEICTBMS Ha POCT HEKOTOPBIX IITAM-
MOB S. aureus.

[TosToMy mpu NpoOM3BOACTBE (epMEHTMPOBAHHBIX
MSACHBIX M3JeNii He0OXOAUMO KOHTPOINPOBATDH KO-
4ecTBO S. aureus B MsAcCe ¥ CTa(UIOKOKKOBOTO SHTEPO-
TOKCVMHA B TOTOBBIX M3JIe/INAX, OCOOEHHO eC/M IpoIjecc
(depMeHTaNVMM IPOTEKA IIPK TeMIleparypax Bbile 16 °C
UM MMeJIa MeCTO HU3KaA cKopocTb cHyvkeHus pH. Ilo-
UCK ONTMMAJIbHBIX YCIOBMI IIpefOTBpallleHus poCTa
3arpsI3HEHM INPONYKLMM INTaMMa S. aureus M IOCHIe-
AYIOLIET0 HAKOIUIEHMs SHTEPOTOKCHHOB SBJIAETCA BaXK-
HeifIert 3ajiaueil oTy4eHns 6€30I1acHOI MUIIeBOi po-
BYKLIWI.

ITenbio paboThl AB/ANACh pa3pabOTKa METOVIKY OI-
peneNieHNa SHTePOTOKCUI€HHBIX CTa(UIOKOKKOB B MC-
HOM CBIpbe, IIPe/JHa3HaYeHHOTO /I IPOU3BOACTBA dep-
MEHTVPOBaHHBIX Kobac.

Marepuanbl 1 METOMbI

[l BbIOOpa Hamboee ONTYMA/IBHBIX YCIOBUII KYJIb-
TUBVMPOBAHMs IIPM BBIABACHMM S. aureus B IIPORYKINK
C BBICOKVIM COZIep>KaHNeM KOary/lIa3OHEeraTUBHBIX CTau-
JIOKOKKOB (BXOJISIIVIX B COCTaB CTAPTOBBIX KY/IBTYP) ObIIO
IIPOBEJEHO MCCTIefIOBaHNe CHaYajIa Ha TeCT-IITaMMaXx, a 3a-
TeM Ha IByX MOJE/IbHBIX MACHBIX CHCTEMAaX C e€CTeCTBEeH-
HBIM CoOflep)KaHueM S.aureus, KOTOpble ObUIM OTOOpaHBI
B paMKax IpebIyIeli paboThl, OMCaHHOM B cTaThbe [10] .

TecT-mITaMMbl OBUIN TIPEACTABIEHBI CMECHIO S. aureus
u S. carnosus B cootHomenuu 2x10* u 2x10” KOE/cm?
COOTBETCTBEHHO. VICXOIHbIE CyCIIeH3MM ABYX MUKpPOOp-
TaHM3MOB OBLIM IIPUTOTOBJIEHBI C MICIIO/Ib30BAHVEM CTaH-
mapta mytHoctu Mak®apnanpa. Ilocne npurortosnenns
MUKPOOHOT CMecH IIPOU3BOANIIN IOCEB €€ Ha IIOBEPXHOCTD
MaHHUTOJI COJIEBOTO arapa ¢ >kelITo4Hoit amynbcueit (MCA)
C TIOMOIIIbI0 OaKTepUATBHON eI 00HEMOM 5 MKIL.

MopenbHble MsICHBIE CUCTEMbI ObUIY MTPEICTaBIeHbI 13-
Me/TbYeHHBIM MSICHBIM ChIPbeM, IOATOTOBJIEHHBIM JI/ISI IIPO-
M3BOJCTBA CBIPOKOIIYEHBIX Koymbac. VI3 HaBecok Mofernb-
HBIX MACHBIX CHCTeM Maccoif 25,0 T TOTOBWIN TIePBUYHbIE
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value of a product should drop to 5.3. This value is ex-
pressed in °F/hours. The temperature in this equation is
determined as a difference between an ageing temperature
and 60°F, which is the lower temperature limit for produc-
tion of staphylococcal enterotoxins [8]. For instance, at the
°F/hours ratio equal to 1200 at a temperature of 75°F, the
time for a reduction in raw material pH to 5.3 is 80 hours;
this time is 18 hours when °F/hours is equal to 900 at 110 °E.

It is known that a critical factor of staphylococcal en-
terotoxin expression besides pH is growth phases of staph-
ylococcal cells [9]. Enterotoxins are accumulated more
intensively at the stage of the logarithmic growth, when
the numbers of cells reach 10°-10® CFU/g. At such levels
of CFU/g, a pH value does not have a limiting effect on
growth of several S. aureus strains.

Therefore, in production of fermented meat products, it
is necessary to control the number of S. aureus in meat and
the staphylococcal enterotoxin in finished products, espe-
cially, when a fermentation process occurs at temperatures
higher than 16°C or at low rate of pH reduction. A search
for optimal conditions for prevention of product contami-
nation with S. aureus strains and subsequent accumulation
of enterotoxins is the most important task in manufactur-
ing safe food products.

The aim of this work was to develop a method for de-
tection of the enterotoxigenic staphylococci in meat raw

material intended for manufacturing fermented sausages.

Materials and methods

To choose the most optimal culturing conditions when
detecting S. aureus in products with high content of coag-
ulase-negative staphylococci (being constituents of start-
er cultures), a study was initially carried out on the test
strains and then on two model meat systems with natural
contamination levels of S. aureus, which were selected in
the framework of the previous research described in [10].

The test strains were presented by a mixture of S.aureus
and S.carnosus in a ratio of 2 x 10* and 2 x 10 CFU/cm?, re-
spectively. The initial suspensions of two microorganisms
were prepared using the McFarland standard. After prepa-
ration of the microbial mixture, it was inoculated onto
the surface of Mannitol Salt Agar with egg yolk emulsion
(MSA) using a bacterial loop with a volume of 5 pl.

The model meat systems were presented by minced
meat raw material prepared for production of fermented
sausages. The initial suspensions were prepared from the
specimens of the model minced systems with a weight of
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CyClleH3sUM C TOCHenymoueil HeliTpanusaumeii. Hasecka
Maccol1 25,0 r 6pUIa B3ATa C Le/IbI0 BbIABICHNA MabIX KO-
nn4ecTB S. aureus. B kauecTBe pa3baBUTeIA MCIIONB30BAIN
MaHHUTON-coneBoit O6ynmboH (MCB) ¢ pH unankaTopom.
Vcnonb3oBaune pasbasurensa ¢ pH MHAMKATOPOM 1O3BO-
U0 130eXaTb VCIONb30BaHMA CTEPUIbHBIX OypepHBIX
cucreM. BbuT Mcnonb3oBaH MHAMKATOP (EHOMOBBIN Kpac-
HBIIL. JI/1s1 HellTpanmusaryy MCXOHOM CyCIeH3uy 00aBIs-
m 1,0 M pactBop ruppokcupa Harpua (NaOH). Ilepeces
¢ >xuyKoit nurarenbHoit cpenpl (MCB) Ha IoTHYIO cpeny
(MCA) npoBoaui TONBKO MOC/IEe I3MEHeHNs 1IBeTa Ky/lb-
TYBVPYEMOII KUIKOCT C MaJIMTHOBOTO Ha >Ke/TBIIL.

[ToceBbI KyIbTMBMPOBAIN B a9pOOHBIX U B aHA9POO-
HBIX yC/IOBUAX IIpy TeMiiepatype 37 °C B TeueHne 24-48 4.

KonmoHuu MMKpoopraHmuaMoB ¢ 30HOI JIEUTHHA3HOM
aKTUBHOCTHU, Bbipocme MCA, Obutu ngeHTuGUIMpOBa-
Hbl MeTosioM IIIIP B peanpHOM Bpemenn. Ammnnduka-
1uo nposoaway Ha npubope ABI PRISM 7000 Applied
Biosystems (CIIIA).

[Tpu nocranoske II1P rcnonb3oBamm reH-crenyudmd-
Hble IpajiMepbl Ha BbIABJIEHUE SHTEPOTOKCMHOB TUIIOB:
A,B,C,DuE.

Bri6panHble mpaiiMepsl Obim cuHTe3upoBaHbl 3AO
«CuHrorn, . MockBa» $ocdoaMUTUAHBIM METO[OM Ha
cunTesaTope ASM-102.

Amnanus xpomocomHoit u maasmupnoit JHK o6bpexToB
U IIOVICK VX HYK/IEOTVMHBIX IIOCTIeIOBATENbHOCTEI IIPOBO-
[N TI0 TeHeTn4YecKoi 6ase HarmoHaapHOTO 1eHTpa 6u-
orexHonornyeckoy nadopmanym CIIA (National Center
for Biotechnological Information, NCBI), kotopasa Haxo-
purcst B cetu ViHTepHer [11].

AHanu3 BBIOpaHHBIX HYK/IEOTH/THBIX IIOC/IEI0BATEIbHO-
CTeil Ha BapuabelIbHOCTD U MOVICK KOHCEPBATVBHBIX Y4acT-
KOB, HEOOXO[VIMBIX I BbIOOpa IpaiiMepoB IPOBOAMIIN
C moMoluibilo KoMmiboTepHbix mporpamm CLC Sequence
Viewer u Primer Express 2 (Applied Biosystems, CIIIA).
Crennp4HOCTD BBIOPaHHBIX IIPaiMepOB aHAIN3VPOBATIN
C IOMOIIIBIO MHTepakTUBHOI crcteMbl BLAST on-line [12].

B kauecTBe OTpMIIATENILHOTO KOHTPOJA CUCTEMBI MC-
1o7b30Banm npooby He copepxkaugyio [THK ompenensembix
61M0/IOrNYeCcKNX 0OBEKTOB.

PesynpraTsl n 06cyxKmeHme

ITpu cpaBHEeHNM Pe3y/IbTATOB POCTA HA BYX I1apaJLle/b-
HBIX IT0CeBaX (PYCYHOK 1 ¥ pUCYHOK 2), YCTaHOBJIEHO, YTO
TOJIbKO ITPY @HA9POOHOM Ky/IbTUBMPOBAHNUM POCT S. aureus
JIOMUHMPYET HaJ| POCTOM S. Carnosus jjake Ipy UCXOTHOM
npeo6magaHuy B cMecy nociefHero. [Ipy aspo6HOM KyJib-
TMBUPOBAHNY IIPOVCXOANT IIpeobnafanme pocra S. carno-
sus, 4TO, B CBOIO OYepeNib 3aTPy/IHAET BbIABIEHME S. aureus.

PesynbTrarhl aHa/IOIMYHOIO MUCCIENOBAHN HO YoKe MO-
TE/IbHONM MACHOV CHCTeMBbI IIPE/ICTAB/IEHbl Ha PUCYHKe 3
U PUCYHKE 4.

Kak BugHO 13 prcyHka 3 u pucyHka 4 npu KyJIbTUBI-
pPOBaHMY IOCEBOB B a9POOHBIX YC/IOBVAX, JOMUHUPYIO-
mas MUKpoQIopa IpeAcTaBIeHa KoaryJaa3ooTpulaTeb-
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25.0 g with subsequent neutralization. A specimen with a
weight of 25.0 g was taken with the aim of detecting low
numbers of S. aureus. The Mannitol Salt broth (MSB) with
a pH indicator was used as a dilutant. The use of the dilu-
tant with a pH indicator allowed us to avoid using ster-
ile buffer systems. The indicator phenol red was used. For
neutralization of the initial suspension, 1.0 M sodium hy-
droxide (NaOH) solution was added. A transfer from the
liquid growth medium (MSB) to the solid growth medium
(MSA) was carried out only after changing the color of the
culture liquid from raspberry to yellow.

The plates were incubated in the aerobic and anaerobic
conditions for 24-48 hours at a temperature of 37 °C.

The colonies of microorganisms grown on MSA and
showing the zones of the lecithinase activity were identi-
fied by the real-time PCR method. Amplification was car-
ried out using an apparatus ABI PRISM 7000 Applied Bio-
systems (USA).

In PCR, the gene-specific primers for detection of en-
terotoxins (types A, B, C, D and E) were used.

The chosen primers were synthesized by ZAO «Sintol»
(Moscow) by phosphoamitide method on a synthesizer
ASM-102.

An analysis of the chromosomal and plasmid DNA of
the objects and a search for their nucleotide sequences were
carried out using the genetic base of the National Center for
Biotechnological Information (NCBI) via the Internet [11].

An analysis of the chosen nucleotide sequences for
variability and a search for conservative regions that are
necessary for selecting primers were performed using
CLC Sequence Viewer and Primer Express 2 (Applied
Biosystems, US). Specificity of the chosen primers was
analyzed using the interactive system BLAST on-line [12].

A sample without DNA of the objects under
investigation was used as a negative control.

Results and discussion

When comparing the results of growth on two parallel
plates (Fig. 1 and Fig. 2), it was established that S. aureus
growth dominated over S. carnosus growth only during
anaerobic incubation even in case of initial domination of the
latter in a mixture. During aerobic incubation, S. carnosus
dominated, which, in turn, hindered detection of S. aureus.

Fig. 3 and Fig. 4 present the results of the similar
investigation, but in this case with the use of the model
meat system.

As can be seen from Fig. 3 and Fig. 4, upon aerobic
incubation of the plates, the dominant microflora was
presented by coagulase-negative staphylococci, namely,
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HBIMU CTapMIOKOKKaMM, @ IMEHHO S.carnosus, KOTOpble
ObUIV BHECEHBI B MOJIC/IBHYIO MACHYIO CUCTEMY B KadecTBe
CTapTOBOI KyNIbTYphI (prCYHOK 3). OmHaKO ITpy aHA3poO-
HOM KY/IbTYBJMPOBAHNM HAOIIIOfa/IoCh IpeobIajanme po-
cTa yxe S. aureus (pUCYHOK 4).

Ha ocHOBaHMM IIOTy4eHHBIX Pe3y/IbTAaTOB, LA BbIAB-
NeHKA S. aureus M3 MACHOTO CHIPbs, IpejHAa3HaYeHHOTO
JUIA TIPOV3BOACTBA (epPMEHTUPOBAHHOI KONOACHI, PeKO-

MEHZIyeTCs IIPOBOANUTD Ky/IbTMBMPOBAaHME B CTPOTO aHa-
5POOHBIX YCTOBUAX.

Figure 1. Aerobic incubation of the mixed culture of S. aureus and
S. carnosus

Puc. 1. Aspo6Hoe Ky/IbTUBUPOBaHIEe CMEIIAHHOI KY/IbTYPBI S. dureus
u S. carnosus

S.carnosus, which was inoculated in the model meat system
as a starter culture (Fig. 3). However, during anaerobic
incubation, domination of S. aureus growth was observed
(Fig. 4).

On the basis of the obtained results, incubation in
strictly anaerobic conditions is recommended in order

to detect S. aureus from meat raw material intended for

production of fermented sausages.

Figure 2. Anaerobic incubation of the mixed culture of S. aureus and
S. carnosus

Puc. 2. AHaspo6HOe KyNbTHBIPOBAHIE CMENIAHHON KY/bTYpPBI S. aureus
u S. carnosus

Figure 3. Aerobic incubation of microorganisms on MSA
Puc. 3. Aspo6Hoe kynbruBrpoBanue Ha MCA MUKpPOOpTraHM3MOB

Figure 4. Anaerobic incubation of microorganisms on MSA
Puc. 4. Anaspo6Hoe KynbTuBrpoBaHye Ha MCA MUKpOOpraHM3MOB
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st upeHTMGUKALIY SHTEPOTOKCUTEHHOCTH BBISBIIEH-
HBIX CTa(UIOKOKKOB OBUIM HalifJeHbl U M3y4eHbl KOHCep-
BaTVBHbIE YIACTKI IIOCTIEI0BATENbHOCTE! T€HOB-MIIIECHE
S. aureus, oTBevalolIye 3a BHIPAOOTKY PasINYHbBIX BUJOB
9HTepOTOKCMHOB (A, B, E, C, D). Takxe cKOHCTpyMpOBaHbI
KOpOTKUe (parMeHTbl HYKJIeMHOBON KIC/IOTHI (IIpaiiMe-
PbI), COOTBETCTBYIOIVE STVIM BbISIB/ICHHBIM T€HAM.

B pesynbrare upentudukanyy meropom IIIP 6pi10
YCTaHOBJIEHO, YTO 2 BbISIBJIEHHBIX IITAMMa S. aureus sBJis-
JICb 9HTepOTOKCUTeHHbIMI. OfMH 13 HUX IPOAYLIMIPOBal
tokcuubl Tuna A u E (mramMm NGl1), a BTOpoit — TOKCUHBI
tuna C u E (turamm NG2).

Kpussre ammmeukanym n mrasnenns [JHK gByx sn-
TepOTOKCUTEHHbIX TaMMOB S. aureus NGl u NG2, npen-
CTaBJIEHDI Ha PUCYHKaxX 5-8.

To identify enterotoxigenicity of the isolated staphylo-
cocci, the conservative regions of the S. aureus target gene se-
quences, which were responsible for production of different
types of enterotoxins (A, B, E, C, D), were found and studied.
In addition, the short fragments of a nucleic acid (primers)
corresponding to these revealed genes were constructed.

As a result of identification by the PCR method, it was
established that two isolated S. aureus strains were entero-
toxigenic. One of them produced the toxins type A and E
(strain NGl), the second produced the toxins type C and E
(strain NG2).

The DNA amplification and melting curves for two en-
terotoxigenic S. aureus strains NGI1 and NG2 are presented
in Fig. 5-8.
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Fig 5. DNA amplification curves for enterotoxigenic S. aureus strain
NG1: 1 — positive reaction on the enterotoxin A gene; 2 — positive
reaction on the enterotoxin E gene; 3 — negative control

Puc. 5. Kpusble ammmonkaryu JHK sHTepoToKcHreHHOTO mTaMMa
S. aureus NG1: 1 — 1ono>xutenbHas peakiys Ha TeH SHTePOTOKCHHA
A; 2 — nonoXuTeNnbHasA peaklyaA Ha TeH SHTepoToKcuHa E; 3 — ot-
pUIaTeTbHbIT KOHTPONIb

Fig 6. DNA melting curves for enterotoxigenic S. aureus strain NG1:
1 — positive reaction on the enterotoxin A gene; 2 — positive reaction
on the enterotoxin E gene; 3 — negative control

Puc. 6. Kpusbie mnmasnenus JTHK sHTepoTOKcMTeHHOTO mITaMMa
S. aureus NG1: 1 — mono>xurenbHas peakijis Ha TeH S9HTEPOTOKCHU-
Ha A; 2 — TIONOXMTENbHAsA PeaKIVA Ha TeH SHTepoTOKcuHa E; 3 —
OTpUIATENIbHBII KOHTPOTIb
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Fig 7. DNA amplification curves for enterotoxigenic S. aureus strain
NG2: 1 — positive reaction on enterotoxin C gene; 2 — positive reac-
tion on enterotoxin E gene; 3 — negative control

Puc. 7. Kpusble ammudukamyy THK 9sHTepoTOKCUTeHHOT0 ITaMMa
S. aureus NG2: 1 — 10/I0KuTeNbHAsA PeaKIVA Ha TeH SHTEPOTOKCUHA
C; 2 — nonoXutenbHasA peaxliysA Ha TeH 93HTepoToKCKHA E
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Fig 8. DNA melting curves for enterotoxigenic S. aureus strain NG2:
1 — positive reaction on enterotoxin C gene; 2 — positive reaction on
enterotoxin E gene; 3 — negative control

Puc. 8. Kpusbie mnasnennusa JHK mramma S. aureus NG2: 1 — moro-
JKUTeNbHASA PeaKIysA Ha TeH SHTePOTOKCHHA C; 2 — TOMOKNUTebHASA
peaxiys Ha T'eH 3HTepoToKcuHa E
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YcrenrHocTh aMinduKaLum ¢ Iog00paHHBIMY Ipaii-
MepaMu Ui UIeHTUQUKALNMK TeHOB 3HTEPOTOKCUHOB
tuna A, C u E npencraBnena Ha puc. 5 u 7, cnerudnd-
HOCTb peaKkIuy MOATBEP)KJeHa KPWMBBIMM IIIaBIE€HNUS,
IIpefiCTaBlIeHHbIX Ha puc. 6 u 8. Ha KpuBbIX I1aBneHuns
BUJTHBI []Ba YETKO BBIPA)XEHHBIX IMKa, KOTOpPbIe COOTBET-
CTBYIOT TeMIlepaTypaM OT>KMIa IIpaiiMepoB Ha ydacTKax
T€HOB 9HTEePOTOKCHMHOB TMITIAa A M E — 76 £1°C 1 80+£1°C
COOTBETCTBEHHO, a 9HTepoTOKCHHa Tuma C — 79£1°C,
YTO COBIAJIO C TEOPETUUYECKIM PacyeTOM I10 JAHHBIM aM-
IUTMKOHAM.

B pesynbraTe IpOBeEeHHBIX WCCIENOBAHWUIT OBLUIO
YCTQHOBJIEHO, YTO 00a BBIIEJICHHBIX IITaMMa SBJLA/INCH
MY/IbTUTOKCUT€HHBIMY, T.€. COJep>Ka/lil B CBOEM IeHOMe
IIOMUMO TeHa 3HTepOoTOKcuHa E, ofMH ImTaMM elje reH
sHTOpOoTOKCMHA A (mrtamMm NGI), a BTOpoil — reH 3HTe-
porokcuna C (mramm NG2).

IlanHas mpo6rieMa akTyaabHa B MUpe U II09TOMY Be-
IYyTCA UCCIENOBAaHMA B 3TOM HampasneHun. Hampumep,
B CnoBakun u3 43 mTaMMOB CTapUIOKOKKOB, BbIfle/IeH-
HBIX U3 Pas/JMYHBIX NMIEBBIX IPOAYKTOB, 15 MITaMMOB
(34,88%) oxasanuch 3HTepOTOKCUTeHHbIMK U 7 (16,28%)
U3 HUX cofiep>kanu 3HTepoToKcuH tuma A [13]. Onenka
444 06pa3u013 Msca, IpoBeJieHHasA B AnoHuy mokasaina,
4TO B 65,8% 0Opasumax 6bUM OOHapy>keHBI S. aureus us3
KOTOPBIX 17,9 % IITaMMOB NPOAYLMPOBAIN SHTEPOTOK-
CHMH TO/IbKO TuMa A, 2,6% mraMmMoB — TUIbl A + B 1 2,6%
mtaMMoB — A + C 9HTepOTOKCUHBI [14].

Taxkum 06pa3oM, eCTb PUCK UCIIONIb30BAHMS MsICa C 9H-
TEPOTOKCUTEHHBIMI HITaMMaMM S. aureus Ipu BBIPaOOT-
Ke ChIPOKOIYEHBbIX Kojbac, 4To YpeBaTo oOpasoBaHMEM
U HaKOIUIEHNeM B HMX TOKCMHOB. Kak m3BecTHO, cTadu-
JIOKOKKOBBIE 9HTEPOTOKCUHBI SIBJISIIOTCSI TEPMOCTAOUIIb-
HBIMU ¥ MTHAKTUBMPYIOTCA IIPY KUIISTYEHUM TOJIBKO depes
2,5-3,0 gaca, a mpu aBToKIaBupoBanuu mpu 120°C B Teve-
Hue 20 MUH.

Pesynbrarhl nccnenoBaHmii o ONTUMU3ALNN YCIOBUIA
KY/IbTUBUPOBAHNUA MOKA3a/ly, YTO aHAIPOOHBIE YCTIOBUA
KY/IbTVBYPOBAHNA IIOCEBOB IO3BOJAIOT YBEINUUTD Ce-
JIEKTUBHOCTb M CHELM(PUIHOCTD CeTIeKTUBHOI 0boraT-
tenbHOI cpeppl (MCB) n cenexTuBHOI Cpeqbl [ BbIfie-
neauss (MCA) S. aureus, 4TO TIO3BOJIUT BBIABUTH S. aureus
13 MPOAYKLMY M3TOTOBJIEHHOI C IpMMeHeHNeM CTapTo-
BBIX KY/IBTYP, MMEIOLIVX B CBOEM COCTaBe KOary/la3oHera-
TUBHbIE CTAPUIOKOKKIL.

Taxoke Hamu ObUIM pa3paboTaHBI IpaiiMepsl, I03BO-
nsomye MetooM TP npeHTNGNINMPOBAaTh SHTEPOTOK-
cureHHsle S. aureus. UyBCTBUTENIBHOCTb M Crieludud-
HocTh Metopa IIIIP B peaspHOM BpeMeHM IO3BOJIAET
IPOBOAVUTb HE TONBKO MACHTU(UKAINIO YUCTBIX KYJIb-
Typ, HO M CKPMHMHI 3SHTEPOTOKCUI€HHBIX IITAaMMOB
B IIPOAYKTE C OIpefe/leHMeM THUIA IIPOLYLUPYEMOTrO
UM TOKCUMHA. DTO MOATBEPXKAAETCA U B paboTax Jpyrux
MCCIefioBaTeniell, KOTOpble IIOATBEP)KIAIOT YTO METOf
[IIIP MoxxeT nMIIb NOATBEPAUTH HANN4YME B IPOAYKTE
SHTEPOTOKCUTEHHBIX LITAMMOB, HO He OIpefe/iATh Ha/lu-
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Successful amplification with the selected primers for
identification of the enterotoxin A, C and E genes is pre-
sented in Fig. 5 and Fig. 7; specificity of the reaction is
proved by the melting curves presented in Fig. 6 and Fig. 8.
In the melting curves, two clearly pronounced peaks can
be seen, which correspond to the primer annealing tem-
peratures at the sites of the genes for enterotoxins type A
and E (76 £1°C and 80 +1°C, respectively) and enterotoxin
type C (79 £1°C), which coincides with the theoretical cal-
culations for these amplicons.

As a result of the performed research, it was established
that both isolated strains were multitoxigenic; that is, they
contained in their genome the enterotoxin A gene (strain
NGI) and the enterotoxin C gene (strain NG2) in addition
to enterotoxin E gene.

This problem is topical worldwide and, therefore,
the studies are carried out in this field. For example, in
Slovakia, among 43 staphylococcal strains isolated from
different foods, 15 strains (34.88%) were enterotoxigenic
and 7 (16.28%) of them contained enterotoxin type A [13].
An analysis of the 444 meat samples performed in Japan
showed that 65.8% of samples contained S. aureus, of
which 17.9% strains produced enterotoxin type A, 2.6%
strains produced enterotoxin types A + B and 2.6% strains
produced enterotoxin types A + C [14].

Thus, there is a risk of using meat with enterotoxigenic
strains of S. aureus when manufacturing fermented
sausages, which can result in production and accumulation
of toxins in these products. It is known that staphylococcal
enterotoxins are heat-stable and are inactivated upon
boiling only after 2.5-3.0 hours and when autoclaving at
120 °C during 20 min.

The results of the study on optimization of the incu-
bation conditions demonstrated that anaerobic incuba-
tion conditions allow increasing selectivity and specificity
of the selective enrichment medium (MSB) and selective
medium for isolation (MSA), which allows isolation of
S. aureus from products manufactured with the use of
starter cultures having coagulase-negative staphylococci in
their composition.

We also designed primers that allowed identification of
enterotoxigenic S. aureus by the PCR method. The sensi-
tivity and specificity of the real-time PCR method make
it possible not only to identify pure cultures but to screen
enterotoxigenic strains in a product with determination of
an enterotoxin type produced by them. This is also con-
firmed by the works of other researchers, who proved that
the PCR method can only confirm the presence of entero-
toxigenic strains in a product, but does not detect the pres-



THEORY AND PRACTICE OF MEAT PROCESSING N4 | 2016

gye ToKCMHa [15]. [lyA ompeneneHns TOKCUHOB UCIIO/b-
3y1oT VI®A tect-cuctemsl. [IpubopHoe obecrieuenne s
nposenenus VIOA sro npubop miniVidas (pupmsr bro-
Mepbe, Dpanius).

O603Ha4YMB PUCKY IIPU IIPOU3BOACTBE CHIPOKOITYEHBIX
KOJI0ac M MPEeJIOKUB METO/BI IX KOHTPOJIA, PEKOMEHY-
€M BBECTM B IIPOrPaMMy IIPOU3BOJCTBEHHOTO KOHTPOJIA
CIefyrolye MOKa3aTeIn: SHTePOTOKCUTEHHBIe S. aureus
B MACHOM CbIpbe U CTa(pMIOKOKKOBBIE SHTEPOTOKCHHBI
B TOTOBOJ IPOXYKIIVIN.

BriBoabr

Il mpeHTNUKAIMY SHTEPOTOKCUTEHHOCTY BBIABJICH-
HBIX CTa(UIOKOKKOB ObUIM HalifJeHbI U M3y4eHbl KOHCEp-
BaTMBHbIE YIACTKY IIOCTIEIOBATEbHOCTEl F€HOB-MIIIEeHeI
S. aureus, oTBevaolIye 3a BHIPAOOTKY PasINYHbBIX BUJOB
3HTepOTOKCMHOB (A, B, E, C, D). Taxxe cKOHCTpynpOBaHbI
KOpOTKUe (parMeHTbl HYKJIeMHOBON KMC/IOTHI (IIpaiiMe-
PBI), COOTBETCTBYIOIIE STVIM BBLIB/ICHHBIM T€HAM.

B pesynmbprate upeHTMUKanVM OBUIO YCTaHOBJIECHO,
4TO 2 BBIABJICHHBIX IITaMMa S. aureus ABJANNICH S9HTEPO-
ToKcureHHbIMU. OfMH U3 HMUX HIPOAYLMPOBAT TOKCHHBI
tuna A u E (utamm NG1), a Bropoit — Tokcuubl Tma C
n E (turamm NG2).

/3-3a cyIlecTBYIOUIMX T€XHOTOTMYECKUX PUCKOB IIpK
IIPOM3BOJCTBE CHIPOKOITYEHBIX KO/MOAC HeoO6Xomammo o0-
HOBUTD KpUTepyy 6€30IacHOCTY ¥ BBECTY VX B IIPOrpaM-
My IIPOM3BO/ICTBEHHOTO KOHTPOJIA.
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ence of a toxin [15]. To detect toxins ELISA test-systems
are used. The instrumentation for performing ELISA is an
apparatus miniVidas (bioMérieux, France).

After identifying the risks in fermented sausage manu-
facture and proposing the methods of their control, we rec-
ommend introducing the following indicators in the pro-
gram of the production control: enterotoxigenic S. aureus
in meat raw material and staphylococcal enterotoxins in
finished products.

Conclusions

To identify enterotoxigenicity of the isolated staphylo-
cocci, the conservative regions of the S. aureus target gene
sequences, which are responsible for production of different
types of enterotoxins (A, B, E, C, D), were found and studied.
In addition, the short fragments of a nucleic acid (primers)
corresponding to these revealed genes were constructed.

As a result of the identification by PCR method, it was
established that two isolated S. aureus strains were en-
terotoxigenic. One of them produced toxins type A and
E (strain NGI), the second produced toxins type C and E
(strain NG2).

Due to the existing technological risks in fermented
sausage manufacture, it is necessary to renew the safety
criteria and introduce them into the program of the pro-
duction control.
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NEW MEAT PRODUCTS WITH IMMUNOMODULATORY

EFFECT CREATION METHOD

AJITOPUTM CO3JAHNMSI HOBBIX BUJOB MsICHBIX ITPOIYKTOB
NMMMYHOMOIYINUPYIOHNIEN HAITPABJIEHHOCTU

Kaltovich 1.V., Dymar O.V.
Institute For Meat And Dairy Industry, Minsk, Belarus

KitroueBble crioBa: MAcHble npoOyKmbl UMMYHOMOOYIUPYIOUset Ha-
NpAasIeHHOCU, ANZOPUMM CO30aHUS, 0002auleHue, MACHOE Cblpbe,
PyHKUUOHATDHDIE UHEPEOUEHMbL, 0COOEHHOCTU MAPKUPOBKU.

AHnHnomauyus

Bnepevie paspaboman aneopumm co30aHusi HOBbIX U0 MIC-
HOIX  NPOOYKMOB UMMYHOMOOYAUPYIOUlEll HANpasneHHOCMU,
ompaxcarnu,as omaudUmenvHvie 0CO0EHHOCMU MeXHOI0ZUYe-
CKUX 9Manos npoussoocmea 0aHHvIX MICHBLX U30emUll, BKII01As
80nPOCHL NOJOOPA OCHOBHO20 U 6CHOMO2AMENILHOZ0 COIPDS, 0CO-
benHocmu paspabomxu peyenmyp U mexHon02Uil NPouU3Booc-
8a, mMpeb0BaAHUS 3aKOHOOAMENbCMBA K UX MApKuposke u m.o.
Yemanosnen nepeuenv nepcnekrmueHoix 614008 MACHOZ0 Colpbs
071 U320MOBTIEHUS NPOOYKINO8 UMMYHOMOOYIUPYIOWeli HANPas-
JIEHHOCTU — 20850UHA, CBUHUHA, KPONIbYATUHA, MSCO UblNASI-
6potinepos, umdeiika, MenIMUHA, MACO CHMPAYCco8, KOMOpble
OMAUUAIOMCST 8bICOKUM coOeprcanuem benka (14,3-2L7 %), nus-
Kum cooepacaruem supa (1,2-16,1 %), 3a ucknoueHuem c6UHUHbL
(33,3 %), 8bICOKUMU 3HAUEHUAMU MUHUMATILHBIX AMUHOKUCLON-
Hoix ckopos (90,0-104,0 %), 6enkos020 KauecmeeHH020 NoKA3a-
mens (0,91-1,64), unoexca Hezamenumbvix amunokuciom (1,16-
1,25), koagpduiyuenmos ymuaumaprHocmu amuHOKUCTOMHOZ0
cocmasa (0,72-0,86), npubnusieHHbIM K ONMUMATIGHOMY HUPHO-
KUCTLOMHBIM COCMABOM, COOePHAM 3HAUUMENbHOE KOTUUECm B0
BUMAMUHOB U MUHEPATILHDIX 8EU4ECIE, UPAIOULUX BAKHCHYIO POTTL
ona nosviuenus ummynumema. Onpedenero, 4mo 6 cocmase
MACHBIX NPOOYKINO8 UMMYHOMOOYTUPYIOulell HanpasneHHocmu
8 Kauecmee PYyHKUUOHANLHOIX UHZPEOUEHNO08 DPeKOMEeHOYemcs
UCNONB306aMb AMUHOKUCTIOMDbL (8A7IUH, JIETi4UH, U30/IeTiYUH, Pe-
HUZIANAHUH, MPeOHUH, MPUNMOoPan, MemuoHuH, TUSUH, Apeu-
HuH, eucmudun), sumamunvt (C, E, epynnot B (B, B,,, PP u dp.),
P (komnnexc 6uognasoroudos), H, K), munepanvioie seujecnsa
(kanvyuii, mazHuil, xene3o, medb, YUHK, MapeaHel, cesieH), no-
JIUHEHACVIUEHHDIE HCUPHDIE KUCTOMbL W3 U W6, 8UMAMUHONO-
dobHovle sewsecmsa (L-kaprumun u xoanzum QIO), nonucaxa-
pudvt U nenmudvl NPUPOOHO20 NPOUCXOHIEHUS, KAPOMUHOUObL
(cxeanen, B-kapomun), umbupn, epubvl wiuumaxe, nPoOUOMUKU
U npedUOMUKU, eIYMAMUOH, UHOON U TUKONUHYL, 6UOPNABOHOU-
Ovl, L-apeunun, N-auemunyucmeut, 2ev U3 Mopckoti 6000pociu
«Jlamupapan». Vicnonv3osanue pazpadomanHoz0 anzopumma
CO30aHUST MACHBIX NPOOYKINOE UMMYHOMOOYNIUPYIOUlell Hanpas-
JIEHHOCTNU THEXHONI02aMU MACONePepabamuléaouiux npeonpus-
Muil nO360AUM CHOPMUPOBAIMNL OUHDBLTI HAYHHO 000CHOBAHHDLTI
100x00 npu pazpabomke, NOCMAHOBKe HA NPOU3BOOCMBO U 0p2a-
HU3AUUU NPOMBIUTIEHHO20 BbINYCKA HOBbIX 6U006 MACHDIX NPO-
0yK1mMo6 PyHKIUOHANIbHO20 HASHAYEHUS, MeM CAMbIM 2aPaHMU-
pys coomeemcmeue nokazamesneti kavecmea u 6e3onacHocmu
UHHOBAUUOHHBIX U30enUll MPeboBaAHUAM 3AKOHOOAMenvCmad,
npedvsABNTEMbIM K MACONPOOYKMAM, 4o no3eonum obecne-
YUMb HAceseHUe 8bICOKOKAUECMBEHHLIMU MACHLIMU U30ETUAMU,
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Keywords: meat products with immunomodulatory effect, cre-
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dients, labeling peculiarities.

Abstract

New meat products with immunomodulatory effect creation meth-
od reflecting differential characteristics of technological stages of
manufacture of those types of meat products, including issues on
the selection of primary and secondary raw materials, guidelines
for development of formulations and production technologies,
legislative requirements towards its labeling, etc, has been devel-
oped for the first time. A list of prospective meat raw materials
for the manufacture of products with immunomodulatory effect
was established: beef, pork, rabbit meat, broiler chicken meat, tur-
key, veal, ostrich meat, which have high content of protein (14,3-
21,7%), low content of fat (1,2-16,1%), excluding pork (33,3%), high
levels of minimum amino-acid score (90,0-104,0%), protein qual-
ity indicator(0,91-1,64), essential amino acid index (1,16-1,25), co-
efficient of utility of amino acid content (0,72-0,86) and close to
optimum fatty acid content, and also contain a great number of
vitamins and minerals which play a significant role for immunity
improvement. It was determined that the following functional in-
gredients are recommended to use: amino acids (valine, leucine,
isoleucine, methionine, threonine, arginine, tryptophan, lysine,
histidin, phenylalanyl), vitamins and provitamins (C,E, beta-caro-
tene, B vitamins(Bc, B12, PP, etc.), P(bioflavonoid complex), H, K),
minerals (calcium, magnesium, iron, cuprum, zinc, manganese,
selenium), polyunsaturated fatty acids omega-3 and omega-6,
pseudo-vitamins (L-carnitin, coenzyme QIO0), polysaccharides and
peptides naturally occurring(squalen, B-Carotene), ginger, shiitake
mushrooms, probiotics and prebiotics, glutathione, indole and ly-
copienes, bioflavonoids, L-arginine, N-acetylcysteine, gel from sea-
weed «Lamifaren». The use of the developed meat products with
immunomodulatory effect creation method by process engineers
of meat processing factories will allow them to form a single sci-
entifically grounded approach during the development, launching
into manufacture and organization of industrial manufacture of
functional meat products, ensuring the compliance of quality and
safety indicators of innovative products with legislative require-

ments, applied to meat products, taking into account nutritional
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YHUMBIBAIOUAUMU 0COOEHHOCHY NUMAHUS OIS NOBLIUEHUS UM-
MyHUmMemMa U co0epIamumu cOanancupo8antvlti Habop PyHx-
UUOHATILHBIX UHZPEOUEHIN08 UMMYHOMOOYIUPYIOuiell HANPas-
JIeHHOCMU, ynompebierie Komopuvix 671a20NPUSINHO OMPASUNCS
Ha yKpenneHuu 300p06bs HALUU.

BBepenne

B nocnepnue rogpl HaOMOKAETCS CHIDKEHUE IMMYHUTE-
Ta HACeJIeHN, B TOM YNCIIe ieTell pa3IN4HbIX BO3PACTHBIX
TPYIIIL, IIOCKO/IBKY Ha UMMYHHYIO CHICTEMY COBPEMEHHOTO
Ye/I0BeKa OKa3bIBAIOT OTPULIATEIbHOE BIINAHIE PA3/INTIHbIe
(daxTopbl: HeOATOIPUATHAS SKONOTMYeCKas 0OCTaHOBKA,
HecOa/JlaHCYPOBAaHHOE HepalVIOHATbHOE IIMTAaHUe, Hefo-
CTaTOK CHa, cTpecchl 1 fip. Kak usBectno, rpunn u OPBU
MOTYT JJaBaTh OC/IOKHEHVSI Ha OPTaHbI IBIXaHVA U CEPALa,
B T.4. IPUBOAUTD K MMOKapAUTaM, KOTOPble TPYAHO IIOA-
AIOTCSI JIEYEHNIO ¥ CIOCOOCTBYIOT BBICOKON CTEIIeHV VIH-
Ba/IMI3AIMM Hace/leHNs. BupycHble 3a00eBaHmsA TakKe
OIIACHBI /IS JTIOfIe], MIMEIOLIX XPOHMYecKue 3a00eBaHms
CepHeYHO-COCYIUCTON CHUCTeMbl (MIneMudeckass 60e3Hb
ceppla, apTepyuaabHas rumeprensus) [1-3].

Crnoco6HOCTb MMMYHHOJ CHUCTEMBI CIPAaBIATHCA CO
cBOoUMM (QYHKIMAMU 3aBUCUT OT MHOIUX (PaKTOPOB, Of-
HAaKO OJHMM U3 BRXKHENIINX COCTABJIAIOLINX 3[JOPOBOTO
obpasa XU3HM AB/IAETCA NMUTaHUe. BakHO, 4TOOBI Yero-
BEK BBOZIMJI B €XXEJHEBHBII PallYiOH IMUTAHMA Te IPOAYK-
TbI, KOTOpbIe OOJIbIIIe BCETO CIIOCOOCTBYIOT HOPMA/IbHOM
IesATeIbHOCTY VIMMYHHOI CHUCTeMBL. MeXTyHapOgHble
VICC/IelOBAaHMS He OCTaB/ISAIOT HY MaJIeillller0 COMHEHUs
B TOM (¢akTe, YTO Pa3IMYHble COCTAB/IAIOIINE MUTAHUA
OTHOCATCA K Ba)KHENIIMM OCHOBAM CO3JaHUs CUJIbHOIL,
(YHKIMOHA/IBHOM MIMMYHHOIT cucTeMsl [1; 4-9].

B cBA3uM c BBIIIECKAa3aHHBIM, B HACTOAIIee BpeMs Cy-
I[eCTBYeT HEOOXOAMMOCTb pPa3pabOTKM HOBBIX BUIOB
MSCHBIX IIPOJIYKTOB IMMYHOMOZY/IVPYIOLIeil HallpaB/IeH-
HOCTH, ymoTpebneHne KOTOpPBIX OyfieT CIocoOCTBOBATH
HOBBIIIEHNIO UMMYHUTETA HACeTIeHN, @ TAKXKe a/ITOPUT-
MOB CO3[JaHNS JAHHBIX MACHBIX M3JIe/NI, YTO IIO3BOINAT
copmMupoBaTh eAMHBIN HAyYHO OOOCHOBAHHBIN ITOAXON
npu pa3paboTke, MOCTAHOBKE Ha IIPOM3BOACTBO M Opra-
HM3aLMM IPOMBILIZIEHHOTO BBINTyCKa BBHICOKOKAYeCTBEH-
HBIX MACHBIX IIPOAYKTOB (PYHKIVIOHA/IbHOTO Ha3HAYeHMA.

ITens paHHOIT pa6oOTBI — pa3paboTKa arOPUTMa CO-
30AHMA MACHBIX M3JeNNMil MMMYHOMOAYIUpPYIOIel Ha-
IPaBJIEHHOCTM, OTPAKAIOIIEr0 OT/INYNTETbHbIE 0COOeH-
HOCTY TE€XHO/IOTMYECKUX 3TAIIOB IPOM3BOACTBA JAHHBIX
BUJIOB MACHBIX W3Je/NNii, BKIIOYass BONPOCHl mHopbopa
OCHOBHOTO ¥ BCIIOMOTATeJbHOTO CBIPbA, PeKOMEHJALUN
10 pa3paboTKe PelenTyp M TeXHOJIOTUII IPOM3BOACTBA,
TpeOOBaHNA 3aKOHOZIATE/IbCTBA K MX MAPKMPOBKE 1 T.J.

MaTepI/IaJIbI " ME€TOIbI

B xayecTBe MarepranoB MCCAENOBaHMUI MCIIONb30BaHa
IIATEHTHAsA ¥ HAyYHO-TeXHMYecKas MHPOPMAIs, a TaKxKe
HOpPMAaTVBHas1 JOKYMEHTALVs B 00/1aCTI IIPOM3BOJICTBA MSC-
HBIX IPOJYKTOB MIMMYHOMOZY/IMPYIOIIE/ HallpaB/I€HHOCTI.
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habits and containing a well-balanced set of functional ingredients
with immunomodulatory effect, the consumption of which will
promote immunity improvement that will positively affect health

promotion.

Introduction

In recent years there has been a decrease in immu-
nity of the population, including children of different age
groups, since various factors affect negatively immune
system of a modern man: unfavorable environment situ-
ation, unbalanced and irregular nutrition, lack of sleep,
stresses, etc. As it is known, influenza and ARVI can de-
velop respiratory organs and heart disease complications
and also can cause myocarditis, which is difficult to cure
and promote high level of disablement of population. Vi-
rus diseases are also dangerous to people having chronic
cardiovascular diseases (atherosclerotic cardiovascular
disease, arterial hypertension) [2, 6].

The ability of immune system to cope with its functions
depends on many factors. However, one of the most im-
portant parts of healthy lifestyle is healthy nutrition. It is
important that a man includes in its ration products that
promote normal activity of immune system. International
studies have no doubt that different parts of nutrition are
related to the most important foundations for the creation
of strong functional immune system.

It may therefore be concluded that nowadays there is
a necessity to develop new meat products with immuno-
modulatory effect, consumption of which will promote
immunity improvement of the population, and also to
develop new meat products with immunomodulatory
effect creation method which will allow them to form a
single scientifically grounded approach during the devel-
opment, launching into manufacture and organization of
industrial manufacture of high quality functional meat
products.

Objective — the development of meat products with
immunomodulatory effect creation method reflecting dif-
ferential characteristic of technological stages of manu-
facture of those types of meat products, including issues
on the selection of primary and secondary raw materials,
guidelines for development of formulations and produc-
tion technologies, legislative requirements towards its la-
beling, etc.

Materials and methods

Patent and scientific and technical information, regula-
tory documents regarding manufacture of food products
with immunomodulatory effect were used as research ma-
terials.

Methods of research — analysis of the information on
the manufacture of meat products with immunomodula-
tory effect and the synthesis of manufacture method of cre-
ation of those products.
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MeToppl UCCIeIOBAHNIT — 3BPUCTUYECKUIA, aHATTUTHU-
YeCKUI, CUHTETUYeCKUIA.

Pe3ynbrarsl 1 06cyxeHne

C uenpio paspabOTKM arOpUTMa CO3JAHUS HOBBIX
BUIOB MSACHBIX IIPOAYKTOB MMMYHOMORYIMPYIOLIEN Ha-
IPABJIEHHOCTY IIPOBEMN aHAINM3 IATEHTHON M HAyYHO-
TEXHUYECKON MHQpOpMaIuy, a TaKKe HOPMATUBHON [I0-
KyMeHTaLuy B 00/IaCTY IIPOV3BOACTBA JAHHBIX M3[E/NIL.
YcTaHOB/IEHO, YTO B HACTOsAIee BpeMsA B JIUTEPATyPHBIX
MCTOYHMKAX FOCTATOYHO IIMPOKO OCBEIeHBI BOIPOCHI
B/IVSTHVSL TIOJTHOLIEHHOTO MMUTAHMS, B T.4. PA3/IMYHBIX IU-
IIeBBIX MYKPOHYTPUEHTOB, Ha IOBBILIEHVe IMMYHUTETA.
Tak, Cunsaxos A.Q. [4] ommcpiBaeT posib BUTAMIHOB, QU-
TOHII/JIOB, PACTUTEIbHBIX aJalITOT€HOB, Mefja ¥ IPOIIO-
NMCa OIS YKpeIIeHVUs MMMYHMTETa, @ TaKXXe IPUBOJUT
PeLlenThl CalaToB, CYNOB, BTOPBIX OO, HAIIUTKOB, CO-
KOB, BUTAMVHHBIX YaeB.

B pabore [6] mokasaHo BIMsiHME pa3INIHbIX Al TOTe-
HOB (3KCTpaKTa 971eyTePOKOKKA, POAMOJIBI PO30BOIL, apa-
JIMU MAaHBYKYPCKOM U np.), ButamuaoB C, E, A, rpynmnsl B,
npouramuHa A (B-kapoTuHa), MUHEPATbHBIX BEIleCTB
(umHKa, >Xeme3a, MarHus, CejieHa, Mefy, Kayus), puToH-
IIU/IOB 1 Mefja Ha IIOBBILIIEHNE MIMMYHUTETA Y IPUBOAATCSA
pelenThl BUTAMIHHBIX CalaTOB, HAIIUTKOB U COKOB.

A. ®okc [10] ommcpiBaeT ponb BUTAMMHOB ¥ MIHe-
pPaIbHBIX BeLIeCTB, HPOAYKTOB, OOraThIX KJIeTYaTKOI,
HeTPYIIKK, PPYKTOB ¥ OBOILIEH, KPyH, 6000BBIX, PHIObI,
MsAca (KypMHOIO), MOJIOYHBIX IIPOXYKTOB, OPEXOB I Ce-
MedYeK, CIIelMil JyIs TOBBILIEHNs MMMYHUTeTa M JaeT
peKoMeHjallMM 110 UX yHnoTpebnenuio. B usgannm takxke
IpefICTaB/IeHbl MEHIO M pelleNTbl MMMYHHOI IpOrpam-
MBI — OBOLIHBIE 0710/, Ca/IaThl, ppIOa, OII0fia U3 KYPULIbI
U KPYII, CYIIBI, 3aIPAaBKM [JIS CBIPBIX ¥ BapeHBIX OBOILeil
u canaroB. [IpuBOANTCA MepedeHb MPOAYKTOB, OOTaThIX
IUTaTe/IbHBIMY BellecTBaMM (B-KapOTMHOM, BUTAMUHOM
A, rpynmsl B, XOMMHOM, MHO3UTONIOM U JIp.), ONUCBIBA-
I0TCS1 MEXaHV3MBI JIeVICTBYSI BUTAMIHOB 1 MUHEPAJIOB Ha
yKpeIUIeHUe UMMYHHOJ CUCTEMBI.

. Xobman n A. Xuabrepc [5] moMuMo BUTaMMHOB
Yl MUHEPaJIbHBIX BEI[eCTB YAE/IAIT OOBILIYIO POJIb TAKUM
B)XHBIM KOMIIOHEHTAM IMUTAHVSI [i/Is TIOBBILIEHVSI UMMY-
HUTeTa KaK rpubbl mmnrake, N-aneTuinucrent, L-apru-
HVIH, CKBaJIeH, MH/IO/ 1 JIMKOIVHBI, TJTy TATHOH.

Bonpuiyio ponb B KOppeKLuy HapyLIEHUII B CUCTeMe
MMMYHNTETa M TeMOCTasa IojcaxapyujaM ¥ HenTuaaM
IPMPOJHOIO IPONCXOX/eHMs oTBoguT Kysnemosa T.A.
(2], a 3opuna B.B. [11] mpuBopuT OmMcaHMe pPOIN TAKTO-
6axTepuii B MOZyALMU GakTOPOB UMMYHUTETA.

B pa6ore Moxeesoii E.I. [3] oTBoguTcst BakHast ponb
JUIS TIOBBILIEHVsI MIMMYHUTETA TAKUM KOMIIOHEHTaM, KaK
6€10K, MO/IMHeHACHII[eHHbIe )KVPHBIE KUCTIOTHI, BUTAMU-
Hbl C, A, E, rpynnsl B, Marauii, Kanbuuii, >kene3o, IUHK,
Melb, MapraHeli, ceneH. Omnucane BblLIeNePeYNCIeHHBIX
MMHEpa/IbHbIX BeLeCTB I YKPeIUICHUSA MMMYHMUTETa
TaK>Ke MPUBOAUTCA B pabote Muxaitnosoit O.B. [12].
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Research methods — heuristic, analytical, syn-
thetic.

Results and discussion

In order to develop new meat products with immuno-
modulatory effect, an analysis of the patent and scientific
and technical information, as well as regulatory documents
in the field of manufacture of these products was conduct-
ed. It is established that at the present time literature widely
covers issues of the impact of adequate nutrition, including
various food micronutrients on immunity improvement.
Thus, Sinjakov A.E. [4] describes the role of vitamins, phy-
toncides, herbal adaptogens, honey and propolis for the
improvement of the immune system, as well as recipes of
salads, soups, main dishes, drinks, juices, vitamin teas.

The scientific work [6] shows the effect of various adap-
togens (eleuterococcus extract, rhodiola rosea, manchu-
rian aralia, etc.), vitamins C, E, A, B-group, pro-vitamin A
(B-carotene), minerals (zinc, iron, magnesium, selenium,
cuprum, potassium),  phytoncide and honey on the im-
provement of the immune system; and recipes of vitamin
salads, drinks and juices are described.

A. Fox [10] describes the role of vitamins and miner-
als, high fiber foods, parsley, fruit and vegetables, cereals,
legumes, fish, poultry (chicken), dairy products, nuts and
seeds and spices for improvement of the immune system
and gives recommendations for their consumption. The
publication also provides menus and recipes of the im-
mune program — vegetable dishes, salads, fish, chicken
dishes and cereals, soups, dressings for salads and fresh
and cooked vegetables. A list of foods rich in nutrients
(B-carotene, vitamin A, B-group, choline, inositol, etc.) is
provided, modes of action of vitamins and minerals for the
improvement of the immune system are described.

J. Hoffmann and A. Hilgers [5] in addition to vitamins
and minerals give a greater role to such important food
components for immunity improvement as shiitake mush-
rooms, N-acetylcysteine, L-arginine, squalene, indole and
lycopene, glutathione.

Kuznetsova T.A. [2] assigns an important role in the
correction of immune system disorders and hemostasis to
polysaccharides and peptides of natural origin; and Zorin
V.V. [11] provides a description of the role of lactic acid
bacteria in the modulation of factors of immunity.

Mokeeva E.G. [3] assigns an important role for im-
munity improvement to components such as protein,
polysaturated fatty acids, vitamins C, A, E and B-group,
magnesium, calcium, iron, zinc, cuprum, manganese,
selenium. The description of the above-mentioned min-
erals to boost the immune system is also provided by
Mikhailova O.V. [12].
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BmecTe ¢ TeM, HeCMOTpsI Ha 3HAYNTENbHOE KOMNYECT-
BO JINTEPATYPHBIX MICTOYHVKOB, ONVCBHIBAIOIIVX Ba)KHbIE
MUKPOHYTPMEHTSHI [/ TOBBILIEHNS] MMMYHUTETa, B Ha-
cTosilIee BpeMsI OTCYTCTBYeT efJMHbII I MeTOJ0IOTNYeCKII
HOZIXOf] K CO3/TaHMI0 MACHBIX IIPOJYKTOB IMMYHOMOJLY/IN -
PYIOLLeit HalIpaB/IeHHOCTH, ONMCHIBAIOLINIT 0COOEHHOCTI
TEXHOJIOTMYECKUX 3TANOB Pa3pabOTKV MAaHHBIX MACHBIX
usgenuil. [JaHHBI acleKT 3aTPyAHAET paboOTy TEXHOJO-
rOB MsCOIepepabaThIBAIONIX IPEANPUATUI B HAIIpaBJie-
HUJM PACIIMPEHNsA acCOPTYMEHTA BBICOKOKAYeCTBEHHBIX
(YHKIMOHA/MIBPHBIX MSCHBIX IIPOAYKTOB, COAEpP)KAIIUX
cOaraHCUPOBAHHBII HAOOP MHTPEANEHTOB M MACHOTO ChI-
pbsl /IS TIOBBILIEHMsI MMMYHUTeTa HaceleHus. AHamus
JINTEPATYPHBIX UCTOYHUKOB TAK>Ke II0OKA3bIBAET, YTO B Ha-
CTosilllee BpeMsi OTCYTCTBYIOT CBEEHUSI O MepPCIeKTUB-
HBIX BUJJaX MSICHOTO CBIPbI /I MICIIONIb30BaHMSA B COCTaBe
IPOAYKTOB MMMYHOMOZY/IMPYIOLIell HallpaBIeHHOCTH Ha
OCHOBAHMY CPABHUTEIBHOIO aHA/IN3a MX aMUHOKMCIOT-
HOTO, >KUPHOKJCTIOTHOTO, BUTAMIHHOTO ¥ MUHEPAIbHOTO
cocraBa U c6aaHCPOBAHHOCTIL.

B cBsA3M ¢ BBIIIECKa3aHHBIM, aKTYaJIbHBIM BOIIPOCOM
ABJAETCA pa3pabOTKa aJrOPUTMA CO3JAHUA VHHOBALM-
OHHBIX MSCHBIX IIPOAYKTOB MMMYHOMOJYIUPYIOIeli Ha-
IPaB/ICHHOCTH, BK/TIOYAIOIIETO IIepedeHb IT0C/IeJ0BaTe/b-
HBIX 9TAIOB, PACKPBIBAIOIINX OCOOEHHOCTH pa3pabOTKU
IaHHBIX u3fenuit (o6ocHOBaHMe U BBIOOP BUja paspaba-
THIBAEMOTO IIPOAYKTA, MOAO0P MACHOTO CHIPbsA Ha OCHO-
BaHMJ CPAaBHUTETBHOTO aHA/IN3a €ro IMIeBOI 1 610710-
TUYECKOl LIEHHOCTM TI0 COfIep>KaHII0 MIKPOHY TPMEHTOB,
CIIOCOOCTBYIOIIMX ITOBBILIEHNI0 IMMYHIUTETa, 0COOEHHO-
CTU paspabOTKM peLenTyp U TeXHOMOTUII IPOU3BOACTBA
[QHHBIX M3JENN, CUCTEMATU3ALNI0 IepedHs (GYHKIu-
OHAJIbHBIX VIHIPEIMEHTOB NPUMEHNUTEIbHO K JCIIOIb30-
BaHMIO B COCTaBe MACHBIX NPOJYKTOB MMMYHOMOMY/IN-
pYyIOLeil HAaIIPaB/IEHHOCTH, ONpefeieHlie ONTIMAaTbHBIX
[I03MPOBOK MCIIONb30BAHUA [JAHHBIX VHIPENVEHTOB Ha
OCHOBAHMM [VHAMMKM (DYHKIIVOHATbHO-TeXHOJIOTIYe-
CKIX, CTPYKTYPHO-MeXaHUYECKIX U OPTaHO/IeNTUYECKUX
TIOKa3aTesiell MOJe/NbHbBIX (paplIeBBIX CHCTEM, OCHOBHbIE
KPUTEepUI 1 IPUHLUIIBI 0OOTaleHNs1, 0COOeHHOCTI Map-
KUPOBKYM MSACHBIX IPOAYKTOB MMMYHOMOJY/IUPYIOLIEN
HAINpaB/IeHHOCTH), MCIIONb30BaHME KOTOPOTLO TEXHOJIO-
raMy MscollepepabaThIBAOIIVIX PESIPUATAI TTIO3BOTNUT
3HAYNUTENbHO 00/erdnTh paboTy B HAIPABIEHUM CO3[a-
HIVISI HOBBIX BUJIOB BBICOKOKA4eCTBEHHBIX (DYHKIIVIOHAIb-
HBIX MACHBIX IIPOJIYKTOB.

C uenbio obecriede st fTHOTO HayYHO 00OCHOBAaHHO-
ro HOAXOfia IpyU pa3paboTKe, IIOCTAHOBKe HAa IIPOMU3BOJ-
CTBO ¥ OpPraHM3aIM} IPOMBIIITIEHHOTO BBIITYCKa MSCHBIX
IPOAYKTOB MIMMYHOMOAY/IMPYIOLIell HallpaB/IeHHOCTH Ha
OCHOBAHIY KOMIIIEKCA TE€OPETUYECKMX U MPAKTUIeCKUX
VICCIEJOBAaHMIT pa3paboTaH aIrOPUTM CO3[AHMUA JAHHBIX
magenuit. Ilpu paspaboTke aaropurMa pPyKOBOJCTBO-
Ba/INCh OIBITOM OTEYECTBEHHOI ¥ 3apyOeXHOI HayKI,
HOpMaMy (U3MOTIOTMYECKON NMOTPEOHOCTY PasINYHBIX
KaTeropuil HaceJleH)sA B IIMIIEBbIX BEIeCTBAX VM SHEPTUN,
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However, despite the considerable amount of literature
sources describing the important micronutrients to boost
the immune system, currently there is no single method-
ological approach to the creation of meat products with
immunomodulatory effect describing peculiarities of tech-
nological stages of development of these meat products.
This aspect hampers the work of meat plants processing
engineers in expanding the range of high-quality function-
al meat products, containing a well-balanced set of ingre-
dients and meat raw materials to improve the population’s
immunity. An analysis of the literature sources also shows
that currently there is no data on prospective kinds of meat
raw materials for use in the manufacture of products with
immunomodulatory effect based on the comparative anal-
ysis of their amino acid, fatty acid, vitamin and mineral
composition and their balance.

In connection with the foregoing, an important issue is
the development of meat products with immunomodula-
tory effect, including the list of successive stages that re-
veal the peculiarities of the development of these products
(grounding and selection of the type of product under de-
velopment, the selection of raw meat materials on the basis
of a comparative analysis of its nutritional and biological
values for the content of micronutrients that improve the
immunity, peculiarities of the development of formulations
and technologies of these products, systematization of the
list of functional ingredients with regard to the use in the
composition of meat products with immunomodulatory
effect, determination of the optimal dosage for the use of
these ingredients on the basis of the dynamics of functional
and technological, structural and mechanical and organo-
leptic characteristics of model minced meat systems , the
basic criteria and principles of enrichment, peculiarities of
meat products with immunomodulatory effect labeling),
the use of which by process engineers of meat processing
plants will lighten the work on the creation of new kinds of
high-quality functional meat products.

In order to ensure a single scientifically grounded ap-
proach to the development, launch into manufacture and
organization of industrial manufacture of meat products
with immunomodulatory effect based on complex theo-
retical and practical research, a creation method of these
products was developed. During the development of the
method we were guided by the experience of domestic and
international science, norms of physiological need in nu-

trient materials and energy of different population catego-
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a TaKXXe KOHIIeMIMell c6amaHCUPOBAHHOTO U (PYHKINO-
HAJIBHOTO NUTaHuA [2-6; 9; 10; 13-21].

Iepeviii aman anropuTMa CO3[JaHNUA HOBBIX BUJIOB
MACHBIX HPOAYKTOB MMMYHOMOAYIUpYIOIe) Harpas-
JIEHHOCTH 3aKII0YaeTCsi B 060cHO8anuu u évi6ope 6uda
paspabamuvieaemozo npodyxma. Bupbl nuieBbIx Mmpo-
IYKTOB, oboraijeHne KOTOPBIX HOIyCKaeTcs, U Omorno-
TMYeCKV aKTUBHBbIE KOMIIOHEHTBI, UCIIO/Ib3yeMble IJI MX
IIPOM3BOJCTBA, IPUBEEeHbI B [UTMeHNnYecKoM HOpMaTyBe
«IToxasarenu 6e3omacHOCTY U 6€3BPeJHOCTI /I YeloBe-
Ka 00OTall[eHHBIX MUIEBBIX IPOAYKTOB», YTBEPXK/IEHHO-
ro ITocranosnenneMm MuHNUCTepCcTBa 3/paBOOXPaHEHUA
Pecnty6rmuku bemapyce Ne 66 ot 29 nrons 2013 r. Bosmosk-
HOCTb 00OTalleHNs APYIUX BYUJOB MMUIEBbIX IPOAYKTOB
VIV UCIIO/Ib30BAHMA WHBIX OMOJIOIMYECKM aKTUBHBIX
KOMIIOHEHTOB PacCMaTpMUBAETCA B XOfle FOCY/IapCTBEHHOII
CaHWTAPHO-TUTMEHNYECKOI 9KCIEePTU3bI IIPOEKTOB TeX-
HOJIOTMYECKOM JOKYMEHTAL[UN, TeXHNYEeCKIX yC/IOBUII Ha
HNILEBYI0 IPOAYKINIO B MOPS/IKE, YCTAHOBIEHHOM 3aKO-
HoplaTenbcTBOM Pecniy6mmkn benapyce.

Ha emopom smane anropurMa co3JJaHUsI HOBBIX BU-
[OB MSCHBIX NPOAYKTOB MMMYHOMOIYIMPYIOLIEil Ha-
[PaB/IEHHOCTY HEOOXOAMMO ONpeeNTh MepedeHb IMo-
KasaTeJiell, UTPAIOLIX BaXXHYIO PO/Ib IPY IPOU3BOJACTBE
[QHHBIX U3JENNIA, a TaKKe YCTAaHOBUTDH ONTMMAaJIbHBII
Auana3oH 3HaYeHUI JaHHBIX IOKa3aTeseil, II03BOJISAI0-
NIt 00eCreYNnTh BBICOKYIO MNUIIEBYIO 1 OMO/IOTNYeCKYIO
L[EeHHOCTb M y/ITy4YlIeHHble (PYHKLIVMOHATbHO-TeXHOMIOTY-
YecKye ¥ CTPYKTYPHO-MeXaHI4YecKe II0Ka3aTeny TOTo-
BBIX U3JIETUI.

Ha ocHoBaHmm aHanmsa HaTeHTHON M HayYHO-TeX-
HUYECKOJ /MTepaTypbl B KadecTBe 3HAYMMBIX II0Ka3a-
Telell MUINEBOM M OMOTOTMYECKO I[EHHOCTU MSICHBIX
IIPOAYKTOB VMMYHOMOJYIMPYIOLEell HaIpaBIeHHOCTI
OIlpefie/ieHbl JOIYCTUMBIE IIpefie/ibl Cofiep>KaHusA Oenka
U KMpA, 2 TAK)XXe COOTHOIIeHMEe Oe/IOK: )XMP B TOTOBOM
IPOAyKTe, MUHVMA/IbHBII aMIHOKUCTIOTHBIN CKOp, 6en-
KOBBIN KaueCTBEHHBIN IT0Ka3aTe/b, MHAEKC HE3aMEeHMbIX
aMMUHOKMCIIOT, KO3 QUINMEHT YTUIUTAPHOCTY aMMUHO-
KIUCIOTHOTO COCTaBa, II0KA3aTeab COMOCTABMMONM U30bI-
TOYHOCTH, cooTHoIIeHnd w6/w3, I[THXKK:MHKXK:HXK,
(ITH>KK+MHJXK):HXXK).

BaxHyto poib 1py pa3paboTKe HOBBIX BUJOB MACHBIX
IIPOAYKTOB VMMYHOMOJYIMPYIOLell HaIpaBIeHHOCTU
UTPAOT (YHKIMOHAIbHO-TEXHOIOTMYECKNe TT0Ka3aTesn,
K KOTOpBIM OTHOCUTCA pH, BmaroypepxuBaromjasi CIro-
COOHOCTD, MOTEPU MACCHl TIPU TEPMOOOPabOTKE/BHIXO,
a TaKKe CTPYKTYpHO-MeXaHM4YecKye IoKasarenu (Ipe-
IenbHOE HAMpsDKEHMe CABUTA), MO3BOJANINME Obecre-
YUTb ONTUMAIbHYI0 KOHCUCTEHIVIO TOTOBOTO IPOJYKTa
[22]. Kpome Toro, mo mokasarensm 6Oe3omacHocTu (Mu-
KpOOMOIornyecKkne MoKa3aTean, TOKCUYHBIE TIEMEHTHI,
HeCTULM/BI, AHTUOMOTUKY, JMOKCUHBI, HUTPO3aMUHBI,
PafVOHYK/IM/IBI) HOBbIE BYU/IbI MACHBIX IPOJYKTOB UMMY-
HOMOJY/IMPYIOLIell HallpaB/IeHHOCTH I0/DKHBI COOTBETCT-
BOBaTh TpeboBaHMAM CaHUTAPHBIX HOPM 1 npaBu « Tpe-
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ries, and the conception of well-balanced and functional
nutrition [2-6; 9; 10; 13-21].

The first stage of new meat products with immuno-
modulatory effect is grounding and selection of the de-
veloping type of product. Types of food products, en-
richment of which is acceptable, and biologically active
components, used for their production, are listed in the
table 1 of the Hygienic standard «Indicators of safety and
harmlessness for the person of the enriched foodstuft»,
approved by the Resolution of Ministry of Health of Re-
public of Belarus of 29.07.2013 Ne 66. The possibility to
enrich other food products and usage of other biological-
ly active components is considered during the state sani-
tary and hygienic inspection of technological documen-
tation projects, technical specifications for food products
according to the procedure established by the legislation
of the Republic of Belarus.

At the second stage of the new meat products with im-
munomodulatory effect creation method it is necessary to
determine the list of indicators, which are important for
the manufacture of these products, as well as to establish
the optimum range of values of these indicators, that pro-
vide high nutritional and biological values and improved
functional and technological, structural and mechanical
indicators of finished products.

Based on the analysis of the patent and scientific litera-
ture, acceptance limits for the content of protein and fat,
as well as ratio protein:fat in the finished product, mini-
mum amino-acid score, protein quality indicator, essen-
tial amino acid index, coefficient of utility of amino acid
content, comparable redundancy indicator, ratio w6/w3,
PUFAs:MUFAs:SFAs, (PUFAs+MUFAs):SFAs) are deter-
mined as significant indicators of nutritional and biologi-
cal values of meat products with immunomodulatory ef-
fect.

Functional and technological indicators play an im-
portant role in the development of new meat products
with immunomodulatory effect. They include pH value,
moisture-binding capacity, weight loss during the heat
treatment/output) and structural and mechanical indica-
tors (yield value), providing optimum consistence of the
finished product [22]. Besides, new meat products with
immunomodulatory effect must comply on safety indica-
tors (microbiological indicators, toxic elements, pesticides,
antibiotics, dioxins, nitrosamines, radionuclides) with the

requirements of Sanitary standards and the rules «Re-
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60BaHMA K IIPOJIOBOJILCTBEHHOMY CBHIPbIO M IMIEBBIM
npopykTam» u [uruenndeckoro Hopmarusa «Ilokasatenu
6e30macHOCTY 1 6€3BPeTHOCTH /IS YeTOBeKa IIPOJOBOIb-
CTBEHHOTO CBIPbS U MUIIEBBIX MPOJYKTOB», YTBEPXK/EH-
HeIM [locTaHoBneHMeM MUHKCTEPCTBA 3[paBOOXpaHe-
HuA Pecrry6mmkm Bemapyce Ne52 or 21 mrons 2013 1.

Tpemuii aman anropuT™Ma CO3[aHMs HOBBIX BIIOB
MSACHBIX IIPOJYKTOB IMMYHOMOZY/IVPYIOLIeil HallpaB/IeH-
HOCTY 3aK/TI0YAETCSI B HO000OpPe 0CHOBHO20 U 6CNOMO2a-
MenvbHO20 ColPpbst 07T NPOU3B00CINEa 0AHHBLIX U30enuti
(pucyHok 1). JJaHHBIN 5Tanl ABJIAETCSA OTHUM U3 BaXKHeIl-
IIMX, HOCKOIbKY Ha 3TOM 3Tale IHIPOM3BOAUTCS IIpef-
BapUTeTbHOE MOJETMPOBaHNE PELeNTyp HOBBIX BUJIOB
IPOAYKTOB C Y4€TOM BK/IIOUEHMA B UX COCTaB cOaaHCH-
POBAaHHOTO MACHOTO CBIPbs U IEPCIEeKTUBHBIX PYHKIINO-
HaJIbHBIX VHTPENVEHTOB /IS IPUAAHNA MACHBIM IIPOYK-
TaM MIMMYHOMOZY/IMPYIOLIeil HallPaBIeHHOCTA.

B cocraBe MACHBIX NPOAYKTOB MMMYHOMORYIVUPY-
IOllell HaNpaB/IeHHOCTY PEKOMEHIYeTCsl MCIO/Ib30BaTh
CIeflyIolyie BUABI MACHOTO CBIPbS: TOBAAMHY, CBUHIHY,
KPOJ/IBYaTUHY, MsICO ubmn;{T-6p017mep013, VHJIENKY, Te-
JIATUHY, MSICO CTPAyCOB, KOTOPbIE OT/INYAIOTCS BBICOKMM
copmepxanueM Oernka (14,3-21,7 %), HUBKUM COfiep>KaHUEeM
xupa (1,2-16,1 %), 3a uckaodeHreM cBuHUHBI (33,3 %),
BBICOKVMMM 3HAYEHMAMM MUHUMAIbHBIX aMUHOKICIOT-
HBIX CKOpOB (90,0-104,0 %), 6€1KOBOro KauecTBEHHOTO
nokasatens (0,91-1,64), MHOeKca He3aMeHMMBIX aMMU-
Hokncnor (L,16-1,25), k09 PuineHToB yTUINTAPHOCTI
aMMHOKMCIOTHOrO cocraBa (0,72-0,86) m mpubmKeH-
HBIM K ONTVMMAQ/JIbHOMY J>KMPHOKJIC/IOTHBIM COCTaBOM,
a TaKoKe COofleprKaT 3HAYNTeTbHOE KOTMYeCTBO BUTAMIHOB
Y MYHEPAJIbHBIX BeIlleCTB, UIPAIOIIMX BXXHYIO PONIb I
HOBBILIEHN IMMYHUTETA.

B xavecTBe pyHKIIMOHATBHBIX MHIPEVIEHTOB, 0O1azia-
IOLIVX IMMYHOMOAY/IMPYIOIVIMY CBOMICTBAMMY, PEKOMEH-
IIyeTCsl UCIO/Ib30BATh AMUHOKUCOMbt (BaJIViH, JIEVIVH,
U30JIeNVH, (eHWIaIaHNH, TPEOHMH, TPUNTOdaH, Me-
TUOHWH, TM3VH, apIVIHVH, TUCTUANH), éumamutvl (C, E,
rpynnet B (B, B, PP u np.), P (xomnexc 6uopnasonon-
noB), H, K), munepanvrvie 6euwjecinea (xanbLnit, MarHuii,
Kere30, Mefib, IMHK, MapraHell, CelieH), HOUHeHACbIUeH-
Hble JKUupHble KUcnomol w3 U w6, 6UMamMuHono006Hbvie
eeuecmea (L-xkapuutus n kosusum QIl0), nonucaxapu-
0vL U nenmuodvl NPUPOOHO20 NPOUCXONHOeHUS, Kapomu-
HOUOb! (CKBaJIeH, -KapOTIH), UMOUPv, 2pubvl wiuumaxe,
npobuomuxuy u npebuomuKy, 21ymamuoH, UHOON U Iu-
KonuHvl, 6uognasonoudvi, L-apeunun, N-auemunyu-
cmeun, zenv u3 Mopckoii 600opocnu «/Iamugapan» [1; 2;
18;19; 23-27].

Yemeepmutii dman ajropuT™Ma CO3/I1aHNA HOBBIX BU-
JI0B MSCHBIX IIPOAYKTOB VMMYHOMOJYIUPYIOLIeil Ha-
[IPaB/IEHHOCTY 3aK/II0YaeTCs B onpedeneHuu mpe6osauii
K peuenmypam u mexHon02uIM npou3eo0cmea 0aHHLIX
usoenuii (pucyHok 2). Ilpu paspaboTke peuentyp u Tex-
HOJIOTMIT TIPOM3BOACTBA MSCHBIX IIPOAYKTOB MMMYHOMO-
AyMMpYIoLIell HallpaB/IeHHOCTY HeOOXOAMMO PYKOBOACT-
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quirements to Food Staples and Foodstuff» and the Hy-
gienic standard «Indicators of safety and harmlessness for
the person of food staples and foodstuff», approved by the
Resolution of Ministry of Health of Republic of Belarus of
21.06.2013 Ne 52,

The third stage of the new meat products with im-
munomodulatory effect creation method is primary and
secondary raw materials (Figure 1). This stage is one of
the most important stages of the creation of those types
of products, since at that very stage the preliminary de-
velopment of formulations of new products is carried out,
taking into account inclusion in its content well-balanced
meat raw materials and prospective functional ingredients
for giving meat products immunomodulatory orientation.

The following types of meat raw materials are recom-
mended to use in the content of meat products with im-
munomodulatory effect: beef, pork, rabbit meat, broiler
chicken meat, turkey, veal, ostrich meat, which have high
content of protein(14,3-21,7%), low content of fat (1,2-
16,1%), excluding pork(33,3%), high levels of minimum
amino-acid score (90,0-104,0%), protein quality indica-
tor(0,91-1,64), essential amino acid index (1,16-1,25), coef-
ficient of utility of amino acid content (0,72-0,86) and close
to optimum fatty acid content, and also contain a great
number of vitamins and minerals which play a significant
role for immunity improvement.

The following functional ingredients are recom-
mended to use: amino acids (valine, leucine, isoleucine,
methionine, threonine, arginine, tryptophan, lysine, his-
tidin, phenylalanyl), vitamins and provitamins (C,E, be-
ta-carotene, B vitamins(Bc, B12, PP, etc.), P(bioflavonoid
complex), H, K), minerals (calcium, magnesium, iron,
cuprum, zinc, manganese, selenium), polyunsaturated
fatty acids omega-3 and omega-6, pseudo-vitamins
(L-carnitin, coenzyme QI0), polysaccharides and pep-
tides naturally occurring(squalen, B-Carotene), ginger,
shiitake mushrooms, probiotics and prebiotics, glutathi-
one, indole and lycopienes, bioflavonoids, L-arginine,
N-acetylcysteine, gel from seaweed «Lamifaren» [1; 2;18;
19; 23-27].

The fourth stage of the new meat products with im-
munomodulatory effect creation method is the identifica-
tion of requirements for formulations and manufacturing
technologies of these meat products (Figure 2). The devel-
opment of formulations and manufacturing technologies

of meat products with immunomodulatory effect should
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Figure 1. The selection of primary and secondary raw materials for the manufacture of meat products with immunomodulatory effect
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Figure 2. Identification of requirements for formulations and manufacturing technologies of meat products with immunomodulatory effect and
study of quality and safety indicators of meat products with immunomodulatory effect
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BOBaTbCA TpeboBaHMAMY CaHUTAPHBIX HOPM M IPaBUII
«TpeboBaHMA K OOOTaIeHHBIM INIIEBBIM IIPOAYKTaM»,
yTBepKaeHHbIX [locTanoBnenneM MuHucrepcrBa 3jpa-
BooxpaHeHMs Pecriybnuku Bemapycs Ne 66 ot 29 mions
2013 .

Ha ceropHAmHMI feHDb CYIIECTBYIOT OIpEfie/IeHHbIe
TeXHOJIOTMYeCKIe KPUTEePUM U IPUHLIMUIIBI CO3TaHNA IIPO-
IYKTOB (PYHKIIVOHAIBHOTO IIMTAHNA, UCTIONIb30BAHNE KO-
TOPBIX NPU IPOU3BOACTBE MACHBIX MIPOSYKTOB MMMYHO-
MOJY/IUPYIOLieli HallPaBIeHHOCTY MTO3BOIUT 00eCIIeYNTh
HaceJleHJe BbICOKOKa4yeCTBEHHBIMI NIPOJYKTAMI, OTBEYa-
IOIIMMY TPeOOBaHNAM 3J0POBOTO IUTAHMA.

Kpumepuu o6ozawerus

[l TOro, 4TOOBI MOMYYNTh MaKCUMaIbHBIN 3 deKT
oT oboraiieHns NuIeBbIX IPOAYKTOB, BcemupHoit opra-
HU3a1Mell 3APaBOOXPaHeHNs ObIIN TPEIOXKEHBI CTIeYI0-
1[yie KPUTEPUIL:

— OuYeBU/{HAs TOTPEOHOCTD B NMUIIEBOM BellleCTBE OffHOI
mnu 6ojiee TPYIIN HACETeHNS;

HMIIeBble IPOAYKTHI, BBIOPaHHBIE B Ka4eCTBE HOCUTeE-
JIs IAIIEBBIX BEIIECTB, JO/DKHBI OBITh JOCTYIIHBI IIPef-
CTaBUTEJISIM COOTBETCTBYIOIVX IPYIIIT PUCKA;
KOMYeCTBO [j006aB/IsIeMOr0 K IPOAYKTY IMIEBOTO
BellleCTBa JJO/DKHO OBITh [JOCTATOYHBIM JJIsI YIOBJIET-
BOpeHNUs MOTPeOHOCTU B HeM IIpM OOBIYHOM IIpueMe
3TOTO IPOAYKTA B TPYIIIe PUCKa;

KO/IM4YeCTBO [[00aB/IsIEMOr0 IMMIIEBOrO BeIlecTBa He
JIO/DKHO OKa3bIBaTh TOKCUYECKOTO VI IHOTO BPeJHO-
TO JIeVICTBMSA IpyU NOTpebIeHny 060raleHHOro MIpo-
[yKTa B GO/IBIIOM KOJIMYECTBE;

MUIEBOE BENECTBO JO/IKHO OBITH OMOIOTMYECKH [I0-
CTYIIHO M CTaOU/IBHO B NPOAYKTe, CIy>KallleM ero Ho-
cuTenem;

BBIOPAHHBIN IIPOAYKT He TO/DKEH 3aMeTHBIM 00pa3oM
HPEesATCTBOBATD YTWIN3ALVM INIIEBOTO BEIleCTBa;
nobaB/ieHVe MUILEBOTO BelljeCTBA He TO/DKHO OTpuIa-
TE/IbHO CKa3bIBaThCsl HA BKYCe, COXPaHAEMOCTH, IIBeTe,
KOHCYICTEHI[U V1 IIPUTOTOBJIEHNY TIMILEBOTO TIPOAYKTa;
oboraieHne OIIPefie/IeHHOTO IMIEBOTO IPOAYKTA
JIO/DKHO OBITh TEXHUYECKN OCYIIeCTBUMbIM;

3aTpaThl Ha oOoraijeHne He JJO/DKHBI BECTU K 3HAYN-
TEJIBHOMY TIOBBIIIEHNIO CTOMMOCTU OOOTAI[eHHOrO
HUILEBOTO IPOJYKTA;

HeoOX0aMMO pa3paboTaTb METOAbI KOHTPOJIA JI/IS OIl-
penenenus ypoBHs oboramenns [13;17].

Texnonozuueckue NPUHUUNBL CO30AHUL NPOOYKIOE
PYHKUUOHATOHO20 NUMAHUS

IIpnanyn nepsbiit. [y o6oralieHns NNIIeBbIX Ipo-
IOYKTOB CllefyeT WCIONb30BaTh Te€ MUKPOHYTPUEHTHI,
fepUIUT KOTOPHIX PeajbHO CYLIECTBYeT U HOCTATOYHO
HIMPOKO pacnpocTpaHeH. B ycnmosusax bemapycu aro, mpe-
Xpe Bcero, Butamunbl C, rpynmsl B, ¢ponueBas kncnora,
B-KapoTVH, a U3 MMHepaIbHbIX BEIIECTB — JIOf, Ke/le30
M KabIINIA.
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be guided by the requirements of Sanitary standards and
rules «Requirements to the Enriched Foodstuft» approved
by the Resolution of Ministry of Health of Republic of Be-
larus of 29.07.2013.

Nowadays there are some technological criteria and
principles of the creation of functional products, use of
which in the production of meat products with immuno-
modulatory effect will provide the population with high
quality products, complying with the requirements of

healthy nutrition.

Fortification criteria

To obtain the maximum effect from the fortification of
food products, World Health Organization suggested fol-
lowing criteria:

— obvious need in nutrient materials of one or more
population groups;

— food products, selected as a carrier of nutrient materials,
should be affordable for the representatives of relevant
groups at risk;

— the quantity of nutrient materials added to food
products should be enough to satisfy the needs in it in
the regular consumption of the groups at risk;

— nutrient materials should be biologically accessible and
stable in the product that carriers them;

— the selected product should not noticeably hamper the
utilization of nutrient materials;

— the addition of nutrient materials should not negatively
affect the taste, shelf life, color, consistency and making
of it;

— the fortification of the definite food product should be
technically accomplishable;

— costs of fortification should not have a major impact on
the price of the fortified product;

— controlling methods for a certain level of fortification
should be developed [13; 17].

Technological principles of functional food

products creation

The first principle. To fortify food products those mi-
cronutrients should be used, the deficit of which exists and
is widespread. In Belarus, they are, firstly, Vitamin C, B-
group, folic acid, and carotene; among minerals: iodine,

iron, calcium.
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IIpuanym Bropoit. O6oramars MUKPOHYTPUEHTaMI
CIIefyeT, IpeXKie BCero, MPOAYKThH MacCOBOTO IOTpebie-
HUA, JOCTYIHBIE AJIA BCeX IPYII AETCKOTO ¥ B3POC/IOTO
HacCe/IeHVs U Pery/IipHO UCIO/Ib3yeMble B IIOBCEHEBHOM
HNUTaHUMN.

Ipuanym Tpernit. O6oraiieHne NNUIIEBLIX IPORYK-
TOB MUKPOHYTPMEHTAaMM He NO/DKHO yXYAIIaTh IOTpe-
OuTeNnbCcKMe CBOJICTBA 3TUX IPOAYKTOB: YMEHBIIATb CO-
Iep>KaHue 1 YCBOsSeMOCTD JIPYTMX BXOJAIINX B MX COCTaB
NUIIEBbIX BEIIECTB, CYI[ECTBEHHO M3MEHATb BKYC, apo-
MaT, CBeXXeCTb IPOAYKTOB, COKPAIIATh CPOK X XPAHEHNS.

IIpunnyn yerBepthlit. [Ipy oborameHNy MuUIEBbIX
IPOAYKTOB MUKPOHYTPUEHTaMV HEOOXOAVMO YUUTHIBATD
BO3MOXXHOCTb XMMMYECKOTO B3aMMOJENCTBMA oboramia-
IOLINX J06ABOK MeX/Ty cO0071, C KOMIIOHEHTaMy oboraia-
€MOTO IIPOAIYKTa I BBIOMPATh TaKue coueTaHus, GOpMbl,
CrIocoObl M CTafiuyl BHECEHMU:A, KOTOpble 00ecIednBaroT
MaKCUMAJIbHYIO VX COXPAaHHOCTDb B IIpoIlecce IPOU3BOJ-
CTBa U XPaHEHMS.

IIpnanyn nArTeii. Permamentupyemoe (rapaHTupye-
MoOe IIPOM3BOANTENIEM) COfiep>KaHNe BUTAMIHOB VI MIHe-
Pa/IbHBIX BeIeCTB B 0OOTAllleHHOM IIPOAYKTe HMUTAHMA
IOJDKHO OBITH JOCTAaTOYHBIM /I YIOBJIETBOPEHIIS 32 CUET
flaHHOTO IponykTa 30-50 % cpefHeil CyTOYHOI HOTped-
HOCTY B 9TMX MUKPOHYTPMEHTaX IpU OOBIYHOM YPOBHE
norpe6/1eHns 060ralleHHOro IPOAYKTa.

IIpyanun mecroii. KomnmyecTBo [OIONTHUTENIHLHO
BHOCHUMBIX B IIPOAYKTBI MUKPOHYTPMEHTOB HO/DKHO OBITH
PaccYMTaHO C Y4€TOM MX BO3MOXKHOT'O €CTECTBEHHOI'O CO-
Iep>KaHNA B MICXOTHOM IIPOAYKTE MM ChIpbe, MCIO/Nb3Ye-
MOM [IJI €r0 M3TOTOBJICHM)s], @ TAK)Ke IIoTepb B IIpoliecce
IIPOVM3BOJICTBA VI XpPAaHEHM C TeM, YTOOBI 06eCIeYnTh Co-
Iep)KaHNe 3TUX MUKPOHYTPMEHTOB Ha YPOBHeE, He HIDKe
permaMeHTUPYeMOTro B Te4YeHMe BCEro CpoKa TOIHOCTU
000raIeHHOro IPOAYKTA.

IIpuanumn cegbmoii. PermamMenTnpyemMoe copep>xanue
MUKPOHYTPMEHTOB B 00OTaljaeMbIX IPOAYKTAX JJO/DKHO
OBbITb YKa3aHO Ha MH/VBU/Ya/IbHOI YIIAKOBKE 3TOTO IPO-
IYKTa ¥ CTPOTO KOHTPO/IMPOBATHCA KaK IIPOM3BOJUTENEM,
TaK 1 OpraHaMM TOCYIapCTBEHHOTO Hax3opa [13].

IIamvii sman anropuT™Ma CO3JAHMSA HOBBIX BUIOB
MSACHBIX IIPOAYKTOB MMMYHOMOJY/IUPYIOIell HallpaBieH-
HOCTM BKJIIOYAET UCCe006aHue nokasamerneti Kauecmea
u 6e3onacnocmu 0aHHBIX U30eutl, KOTOpPOe IPOV3BOINT-
Cs1 C Y4eTOM KOMIUIEKCHOJI OLIeHKM MX TIMILEeBON 1 6110710-
TUYeCKOl IIeHHOCTY, (PYHKIVIOHATbHO-TEeXHOTOTMYECKIX
U CTPYKTYPHO-MEXaHMYECKMX IIOKasaTenell, a TakxKe Io-
KasaTejieli 6e30I1aCHOCTY, IIPeCTaB/IeHHbIX Ha PUCYHKe 2.

[ToxasaTenyu NUILEBOI ILEHHOCTU OOOral[eHHONM IN-
111eBOII IIPOAYKLMY ONIPefe/IsAI0TCA U3TOTOBUTE/IeM MuIIle-
BOJ IPOAYKIMY aHAIUTUIECKUM VI PACIETHBIM ITyTEM.
I[Toxasateny 6e30mMacHOCTY 00OTaleHHBIX INIIEBIX IIPO-
IYKTOB JIO/DKHBI COOTBETCTBOBATb TPeOOBaHMAM, yCTa-
HOBJICHHBIM 3aKOHOfaTenbcTBOM Pecrrybnuku bemapycs,
a TaKkXXe TpeOOBaHMAM IIPABOBBIX aKTOB, HEOOXOAVIMOCTD

37

The second principle. Mass-consumption products that
are accessible for baby and elderly nutrition and are regu-
larly consumed should be fortified on a first-priority basis.

The third principle. The fortification of food products
with micronutrients should not worsen consumer attri-
butes of them: decrease the content and accessibility of
other nutrients contained in the product, fundamentally
change the taste, flavor, freshness of the product, reduce
its shelf life.

The fourth principle. The possibility of chemical inter-
action of fortification additives between each other, with
components of the fortified product should be taken into
account. Those combinations, forms, methods and stages
of addition should be chosen that provide their maximum
preservation during the production and storage.

The fifth principle. The regulated content of vitamins
and minerals in the fortified product should be enough to
satisfy the needs in them for 30-50% of the average daily
demand in micronutrients at the regular consumption of
the fortified product.

The sixth principle. The quantity of the additionally
added micronutrients should be calculated taking into ac-
count its possible natural content in the primary product
or raw materials, used for its production, and also losses
during the production and storage in order to provide the
content with those micronutrients at the level, not less than
is brought under the regulation during the whole shelf life
of the fortified product.

The seventh principle. The regulated content of micro-
nutrients in the fortified product should be labeled at the
product’s package and strictly controlled both by the pro-

ducer and by the state inspection agencies [13].

The fifth stage of the new meat products with immuno-
modulatory effect creation method includes the study of
quality and safety indicators of meat products with im-
munomodulatory effect, which is carried out taking into
account complex assessment of its nutritional and bio-
logical values, functional and technological, structural and
mechanical, and safety indicators, shown in figure 2.

Nutritional value indicators of fortified products are
determined by the producer by analytical or computation-
al methods. Fortified food products safety indicator should
meet the requirements of the legislation of the Republic of
Belarus, legal acts, compliance of which is established by

international documents. Safety and quality indicators of
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cobmopienns KoTopbix B Peciy6nuke bemapych ycTaHOB-
JIeHa MEXJYHapOgHbIMU HoKyMeHTamu. OOoralijeHHas
nuIeBast IPOAYKINA, SKciopTupyemas Pecrry6mkoit be-
JIapyCh, IO MOKa3aTe/sAIM 0e30IaCHOCTY 1 MUIEeBO IjeH-
HOCTY JO/DKHA COOTBETCTBOBATb TPeOOBaHUAM, Ipefb-
AB/IAEMbIM CTPAHON, B KOTOPYI0 OHM 3KCIIOPTUPYIOTCH.

Ha ocHoBaHMU MCCIeOBaHMsI BbILIENEPEYNCIeHHBIX
IIOKa3aTesiell HOBBIX BUJIOB MSICHBIX IIPOJYKTOB MMMYHO-
MOJY/IMPYIOLEN HAIIPAaB/IEHHOCTH Ha Ja/ibHENIIeM dTalle
HeoOXOIVIMO IIPOV3BOANTD OLIEHKY X COOTBETCTBMS 3Ha-
YEeHNAM NNIIEBON ¥ OMONTOrMYecKoil LeHHOCTH, (PYHK-
I[IOHA/IbHO-T€XHOIOTMYECKUX ¥ CTPYKTYpPHO-MeXaHU-
YeCKNX IOKasaTeslell, yCTAaHOBIEHHBIX Ha BTOPOM JTalle
QJITOPUTMA CO3JJAHMSI JAHHBIX U3JIENNIL.

Hlecmoii aman anroputMa co3[jaHMsA HOBBIX BUJIOB
MACHBIX IPOAYKTOB IMMYHOMOZY/IMPYIOLIeil HallpaB/IeH-
HOCTU BKIWO4aeT paspabomxy THIIA (TY) u T[ (PL,
TU) na npouszeodcmeo oannvix uzdenuti. Ha stom sra-
e He0OXOIMMO YYUTBIBATb 0COOEHHOCMU MAPKUPOSKU
[QHHBIX MACHBIX IPOAYKTOB B COOTBETCTBUM C Tpebo-
BaHusAMy CaHMUTApHBIX HOPM U mpaBun «ITpeboBaHums
K 000TalleHHBIM NUIIEBBIM IIPOAYKTaM», YTBEPXK/ICHHBIX
IlocTanoBnenneM MuHucTepcTBa 3paBooXpaHeHns Pe-
criy6nmuku benmapycb Ne 66 ot 29 uronst 2013 1. (prcyHOK 3).

3aK/II0YnTe/TbHbIE TAIIBI CO3AHMS HOBBIX BUIOB MsC-
HBIX IIPOAYKTOB MMMYHOMOAY/IMPYIOLIell HallpaB/IeHHO-
CTU BK/IIOYAIOT B cebs:

— OoknuHUYecKUe U KAUHUYeCKUe UCNbIMaHus paspa-

GomantvIx MACHLIX NPOOYKMOo6 (3tat 7);

— coznacosatue, ymeepycoenue u pezucmpayuro THITA

(TY) u T[ (PILI, TU) (sTan 8);

— ONbIMHO-NPOMbIUITIEHHY10 anpobayuto pa3paboman-

HbIX MACHBIX NPOOYyKmMOo6 (9tar 9);

— pacuem 3xkoHomuueckozo aPdexma npou3eoocmea

(aTam 10);

— Op2aHU3AUUI0 NPOMBIUUTIEHHO20 NPOU3BOOCINEA MSC-

HbIX NPOOYKMO6 UMMYHOMOOYnUpytouleti HAnpas-

nennocmu (starm 11).

BreiBopgbI

YcTaHOB/IEH TepeveHb MEePCIeKTUBHBIX BUIOB MsIC-
HOTO CBIPbA /ISl M3TOTOBJICHMA NPOJYKTOB MMMYHOMO-
LyMMpYIOLIell HAIPABJIeHHOCTY — 208A0UHA, C6UHUHA,
Kponvuamuna, Maco ybinasm-6poiinepos, unoetixa, me-
JIAMUHA, MACO CIPAYCO8, KOTOPbIE OTINYAIOTCS BBICOKUM
comepxanueM 6enka (14,3-21,7 %), HU3KUM COfiep>KaHMEeM
xkupa (1,2-16,1 %), 3a ucknoyeHueM cBUHMHBL (33,3 %),
BBICOKMMM 3HAYEHMAMM MMUHMMAIbHBIX aMUHOKWICIOT-
HBIX CKOPOB (90,0-104,0 %), 6€1KOBOr0 Ka4eCTBEHHOTO
nokasarens (0,91-1,64), MHOeKca He3aMEHMMBIX aMMU-
Hokmcnor (L,16-1,25), k09 PuImeHToB YTUINTAPHOCTI
aMMHOKMCIOTHOTO cocTasa (0,72-0,86), mpubIVKeHHBIM
K OITYMA/TbHOMY >XMPHOKUCIOTHBIM COCTaBOM, COZep-
JKaT 3HAYMTE/IbHOE KOTMYECTBO BUTAMIHOB I MUHEPA/Ib-
HBIX BEIeCTB, UTPAIOLINX BKHYIO POJIb /ISl TOBBIIIEHNS
UMMYHUTETA.
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fortified food products that are going to be exported should
meet the requirements of the country that imports them.

Based on the study of the above-mentioned indicators
of new meat products with immunomodulatory effect, the
estimation of their compliance with scientifically grounded
requirements to the product, developed at the particular
stage of the method of creation of those products should
be carried out.

The sixth stage of the new meat products with immu-
nomodulatory effect creation method includes the develop-
ment of technological regulations (technical specifications)
and technological documentations (formulations, techni-
cal instructions) for the production of meat products with
immunomodulatory effect. At this stage, peculiarities of la-
beling of these meat products should be taken into account
according to the requirements of Sanitary standards and
rules «Requirements to the Enriched Foodstuft» approved
by the Resolution of Ministry of Health of Republic of Be-
larus of 29.07.2013 N 66 (Figure 3).

The final stages of the creation of new meat products
with immunomodulatory effect include:

— Preclinical and clinical trials of the developed meat

products (stage 7)
and authorization

— Development, approval

of
technological regulations (technical specifications)
and technological documentations (formulations,
technical instructions) (stage 8)

— Experimental and industrial testing of developed meat
products (stage 9)

— Calculation of economic effect (stage 10)

— Organization of the commercial manufacture of meat

products with immunomodulatory effect (stage 11).

Conclusions

A list of prospective meat raw materials for the manu-
facture of meat products with immunomodulatory effect
was determined: beef, pork, rabbit meat, broiler chicken
meat, turkey, veal, ostrich meat, which have high content
of protein(14,3-21,7%), low content of fat (1,2-16,1%), ex-
cluding pork(33,3%), high levels of minimum amino-acid
score (90,0-104,0%), protein quality indicator(0,91-1,64),
essential amino acid index (1,16-1,25), coeflicient of utility
of amino acid content (0,72-0,86) and close to optimum
fatty acid content, and also contain a great number of vi-
tamins and minerals which play a significant role for im-

munity improvement.
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dtan 6
Paspa6oTka THIMA (TY) u TQ (PL, TU) Ha npon3BoACTBO MACHbLIX NPOAYKTOB

UWMMYHOMOAOYIU VI-OLI.IGVI HanpaB/1€HHOCTU
— apkupoeka o6o2auleHHbIX nuuieebix NPodykmoe do/mkHa codepxamb ceedeHusl, yCmaHoe/1eHHbIE

. >
— 3akoHoOamesibcmeom Pecnybnuku benapych, ¢ yyemom crnedyrouwux 0onosiHUmebHbix mpebogaHuli: —

00epxxaHue, 8bIPaXXeHHOE 8
poueHmax om Hopm
cbusuonozuyeckol
rnompebHocmMu 8 amux

[apatmupoeaHHoe
codepxxaHue buonoau4yecku
aKMUBHbIX KOMITOHEHIMO8 Ha
KOHeu cpoka eo0Hocmu 8 M2

HaumeHosaHusi
8HECEHHbIX
buorozgudyecku

[pu Heobxodumocmu,
pekomeHOauuu rno
MPUMEHEHUIO unu

ARMUSHLIX (2. mk2) Ha 100 2 (M unu nuuieskix U 6UoIo2UYeCKU ocobenHocmam
KOMIOHEHINOE YCPEOHEHHYIO CYMOYHYI0 aKMUBHBIX eeluecmeax, ecrnu [PUMEHEHUSA MACHBIX

opuuUo npodykma Makoeble YycmaHOoB8IEHb! npodykmos

=
dran 7

HdoknuHn4yeckne U KNMHUYECKNE UCTIbITAaHUSA pa3paboTaHHbIX MACHbLIX MPOAYKTOB
3
dTtan 8
CornacoBaHue, yTBepxaeHue v peructpauma THMNA (TY) u TO (PU, TH)

3
dtan 9
OnbITHO-NPOMBbILWIIEHHAA anpobauma pa3paboTaHHbIX MACHbLIX MPOAYKTOB

E g
dtan 10
PacueTt akoHoMu4eckoro acppekra nponsBoacTea
b
Aran 11

OpraHusauus NpoMbILLIIEHHOro NPOM3BOACTBA MACHbLIX MPOAYKTOB
MMMYHOMOAYMPYHOLIEN HAaNPaBNeHHOCTH

Puc. 3. 3aknounTenbHble TAIIbI AITOPUTMA CO3[TaHNs HOBBIX BMJJOB MACHBIX IIPOJYKTOB I/lMMyHOMOﬂyHI/lpy}OLU,eIZ HaITpaB/IEHHOCTU

Stage 6
Development of technological regulations (technical specifications) and technological

documentations (formulations, technical instructions) for the production of meat products
with immunomodulatory effect

<« e labeling of fortified food products should contain information, established by the legislation of the Republic

T of Belarus taking into account the following additional requirements:

The assured content of

biologically active
components at the end of

The content expressed as a
ercentage of physiological
need norms in those food and

The list of used
biologically active
components

If required, guidelines
on consumption or

{2 ; : - peculiarities of
; Dbiologically active components :
shelf life in ma (q. uqg) per 100 biologically active components consumbplion of meat

g (mL or average daily if they are prescribed

portion)

products

¥
Stage 7

Preclinical and clinical trials of the developed meat products
B 2
Stage 8
Development, approval and authorization of technological regulations (technical
specifications) and technological documentations (formulations, technical instructions)

Stage 9
Experimental and industrial testing of developed meat products

3
Stage 10
Calculation of economic effect
3
Stage 11

Organization of the commercial manufacture of meat products with
immunomodulatory effect

Figure 3. The final stages of meat products with immunomodulatory effect creation method
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Omnpenenens! QpyHKIMOHATIbHbIE MHTPENUEHTHI, 06ec-
HevrBallye MMMYHOMOJYIMPYIOU[YI0 HAIPABIEHHOCTh
MSICHBIX IIPOJYKTOB, — AMUHOKUCIOMbL (BaJIVIH, JIELIVH,
u3oneiiuy, (eHWIaaHNH, TPEOHMH, TpuntodaH, Me-
TUOHNH, NTNU3UH, apTUHVH, TUCTUAVH), 6umamunvt (C, E,
rpynms B (BC, B, PP u nip.), P (kommnekc 6uodmaBonon-
nos), H, K), munepanvrvie 6eusecmea (kanpumit, Marumii,
XKere30, Meflb, IIVHK, MapraHell, Ce/IeH), HOIUHEHACLIUEH-
Hble JupHvle Kucnomovl w3 U w6, 6UMAMUHON0006HVIe
eewjecneéa (L-xapuutus un xosusum QI0), nonucaxapu-
Ovl U nenmMuovl NPUPOOHO20 NPOUCXOHOEHUS, KAPOMU-
HOuOv! (CKBaJleH, B-KapoTVH), UMOUPb, 2pubvl wiuumaxe,
npobuomuxu u npebuomMuKy, 2Iymamuox, UHOONM U u-
Konunvl, 6uognasonoudvt, L-apzunun, N-auemunuu-
cmeuH, 2enb U3 MopcKoti 6o0opocnu «/Iamudapanr».

Paszpaboran anzopumm co30aHus HOBbIX U006 MAC-
HBIX NPOOYKMO6 UMMYHOMOOYIUPYIOULell HaNPAeIeHHO-
cmu, UCTIONIb30BaHME KOTOPOTO TEXHOTIOTAMI MsICOIepe-
pabaThIBAIOLINX IIPeIPUATHUI TT03BOIUT CHOPMUPOBATDH
eIVHBII HayYHO 000CHOBAHHBIN OAXOJ, P pa3paboTKe,
[OCTaHOBKE HA IIPOM3BOJCTBO ¥ OPTaHU3ALMI TIPOMBIIII-
JIEHHOTO BBIITyCKa MSICHBIX IPOAYKTOB (yHKI[MOHATIBHOTO
Ha3HaYeHN, TeM CaMbIM FapaHTUPYs COOTBETCTBME ITOKa-
3aTesieit KauecTBa 11 6€30MacHOCTY MHHOBAIVIOHHBIX U3/ie-
it TpeGOBAaHMUIM 3aKOHOJ[ATE/IbCTBA, MPENbsBIAEMbIM
K MSICOIIPOAYKTaM, YTO IO3BOIUT 00eCIIeYnTh HacelleH e
BBICOKOKAYeCTBEHHBIMU U3JENUsAMIY, YIOTpebIeHe KO-
TOPBIX OyZieT CII0COOCTBOBATH MOBBILIEHNIO IMMYHUTETA
HaceleHns1 M GaronpusATHO OTPA3UTCA HA YKPeIUIeHUN
3IOPOBBS HAL[UML.

Mndopmanmsa o cnoncopcrse. Hayunas pabota BbI-
nonaanach B pamkax [TIHV «/HHOBanMOHHBIE TEXHO-
nmorun B AIIK» (3amanme 5.65 «Teopermueckme u mpa-
KTMYECKME aCIEeKThl CO3/JaHMs MHHOBALMOHHBIX MACHBIX
IPOAYKTOB I'MIIOA//IEPreHHON 1 MMMYHOMOJY/IUPYIOLIeit
HAIIpaB/ICHHOCTel C MCII0/Ib30BaHMeM HaTypalbHbIX 6110-
JIOTMYeCK! AKTUBHBIX KOMIIOHEHTOB»).
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Functional ingredients providing immumomodula-
tory orientation of meat products are determined: amino
acids (valine, leucine, isoleucine, methionine, threonine,
arginine, tryptophan, lysine, histidin, phenylalanyl), vita-
mins and provitamins (C,E, beta-carotene, B vitamins(Bc,
B12, PP, etc.), P(bioflavonoid complex), H, K), minerals
(calcium, magnesium, iron, cuprum, zinc, manganese, se-
lenium), polyunsaturated fatty acids omega-3 and ome-
ga-6, pseudo-vitamins (L-carnitin, coenzyme QI0), poly-
saccharides and peptides naturally occurring(squalen,
B-Carotene), ginger, shiitake mushrooms, probiotics and
prebiotics, glutathione, indole and lycopienes, bioflavo-
noids, L-arginine, N-acetylcysteine, gel from seaweed
«Lamifaren».

Method of creation of meat products with immuno-
modulatory effect was developed, use of which by the
process engineers of meat processing factories will form a
single scientifically grounded approach during the devel-
opment, launching into manufacture and organization of
industrial manufacture of functional meat products, en-
suring the compliance of quality and safety indicators of
innovative products with legislative requirements by that
providing people with high quality meat products, con-
sumption of which will promote immunity improvement
that will positively affect health promotion.
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AHHomayus

Jns uccnedosanus macconepeHoca npu NOOMOPANUBAHUU NU-
WieBbIX NPOOYKIMo8 MOPO3UNILHOL NAUMOTE NPeOnoNeHO NOHS-
mue «udeanvHolti npodyxmy». Voeanvruiii npodykm — npooyxm,
8 KOMOPOM HAMEPEHHO UCKTIOHEHO Oeticmeéue PA0a MUSIOULUX
paxmopos «peanvhozo npodykma» (msca). K num ommocsmest:
XUMUMECKULl COCINAB MACA; 2PYNNa KAa4ecmea MACHO20 Cblpbs
(NOR, DFD, PSE); kpuockonuueckas memnepamypa, onpeoensi-
1WAt cmenetv nepexooa 800vi 8 1ed; IBTIEHUE 0CMOCA; CKOPOCHIb
3aMOPANUBAHUS U Op.

C nomouipio NOHAMUS «UdeanvHvlil NPOOYKM» U Peanu3auuu e2o
68 PusuecKkom sKcnepumeHime 00KA3AHO, UIMO «NOPUIHEBOTi Ip-
exm», 8bI3616AI0OULUT MULPAUUIO B71A2U, B03HUKAEM 3a CHem 00-
PA308aHUT 3AMOPOHEHHOL KOPKU NPU NOOMOPANUSAHUYU Mena.
B npouecce noomopaxcusanus npooyxma Mopo3unvHoU nau-
Mot «udeanvHasl» U NUWEBAST «PeanbHAs» Cpeda nepexoosm
U3 3aMKHYMOil 6 OMKPLIMYI0 cucmemy ¢ 0becnedeHHbIM NO0-
MOKOM 671421 6 HE3AMOPONEHHYI0 Hacmpy mena. B «udeanvrom
npodyxme» 603HuKAemM OMucamue He3amep3uieil euie 600bL O
pponma 3amopaiusanus, u 600a évicmynaem HA NOBEPXHO-
cmu mena. IIpu amom evimecHeHue 600l HAPACNAETN NO MOMY
Jice 3aKOHY, 10 KOMOPOMY YBenuuusaemcs monusuna (macca)
3aMOPOHEHHO20 CTIOSL.

IIpu noomopaxcusanuu MAcHo20 Gapuia e1aza He 8vicrnyndaem
HA nosepxHOCMU NPoOyKma, HO 6bi3bléaem y6axHeHue He3d-
Mmoposxcennoil yacmu maca. Ilpuuuna — omamue 600bl npu
00pazoeanuu KOPKU 3aMOPANUBAHUS U 671A20C6A3bI8AIOULAS
€noco6HOCMb MACA.

BBegenne

O6paboTka NMUILEBBIX NPOAYKTOB ITyTeM IIOAMOPaXKV-
BaHUS SIBJISIETCS IPEIMETOM OOIIMPHBIX MCCIEOBAHMIT KaK
poccuitckux (1, 2], Tak 1 3apyOeXXHBIX YUeHbIX [3, 4], 0CHOB-
HOJI IIE/IbI0 KOTOPBIX SB/ISZIOCH BBISBUTH IIPEVIMYIECTBa
9TOJ TEXHOJIOIMM TI0 CPAaBHEHUIO C M3BECTHBIMU TEXHOJIO-
IUAMYU OXJIKIEHVS ¥ TPafVIIMOHHOTO 3aMOPa’KMBAHII.

[Tposenennsie TonoBkuubiM H.A. u ap. [1] nsyuenne
U TIpaKTUYecKas peanusanys CyOKPMOCKONNYECKOTO
TEMIIEPATypPHOIO PeXMMa XpaHEHNUA MO3BOMMIN COXpa-
HATb HATypa/bHble NNIeBble ¥ BKYCOBbIE TOCTOMHCTBA
IIPOAYKTOB U 3HAYUTENBHO YBEIMYUTD JOIYCTUMYIO IIPO-
TOJDKUTENbHOCTD XPAHEHN A ITOJMOPOXKEHHDIX IIPOlYKTOB
CPaBHUTEJIBHO C OXJIa>KIeHHBIMIL.

[TogMopakuBaHMe — 3TO HayajbHas CTAIVs 3aMopa-
JKIBAHNA IPOJYKTA, KOTOPYIO 3aBEPIIAIOT Yepes 3a/JaHHbII
IIPOMEXYTOK BpeMeHH. TennoTy 3aMOpaKMBaHNSA MOXKHO
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Keywords: ground beef, partially freezing, freezing plate, displace-
ment of moisture, migration of moisture.

Abstract

The concept of «ideal product» is proposed for the study of mass
transfer during partial freezing of food products by freezing plate.
The ideal product is a product, in which number of factors affect-
ing the «real product» (meat) are excluded. These factors include
chemical composition of meat, quality grade of raw material
(NOR, DFD, PSE), cryoscopic temperature that determines the de-
gree of water transformation into ice, the phenomenon of osmosis,
rate of freezing, etc.

By using the concept of «ideal product» and its implementation in
a physical experiment, it is proved that the “piston effect” causing
the migration of moisture is due to frozen crust formation during
partial freezing of the body.

During partial freezing of the product by freezing plate, «ideal»
and «real» food environment is transformed from closed system
into open one with inflow of moisture to unfrozen part of the body.
In the «ideal product», there is an expulsion of unfrozen moisture
from freezing front, so the water appears on the body surface. Thus,
the displacement of moisture increases by the same law, according
to which the thickness (weight) of frozen layer increases.

During partial freezing of ground meat, moisture does not ap-
pear on the surface of the product, but hydrates the unfrozen part
of meat. The reason of this phenomenon is the expulsion of wa-
ter during formation of frozen crust and water-binding capacity
of meat.

Introduction

Partial freezing of food products is extensively studied
by scientists in Russia [1, 2] and abroad [3, 4]. The main
aim of these studies is to identify the advantages of this
technology compared to prior technologies of cooling and
traditional freezing.

Golovkin N. A. et al. [1] conducted the study and practi-
cal implementation of subcryoscopic storage temperature
that was found to maintain the natural taste and nutrition-
al advantages of the products and to significantly increase
the permissible storage time of partially frozen products
compared to chilled ones.

Partial freezing is the initial stage of product freezing,
which is completed after a specified period of time. During
freezing, the heat may be withdrawn by cold air, boiling or
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OTBOJUTb XOJIOLHBIM BO3[YXOM, KUIIALIEH WIM HEKUIIA-
e KUIKOCTBIO, JIbJOCO/IEBOML CMEChI0 WJIVI MOPO3W/Ib-
HOI1 IVTUTOL. B pesynbraTe TEIIOOTBO/IA B TOBEPXHOCTHOM
CJI0e TIPOAYKTa 00pasyeTcs TBepfiasi 3aMOPOXKeHHast KOpKa
HY>KHOI1 TOMIIVMHBIL, @ 32 Hell — 00/IaCTb C TeMIIepaTypoil
Te/la BbIIle TOYKY 3aMep3aHus. TommyHa nepudepuitHo-
TO 3aMOPO>KEHHOTO CJI0S1 IO/DKHA OBITh TAaKOI, YTOObI IpK
HOCTIefyIolleM BHyTPEHHEM TeIIooOMeHe BO BceM 00beMe
Te/la YCTaHAB/IMBAIACh TeMIIepaTypa OT MUHYC 3 1O MUHYC
2°C, paBHas TeMIlepaType XpaHeHMsl.

Ms1co 1 MACHBIE IPOIYKTHI IIPY ITOJIOKNUTENBHON TeMITe-
parype yCIOBHO MOXKHO pacCMaTpuBaTh Kak JIBYX(asHyIo
CHUCTEMY, COCTOSALIYIO M3 MaTpukca u Bogsl. [Ipn orpuna-
TEJIbHOII TeMIlepaType — BO3HUKAeT Oojiee CIOKHAsL, TPeX-
(asHas crucTeMa, COCTOAMIAs U3 MAaTPMKCA, BOABI U JIbA.
OTHOCHUTE/IbHOE KOMMYECTBO BOADI, IIPEBPATYBILENICS B JIeT,
IIpY HOAIMOPKMBAHNUI IPOJYKTOB MOXKET COCTABJIATb OT
50 5o 70% oT 06111ero cofep>KaHMsl BOABI B IPOAyKTe [5, 6].

[Ipn paspaboTke MaTeMaTM4eCKUX MOJEJNel TeIIo-
MacCOIllepeHoca ¢ YIeTOM M3MeHeHMs TeIIo(PU3NIecKux
CBOJICTB, pacyeTe MOTepPb MacChl IPOAYKTA OT YCYUIKU
U YIpaBlIeHM) HPOLECCOM IOAMOPXMBAHUA HeobXo-
[MMO YYUTBIBATh OCOOEHHOCTH, NMPOMCXOAALINE B Msice
npu 06pa3oBaHMUM 3aMOPOXXEHHON KOPKM. Bo-mepBbIX,
BOMM3YM TpaHUIpl (Pa3oBOro IpeBpalieHus, IpU HOHU-
>keHun TemmnepaTypel oT +4°C fo 0°C NI0THOCTb BOJBI
YMEHBIIIAETCS ¥ COOTBETCTBEHHO YBEIMYMBAECTCS 00BbeM
BOZIbI. BO3HMKAIOT TMApOCTaTNYECKIEe CUIBI, KOTOPbIE CO-
[eICTBYIOT OT)KAaTVIO He3aMepa3lllell ellje BOAbI OT GPOHTa
3aMOpaXMBaHNA. Bo-BTOpBIX, 10 Mepe 00pa3oBaHNus IbAa
B MsACe 4YacTb BJIATM OTXKMMAETCA 3a CUeT YBeIMYeHN:
obbeMa IIpy IpeBpallleHNY BOABI B JIef]. DTH /jBa B3aUMOC-
BSI3aHHBIX IIpoliecca SABJAITCA IPUYNHON «IIOPIIHEBOTO
a¢¢deKTa», BBI3BIBAIONIETO MUTPALMIO BJIarM, KOTOpas
u3MeHseT (YHKIMOHAIbHO-TEXHONOIMYECKMEe CBOJICTBA
U XapaKTepPUCTUKYU TPOAYKTa (BIarocoieprkaHue, Bia-
TOCBSA3BIBAIONIAs VM BJIATOYAEP)KMBAIOIAsl CIIOCOOHOCTD,
CTPYKTYPHO-MeXaHIYeCKIe 1 TeIIOpU3NIecKrie CBOMCT-
Ba U T.Jj.) I YBEIMYMBACT PUCK JIOTIOTHUTENbHBIX IIOTEPh
OT YCYIIKM PV IOAMOPKMBAHUU IIPOAYKTA.

B xonoauipHOI TeXHO/Morny 60bloe BHUMAHIE yie-
JIAIOT 3aMOPO>KEHHO YacTy NMPOAYKTA U YCIOBUAM (op-
MUPOBaHUA B HeMl MEIKOKPUCTA/INYECKON CTPYKTYpbI
NbJa, ONpeferAoNell KadecTBO IpopyKra. OmHaKo, Jo
CHX TIOp He ACHA POJIb BIMAHUA (Pa30BOTO IIePeXOfa BOJbI
B JIefi TPV NOJMOPAKMBAHUN Ha OT>KaTue B/Iary B He3a-
MOPOYXEHHYIO 4YacTb IPOJYKTa.

Llenb pabOThI — 9KCIIEPUMEHTAIBHO IPOBEPUTD TUIIO-
Te3y O BBITECHAIOIEM BJIATONEPEeHOCe IIPU MOAMOPAKM-
BaHUY BOJOCOZIEPKAIINX OOBEKTOB.

Marepuanbl U METOAbI

[l oOHapy»KeHus BBITECHSAIONIETO IIOTOKA BJIary, Ha-
IIPaB/IEHHOTO OT 'PaHMIIbl 3aMOPAXMBAHUA B HE3aMOPO-
JKEHHYI0 4acTb Te/la OblIa CO3JaHa 9KCIepPYMEHTaIbHAsA
YCTaHOBKa, CXeMa KOTOPOJ1 IIpeficTaBIeHa Ha puc. 1.
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not boiling liquid, ice and salt mixture, or freezing plate. As a
result of heat withdrawal, a hard frozen crust of desired thick-
ness is formed in the surface layer of the product, and behind
it there is an area with body temperature above the freezing
point. Peripheral frozen layer thickness should be such that,
in the subsequent internal heat transfer, the temperature
throughout the whole body volume has the value of minus
3°C to minus 2 °C, which is equal to storage temperature.

Meat and meat products at a positive temperature can
be conventionally considered as a two-phase system con-
sisting of matrix and water. At a negative temperature, the
more complex three-phase system occurs consisting of
matrix, water, and ice. Relative amount of water turned
into ice at partial freezing of food products may account
50% to 70% of total moisture content in the product [5, 6].

The development of mathematical models of heat and
mass transfer considering the changes in thermo-physical
properties, the calculation of shrinkage loss and partial
freezing process control must take into account the events
occurring in meat during the formation of frozen crust.
First, near the phase transition boundary, where tempera-
ture is lowered from + 4 °C to 0 °C, the density of water de-
creases and the volume of water correspondingly increas-
es. There are hydrostatic forces that contribute to expulsion
of unfrozen water from the freezing front. Secondly, as the
ice forms in meat, the part of moisture is expulsed due to
volume increase during the conversion of water into ice.
These two related processes are the cause of “piston ef-
fect” inducing the migration of moisture, which changes
the functional and technological properties and charac-
teristics of the product (moisture content, water-binding
capacity and water-holding capacity, structural and me-
chanical characteristics, thermo-physical properties, etc.)
and increases the risk of additional shrinkage loss during
partial freezing of the product.

Refrigeration technology pays great attention to the fro-
zen part of the product and the conditions of fine-grained
ice structure formation, which determines the quality of
product. However, it is still not clear how the phase transi-
tion of water into ice at partial freezing influences the ex-
pulsion of moisture to unfrozen part of the product.

The purpose of this work was to experimentally test the
hypothesis of moisture displacement during partial freez-
ing of water-containing objects.

Materials and methods

The experimental setup was created, which is shown in
Figure 1, to detect the flow of moisture directed from freez-
ing front to unfrozen part of the body.
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Figure 1. Experimental setup: 1 — thermal insulation; 2 — cup for frozen object; 3 — unfrozen product layer; 4 — frozen product layer; 5 — heat
conductor; 6 — thermoelectric module; 7 — cooling surface of the thermoelectric module; 8, 9 — temperature sensors; 10 — fan

Puc. 1. Cxema 9KCIIepMMEHTAIbHOI YCTAHOBKI: 1 — TeIIOM30IAINs; 2 — CTaKaH sl 3aMOPaXKMBaeMoro o0'beKTa; 3- He3aMOPOXKEHHbIII CIIOT
IIPOAYKTa; 4 — 3aMOPOXKEHHBDIII C/I0I MPOAYKTa; 5 — TEIIONPOBOM; 6 — TePMOINIEKTPUYECKIUII MOLY/Ib; 7 — TEIUIOOTBOAALLAA II0BEPXHOCTD
TEPMOIIEKTPUYECKOTO MOAYIA; 8, 9 — marumkm teMmeparypbl; 10 — BeHTUIATOP

[TepBoHa4YaNIbHO OOBEKTOM VCCIEHOBAHMA CITY)XXIIA
«Mofenb Qapiia» — CI0i CTeK/ISHHBIX IIAPUKOB [iaMe-
TpoM 0,001 M, pasMeleHHbIX B IPO3PAaYHOM IJIACTUKOBOM
CTaKaHe 2 C aJIIOMMHMEBbIM JHOM. BHyTpeHHMIT iuameTp
crakaHa 0,057 M. OOmiadg Macca 3achlllaeMbIX B CTaKaH
LIapUKOB M BBICOTA COsA MIAPUKOB cocTaBisanu 0,175 kr
n 0,044 M coorBercTBeHHO. CBOOOIHOE MPOCTPAHCTBO
MeX Ty IapuKamm 3anonssmm sogoit (0,0418 xr). Bo Bcex
OIIBITAaX Macca MIAPUKOB 1 BOAbI OblTa mocTossHHOI. Tlox-
TOTOBJIEHHBIII BOZIOCOAEPIKALVIT 00paser] IpefBapuTe/ib-
Ho oxaxamu 1o 10 °C B xonoguabaoM mkady. [Tpegmer
UCCNIef0BaHNA — MPOLecC OT>KATUsA BOABI IPU ITOAMOPa-
JKMBaHUU BOJJOCOfIEPrKallell CUCTEMBI.

I[Tepen HavasoM 3aMOpaxkyBaHMs obOpasia MOBEPX-
HOCTb BePXHEro CJI0s LIAPMKOB MOACYIIMBAIM OyMaK-
HBIMY (pUIBTPaMU TIOJ, TPY30M ([0 IOHOTO MCYe3HOBe-
HUS C7IefioB Barym). 3areM oOpasel] yCTaHaB/IMBaAU Ha
TOpel, aTIOMUHMEBOIO TEIJIONPOBOJiA 5, 0X/IaXKAaeMOTo
TepMOaIeKTpudeckum Mmoaynem TB-127-1,4-1,5 (Frost-72)
U HaKpbIBa/IM TEIIOM3OIMPYOIINUM KonnakoM. KoHTp-
OJIb TeMIlepaTypbl OCYLIECTB/IANMN IPY IMOMOILIY JaTYU-
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Initially, the object of the study was a «<model of ground
beef», i.e. the layer of glass beads with a diameter of 0.001
m placed in a clear plastic cup (2) with aluminum bottom.
The inner diameter of cup was 0.057 m. The total mass of
beads in the cup and the height of beads layer were 0,175
kg and 0,044 m, respectively. The free space between the
beads was filled with water (0.0418 kg). In all experiments,
the mass of beads and water was constant. The prepared
water-containing sample was precooled to 10 °C in a refrig-
erator. The subject of research was the process of water ex-
pulsion during partial freezing of water-containing system.

Prior to the freezing of sample, the surface of the top
layer of beads was dried with paper filters under load (un-
til moisture traces completely disappear). The sample was
then installed on the flat end of the aluminum heat conduc-
tor (5) cooled by the thermoelectric module TV-127-1,4-1,5
(Frost-72) and was covered with a heat insulating cover.
Temperature control was performed by means of tempera-
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k0B TemnepaTypsl 8 n 9 (TC-1288). TounocTb N3MepeHUA
temnepaTypsl 0,2 °C. IIpu aToM flaT4MK 8 MCIIONIb30BAI-
CA A U3MepeHUs TeMIlepaTyphl TEIVIONPOBOJja B MeCTe

KOHTAaKTa CO CTaKaHOM, a JaT4uK 9 — A KOHTPOJA
TeMIIepaTyphl TOpsiYeil CTOPOHBI TePMO3IEKTPUIECKOTO
MOZLYIA.

[Ipofo/mKUTETbHOCTD TOAMOPAKMBAHNS BBIIEP)KUBA-
M TaKo¥, 4TOOBI 06Pa30BasCs 3aMOPOKEHHBIIT Tepude-
PUITHBII CJIOV HY>KHOVI TOJIIIVHEI,

[To OKOHYaHMIO TOMOPAKMUBAHVS U3MEPSI/IN TOJILIV-
HY 3aMOPOKE€HHONM KOPKM C TOYHOCTBhIO 0,5 MM, a copep-
KMIMOe CTaKaHa Pasje/sUlM Ha 3aMOPOXKEHHYIO U Hesa-
MOPO>KEHHYIO YaCTH, KOTOpbIe B3BELIMBA/IN C IIOMOLIBIO
BecoB BM 1502 OKBb BECTA (HIIB=1500 r, e=100 wmr,
HMIIB=0,51, d=10 mr).

Brary, BbITeCHEHHYIO 32 BpeMsI IOMOPa)XMBaHMs Ha
IIOBEPXHOCTb BEPXHETO CJIOS IIAPUKOB, OTHE/S/INA METO-
JIOM BIUTBIBaHMA €€ 6ymMaxxHbIMM (unbTpamu [7] ¢ mo-
CIeyIOIIVM B3BelBaHMeM ¢ TOYHOCThIO 0,001 1.

Ha BTOpOM 3Tame MCCIeoBaHMs B Ka4eCTBe 00beK-
Ta BbIOpaH rosspxmit ¢apur. Ilepen HawamoM mogmopa-
JKVBAHUS OXIAKJEHHOE MACO pas3pesay Ha HeOoblle
KYCOYKY, M3Me/TbYani UX Ha 9/eKToMsAcopybke Straune
" dapi TIIaTeIbHO MepeMelnBai. 3aMOpasKMBaIOII NI
CTaKaH HaMONMHAMM (papiieM M HOMeN[anu B XOTOMUIIb-
HBIII WIKad A1 BBIpAaBHUBAHUA TeMiepaTypsl o 10 °C.
[Tocnenyromye omepanyy BBIIOMHSAMN TAaKXe, KaK U C
06pasioM, cofep>KalM CTeK/ISTHHbIE MIAPUKIAL.

MaccoByio oMo Biary MsCHOTO ¢apiia oIpefensiim
nepey saMopaxuBanueM (W) 1 mocie 3ajaHHO¥ IPOAOTI-
JKUTETbHOCTY ITOAMOpaXyBaHus. [1py aToM npo6sl oTOU-
pastu B pa3HbIX TOYKAX 10 BBICOTE HE3aMOPOXKEHHON YaCTH
obpasua 1 Iocje OmnpefeneHNsi BIaXHOCTH BBIYMUCIISIN
cpennee sHavyenue (W P) ITo Benmumue (ch/ W,) — ore-
HVBA/I OTHOCKUTE/TIbHOE YBJIQ)XKHEHUE He3aMOPOXKeHHOI
vacTy ¢apina 3a BpeMs nmopMopaxupanus. Ompenenenne
MacCcOBOJI [OMM BJIAr¥ HPOBOAVIN METOLOM BBICYIIN-
Bauua npu 105°C B anmapare MOISTURE ANALYZER
ML-50, A&D Co., LTD (0,1% / Max 51 g).

PesyanaTm n 06CY)KJ.ICHI/IC

B cooTBeTCTBUM C COBPEMEHHBIMY CUCTEMHBIMU BO3-
3peHMAMM TIPY MU3YYEHUU XOJIOAM/IBHBIX TEXHOIOTMI
UCTIONBb3YIOT pas3/INMYHble BUABI Mopeneil (dusmdecke,
MaTeMaTn4yeckye, Mopgonorndeckne, GyHKIVOHANbHbIE,
nHGOPMALMOHHbIE U [Ip.), OTOOpaXKaIoIue OIpefesieH-
HYIO TPYIIIy CBOWCTB cucTeMbl. IIpu s3TOM BBIOOp ab-
TEPHATMBHBIX CPEACTB pealN3alyyl TeXHOTOTMYECKNX
(GYHKIMIT OCYIIECTB/IAIOT Ha PasHbIX YPOBHAX abcTpa-
rupoBaHus [8, 9]. B ucTopum Haykyu HeMajo IPUMEPOB
BBeJIeHNA TIOHATHII V1 MICIIO/Ib30BaHM, TaK Ha3bIBAE€MBbIX,
«MJleaIbHBIX MOfienelt» (MjjeaIbHbII a3, Mean bHbIil KOM-
peccop, oOpaTUMBIl Ipoluecc u Ap.). Mbl mpemmaraeM
HOHATIE «MEaIbHBI MPOJYKT», B KOTOPOM HaMepEeHHO
VICKJTIOYEHO JIeVICTBYE PAAJia BIUAIOMMNX (PaKTOPOB «peasib-
Horo mpopykra» (Msaca). K xuM orHOCATCA:
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ture sensors (8 and 9) (TC-1288). Temperature measure-
ment accuracy was 0,2°C. The sensor 8 was used to mea-
sure temperature of heat conductor in the point of contact
with cup, and the sensor 9 was used to control the tem-
perature of the hot side of thermoelectric module.

The duration of partial freezing was such that the fro-
zen peripheral layer of desired thickness has been formed.
Upon completion of partial freezing, the frozen crust
thickness was measured with an accuracy of 0.5 mm, and
the contents of the cup was separated into the frozen and
unfrozen parts that were weighed with BM 1502 OKB VES-
TA scales (upper weight limit = 1500 g, e = 100 mg, lower
weight limit = 0.5 g, d = 10 mg).

Moisture displaced during partial freezing to the sur-
face of the top layer of beads was separated by soaking it
with paper filters [7] followed by weighing them with an
accuracy of 0.001 g.

At the second stage of experiment, ground beef was
selected as the object of the study. Prior to partial freez-
ing, the chilled meat was cut into small pieces and minced
with Straune electric mincing machine. Then the ground
beef was mixed thoroughly. Cup was filled with ground
beef and placed in a refrigerator for temperature equal-
ization at the level of 10 °C. Subsequent operations were
carried out in the same way as with the sample containing
glass beads.

The moisture content of ground beef was determined
prior to freezing (W) and after the predetermined duration
of partial freezing. The samples were taken at different points
along the height of the unfrozen part of the sample and, af-
ter determination of moisture content, an average value was
calculated (ch)' The value (ch /' W,) was used to evaluate
the relative hydration of the unfrozen part of ground beef
during partial freezing. Determination of moisture content
was carried out by drying at 105°C in MOISTURE ANA-
LYZER ML-50, A&D Co., LTD (0,1% / Max 51 g).

Results and discussion

In accordance with current knowledge, the studies of
refrigeration technologies use different types of models
(physical, mathematical, morphological, functional, in-
formational, etc.) representing a certain group of system
properties. The selection of alternative means for imple-
mentation of technological functions is carried out at dif-
ferent levels of abstraction [8, 9]. In the history of science,
there are many examples of concepts introduction and use
of so-called «ideal models» (ideal gas, ideal compressor,
reversible process, etc.). We propose the concept of «ideal
product», in which number of factors affecting the «real
product» (meat) are excluded. These factors include:
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— XUMIYeCKUII COCTaB MsICa;

— Ipynmna xadectBa MscHoro ceipbs: NOR (HOpMaib-
Hoe), DFD (Dark, Firn, Dry) — temHoe, TBeppoe, cy-
xoe u PSE (Pale, Soft, Exsudative) — 65egHoe, MATKOE,
BOJISTHICTOE;

— Kpnockonmueckas TtemrepaTypa Msca, OIpeferIsaio-
11ast CTelleHb [IepeXofa BOIbL B JIef;

— SIBneHne ocMmoca;

— CKOpOCTb 3aMOpaKMBAHMS U JP.

B kadecTBe «1JIeaJbHOTO IPOAYKTa» U (PU3NIECKON
MOJIe/I TOBSDKbero (papira BbIOpAaH CIOJ CTEK/IAHHBIX
IIAPUKOB, CBOOOJHOE MPOCTPAHCTBO MEXIY KOTOPBIMMU
3aIl0/THEHO BOJIOIA.

Panee Hamu yctaHoByieHO [10], 4TO mpy mogMOpaXKu-
BaHNY MsICa MOPO3VJIBHOI IVINTOM TOIIIVHA 3aMOPOKEH-
HOJT KOpPKM § HapacTaeT B COOTBETCTBUN C ypaBHEHVEM
§=[3\/€, r7ie p — MOCTOSTHHBI KO3 PUILINEHT, T — IIpPo-
IOJDKUTENBHOCTD MPOLecca MOAMOPaKMBaHMI MsIca.

B cryvae ajjeKBaTHOCTY MOJIE/N «VI€a/IbHOTO IIPOAYK-
Ta» JaHHBIE TI0 €T0 MOAMOPAKMBAHUIO, TIPEICTaBIEHHbIE
B KOOpAMHATax & OT T, JO/DKHBI IPYIIIMPOBATHCS Ha TIPsi-
MOJI TMHNY, IPOXOJALIEN Yepe3 Hadya/Io KOOPAMHAT.

Pe3ynbrarhl, mOMy4YeHHBIE N0 MTOAMOPAXIBAHNIIO BO-
JOCOfiepyKAILeTo C/10s1 CTEK/IAHHBIX LIAPVIKOB, CBUJETE/Ib-
CTBYIOT, YTO TOJIIIVMHA 3aMOPOXKEHHOTO C/I0S B KBafipare
NVHEVHO U3MEHS/Iach CO BpeMeHeM (puc. 2), ¥ MOJenb
«MJIeaIbHOTO NIPOAYKTa» aJleKBaTHA.

— Chemical composition of meat;

— Quality grade of raw material: NOR (normal meat),
DFD (Dark, Firm, Dry meat) and PSE (Pale, Soft,
Exudative meat);

— Cryoscopic meat temperature that determines the
degree of water transformation into ice;

— The phenomenon of osmosis;

— Rate of freezing, etc.

The layer of glass beads, the space between which is
filled with water, is selected as the «ideal product» and as
the physical model of ground beef.

We have previously established [10] that, during the
partial freezing of meat by freezing plate, the thickness of
frozen crust § increases according to the equation &= [3\/;,
where [ is a constant factor, and 7 is the process duration
of meat partial freezing.

In the case of «ideal product» model adequacy, the data
on its partial freezing represented in the coordinates of &
vs T should be grouped together in a straight line passing
through the origin of coordinates.

The results obtained by partial freezing of water-con-
taining layer of glass beads indicate that the squared thick-
ness of the frozen layer varies linearly against time (Fig. 2)
and the «ideal product» model is adequate.
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Figure 2. Comparison of patterns for increase of frozen crust thickness (triangles) and the mass of expulsed water (rhombuses) during the partial

freezing of «ideal product» by freezing plate

Puc. 2. CpaBHeHIe 3aKOHOMEPHOCTY HapaCTaHMA TOJIIIVHbI 3aMOPO>KeHHOI KOPKM (TPeyTroJIbHUKI) M Macchl 0T)KATOI BOABI (pOMOBI) IIpy OA-

MOP@KIBAHIM MOPO3V/IbHOJ IIUTOI «Mf1€a/IbHOTO IIPOLYKTa»

Ipyroit, Hanbomee BakKHBIN I JAHHONM CUTyaIL[UN
BBIBOJ] 3aKJ/II0OYA€TCA B TOM, YTO KOIMYECTBO BbITECHEH-
HOJI BOJIbI HAPACTAJIO II0 TOMY JK€ 3aKOHY, II0 KOTOPOMY
yBeIN4MBaIach TOMIMHA (Macca) 3aMOPOKEHHOTO CIIOA.
Takum 06pasoM, KOMMYECTBO BBIMOPOXKEHHOI MacChl
B TeJle SAABJIAeTCA K/II0UeBBIM (aKTOPOM, OIpefe/ oM
COCTOsAHME YBJIAXHEHU HE3aMOPOXKEHHON 4YacTU Ipo-
IYKTa.
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Another most important conclusion for this situation
is that the amount of displaced moisture increases by the
same law, according to which the thickness (weight) of fro-
zen layer increases. Thus, the amount of frozen mass in the
body is a key factor determining the state of hydration of

the unfrozen part of the product.
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Ipommu u ap. [11, 12] uccnepoBany BINsAHNE TeMIlepa-
TYPHBIX PeXJIMOB XpaHEHNUA PANA NMUIIEBBIX IPOAYKTOB,
npu temieparypax munyc 60, muayc 30 u temmeparyp-
HBIX Kone6aumsax —30 > -10 > -33 °C. B vacTHOCTH, TIpH 3a-
MOP@)XVMBAaHWM NI, 0OCBITAHHON CBIPOM, U3MEpPEHMA
IPOBOAWINM Ha BepXHeil IOJIOBMHE KaXKIOTO KOPXKMUKA,
Y aBTOPbI 0OpaTIWIN BHUMAaHME Ha TO, YTO «...ITUIILA, BBI-
fiep>KaBIIasi PeXXUM Koje6aHMil TeMIlepaTypbl UMena ca-
Moe BBICOKOe cofiepykanue Biaru (38.6, 38.0 m 40.0%), uro
HaBOJMT Ha MBICTIb O NepeMelleHUM BIaryu 13 BepxHeil
9acTy KOpXKuKa» [11]; mpy 3ToM aBTOpBI pabOTHI He fanu
00'BsICHEHVS IPOUCXOJALLEMY PUBNIECKOMY SIB/ICHNUIO.

Ham HaG/mrofeH1s 1 M3MepeHus II0Ka3am, 9To B OT-
MYUYN OT «MJI€a/IbHOTO IPOAYKTa» IOSIBJIEHNE OT>KaToil
BJIaTYl Ha TIOBEPXHOCTM «PEaJbHOTO NMPOAYKTa» — TOBS-
Xbero (apira — He mpoucxoput. Ecimn mpepnonoxnrs,
4TO OT>KMMaeMasl BJIara CBS3bIBAETCA U YJep>KUBaeTCs
MSACHBIM (papIeM, TO 3TO LO/DKHO IPUBOANTD K YB/Ia)KHe-
HUIO €T0 He3aMOPO>KEeHHOII 30HBL

Pe3ynbraThl NpPOBEIEHHBIX 9KCIIEPUMEHTOB CBUJIe-
TETbCTBYIOT, YTO MAcCOBasA JIO/IA BIArM B HE3aMOPOXKEH-
HOJI 30He IIOAMOpPaKMBaeMOro ¢aplira CTaHOBMIACh TeM
Oorblite, 4eM OOJIblile TOMIIMHA 3aMOPOXKEHHOTO CIIOS
(puc. 3). CnemoBarenbHO, IPOILECC BBITECHSIOIETO Mac-
COIlepeHOCa COYTCTBYeT 3aMOPXXMBAHNIO U TOJIBKO eMY
CBOJICTBEHHO.

Gormley et al. [11, 12] studied the effect of tempera-
ture modes during the storage of different food products
at temperatures of minus 60, minus 30, and temperature
variations of -30 °C to -10 °C to =33 °C. In particular, when
freezing the pizza with cheese the measurements were
performed on the upper half of each cake and the authors
noted that «...the pizza bases from the fluctuating regime
had the highest moisture content (38.6, 38.0, 40.0%) and
suggests moisture migration from the topping. The
treatments had no effect on moisture content in the bot-
tom half of the base (mean 38.6%), or in the topping (mean
53.6%)...» [11]; although, the authors of the work did not
give an explanation for that physical phenomenon.

Our observations and measurements showed that,
in contrast to the «ideal product”, the appearance of ex-
pulsed moisture on the surface of the «real product», i.e.
beef ground beef, did not take place. Assuming that the
expulsed moisture is bound and held by the ground meat,
this fact should lead to hydration of unfrozen parts of the
product.

The experimental results show that the greater the
thickness of frozen layer in partially frozen ground beef the
greater the moisture content in its unfrozen part (Fig. 3).
Consequently, the freezing is accompanied by mass trans-
fer due to displacement of moisture, which is characteristic
only of freezing.
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Figure 3. Change in moisture content in the unfrozen part of ground beef against the frozen layer thickness during the partial freezing
Puic. 3. VI3aMeHeHIe OTHOCUTE/BHOII BIXKHOCTY He3aMOPOXKEHHOI! 4aCT TOBSDKbEr0 (apliia 0T TOMIIMHBI 3aMOPOXKEHHOTO CII0S TIPH OMOpa-

JKMBaHUN

AHanmu3 ONBITHBIX JJAHHBIX O MAacCCOIIEPEHOCe, COIpPO-
BOXK/IaeMbI/l ~ OLIEHKOJ AMHAMUKYU JIbJOOOpPa30OBaHus,
3HAYNTE/IbHO JOIONHAET M pacliupseT OOIIyI KapTUHY
TEIIOMAacCOOOMEHHBIX SIB/IEHNUIL, IPOMCXOAILNX IPY TOf-
MOP@KMBaHUU MSICHOTO apiia MOPO3UIbHOI TUIATON,
I IIOATBEPYK/IaeT TUIIOTe3y O BBITECHAIOLIEM MacCOIIEPEHO-
ce ripu (pa3oBOM Iepexofie BOLOCOMEPKAIIIX CUCTEM.

BeiBogbI

C moMOIIbI0 NPEeAIOKEHHOTO MOHATUA «JJealbHbIN
IPORYKT» Vi peanusaliuy ero B p13MIeCKOM SKCIIepUMeH-
Te JI0Ka3aHO, YTO «IOPIIHEBOM 3((eKT», BbI3BIBAOLINIL
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Analysis of experimental data on the mass transfer fol-
lowed by assessment of ice formation dynamics signifi-
cantly complements and enhances the overall picture of
heat and mass transfer occurring during partial freezing
of ground meat by freezing plate. Also, it confirms the hy-
pothesis of mass transfer due to displacement of moisture
during the phase transition of water-containing systems.

Conclusions

By using the concept of «ideal product» and its imple-
mentation in a physical experiment, it is proved that the
«piston effect» causing the migration of moisture is due
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MMTPALVIO BIIATY, BO3HMKAET 32 CYeT 0Opa3oBaHNsA 3aMO-
POXKEHHOIT KOPKIL IIPY ITOfMOPKMBAHNI TEA.

[TogMopakuBaHue «MIeaTbHOTO IIPOAYKTa» BbI3bIBAET
IIepPeHOC BJIaT¥ Ha MOBEPXHOCTb HE3aMOPOXKEHHOI YacTy
TeIa.

[Ipy mogMopaXxuBaHUM MACHOTO (haplira o6pasyrola-
SICST 3aMOPOYKEHHas KOPKa OT)XKMMAeT JacTb BJIarM B He-
3aMOPO>KEHHYIO 30HY (apliiia, COOTBETCTBEHHO MOBBIIIAs
€0 BJIQXKHOCTb.
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to frozen crust formation during partial freezing of the
body.

Partial freezing of «ideal product» causes the transfer
of moisture to the surface of the unfrozen part of the body.

During partial freezing of ground meat, the frozen
crust formed expulses part of moisture to the unfrozen
area of the product, correspondingly increasing its mois-
ture content.
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VNCCIIEHOBAHME IBETOBBIX XAPAKTEPMCTUK MBIIIEYHON
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AHnHomauyus

B pesynvmame uccnedosanuii yeema MoluedHOU U HUPo-
801 mKaHell U MPAMOPHOCIU HA ONUHHeNUell Mbluie CHUHDL
(L. dorsi) kpynHozo pozamoeo ckoma pasnu1Hoz0 HANPAE/IEHUS
npodyxmusHocmu — MscHo20 (nopodvt abepoun-amzyc, eepe-
Popo) u MsACO-MONOUHO20 (NOPOOLL CUMMEHMATILCKAS, HEPHO-Ne-
cmpas) — onpedesniervl 2pynnvL No NOKA3AMENIO 4BEMA 6 MeHOY-
HapooHoii yeemosoti modenu Lab. VIsmepenust nposoounu uepes
24 uaca nocne y6os mesxcdy 12 u 13 pebpamu. Yemarosneno, 4mo
pasnuuHvie OUANA30HbL UEEMAa MblUeYHOT MKAHU OMIUYATUCE
npesxcde 6cezo nokasamenamu *L (ceemnoma) u *a (xpacnoma),
mozoa Kak nokazamenv *b (enmusna) usMeHSCS He MAK 3HA-
uumenvro. Haubonvuias ougdeperyuanus mexoy pasnuuHvimu
OUana3oHaMu yeema HUPoBoLi MKAHU OMMeHeHA No noKa3ame-
0 b, moeda kak nokasamenu L u a omauuanuco HesHa4umenvHo.
IIposodunu maxsie cpasHeHue 6U3YAnbHOL OUEHKU MPAMOPHO-
CMU 20850UHbL 1O Yembipem cmeneHAM (HeOonbulas, yMepeHHA,
X0pOWas, HACLIULEHHAS) ¢ NPUOOPHBIM (MUKPOCTPYKINYPHBIM)
AHAZIU30M C NPUMEHeHUeM KOMNbIOMEPHOL CUCHeMbl aHAU3A
usobpascenuii. Moppomempuueckue Uccnedo8aHUs MPAMOpPHO-
CMu NPoBOOUNU 6 COOMBEMCIMBUL C NPUHUUNAMU CUCIEMHO20
KonuuecmeenHozo ananu3a. Jns nposedeHus: Konu4ectneeHHoix
usmepeuti 3a0asanu napamempul aHanusa o6vexma (na0uyadv).
IIpumensanu kax asmomamuueckoe, max U pyuHoe usmeperue
3a0anHvix napamempos. B pesynvmame uccned08anus mpamop-
Hocmu Ha OnunHetiueti moiuwiye cnunvl (L. dorsi) ycmanoenena
BLICOKAS CTNeNeHb KOPPeNAUUL MeH0y 6U3YanvHOLl U NPUGOPHOT
OUEHKAMU MPAMOPHOCHIU.

BBegenne

LIBeT sIB/IsIeTCsI BaKHBIM KPUTEPVeM KadyecTBa, 0ToOpa-
JKAIOIVIM (PYHKLIMOHA/IbHBIE Y TEXHOJIOTMYECKYIe CBOJICTBA
Msica, ¥ HeOOXOAMMBIM (PaKTOPOM JIs1 IIPYBJIeYEHS TTOKY-
naTesnA M KOMMepJecKoro ycrexa. Kpome toro, mokasareinb
I[BeTa ABJIAETCA MHAMKATOPOM MHOTUX (PU3MOIOTNYeCKNX,
OMOXMMIYIECKNX VI TEXHOTOTMYECKIX ITPOLIeCCOB.

OkpalnBaHue BeleCTB B ONpeNeNeHHbIN BT Npo-
UCXOOMT B pe3y/IbTaTe MX B3aMMOJEIICTBMA C BUVMOIL
YaCTbIO CIIEKTPa 3/IEKTPOMArHUTHBIX BOIH (400-750 HM).
Ob6pasoBaHue 1Beta Msica — 0o0Jee CIOXKHBIN TIPOLecE,
yeM OKpalllBaHMe HeopraHmueckux BemecTB. CIox-
HOCTb O0YC/IOBJIEHa y4yacTyeM B 3TOM IIpoljecce Morle-
KY/IADHOTO KUC/IOPOJa, 4YeThIpeX/IeHTaTHOIO JIMTAHJA
nop¢upuHa ¢ OOMIMPHOI CUCTEMON CHPS>KEHHBIX IBOJI-
HBIX CBsA3ell, MOHa >kere3a Fe*, cHOCOOHOrO OKMCIATHCA,
U APYyTUX npuyuH [1].
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Abstract

The studies of meat and fat colour and marbling in Longissimus
dorsi of different cattle — beef-producing (Aberdeen-Angus, Her-
eford breeds) and dual-purpose (Simmental, Black-and-white
breeds) — allowed to define groups by the colour values according
to Lab international colour model. Measurements were performed
24 hours post-mortem between 12th and 13th ribs. It was found
that different ranges of meat colour differed primarily in L* (light-
ness) and a* (redness) values, while b* (yellowness) values did not
significantly differ. The highest differentiation between ranges of
fat colour was noted in b* values, whereas L* and a* slightly dif-
fered. Moreover, visual assessment of beef marbling by four grades
(small, moderate, good, and rich) and instrumental (microstruc-
tural) analysis using a computer image analysis system were car-
ried out. The morphometric study of marbling was conducted in
accordance with the principles of system quantitative analysis. To
perform quantitative measurements, object analysis parameters
(area) were specified. Both automatic and manual measurements
of specified parameters were used. The study of Longissimus dorsi
marbling established high agreement between visual and instru-

mental evaluations of marbling.
Introduction

Colour is an important quality characteristic reflecting
the functional and technological properties of meat and
necessary factor for customer attraction and commercial
success. Furthermore, the colour values indicate many
physiological and biochemical processes.

Certain colour of different substances is due to their in-
teraction with visible part of the electromagnetic spectrum
(400-750 nm). Meat colour formation is more complicated
process compered to staining of inorganic substances. The
complexity is due to the involvement of molecular oxygen,
tetradentate porphyrin ligand with an extensive system of
conjugated double bonds, oxidizable Fe** ions, and other
factors [1].
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[Toutu Bce cOBpeMeHHbIe CIIOCOOBI U3MEPEeHUs 1Be-
Ta OCHOBaHbI Ha cucteMe crermbukannn nsera MKO.
Haspanme sBnsgercs ab6peBmarypoil (paHI[y3CKOro
Ha3BaHMA MeXXIYHapOJZHOV KOMMCCHUM TIO OCBEIEeHNIO,
KOoTOpasA ycTaHoBuna 3Ty cucrtemy B 1931 ropy. XorA
C TeX IOP B CUCTEMY BHOCUNNUCH V3MEHEHN, €€ OCHOB-
Hasg CTPYKTypa M IPUHILUIIBI OCTAINCh HEM3MEHHBIMH,
U OHa IIMPOKO UCIOJIb3yeTcs B HacToAllee BpeMs. Llenb
cucreMpl MKO 3akioyaercss B TOM, YTOOBI yKasarb,
KaKuM 06pasoM MOXKHO BOCIIpOM3BeCTU LiBeT. IIpmHs-
Tas B HacTOsiljee BpeMs TeOpus LBETHOCTHU Oasupyer-
CA Ha TpeX 3aKOHAX CJIOKEeHUs 1]BeTOB, YCTAaHOBJIEHHBIX
[paccmanowm. [2, 3]

[oBsiiHa ABIsSETCS Ba>KHbBIM BUAOM MsCa B IIATa-
Hum denoseka. Ilo pmaHHBIM MMHUCTEPCTBA CEIbCKO-
ro xossaiictea P®, mpoussonctso roeaauHel B Poccun
B a0CONIOTHOM BBIP@KEHUM PacTeT C KaX/BIM TOJIOM.
Tak, B 2015 rogy, B CTpyKType IMPOM3BOJCTBA KPYITHOTO
poraroro ckora Ha y0oil BO BCeX KaTeropusax XO3SICTB
(2879,5 ThIC. TOHH) MOMA CHELMANM3UPOBAHHOTO MsIC-
HOTO U IIOMECHOTO CKOTa gocturia 451,4 ThiC. TOHH, YTO
cocrasnseT 15,7 %. 3a AHBapb-Aekabpb 2015 roga 06bveM
MIPOMBIIIIEHHOTO TMPOM3BOACTBA TOBSAMHBI (BKIIIOYAs
cyOnponykThl), coctaBua 271,9 Toic. ToHH (+11,0 K cooT-
BeTCTByIoLeMy nepruony 2014 r.) [4]. PocT moronosss crie-
LMa/1M3MPOBAHHBIX [IOPOJ, ¥ X IIOMecell CTUMYIUPYeTCs
IOTUpPOBaHNEM 13 OI0JPKETOB BCeX YPOBHeii [5].

B macrosmee BpeMsA 3alHTEPECOBAHHOCTb POCCHUII-
CKUX NpEeANpUATUIA B IPOU3BOJCTBE Kauye€CTBEHHOI TO-
BAJVHBI pacTeT C KaXJbIM rofoM. Vicnonb3oBaHue npu
BBIpAI[MBaHUM U OTKOpMe MOJIOfJHAKA KPYIHOTO pOra-
TOTO CKOTa MACHOTO HallpaBjieHNA MPOAYKTUBHOCTHU IIO-
3BOJIAET NPENIPUATUAM IIOTyYaTh IIPOKYKIMIO BBICOKOTO
Ka4yecTBa, COOTBETCTBYIOUIYIO CAMBIM CTPOTMM MUPOBBIM
CTaHJapTaM, ! YBEPEHHO [BUraThbCA B HAIPaBIECHUN 3a-
MeIlleH!s VIMIIOPTHO TOBAJUHBI Ha POCCUIICKOM pBbIHKE
MpOAYyKIMell 0TedeCTBEHHOTro IpousBofcTBa. IIpu sTom
UCK/TIOYUTE/IbHO Ba)XXHBIM SIB/ISIETCS BOIPOC OOBEKTUB-
HOJI OLIEHKV TOBSIIVHBI U JaJIbHEIIIIIero ee MCIIOIb30Ba-
HUS B 3aBUCUMOCTHY OT ITOKa3aTesiell KayeCTBa U TeXHOJIO-
TUYEeCKIX CBOJCTB.

Bo BceM Mupe yXe [gaBHO CIOXUIACh IIPaKTHKa
OL[€HKM TOBAJMHBI IO LIBETY MBIIIEYHON ¥ >XUPOBOIL
TKaHeil, TaK KaK 9TU II0Ka3aTeau OalT 0ObeKTUBHOE
NpeJCcTaB/IeHNe O KauecTBe MsACa, 3 KpoMe TOro, UX M3-
MepeHue JIeTKO OCYIIeCTBUTb B YCIOBUAX KOHBellepa Ha
JTalle pas3fie/IeHNs MOMyTYII Ha YeTBEPTUHBI Ha y4acTKe
paspmenku u ob6Banku. Ha ocHOBaHUM M3MepeHuUs IiBe-
Ta Msca M MPaMOPHOCTU MOXXHO CIPOIHO3MPOBATH €0
LIEHHOCTb, KaK /I IPOMBIIIIEHHOCTH, TaK U I/ IOTpe-
6urens [6]. B ABcTpanum, cunTaoeiics OGHUM U3 NIPU-
3HaHHBIX JTMAEPOB B chepe MPOU3BOJCTBA BBICOKOKAUe-
CTBEHHOI TroBAfuHBL, ¢ 2007 roga [eiCTBYIOT e[/HbIE
9Taj/IOHBI 1]BeTa MBIIIEYHOI U XXUPOBOI TKaHe!l 1 Mpa-
MopHocTu [7]. B KaHazie cucTema OLeHKY TOBSJUHBI IO
IoKasaTenAaM LBera cymectsyeT ¢ 80-x rogoB XX Beka

52

Almost all modern methods of colour measurement are
based on the CIE colour specification system. The name
is an acronym in French for the International Commis-
sion on Illumination, which established the system in 1931.
Although, since the system has been amended, it’s basic
structure and principles have remained unchanged, and it
is widely used nowadays. The purpose of the CIE system
is to indicate how to reproduce the colour. Currently ac-
cepted theory of colour is based on three laws of colour
addition established by Grassmann [2, 3].

Beef is an important meat type in human nutrition. Ac-
cording to the Ministry of Agriculture of Russian Federa-
tion, beef production grows in absolute terms every year.
So,in 2015, in the structure of slaughtered cattle production
in all categories of farms (2879.5 thousand tons), the pro-
portion of specialized beef-producing cattle and crossbred
cattle reached 451.4 thousand tons, which is 15.7%. During
January-December 2015, the volume of industrial produc-
tion of beef (including offal), amounted to 271.9 thousand
tons (11.0 thousand tons higher compared to correspond-
ing period of 2014) [4]. The increase in livestock popula-
tion of specialized breeds and their crossbreeds is stimu-
lated by subsidizing from the budgets of all levels [5].

Currently, the interest of Russian companies in the pro-
duction of high quality beef increases every year. Growing
and fattening of young beef-producing cattle allows busi-
nesses in the Russian market to receive high quality prod-
ucts that meet the most stringent international standards,
and to move confidently in the direction of imported beef
substitution with domestically produced meat. However,
an extremely important question is the objective evalua-
tion of beef and its further use depending on quality pa-
rameters and technological properties.

All over the world, there is a long established practice
of beef evaluation by the colour of muscle and fat tissue,
as these indicators provide an objective view of meat qual-
ity. In addition, their measurement is easily carried out in
the conveying system at the stage of half carcass separation
into quarters during cutting and deboning. Based on meat
colour and marbling, beef value can be predicted, both for
industry and for the consumer [6]. Since 2007, Australia,
which is considered one of the recognized leaders in the
production of high quality beef, have established uniform
standards of meat and fat colour and marbling [7]. In Can-
ada, beef grading system according to colour indicators

was established in the 80s of XX century and is constantly
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Y TIOCTOSIHHO COBEPUIEHCTBYETCS J/IS MOBBIIIEHNA 00D-
€KTUBHOCTM ¥ HAMIY4IIETO COOTBETCTBUA IPEAIIOYTE-
HUAM noTpeburereit [8].

OpHnako, Kak ITOKasano IPOBElEHHOE HaMU IIpefiBa-
pUTENbHOE M3YYEeHME CYIIECTBYIOLIE MUPOBOI IIPAKTH-
KM CTaHJapPTU3ALUV TOBANVHDI, €IMHBIX STaJIOHOB LIBETA
MBILIEYHON U KUPOBOM TKAaHU U MPAMOPHOCTU B MUpe
He CyIIeCTBYeT. DTO CBA3aHO C HAI[MOHATbHBIMY OCOOEH-
HOCTAMM BBIPAIIMBaHMA ¥ OTKOPMa KPYIIHOTO POTaToro
CKOTa, a TAKXXe C Pa3AUYHBIMI IPENIOYTEHNAMN TIOTPe-
Ourerneit.

B cBA3KM ¢ 9TMM BO3HMK/Ia HEOOXOHMMOCTb B paspa-
60TKe 5TaJIOHOB IIBETAa MBIIIEYHOI TKaHM, IIBETA SKUPO-
BOJ TKaHI ¥ MPaMOPHOCTH, IIPUMEHUMBIX K POCCUIICKAM
YCTIOBMAM, C YY€TOM OCOOEHHOCTET BBIPAIMBaHNA KPYTI-
HOTO POTaToro CKOTa U MIPOM3BOACTBA FOBANMHBDI, Ha Oase
KOTODPBIX BIOCTEACTBMM OyAyT CO3laHBI OOBEKTMBHBIE
U TOCTOBEPHbIE SKCIIPECC-METOMbI OLEHKM KavyecTBa Io-
BAJIVIHBL

MaTepmam,I n METOAbI

JIns onpeneneHysa [jBeTa MbIIIEYHON ¥ KMPOBOIN TKa-
HI B IIPOM3BOJICTBEHHDIX YC/IOBMAX UCIIONIb30BA/IM CIIEK-
tTpodoTtomerp Konica Minolta CM-2300d (mpomnssopu-
Tesnb: SImoHm).

Tak Kak Ipy BU3Ya/IbHON OLieHKe IBeTa MsAca 3Ha4YM-
Te/IbHOE BAIMAHNE OKa3bIBaIOT ICTOYHUK CBETA U YTOJI Ha-
6mopenns [9, 10], Bce uaMepeHMs IPOBOAVIIN IIPY ICTOY-
HUKe ocBelleHuss D65 (cTaHmapTHBI [JHEBHOI CBeT)
C yI7IoM HaOJofieHus 2°, KaKgoe U3MepeHye MpOBOVIIN
C JIBYyKPaTHOJI ITOBTOPHOCTBIO, 33 Pe3y/IbTaT M3MepPeHNs
IPUHUMA/IN CpefHee apudMeTIiecKoe ABYX U3MepeHMIL.

I cTatucTideckoir 06pabOTKY JAaHHBIX MCIIONb30-
Ba/I KOMIIbIOTepHble mporpamMmbl MS Excel, IBM SPSS
Statistics.

VsmepeHusa NpOBOAMIM Ha [IMHHENIIEN MBbIIIIe
crimubl (L. dorsi) MonopHska (fo 24 MecsleB) KPYIIHOTO
pOraToro CKOTa Pas3/lIMYHBIX HAINpaBIE€HUI NPOJYKTUB-
HOCTY — MACHOTO (IIopopsl abepayH-aHryc, repedopn)
U MACO-MOJIOYHOTO (IIOPOABI CMMMEHTA/IbCKas, YepHO-
nectpast). V3amepenns mpoBopwiu Mexny 12 u 13 pe-
6pamu. [ns cbopa MaHHBIX I[BETA MBINIEYHON TKaHU
Ob1710 TIpOBeeHO Ooree 150 M3MepeHMit, IIBeTa >KUPOBOI
TKaHu — Oonee 100 usmepennmit. Bce n3mepeHus: mpo-
BOIWINCH Yepe3 24 daca mocne y6os. VismepeHus 6buin
JICTIO/Ib30BAHBI JIJIS OIIpefe/IeH s IIBETOBDIX K/IACCOB MBI-
LIEYHO ¥ YKMPOBOJI TKAHE, XapaKTE€PHBIX [/ TOBANVIHBI
POCCUIICKOTO IIPOM3BOJICTBA, M YCTAHOBJICHMS CPEIHUX
(3TaIOHHBIX) 3HAYEHMII /IS KaXKIOTO K/Iacca.

[TpoBopgumy TakXe CpaBHEHNE BU3Ya/lbHON OLIEHKU
MPaMOPHOCTY TOBAAVHBI 10 YeTBIPEM CTeIIeHAM (HeOOob-
Iasi, yMepeHHasl, XOpolliasi, HacbllljeHHas1) ¢ IpUOOPHBIM
(MUKPOCTPYKTYPHBIM) aHa/IN30M C IPUMEHEHMeM KOM-
IBIOTEPHON CUCTEMBI aHa/IM3a 1300paxeHn i «AxioVision
4.7.1.0», aganTMpPOBAHHON /I TUCTOJIOTMYECKUX KCCIe-
JOBaHMUIA.
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being improved to enhance the objectivity and meet con-
sumer preferences the best way [8].

However, as demonstrated by our preliminary study of
existing world practice of beef standardization, there are
no uniform world standards of meat and fat colour and
marbling. This is due to national aspects of cattle breed-
ing and fattening, as well as various preferences of con-
sumers.

In this connection, there is a need to develop standards
of meat and fat colour and marbling applicable to Russian
market conditions, taking into account the aspects of cattle
breeding and beef production, on the basis of which objec-
tive and reliable rapid methods for evaluating beef quality

will be subsequently established.

Materials and methods

To determine meat and fat colour in a production en-
vironment, Konica Minolta CM-2300d spectrophotometer
(Japan) was used.

Since the visual colour evaluation is strongly influenced
by the light source and viewing angle [9, 10], all measure-
ments were carried out with D65 light source (standard
daylight) and observation angle of 2°. Each measurement
was performed twice, and the result was the average of two
measurements.

Statistical analysis of data was performed using MS
Excel and IBM SPSS Statistics software.

Measurements were carried out in Longissimus dorsi of
different young (up to 24 months) cattle — beef-producing
(Aberdeen-Angus, Hereford breeds) and dual-purpose
(Simmental, Black-and-white breeds). Measurements were
carried out between the 12th and 13th ribs. Overall, more
than 150 measurements of muscle tissue colour were car-
ried out, as well as more than 100 measurements for fat
colour. All measurements were taken 24 hours post-mor-
tem. The measurements were used to determine the colour
grades of meat and fat, which are characteristic of Russian
beef, and to establish average (standard) values for each
grade.

The comparison was carried out for visual assessment
of beef marbling by four grades (small, moderate, good,
and rich) and instrumental (microstructural) analysis us-
ing AxioVision 4.7.1.0 computer image analysis system ad-

justed for histological studies.
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Pe3ynbrarsl 1 06cyxeHne

B pesynbrare MaTeMaTn4eckoit 06pabOTKY HaHHBIX Ha
OCHOBAaHUV YCPeJHEHHBIX 3HAUeHMIl OIpefie/IeHbl IIATb
K/IaCCOB IO IIBETY MBIIIEYHOI TKAHM M 4YeTbIpe Kiacca
II0 IIBEeTY XKMPOBOII TKaH!U B cucTeMe Lab, koTopble npep-
CTaBJIeHbI Ha pUCYHKe 1 1 B Tabmmie 1.

YcTaHOB/IEHO, YTO 3HAYEHNA I[BeTa MbIIIEYHON TKaHU
MEeX/y Pa3IMYHBIMY KTACCaMy OT/INYAJINCD, TIPEXTe BCe-
ro, mokasatensmu *L (cBeriora) 1 *a (kpacHora), Torga
KakK IToKasaTenb *b (okenTmsHa) M3MeHsAJICA He TaK 3Ha-
4uTENbHO. B pesynbraTe pacyéra IPOLIEHTHON pa3HMUIIBI
YCTQHOBW/IM, YTO pasnnuus B mokasatene *L (cernora)
MeXJy Knaccamu 1 u 5 cocrapnawTt 69.05%, B mokasaTe-
ne *a — 64,0%, B nokasatene *b — 45%. IIBeToBoe pas-
mure dE Mexxy KaXXKIAbIMU IByMA COCETHUMIY K/IacCaMm
cocTaBwiIo 5 u 6osee, YTO ZOCTATOYHO IS BOCHPUATHA
IIBETOBOTO pasjM4us 4elIOBEYECKMM IIA30M — B Cpefi-
HeM, 4YeJIOBeK BOCIPMHMMAeT nBeToBoe pasmmune dE
B 3—4 eguHNIIBI 1 OoTTee.

CormacHo ganHbIM Benjamin W.B., Holman ¢ coasTo-
pamu [11], cpaBHeHMe MHCTPYMEHTA/ILHON OLIeHKY IIBeTa
TOBSIIVHBI C HPENIOYTEHNMAMN HMOTpeOuTesNeil BhIABIUIO
3aBJMCYMOCTb VM3MEHEeHNUsA IPe[IOYTeHMiI OT IIOKasare-
neit *L u *b, Torma kak M3sMeHeHue II0KasaTesis *a He OKa-
3bIBAJI0 3HAYUTE/NIBHOTO BJIVSAHNA Ha HMOTPEOUTETbCKYIO
OIIeHKy TOBAAMHBI II0 BHemHeMy Bupy. R.A. Mancini
n M.C. Hunt [12] B 0630pe cylIecTBYOIUX METO[OB
OLIeHKM (MHCTPYMEHTA/IbHOI M BM3YaJbHOM) MAcCa IO
MIOKa3aTeNTio [[BeTa YTBEP)KAAIOT, YTO Haubosbliee u3Me-
HeHIe IIBeTa MsACa BBI3BAHO, NPEXJe BCETro, M3MEHEHN-
eM nokasarens *L (csernmora). K aHa/morn4HbIM BBIBOJAM
npuium B cBoeit pabore R. Morales, A.P.S. Aguiar ¢ coas-
topamu [13], Ha ocHOBe ompoca 204 moTpebuTene, 4To
HpeAIOYTEH NS USMEHSAIOTCS, IPeX/ie BCETo, IIPY pasHuIle
MeX]y oKasarenamu *L.

B xome mpoBefeHHON 3KCIEPUMEHTATIbHON pPaboThI
B YCTIOBMSIX POCCUIICKMX MscCOIepepadaThIBAIOIUX TIpef-
HpUATHIL OBUIN HIOTy4eHbI JAaHHBIE, B pe3y/IbTaTe MaTeMa-
TUYECKOII 00pabOTKY KOTOPBIX OBUIN OIIpefieieHbl 3HaYe-
HIUS 9TA/IOHOB I[BeTa KMPOBOI TKaHM (Taot. 2).

YcTaHOB/IEHO, YTO 3HAYeHMsA IIBeTa >KMPOBOI TKa-
HU MEXJY pasJIMYHbIMU KIacCaMM OT/INYAJIVCh, Ipex/e
Bcero, IokasareneM*b (kxemtusHa). B pesymbprare pac-

Table 1. Average values of meat colour by grades
Ta6n. 1. CpeHite 3HaYeHA I{BETa MbILIEYHOIT TKAHY A/ KTACCOB

Parameter in Lab Ranges of colour values |
colour model | IInamasonsl nBeTa
IIBeTOBast MOTEND 1 2 3 4 5
L* 42+2  39+1.5 36x1.5 33x1.5 29+2.5
a* 25+2 2242 21+2 202 162
b* 20+1.5 162 151  12%2 9+1
Visual display
of colour |
BusyanbHoe
oTroOpakenue
nBera
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Figure 1. The graph of colour values distribution
Puc. 1. Tpaduk pacrpeneneHus mokasarerneit [iBeTa

Results and discussion

As a result of data mathematical processing on the ba-
sis of average values, five grades of meat colour and four
grades of fat colour were determined in Lab system, which
are presented in Figure 1 and Table 1.

It was found that meat colour values differ between
grades primarily by L* (lightness) and a* (redness), where-
as b* (yellowness) values varied not significantly. As a re-
sult, the calculation of percent difference determined that
the difference in L* (lightness) between grades 1 and 5 is
69.05%, as well as the difference in a* is 64,0%, and in b* is
45%. Colour difference dE between each two neighbouring
grades was 5 or more, which is sufficient for perception by
the human eye, as the average colour difference dE recog-
nizable by human is 3-4 units and more.

According to Benjamin W. B., Holman et al. [11], com-
parison of the instrumental analysis of beef colour with
consumer preferences revealed the dependence of prefer-
ences on L* and b* values, whereas variations in a* values
did not significantly influence the visual beef assessment
by consumers. R. A. Mancini and M.C. Hunt [12] in a re-
view of existing colour evaluation methods (visual and in-
strumental) of meat stated that the greatest variations in
meat colour were caused, first of all, by variations in L*
(lightness) values. R. Morales, A. P. S. Aguiar et al. [13] in
their work based on the interview of 204 consumers made
similar conclusions that preferences vary most of all with
the difference between L* values.

As a result of mathematical processing of data obtained
during the experimental work in the conditions of Russian
meat-processing enterprises, fat colour standards were
identified (Table 2).

It was found that colour values differ between grades
primarily in b* (yellowness). The calculation of percent
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Table 2. Average values of fat colour by grades
Ta6n. 2. CpegHite 3HaYeHUS IBETA KUPOBOIT TKAHU /1T KITACCOB

Parameter in Lab colour model |
XapakTepHucTHKa B IBETOBOII

Fat colour | ITser xmupa mopeu Lab
L* ar b*
/| 982 340.5 543
| a2 4+1 112
3‘ ‘ 91+1.5 4+1 2343
A | 8se3 6+1 3743

4yéTa IIPOLIEHTHOI pasHUIBI YCTAaHOBM/IM, YTO pas/ii-
41 B mokasarerne *L (cBeriora) Mexxpy kimaccamu 1 u 4
cocraBngaoT 10.02%, B mokasarene *a — 100,0%, B moka-
satene *b — 640,0%. AHamorMYHbIE JAHHbBIE MOTyJYeHbI
IIpY KOMIIBIOTEPHOM MCCIeJOBAHNY IIBETa XXMPOBOIT TKa-
HU TOBSOVHBI, BhIpauuBaemoii B ctanax Asum K. Chen
¢ coaBropamn [14]. Pasnuuns B mokasarene *b, a Takxe
B COfIEp>)KaHMM J>KMPHBIX KUCJIOT M B OPraHONENTHYe-
CKMX TIOKA3aTe/AX XKMPOBOJ TKAHM C PA3IMYHBIMU I[Be-
TOBBIMU XapakTepuctukamm ycraHoBunu A.P. Moloney,
M.T. Mooney ¢ coaBropamu [15] mpu n3ydeHnn moxasa-
Tejlell KaueCTBa JKMPOBON TKaHU MPJIAHJICKOTO KPYIIHOTO
poraToro ckora.

MopdomeTpuueckue MCCIENOBaHNs MPaMOPHOCTH
MIPOBOAVIN B COOTBETCTBMM C MPMHIUIAMU CUCTEMHO-
rO KOMMYECTBEHHOro aHanm3a. 1A IpoBemeHMs KOmu-
JeCTBEHHBIX M3MEepeHMI 3aflaBany MapaMeTpbl aHaIn3a
obpekra (mnomans). [IpumMeHsnM Kak aBTOMaTUYECKOE,
TaK I py4HOe M3MepeHMe 3alaHHbIX IapaMeTpoB. Ilony-
YeHHble pe3y/nbTaThl (Tabmuua 3) mepeBOAWIN B Apyrue
KOMIIBIOTEPHBIE IIPOTPAaMMBI /I JaJIbHeIIell CTaTNCTI-
4ecKoit 06paboTKu.

[lonyueHHble [aHHBIE CBUAETEIbCTBYIOT O COBIIAfe-
HUY BU3YaTbHOI OLIEHKM MPAMOPHOCTU C HPUOOPHOI
(MUKPOCTPYKTYPHOII) ¥ BO3MOXKHOCTM IIPYMEHEHNS
B IIPOMBIIIIEHHBIX YC/IOBUAX KaK NMPUOOPHOIL, TaK M BU-
3ya/IbHOI OLJeHK) MPaMOPHOCTI.

BriBopbI

YcraHOBIEHDI CpefjHMe 3HAUEeHMA 1]BeTa I10 IOoKasare-
nam L, a, b 1 kaxporo auanasona MpIIeYHON 1 XXUPO-
BOJI TKaHell MOTOAHAKA (o 24 MecsAleB) KPYIHOTO po-
raToro CKOTa pas/jIM4YHbIX HAIIPABJIEHNI IPOLYKTUBHOCTH
Y IIOPOf.

IToxasaHO coBIafieHMe BU3Ya/lbHONM OLEHKM MpaMop-
HOCTY C IPUOOPHOI (MUKPOCTPYKTYPHOII), YTO ITO3BOJIS-
eT CIeNlaTh 3aK/II0YeHMe O BO3MOXXHOCTY UCIIO/Ib30BaHNA
3TAJIOHOB IIPU OINpPefe/IeHNI Ka4eCTBA TOBANUHBI IO 3TO-
MY IIPM3HAKY.
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Table 3. Comparative assessment of beef samples marbling
Ta6m. 3. CpaBHUTETbHAS OLIEHKa MPAMOPHOCTH 00Pa31[0B TOBS/IIHBI

Microstructural analysis of fat
tissue inclusions in one image |

Ma_r bliilg MuKpoCTpyKTypHBIii aHA/II3 BKIFOYeHMIT
Item | visua t| JKIPOBOJI TKAHM B OTHOM CHIMKE
’ ;S;:;:I:::aﬂ area, % of the
L OlIeHKa total image area |
, Pes.
1y number, pcs. | oD, %
MPaMOPHOCTHI  KO/IMYECTBO, IIIT. X oGmelt Hn(;manm
CHIMKA
Small |
1 He6onpmias 296 10.2
2 Moderate | 514 16.55
YmepenHas

difference determined that L* (lightness), a* (redness), and
b* (yellowness) values varied between grades 1 and 4 by
10.02%, 100.0%, and 640.0%, respectively. Similar results
were obtained by K. Chen et al. in a computer study of fat
colour in beef grown in Asian countries [14]. During the
study of quality indicators of fat in Irish cattle, A.P. Mo-
loney, M.T. Mooney et al. revealed variations in b* values,
fatty acids content and sensory properties of fat with differ-
ent colour characteristics [15].

The morphometric study of marbling was conducted in
accordance with the principles of system quantitative anal-
ysis. To perform quantitative measurements, object analy-
sis parameters (area) were specified. Both automatic and
manual measurement of specified parameters were used.
The results obtained (Table 3) were transferred to other
software programs for further statistical processing.

The findings suggest the agreement between visual as-
sessment and instrumental (microstructural) analysis of
marbling and the potential application of both methods in

industry.

Conclusion

Average values (L*, a*, b*) for each range of meat and
fat colour from different young (up to 24 months) cattle
were established.

High agreement was shown for visual assessment and
instrumental (microstructural) analysis of marbling allow-
ing the possibility of standards implementation to deter-

mine the beef quality by this parameter.
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INFLUENCE OF THE RADISH HOMOGENATE ON THE FUNCTIONAL
AND TECHNOLOGICAL PROPERTIES OF MODEL MINCED MEAT

B/IVIITHUE TOMOTEHATA PEIBKII HA ®YHKIIVIOHAJIBHO-
TEXHO/JIOTMYECKMUE CBOMICTBA MOJE/IbHbBIX ®APIIEN

Bitueva E.B., Biltrikova T.V.
East Siberia State University of Technology and Management, Ulan-Ude, Russia

KrroueBble cioBa: MscHvle CUcmembl, 8000C6A3bI6AI0WAAS CNO-
COOHOCMYb,  671020Y0ePHUBAIOULAS  CHOCOOHOCMY, — 20MO2eHAN
pedvku uepHoil, Ounaptvie papuiesvie MOOETU.

Annomauus

Yemariosnero, 4mo eKtoueHue 20M02eHAMA Pedbku YepHOLL 8 MO-
OenvHole apuiu U3 pasHvix 61008 msca (208510UHA, CBUHUHA, KY-
pAMuUHA) cnocobcmayem nosvieHUI cmeneHy 2U0POPUILHOCIU
cucmemvl. B onvimmuix 006pasyax ¢ ysenuueHuem co0epuaHus 20-
mozenama pedvku (10, 20, 30, 40, 50) % k macce mAca novIUUA-
emcst 6000C6:3bI6aI0ULAT cnocoOHocmy. Tax 6 2ossicvem dapuie
OHa ysenuuunacy om 68 (konmponv) do 80 % (50 % eomozenama
pedvku uepHoil), 6 céurom — om 55 00 73 % u Kypurom — om 72
00 82% coomsemcmaenHo. Ilosviuierue 8000C8:3bi8aOWLELL CNO-
cobHOCMU 8 MOOenvHbIX apuiax 060cHo8aHo cmeuseHuem pH om
5,9-6,05 do 6,25-6,43 (8 3asucumocmu om 6uda msica) u cooep-
HAHUEM HeLIMPATbHbIX COTleli 8 OUCHEPCUOHHOLL Cpede 2oMmozeHama
pedvku. Taxse 6 MOOenbHbIX HAPULAX YCMAHOBTIEHO NOBbLLUEHE
u enazoyoepicusarujeii cnocobHocmu. 3HaveHus 8apvuposanu
om 10% (modenu ¢ Kypunoim dapusem) 00 25 % (céuroii papui)
OMHOCUMENvHO KOHMPOns. B modenvrvix dapuax knemuamxa
U NEKMUHOBbIE BeU4eCIBA PeObKU NPOHHO CE5I3b16aI0M 600Y U 10-
c7le mensio80ti 00pabomKY 6bINONHAIOM PYHKUUU CMAOUIU3amo-
Da cucmembl. YemanoeneHo, 4mo 6Ko4eHIe 20M02eHama peobKu
uepHoli 8 MACHbLE (Papulesble CUCHEMbL U3 PA3HBIX BUO0S MACA HO-
svluaem PyHKUUOHATILHO-MEXHOTI02UMecKUe NOKA3AMeIi.

BBenenue

CoBpeMeHHbBIe MpeACTaB/IeHNUsI O 3[J0POBOI Mulle
OCHOBAHbI Ha KOHIIENIMJ ONTMMA/JIbHOTO IMUTAHUA, KO-
TOpasi 060CHOBBIBAeT HEOOXOAMMOCTD 1 00513aTe/IBHOCTD
obecrieyeHns1 OpraHuaMa He TOJIbKO B SHEPIUM, ICCEH-
IVaJIbHBIX MAaKpO- I MUKPOHYTPMEHTAX, HO M B II€JIOM
psifie HeOOXONMMBIX MUHOPHBIX OMOIOTMYECKN aKTUB-
HBIX KOMIIOHEHTOB, B YaCTHOCTM X€MOIIPEeBEHTOpOB [1].
Il ymoBneTBOpeHMs: QU3MOMOTNYECKUX HOTPEOHOCTEN
OpraHmaMa B MIUHOPHBIX KOMIIOHEHTaX He[JOCTaTOu-
HO aCCOPTMMEHTA CYIECTBYIOUIMX MACHBIX IPORYKTOB.
Ha cerofgHsuIHMI leHb ABJISIETCS aKTYaTbHBIM CO3[jaHNe
HOBBIX BUJIOB MACHON IIPOAYKIVM, yHOTpeblIeHne KOoTo-
PbIX Oy[eT COOTBETCTBOBATH IPMHIUIIAM 3[JOPOBOTO IH-
TaHUA, C OHOJ CTOPOHBI, ¥ KOPPEKTUPOBATb HEJOCTATOK
Ouomorn4ecky aKTUBHBIX BEIIECTB — C APYroil. B atom
OTHOIIEHNN MsCOPACTUTENbHBIE M3/E/MNs MOTYT 3aHATH
JIOCTOITHOE MeCTO B pallMiOHEe COBPEMEHHOTO 4YelOBeKa.
B perjenitypax MSCHBIX M3[eINil B 3aBUCUMOCTHI OT BUAA
PaCTUTEIBHOTO ChIPbsI JOCTUTAIOTCA pasHble Liemu: 060-
raijeHne BHUTAaMMHAMV, MUHEPATbHBIMM BelleCTBAMIL,
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Keywords: meat system, water binding capacity, moisture holding
capacity, black radish homogenate, binary models of minced meat.

Abstract

It was established that inclusion of black radish homogenate into
model minced meat from different meat types (beef, pork, chicken)
facilitates an increase in a degree of system hydrophilicity. In the
experimental samples, the water binding capacity increased with
an increase in the radish homogenate content at a level of 10, 20,
30, 40, 50 % of meat weight. For example, in minced beef, it in-
creased from 68 % (control) to 80 % (50 % of black radish homog-
enate), in minced pork from 55 to 73 %, in minced chicken from
72 to 82 %, respectively. An increase in water binding capacity in
model minced meat was due to a pH shift from 5.9-6.05 to 6.25-
6.43 (depending on a meat type) and the content of neutral salts
in the dispersion system of the radish homogenate. An increase in
moisture holding capacity was also established in model minced
meat. The values varied from 10% (models with minced chicken)
to 25% (minced pork) compared to control. In model minced meat,
fibers and pectin substances of the black radish strongly bind water
and act as a system stabilizer after thermal treatment. It was found
that addition of the black radish homogenate in minced meat sys-
tems from different meat types increased the functional and tech-
nological indicators.

Introduction

Modern insights of healthy food are based on the con-
cept of optimal nutrition, which substantiates the need
for provision of the body not only in energy, the essential
macro- and micro-nutrients but also in several neces-
sary minor biologically active components, in particular,
chemopreventors [1]. To satisfy the physiological require-
ments of the body in the minor components, an available
assortment of meat products is not sufficient. Nowadays,
it is urgent to create new types of meat products, which
consumption, on the one hand, will correspond to the
principles of healthy nutrition, and, on the other hand, will
correct a deficiency of the biologically active substances.
In this regard, meat-and-plant products can occupy a high-
ly important place in the modern human diet. The recipes
of meat products achieve different goals depending on the
type of plant raw material: enrichment with vitamins, min-
erals and dietary fibers; improvement of the functional and
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NUIEBBIMM BOJIOKHAMU; Y/Iy4lIeHNe (QYHKIMOHATbHO-
TEXHOJIOTMYECKUX CBOJICTB; CHIDKEHNE KajlOPUIHOCTU
Y CTOMMOCTH MACHBIX IIPOJYKTOB [2,3,4]. Tax, Hanpumep,
IIpY MCIONb30BAHMM THIKBEHHOIO IIOPOLIKA YBeIMYMBa-
IOTCSI MaccoBast JojA IPOYHOCBA3AHHONM BJIAarM, BBIXOL
V3MENNIL, 4YTO CBA3AHO C MOIMCaXapUAaMy pacTUTEIbHOTO
uHrpepuenta [4]. Vicnonb3oBaHye KOMIIO3UTHOM CMeCK
U3 KOPHEIUIONOB MacTepHaka 1 6060B HyTa B KOMOMHIU-
POBAHHBIX MACHBIX CUCTEMAX CIIOCOOCTBYET IOBBILICHNIO
BCeX (PYHKIIVOHATbHO-TEXHOIOTMYECKUX CBOJCTB MsC-
HBIX (papirelt 1 cTabUIM3aIyM KayeCTBa MACHO CHCTEMBI.
MaxkcumanbHble 3Ha4eHMSI BOMOCBS3BIBAIOIIEN ¥ BIAro-
yAep>XMBaolell CIOCOOHOCTel JOCTUTAIOTCA IIPY BBefie-
HUM YHKIMOHAIBHOI J06aBKM B KommdecTBe 3,0-3,5%
B (bapir B3aMeH OCHOBHOT'O CBIPbSl M COCTAaB/IAIOT COOT-
BeTcTBeHHO 70,6-71,5% 1 64,7-66,1% [5]. VicnonpsyoTca
TaK>Ke MyKa, HallpyMep JIbHAHas, IpU 3aMeHe OCHOBHOTO
cbIpbA Ha 5, 10 n 20 % Ha6IIOaNIOCh yBeIMYeHNEe BOJIO-
cBsi3pIBaoIIell criocobHocty dapia. IIpu mucnonp3osa-
HUU 3aMOPOXKEHHOTO ChIPbsl, B OMBITHBIX OOpasijax mo
CPaBHEHMIO C KOHTPOJIEM OHa yBEMYIMIOCh Ha 9 17 % npn
BHeCeHMM cOOTBeTCTBeHHO 10 1 20 % nbHAHO MykHu [6].

B MsACHOI cucTeMe MCIONMb3YIOTCA HE TOIbKO Ha3eM-
HOe pacTUTe/IbHOE ChIpbe, HO U MOPCKIe Bofopocin. Pas-
paboTaHbI TEXHOIOTUM MACHBIX IIPOAYKTOB C IMUIEBBIMMI
mo6aBKaMy Ha OCHOBe MOPCKMX Bopopocreit. [oToBble
HIPOAYKTBI OTINYAIOTCS BBICOKMMY (PYHKIIVIOHAIBHO-TeX-
HOJIOTMYECKMMH TIOKA3aTe/isAMU, M OOMalaoT aedebHO-
IpodUIaKTUYeCKMMU CBOVICTBaMu [7, 8].

JlocTaToYHO 9acTo A KOppeKuyy (yHKIMOHAIbHO-
TEXHOJIOTMYeCKIX CBOJICTB MACHOI CUCTeMbI UCIIONb3YIOT
M30/IMPOBaHHbIe NNIIeBbIe BOJOKHA, B YaCTHOCTY IIpUMe-
HeHIe B IPOU3BOJCTBE BaAPEHbIX KOMOAC SIO/I0UHBIX, THIK-
BEHHBIX, MIIIEHNYHBIX, CBEKIOBUYHBIX, COJTOJIOBBIX MUIIIe-
BBIX BOJIOKOH, ITOJTyYeHHBIX METOHOM (PepMEeHTATUBHOII
06paboTKu coIpbs [9].

OpmHuM U3 MCTOYHMKOB OMONOTMYECKM AKTUBHBIX Be-
IIIeCTB, B TOM YVCJIe ¥ XeMOIIPEeBEHTOPOB, ABJIAIOTCS OBOIIN
ceMeliCTBa KpeCTOLBeTHBIX, TaK HallpyMep, pefibKa uepHas
M3BeCTHA C [IPeBHUX BpeMeH KaK MPOQIIaKTIIeCKoe U Jie-
4eOHOe CPEICTBO MpH pas/IMIHbIX 3abomeBanmsx. Ha cerop-
HALIHNI JIeHb VICCTIEOBAaHVA PAAfia YYEHBIX CBUIETETbCTBYIOT
C IIO3UTYMBHBIX CBOMICTBAX PEIbKI YEPHOIL, TaK IIPU VICCIIENO-
BAaHMU B OIIBITAX il ViVO, yCTAHOBJIEHO, YTO COK PEIbKI Yep-
HOV 06ajaeT aHTHOKCHMIaHTbiMu cBoiictBaMu [10]. Taxoke
YCTAHOBJ/IEHO TIOJIOOKUTENbHOE BIMAHNE PefbKM YEePHOI Ha
MOp¢O(YHKIMOHAIBHBIE XapaKTEPUCTUKI CTIM3UCTOI 000-
JIOUK! KUINIEYHNKA B OIBITaX Ha 9KCIIEPVMEHTA/ILHBIX JKI-
BoTHBIX [11]. B Hacrosiiiee BpeMs CIIEKTp ee MPUMEHEHNs
B MsCHOJ! IIPOMBIIIJIEHHOCT JOCTaTOYHO Y30K.

BxstoueHye pacTUTEIbHOTO ChIpbs B MACHBIE CYCTEMbI
TpebyeT BCeCTOPOHHETO M3Y4YeHMsI COUYeTaeMOCTH, B YacT-
HOCTH B IUIaHE M3MeHeHMsI TUPOGUIbHBIX CBOVICTB MsIC-
HOW cucTeMbl. VI3MeHeHNs JaHHBIX CBOMCTB MsCa BIUSIOT
Ha II0Ka3aTe/ly TOBAPHOIO BUJA, IMIEBYI0 LIeHHOCTD, BbI-
XOfl MpOAYKTa. VI 3aBUCAT OT MHOTMX IIPUYMH, B YACTHOCTA
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technological properties; reduction of the calorie content
and cost of meat products [2, 3, 4]. For instance, when us-
ing pumpkin powder, the mass fraction of strongly bound
moisture and product yield increase, which is associated
with polysaccharides of the plant ingredient [4]. The use
of the composite mixture from parsnip roots and chick-
pea in the combined meat systems facilitates an increase
in all functional and technological properties of minced
meat and stabilization of meat system quality. Maximum
values of water binding and moisture holding capacities
are achieved upon addition of the functional additive in an
amount of 3.0-3.5% into minced meat instead of the main
raw material and are equal to 70.6-71.5% and 64.7-66.1 %,
respectively [5]. Meal, for example linseed meal, is also
used when replacing main raw material at a level of 5, 10
and 20 %, which leads to an increase in water binding ca-
pacity of minced meat. When using frozen meat raw mate-
rial, it increased by 9 and 17 % in the experimental samples
compared to the control upon addition of 10 and 20 % of
linseed meal, respectively [6].

Not only terrestrial plant raw material but also marine
algae are used in a meat system. The technologies of meat
products with food additives based on marine algae were
developed. Finished products are characterized by high
functional and technological indicators and have curative
and prophylactic properties [7, 8].

Isolated dietary fibers obtained by the method of en-
zyme processing of raw material and used in cooked sau-
sage production (in particular, apple, pumpkin, wheat,
beat, malt dietary fibers) are quite often applied for cor-
rection of the functional and technological properties of a
meat system [9].

One of the sources of the biologically active substanc-
es, including chemopreventors, is vegetables of the family
Cruciferaceae; for example, black radish is known since
ancient times as a prophylactic and curative agent in vari-
ous diseases. Today, studies of several scientists suggest
the positive properties of black radish. For example, it
was established in in vivo experiments that the juice from
black radish had the antioxidant properties [10]. It was also
found that black radish had a positive effect on the mor-
phofunctional characteristics of the intestinal mucosa in
the experiments on animals [11]. At present, a range of its
use in the meat industry is rather narrow.

Inclusion of plant raw material in meat systems requires a
comprehensive study of compatibility, in particular, in terms
of changes of the hydrophilic properties of a meat system.
Changes in these meat properties affect the indicators of
marketable appearance, nutritional value and product yield
and depend on many reasons, in particular, on the condition
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OT COCTOSIHMSI MICXOJHOTO CBIPbsl, TEPMMUUYECKOTO COCTO-
SIHUA MsACA, BIVAHUA YC/IOBUII XPaHEHUs, TE€XHOIOTMYe-
CKUX IIPOLIECCOB U IP. [12,13] /1, TeM He MeHee, BOSMOXKHO
KOHTPO/IVIPOBAaTh VM3MeHEHVs (PYHKIIVOHAIbHO-TEXHOJO-
TMYECKUX CBOJICTB MsACa ITyTeM BK/IIOYEHNA Pa3/INYHbIX VH-
TPENMEHTOB, B TOM YMC/Ie PACTUTENBHOTO ChIpbs [14].
Ilenbio paboThI SAB/IIOCH M3y4eHNUe M3MeHeHVs (PyHK-
LIMIOHAJIbHO-TEXHO/IOTMYECKMX CBOJCTB TPY BK/IIOUEHUN
TOMOT'€HATa pebKI YepHOIL B MOJI€/IbHbIE MsCHbIE CICTEMBL.

Marepuanbl 1 METOAbI

Jl71s mpoBefieHN s SKCIIePYMEHTOB MCIIO/Ib30BaIM CTaH-
[apTHBIE U OOIIeTPUHSATHIE PU3UKO-XUMUIECKIE METOJIbI
MCCIeNOBaHMIA.

OODBeKTbl MCCIENOBAHMA TPEACTABIAIN  OMHAPHYIO
MOJie/ib, COCTOSIIYIO U3 ¢apia pasHbIX BUAOB Msca (ro-
BSDKWIT, CBYHOJ U KYPUHBIN) U pefbku. PebKy BBOZMIN
B TOMOT€HU3VPOBAaHHOM BIJE B KOIMYECTBAX (10, 20, 30,
40, 50) % K Macce MSCHOTO ChIpbsL. VccmenoBanu mokasare-
U, XapaKTepuayrolye QyHKIMOHAIbHO-TEXHOTIOTNYeCKIe
CBOJICTBA (papIIeBBIX CHCTEM: BOJOCBA3BIBAIOLIYIO, B/IArO-
yep>KuBarlyto criocobHoct 1 pH MopenbHbIX ¢apieit.

BopocssaspiBatomyio ciocobHocTs (BCC) onpepnensmm
MeTofoM IpeccoBaHusA o Ipay-Xamma. MeTop ocCHOBaH
Ha BBbIJIe/IEHNM BOZAbBI 0OPas3IoOM IIpK JIETKOM IPeccoBa-
HUY, cOpOLMM BBIIENIMBILIEIICS BOABI (UIBTPOBATBHOI
6yMaroit 11 onpefeNleH!y KOMM4eCTBa OTAe/IVBIICIICS Bla-
I IO pa3Mepy IUIOLIAY IATHA, OCTAB/IIEMOro Ha (p1Ib-
TPOBa/IbHOI OyMare.

MaccoByio [O/I0 CBS3aHHOI B/Iaru B oOpasiie BbIUU-
csnm o popmyrre:

_ (A-8,4xb)x100
A
rme X — MaccoBas [OJIsI CBI3aHHOM Biarn B obpasue, % K 00-

el Biare; A — o61asa Macca BjIar B HaBecke, Mr; b — m1o-
L[aJb BIQYKHOIO IISATHA, MM,

X

>

Bnaroygnepkusatomyio croco6nocts (BYC), ompepe-
JISIA TIO MeTOxYy, paspaborannomy P. M. CaaBaTy/InHOI.
O6pasisr dapuia maccoit (180-200) r 3akaTbIBamu B KOH-
cepBHble OAaHKV, B3BEIIVBAIM JM HOABEPralyl TEIUIOBOI
006paboTKe, OXTX AN B MPOTOYHOIT BOJIE IO KOMHATHOIT
TeMIIepaTyphl U 3aTeM B TedeHne (12-18) 4 mpy Temmnepary-
pe (3-6) °C. Brokcbl ¢ 6y/IbOHOM HOMeIa/Ii B CYIIV/IbHBII
mka¢ n npu temreparype (103-105) °C moBogwmm 10 1O-
CTOSAAHHOII Macchl. ONpene/nsm cofep)XaHye BJIary, Bbljie-
JIMBIIEVICS TIPY TEIUIOBOJ 06pabOTKe U BIIATOYAepKIBAIO-
I[YI0 CIIOCOOHOCTD (hapiia 1o crexyroleit popmyiie:

BYC=B-(Ix8)/(MxA)x100%,

rie B — copepyxanue Biaaru B Qapiue, %; /] — Macca BCero or-
menuBLIerocss OyIbOHA C )KUPOM, T; 6 — Macca BOJbI B JC-
cnegyeMoM OynmboHe, T; M — Macca yccneyeMoro 6ynpoHa
CKVMPOM, I; A — Macca HaBecKy Qaplira, T.

Omnpenenenne pH pacTBOpoB IpOBOAN/IN NOHOMETPH-
4eCKMM MeTOoM. IIprHIuI paboThl OCHOBAH Ha U3Mepe-
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of the initial raw material, meat thermal condition, effects
of storage conditions, technological processes and so on
[12,13]. Nevertheless, it is possible to control changes in the
functional and technological meat properties by addition of
different ingredients including plant raw material [14].

The aim of the research was to study changes in func-
tional and technological properties when adding the black
radish homogenate into the model meat systems.

Materials and methods

The standard and conventional physico-chemical
methods of investigation were used in the experiments.
The subjects of the experiments presented a binary model
that consisted of minced meat of different types (beef, pork
and chicken) and radish. Radish was introduced in a ho-
mogenized form in amounts of 10, 20, 30, 40 and 50 % of
meat raw material weight. The indicators characterizing
functional and technological properties of minced meat
systems (the water binding and moisture holding capaci-
ties and pH of model minced meat) were analyzed.

The water binding capacity (WBC) was determined
by the filter-paper press method (Grau and Hamm). The
method is based on releasing water by a sample under
slight pressure, sorption of the released water by filter pa-
per and detection of an amount of separated water by a
spot area on filter paper.

The mass fraction of bound moisture in a sample was
calculated by an equation:
_(A-8,4xB)x100
A
where, X — mass fraction of bound water in a sample, % of total

moisture; A — total mass of moisture in a specimen, mg; B —
area of the wet spot, mm?

X

>

The moisture binding capacity (MBC) was determined
by the method developed by R.M. Salavatulina. Minced
meat samples with a weight of 180-200 g were sealed in
cans, weighed and subjected to thermal treatment, cooled
in flowing water up to a room temperature and then at a
temperature of 3-6°C for 12-18 hours. The weighing bottles
with broth were put in a drying chamber and were brought
to a constant weight at a temperature of 103-105°C. The
content of moisture released upon thermal treatment and
the moisture holding capacity of minced meat were deter-
mined by the following equation:

WHC=W-(Dxw)/(MxA)x100 %,

where, W — water content in minced meat, %; D — weight of the
total separated broth with fat, g; w — weight of water in broth
under investigation, g; M — weight of broth with fat under
investigation, g; A — weight of minced meat specimen, g.

pH of solutions was measured by the ionometric meth-
od. The principle of operation is based on measurement
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HUM 9TIEKTPOJBIDKYILEN CUJIbI 3/IEMEHTA, COCTOAILErO U3
97IEKTPOJA CPABHEHNA C M3BECTHO BE/IMYMHON IIOTEHLIN -
aZa ¥ MHVMKATOPHOTO 3JIEKTPOJA, MOTEHIMaT KOTOPOro
00YC/IOB/IeH KOHIIEHTpalyell MIOHOB BOAOPO/a B UCIIBITY-
€MOM PacTBOpe.

Ina monTBep)KOEeHMA [JOCTOBEPHOCTM IOTYYEHHBIX
9KCIIEPUMMEHTA/IbHBIX [JAaHHBIX IPOBOAVIIN CTATUCTUIe-
CKyl0 00paboOTKy IO pe3ynbTaTtaM 5-9 IapajulelIbHbIX
OIIBITOB C YPOBHEM JOCTOBEPHOIN BepoATHOCTU P <0,05.
Jcnonp3oBanuch IporpaMMHble pecypchl  Microsoft
Office Excel 2010 u maket mporpamm Statistic.

Pe3ynbrarsl 1 06cyxeHne

Bo Bcex OnbITHBIX 00pa3Liax ¢ yBelM4eHeM COIep>KaHus
TOMOreHaTa PefbKU IOBbBIIATACh BOOCBA3BIBAOIIAS CIIO-
COOHOCTb MOJIENIbHBIX cycTeM. [IpuToM, 4TO B MOJE/IbHBIE
CucTeMbl He J0OaB/LUIach Bofa. KOMIIOHEHTBI MccIemyeMbIX
MoJIeTielt B M3Me/IbYeHHOM COCTOSTHMY HIPEICTABISIOT COO0it
IVCIIepCcHBle crcTeMbl. [lycriepcHas ¢asa B MACHBIX ¢apiiax
BK/IIOYaeT Oe/IKOBbIE M SKMPOBbIE YACTUIIBI, B TOMOreHaTe
penbK/ — B OCHOBHOM, YacTHIIbI ITo/MMcaxapusioB. [ucmep-
CMOHHAsI Cpefia 000MX KOMIIOHEHTOB TIPECTaB/IeHa PACTBO-
paMy 37EKTPOIUTOB C BK/IIOUEHUEM Pa3/IMYHBIX HU3KOMO-
TIEKY/IAPHbIX OPraHMYEeCKUX ¥ HEOPraHMYeCKMX BeILeCTB.
B oTmirdme oT MACHOI CHCTEMBL, JYICTIEPCUOHHAS CPefia TOMO-
reHaTa BK/IIOYaeT B OCHOBHOM PacTBOPUMbIE IIPOAYKTBHI Jie-
CTPYKLIMM TIO/MCAXapyoB (MOHO-, iyicaxapa, pacTBOPYMBIe
HeKTVHBI), PeHO/TbHBIE U IHAO/bHBIE coeyHenvist. [1pu cme-
HIMBaHNUM M3METbYeHHOTO MsCa C TOMOT€HATOM pefibKI, BJla-
ra IOCTIeIHero aficopoupyercs apiueM, Tak KaK BIaKHOCTb
00pa31oB pasHBbIX BUJIOB MsACA HAXOWIACh B Ipepienax (70—
75)%, a BIaKHOCTb PacTUTEIBHOTO VHIpenyueHta — 86 %.

Pe3ypraThl Mcc/eOBaHMIT BOLOCBS3bIBAIOLIET CIIOCO0-
HOCTJ OIIBITHBIX OOpaslloB IIPeACTaB/IeHbl HA PUCYHKe 1.

OKCIIepUMeHTaIbHble NaHHbIe, IpefCTaBlIeHHble Ha
PUCYHKe 1, CBUJIeTeIbCTBYIOT O TOM, YTO C YBelIU4YeHNEM
KOJIM4ecTBa roMoreHara o 50 % k Macce MACHOTO ChIpbs
BOJJOCBSI3bIBAOIAsl CIOCOOHOCTh B OIBITHBIX OOpasiax
MOBBIIIAETCS B CpefjHeM Ha 17 % OTHOCUTE/IbHO KOHTP-
OJIBHBIX 00pa3I0B, BK/IIOYABIINX TONBKO M3MeTbYeHHOE
msco. Tak B roBskbeM (aplie OHa yBeIM4IMIOCh OT 68
(xoHTpONB) U K0 80 % 1pU 50 % BKIIOYEHNV TOMOTEHATa,
B CBMHOM — OT 53 110 73 % 1 KypuHOM — OT 72 10 82 %.

Maremarndeckast u rpadudeckas 06pabOTKa JaHHBIX
CBUJIETETIbCTBYET O BBICOKON TOYHOCTM TEOPeTHYECKOro
OIMCAHUA U TMPAKTUYECKNX ONpeNe/IeHNI CCTIENyeMbIX Be-
JINYVIH.

V3BecTHO, uTo Ha 3HaueHMs1 BCC oka3bIBaeT BIMSAHIIE
pH. Vcxonnoe sHayenne pH dapiueir BappupoBano ot
5,9 mo 6,05 B 3aBucMMOCTH OT Buza MsAca, pH romorenara
penbku — 6,6. IIpu yBennueHun KommdyecTsa BHOCUMO-
ro romoreHara B ¢apum Habmoganu casur pH go 6,20-
6,43 (B 3aBUCUMOCTM OT Buja Msca) mpu 50 % BKITIOUEHUN
romoreHara (puc. 2).

besycnosHo, nosbiiieHrie BCC MofenbHbBIX CUCTEM NP
BK/IIOUEHNY TOMOT€HATa PefIbKM CBA3AHO CO CBOVICTBAMMU
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of the electromotive force of an element that consists of
a reference electrode with known value of potential and
an indicator electrode, which potential is conditioned by a
concentration of the hydrogen ions in a test solution.

To confirm the reliability of the obtained experimen-
tal data, statistical processing according to the results of
5-9 parallel experiments with a probability p < 0.05 was
carried out. Microsoft Office Excel 2010 and software pack-
age Statistic were used.

Results and discussion

In all experimental samples, the water binding capac-
ity of the model systems increased with an increase in the
content of the radish homogenate. With that, water was not
added into the model systems. The components of the stud-
ied models in the minced condition are disperse systems.
The disperse phase in meat products includes protein and
fat particles, in the radish homogenate mainly polysaccha-
ride particles. The dispersion medium of both components
is presented by electrolyte solutions with inclusion of differ-
ent low molecular weight organic and inorganic substances.
In contrast to the meat system, the dispersion medium of
the homogenate includes mainly soluble products of poly-
saccharide destruction (monosaccharides and disaccha-
rides, dissolved pectines), phenolic and indolic compounds.
When mixing minced meat with the radish homogenate,
moisture of the latter is absorbed by minced meat as mois-
ture of the samples from different meat types was in a range
of 70-75 %, and moisture of the plant component was 86 %.

The results of the investigation of the water binding ca-
pacity of the experimental samples are presented in Fig. 1.

The experimental data presented in Fig. 1 suggest that
with an increase in an amount of the homogenate up to
50% of the meat raw material weight, the water binding ca-
pacity in the experimental samples increased on average by
17 % compared to the control samples, which included only
minced meat. For example, in minced beef it increased
from 68% (control) to 80 % at 50 % inclusion of homog-
enate, in minced pork from 53% to 73% and in minced
chicken from 72% to 82 %.

Mathematical and graphical processing of the data dem-
onstrates high precision of the theoretical description and
practical measurements of the values under investigation.

It is known that pH affects the WBC values. The initial
pH value of minced meat varied from 5.9 to 6.05 depend-
ing on the meat type, pH of the radish homogenate was
6.6. When increasing an amount of the added homogenate
into minced meat a shift in pH up to 6.20-6.43 (depending
on a meat type) at 50% inclusion of the homogenate was
observed (Fig. 2).

Undoubtedly, an increase in WBC of the model systems
upon addition of the radish homogenate is associated with
meat protein properties. For example, when pH changes
by on average 0.38 units from the initial value, an effective
charge of the protein molecules increases; it will be nega-
tive due to inhibition of dissociation of the main groups.
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Figure 1. Changes in the water binding capacity of the model minced meat
Puc. 1. VI3meHeHue BOTOCBA3bIBAIOLIIEN CIOCOOHOCTY MOJIETBHBIX hapiireit

6enmkoB msca. Tak, nmpu casure pH B cpenHem Ha 0,38 exu-
HUI] OT MICXOJHOTO 3HAYeHMsI, yBeMNInBaeTcs apPpexTns-
HBI 3apsAf, OeIKOBOJ MOJIEKY/Ibl, OH OyAeT OTpuUIlaTeNb-
HBIM B pe3y/bTaTe IOAABIeHNs AMCCOLMALNY OCHOBHBIX
rpymi. Kpome aToro, cama Bjiara roMoreHaTa IpejicTaBIeHa
KJIETOYHBIM COKOM PeIbKI1, B KOTOPOM COZIEP>KUTCS OKOJIO
(60-80) % MmHepaIbHBIX BEIIECTB OT OOILIEro MX Kojmde-
cTBa. V1 B OCHOBHOM, 3TO COM O[HOBAJICHTHBIX METAJI/IOB
(kaymis, HaTpyA U [ip.), B IPUCYTCTBUY KOTOPBIX TAaKXKe Me-
HsAeTcsA 9 EeKTUBHBII 3apsy, MOJIEKYIIbI Oenka. B pesyib-
TaTe yBeINYMBAETCA TU/PATALVIs, PACTBOPUMOCTD O€/IKOB,
HOBBILIAETCA OCMOTUYECKOE JIAB/IEHVIe CYICTEMBI Y MACHOI
(apir aicopbupyeT BIary roMoreHara.

TakuM 00pasoM, COBOKYIHOCTb JaHHBIX (aKTOPOB
ompefieNiAeT YBeIMYEHME BOJOCBA3BIBAIOIIEH CIOCOO-
HoCTU (apieBbix Moperneir. OgHAKO HanbHelIIee yBe-
JMYeHMe COfiep>KaHMe PAaCTUTENIbHOTO VHTPENVEeHTa He
CIIoCOOCTBOBAIO CTAOMIM3AIMM CUCTEMbI  (paplIeBBIX
Mopenert. @apin He o6Tajian MIACTUIHOCTHIO, MOHOMNT-
HOCTBIO ¥ IPUCYTCTBOBAIa CBOOOIHASA B/Iara.

[Tory4yeHHBIEe JaHHBIE KOPPENIMPYIOTCA C paboTamu
psAfa aBTOPOB, TaK HAIIpyMep, IPU BBEAEHUN THIKBEHHO-
ro KOHIIEHTpaTa B MsACHBbIe (hapIiy BOJIOCBA3BIBAIOIIAS
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Figure 2. Changes in the pH value of the model minced meat
Puc. 2. VismeHenue Bemnanusl pH MopienbHbIX dapiireit

Moreover, homogenate moisture is presented by the rad-
ish cell juice, which contains about 60-80 % of minerals of
their total amount. Mainly, these are the salts of the mon-
ovalent metals (potassium, sodium and others), in which
presence an effective charge of the protein molecule also
changes. As a result, hydration, protein solubility and os-
motic pressure of the system increase and minced meat
absorbs homogenate moisture.

Therefore, a complex of these factors determines an
increase in the water binding capacity of minced meat
models. However, the following increase in the content of
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CIIOCOOHOCTD B CpefHeM yBenmumBaeTca Ha 10% oTHO-
CUTENbHOTO KOHTPOIA [3]. IIpy BHeceHUM CYLIEHBIX OBO-
e, TaKUX KaK JIYK, TyK-IIOpeli, CeNIbJiepeil B MOfIeIbHbIe
MSCHBIE CUCTEMBl OBUIO YCTAHOBJIEHO MOBBIIIEHUE BO-
IOCBA3bIBAIONIEN CIOCOOHOCTM 1 BBIXOfa IpopyKTa [15].
Hawnyuie nokasarenu Obln MOMTy49eHbI TPV BHECEHUN
MOPOIIKA KOPHEITIOa CeIbiepesl.

BopocBsasbiBaomas  CIIOCOOHOCTb  XapaKTepusyeT
cBoricTBa cpiporo (apiua. Ha mpakTuke MeeT 3Ha4YeHMe
CBOJICTBA CMCTEMBI IIOCTIE TeTI0BOI 06paboTku. IIpn Ha-
rpeBaHNM, KaK M3BECTHO, IIPOMCXONUT AeHATypaus 6ern-
KOB, XapaKTepU3yolllasAcs MeperpyninnpoBKoil BOJOPOJ-
HBIX CBA3€ U ie30pyeHTal el TOTUITeNTUAHbIX LIeIToYeK
[12]. B pesynbraTe MIPOMCXOAUT YMEHbIICHME TUAPOQUIID-
HBIX U yBelIM4yeHue TIUAPOPOOHBIX CBOWCTB OETKOBBIX
MOJIEKY/I, COIPOBOXKAAKIIEECS YMEHbIIEHNEM CTENeHN
TUAIpAaTaliuy VM CHIDKEHVEM CTaOMIM3MPYIOIEro JeiicT-
BUSL TUZIPATALMOHHBIX C/TI0€B BOMM3M MOMAPHBIX IPYIIIIN-
pOBOK. be/tok TepseT cioco6HOCTD yAep>KUBATh BIIATY.

ITpu mccnemoBaHMy OIBITHBIX Mopernelt ¢apiieit ycra-
HOBJICHO, YTO IIOCTIE TEIUIOBOI 00pabOTKI 3HaYeHNS BIIaro-
yHep>KUBAOIIENl CIOCOOHOCTY BO3PACTAIOT OTHOCKUTETHHO
KOHTPOJIBbHBIX 00pasuioB. Tak, B MOIeNbHOM KyprHOM dap-
1ie 3Ha4YeHMe yBemm4amnoch Ha 10 %, B roBs>xbeM — Ha 13 %,
B CBMHOM — Ha 25 % OTHOCUTEIBHO KOHTPOTIs (puc. 3).

JI3BecTHO, YTO MexaHN3M GOPMUPOBAHNUA BIIATOYEP-
KMBAIOLIEN CIOCOOHOCTM CBA3aH ¢ 06pa3oBaHMeM I'UIPO-
KOJIIOUJOB TUIIA refieli. JleHaTypypoBaHHbIe OeTKI MOTYT
OCTaBaTbCsl B COCTOSAHMM Tejiell TOIbKO B IPUCYTCTBUU
crabummsupytomero $pakTopa, B UCCIeAyeMbIX 00pasiax
TaKOBBIM MOXXET OBITb TOMOT€HAT pefbKu. [laHHOe Ipef-

the plant ingredient did not facilitate stabilization of the
minced meat models. Minced meat did not have plasticity
and monolithic structure, and contained free moisture.

The obtained data correlate with the works of several au-
thors. For example, addition of the pumpkin concentrate in
minced meat resulted in an increase in the water binding
capacity on average by 10 % compared to control [3]. When
adding dried vegetables such as onion, leek and celery into
model minced meat systems, an increase in water binding
capacity and product yield was established [15]. The best in-
dicators were obtained when adding powdered celery roots.

Water binding capacity characterizes the properties of
raw minced meat. In practice, the properties of the system
after thermal treatment are important. It is well known that
during heating protein denaturation occurs, which is char-
acterized by rearrangement of the hydrogen bonds and
disorientation of the polypeptide chains [12]. As a result, a
decrease in the hydrophilic and an increase in the hydro-
phobic properties of the protein molecules occur, which
is accompanied by a decrease in the hydration degree and
the stabilizing action of the hydration layers near the polar
groups. Protein loses the ability to retain moisture.

When studying the experimental minced meat models,
it was established that after thermal treatment, the values
of the moisture holding capacity increased compared to
the control samples. For example, in the model minced
chicken, the value increased by 10%, in minced beef by 13%
and in minced pork by 25% compared to control (Fig. 3).

It is known that the mechanism of moisture holding
capacity formation is associated with development of hy-
drocolloids of the gel type. Denaturated proteins can stay

L 80
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Figure 3. Changes in the moisture holding capacity in the model minced meat
Puc. 3. VIsMeHeHue BlIaroyep>XuBalolieii CiocoOHOCTH MOJIe/IbHBIX (hapiueii
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MIOJIOXKEHe OCHOBAHO Ha TOM, YTO IIPU TEIIOBOIT 0Opa-
6oTke 10 60% IPOTONEKTMHA NEPEXOANUT B IEKTWHBL,
KOTOpBIe JIy4llle CBSA3bIBAIOT BOAY, M TaKOKe KaK KaeTdat-
Ka IPOYHO ee yaep>xuBator [16]. Eme oguum dakropom
MOXXET OBITh U TO, YTO PYHKIIVIOHAIbHbIE TPYIIIBI OE/IKOB
Msica CIIOCOOHBI B3aMMOJEICTBOBATh C M30TUOLMAHATA-
MU, EHONbHBIMI ¥ VIHJJONIBHBIMYU COEVHEHUSIMIU TOMO-
reHaTa pefibKu. B pesynbraTe yero cosgaercs mpoCcTpaHCT-
BeHHas I'mbKas MaTpuUlia, yAep>KUBAIOIasi 3HAYUTE/IbHYIO
JacTb BOJBI C PACTBOpEHHBIMM B Hell BemecTBamu. Ilo-
3TOMY B OIBITHBIX MOJEIbHBIX (apllax ¢ BK/IOYEHUEM
rOMOT€HaTa PefbKy BJIAroy/iep>KMBaoas CIOCOOHOCTD
YBEIMYMBACTCS C MIOBBIICHNEM JJO/IM IIOCTIEHETO.

Hamnbornee 61M3K1MM K MCCTIEAyeMOI TeMaTuKe, sBJIs-
eTcsl paborTa, CBsI3aHHAs C U3y4YeHNeM IIOBe[leHNs pefuca
(radish red) B macHoOI cucreme. Tak, UCIIONIb30BaINA BBeE-
nenue 0, 10, 20, 30, 40, 50 % penuca B raM6yprepr U3 ro-
BSAVMHBI. YCTAHOBJIEHO, YTO BBICOKOI BOIOCBSI3bIBAIOIIEN
CIIoCOOHOCTBIO ObOmamany obpasipl ¢ BKaodeHreM 50 %
penuca [17].

XoTenoch ObI OTMETUTD, YTO C TOUKM 3PEHMsI TUAPO-
(WIBHOCTY MOJIE/IBHBIX (PapIeBbIX CUCTEM ¥ COflep>KaHMs
XEeMOIIPEBEHTOPOB  IIPEANOYTHUTEIbHEE BKIodYeHne 50 %
pacTUTeNIbHOTO MHTpeyeHTa B ¢papum. OfHaKO roMOreHaT
penpKu obmazaeT crieuguIecKuMy BKYCOBBIMM 1 apOMa-
TUYECKVIMM CBOJCTBAMI HE€ XAPAKTEPHBIMU [/I1 MACHON
CHCTeMBI U 9Ty OCOOEHHOCTb PACTUTE/IbHOTO MHIPeVeHTa
HeOOXO/[VIMO YUUTBIBATh IIPU Ja/IbHENIINX MCCIEOBAaHNX.

BriBoabr

B pesynbrare, NpoBefeHHBIX MCCIEHOBAHNUIT YCTAHOB-

JIEHO, 4TO:

— C TOYKM 3peHMsA (YHKIVIOHATbHO-TEXHOTOTMYECKIX

CBOJICTB BBEJIEHNE TOMOT€HaTa PeAbKI YePHON B MsAC-

HbIE CHCTEMBI 1e7IeCO00pasHo;

BOJIOCBA3BIBAONIAA CIIOCOOHOCTD MOJEIbHBIX CUCTEM

YBEIMYINBAETCA B cpefHeM Ha 17 % npu 50 % BKIOYe-

HIM TOMOT€HaTa K Macce MACHOTO ChIPbS;

B MOJI/IBHBIX (haplIax TOMOTeHAT PefbKU CTabMIm3u-

pyeT MsICHBIE CHUCTEMBI IOC/Ie TEIUIOBOI 00paboTKM,

B/IATOYZIep>KMBAIOLIAsA CIIOCOOHOCTD MOJIENBHBIX (ap-

nrer yenmamsaercs Ha 10-25 % B 3aBUCMMOCTH OT BUJA

Msica TI0 CPaBHEHMIO C KOHTPOJIbHBIMY 06pasLiaMu;

— YYMTBIBasA XMMMWYECKUII COCTAaB PEeAbKM 4ePHON IIpu
BBEJICHNM ee B MACHbIE CUCTEMBI HEOOXO/IMO IIpOBe-
JleHNE VCCIeJOBAaHNII OPraHONENTUYECKUX II0Ka3are-
7IeiT, B 9aCTHOCTY BKyCa M apoMara.
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in the gel state only in the presence of a stabilizing factor;
in the tested samples this factor can be the radish homog-
enate. This hypothesis is based on the fact that upon ther-
mal treatment up to 60% of protopectin is transformed
into pectins, which better bind water and, similar to fibers,
strongly holds it [16]. Another factor can be the fact that
the functional groups of meat proteins can interact with
isothiocyanates, phenolic and indolic compounds of the
radish homogenate. As a result, a three-dimensional flex-
ible matrix can be formed, which holds a significant part
of water with components dissolved in it. Therefore, in the
model minced meat with inclusion of the radish homog-
enate, the moisture holding capacity is increased with an
increase in the fraction of the latter.

The most close to the studied subject is the research
connected with the study of the red radish behavior in a
meat system. The addition of 0, 10, 20, 30, 40, 50 % of red
radish to hamburgers was used. It was established that the
samples with 50% inclusion of red radish had the high wa-
ter binding capacity [17].

It is necessary to note that from the point of view of
the hydrophilicity of the model minced meat systems and
the content of chemopreventors, the addition of 50 % of
a plant ingredient into minced meat is preferable. How-
ever, the radish homogenate has specific taste and aroma
properties, which are not typical for meat systems; and this
peculiarity of the plant ingredient is necessary to take into
consideration in the future investigations.

Conclusions

As a result of the performed experiments, it was estab-
lished that:
— in terms of the functional and technological properties,
the addition of the black radish homogenate into meat
systems is expedient;
the water binding capacity of the model systems in-
creased on average by 17 % when adding the homogenate
in an amount of 50% of the meat raw material weight;
in the model minced meat, the radish homogenate sta-
bilized the meat systems after thermal treatment. The
moisture holding capacity of the model minced meat
increased by 10-25 % depending on the meat type com-
pared to the control samples;
taking into consideration the chemical composition of
the black radish, it is necessary to study the organolep-
tic indicators, in particular, taste and aroma, upon its
addition into the meat systems.
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