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AHHomayus

B nacmosueti pabome usyueHo énusHue BHECEHUS CMAPIOBbLLX
KYIbmyp 6 MexHON02uto BANeHUS NPOOYKIMOE U3 208A0UHbL HA
cmenenv eudpamayuuy U pacmeopumocmu 6enkos. Paccmompe-
HbL npoyeccyl eUOPONU3A OENKOBYIX MAKPOMONEKYT HA OUnenmu-
Ovl, nonunenmudvl, c60600Hbie amunoxucnomoi. ITokazano, ymo
colpossiniervle NPOOYKMbL U3 2085I0UHDBL, codepIcausue Crapmo-
8vie Kynvmypvl 0671a0a10m 6bicoK0Ti GUON0UECKOU UEeHHOCMDIO.
Ommeueno, 4mo MUKpPOOP2AHUIMDbL, 6X00SU4UE 6 COCMAE CAp-
MOoBbIX Kynbmyp, 061a0aiom 6vicokoli npomeonumuveckoi ax-
MUBHOCMDYIO U YCKOPAIOM O6UOXUMUYECKOe npespalyerie 0enkos
MACA NpU NOCone, 3a CHem 4e20 Npomexanue GUOXUMUUECKUX
npoueccos udem Ovicmpee. bvino ycmarnosneno monexkynapHo-
maccosoe pacnpedenerue 6enK06vix Ppaxyuil.

Haubonee nepcnekmu6éHoimu 0N U3YHeHUS ABNAIOMCL NPOU3-
800HbLe 6eN1K08 MACA — Nentmuodbl, KOMOPble MOZY 0KA3bI6AMY
pusuonoeureckoe 8030elictneue Ha OPeaHU3M.

B Oamnom uccnedosanuu 0aHa OueHKA NPomeuHo8020 KOMNIeK-
Ca CLIPOBSTIEHbIX NPOOYKIMOB U3 208510UHDbL, BbLIPAOOMAHHBIX NO
DATUYHBIM MEXHONIOZUAM BA7IeHUS, NOKAZAHO, 410 HAUbOTbULee
KONU"ecmeo 0enKosbix CNEKMPOB 8 ColPOBSANEHBIX NPOOYKINO8
U3 208510UHDL C NPUMEHEHUEM CIMAPIMOBLIX KYNIbMYD HAX0OUM-
¢ 6 30HAx 6eNK08 ¢ NOMeHUUANbHOU 2UNOMeH3UBHOTI HANPAs-
JleHHOCMbI0 (CpedHeti U 1e2KOll 30HAX € MONEKYSIPHOTE MACCOTE
50 kDa — 70 kDa u 5 xDa — 20 kDa coomeemcmaeeHHo).
Iloxasano, 4mo npu UCNOIL3O8AHUU MPAOUUUOHHOL MEXHONOZUU
BAIEHUS HAKON/IEHUE 0eNKO8bIX CHeKMpos 6 Msce OmMe4aencs
8 30He MAMenvix Ppakyuti ¢ monexynaproi maccoii 85 kDa —
100 xDa, cpednas u neexas ppaxyuu evipaxenvt cnabo. Haubonee
BLICOKAST CKOPOCMY 2UOPOTIU3A (hepMEeHIAMU HemyOOUHO-KUue -
HO020 MPAKMA CoIPOBATIEHbIX MACHBIX NPOOYKIIOB CO CHAPIOBbIMU
Kynbmypamu no3eonsem 6 06onvuleil crmeneHu cnpozHo3Uposarb
cmeneHb yMunudauuy 0enkos OpzaHusMom 4enosexd. Ycmanos-
JIeHO, 4Mo HAUOONbULE POCIOBble NOKA3AMENY Y TA00PANOPHBIX
HUBOMHDBIX, 6 PAUUOH KOMOPbIX 000a6/IeHbL ColpOBsITIeHble NPOOYK-
mbL cO cmapmosvimu Kynvmypamu. IIpupocm #ueoil maccol 3a
30 OHetl KOpMAEHUSA COCMABUTL 8 ONbIMHBLX 2pynnax 14,37 e u 12,82 ¢
COOMBEMCINBEHHO N0 CPABHEHUIO C KOHIMPOTbHBIMU 2PYNNAMLUL.

BBenenne

Ha ceropuamHuii neHp paspaboTaHa roCygapCTBEH-
Hasl MOJIMTUKA B 00/1aCTI 3OPOBOTO MUTAHMSI, OCHOBHBIE
MOJIOKEHNA KOTOPOM HpeAyCMAaTPUBAKOT pacIlMpeHNe
aCCOPTMMEHTA, COXpPAHEHME TIOIE3HBIX CBOVICTB IIPOJYK-

84

Keywords: food proteins, product biological value, air-dried meat
products.

Abstract

The present paper examines an effect of starter culture incorpora-
tion into the technology of air-dried beef products on a degree of
protein hydration and solubility. The processes of the protein mac-
romolecule hydrolysis on dipeptides, polypeptides and free amino
acids are described. It was shown air-dried beef products that con-
tain starter cultures had the high biological value. It was noticed
that microorganisms being constituents of starter cultures had the
high proteolytic activity and accelerated the biochemical trans-
formation of meat proteins upon curing, which resulted in higher
rates of biochemical processes. The molecular weight distribution of
protein fractions was determined.

The derivatives of meat proteins, peptides, which can have a physi-
ological effect on the body, are the most promising for studying.
This study presents an assessment of a protein complex of air-dried
beef products made according to different technologies of air dry-
ing and shows that the majority of protein spectra in the air-dried
beef products with starter cultures are in the zones of proteins with
potential hypotensive properties (medium and light zones with
molecular weights of 50 kDa — 70 kDa and 5 kDa — 20 kDa,
respectively).

It is shown that when using the traditional technology of air dry-
ing, an accumulation of the protein spectra in meat was observed
in the zone of heavy fractions with a molecular weight of 85 kDa —
100 xDa, the medium and light fractions were poorly pronounced.
The highest rate of hydrolysis of the air-dried meat products with
starter cultures by the enzymes of the gastrointestinal tract makes
it possible to predict in a greater degree a level of protein utiliza-
tion by the human body. It was established that the highest growth
indicators were in the laboratory animals, which diet was supple-
mented with air-dried products that contained starter cultures.
A live weight gain over a 30 day period of feeding was 14.37 g and
12.82 g, respectively, in the experimental groups compared to the
control groups.

Introduction

At present, the state policy in the field of healthy nu-
trition has been developed, the main provisions of which
stipulate an increase in an assortment and maintenance
of product healthy properties (The Decree of the Govern-
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toB (Pacnopsxenne IIpaBurenpctBa Poccuiickont ®ene-
paruu ot 25.10.2010r Ne 1873-p «O6 yrBepsxaernn OcHOB
rocygapcTBeHHoN nomutukyu PP B obmactu 3m0poBoro
MUTaHNA HaceleHys Ha nepuop fo 2020 r.»). bronornye-
CKadA LIEeHHOCTb MsACa BecbMa BbIcoKasd. OHa 3HAUUTE/IbHO
BBIIIE, YeM OMOIOrnyecKas IeHHOCTb Ka3enMHa MOJIOKa,
NPUHATAA 3a CTAaHAAPT. VI3BECTHO, YTO IO CKOPOCTH Ie-
peBapuBaHMsl IPOTEONUTNIECKUMY PepMeHTaMu Oeku
MsIca 3aHMMAIOT BTOpPOe MeCTO (1oc/ie PhIOHBIX U MOJIOY-
HbIX) [1].

O1eHKa KOMMYECTBEHHBIX M KaueCTBEHHBIX Iapame-
TPOB IPOTEMHOBOIO KOMIUIEKCA INMIIEBBIX IPOJYKTOB
HIPOBOAMUTCS ISl BBIACHEHUS CIOCOOHOCTM HaHHOTO
IPOAYKTa MUTAHNA YOBIETBOPUTD IOTPEOHOCTDb Opra-
HI3Ma B He3aMeHMMbIX aMUHOKucnoTax. CTeneHpb yCBo-
eHMsI NILeBOro 6enka 3aBUCUT OT 3G (PEeKTUBHOCTH ero
pacmaja nop BAusAHNEeM GepMEeHTOB JKelTyL0YHO-KIUIIey-
HOTO TpakTa [2].

Oco60e 3HayeHVe B OCHOBE XXM3HEHEATETbHOCTU Op-
TaHOB ¥ CUCTEM JMMeeT HENOCTATOK BBICOKOYCBOSIEMBIX
0€e/IKOB, TaK KaK MHOTJI€ aMIHOKIC/IOTBI, COCTABIIAIOLINE
HEePBUYHYIO CTPYKTYPY 0€/KOB, He CUHTE3UPYIOTCA B Op-
raHu3Me U JO/DKHBI TOCTYIIaTh B OPTaHM3M BMeCTe C IH-
meit. buonornyeckas 1eHHOCTb OTpPakaeT CIOCOOHOCTD
0€/IKOBBIX KOMIIOHEHTOB IIPOAYKTOB IepeBapuUBaThCs
IpY BCTYIUIEHNMU B COQ/JaHCHPOBAHHYIO CBA3b C aMUHO-
Kucnotamu [3].

BsaneHne mpopyKTOB — OAMH M3 CIIOCOOOB KOHCep-
BUPOBAHNUA MACHBIX IIPOJYKTOB, B TOM 4YICJIe, COXpaHe-
HIISI TIOJIe3HBIX BEIeCTB B IMPOAYKTaX (PKMPHBIX KUCIIOT,
aMIHOKIC/IOT, MMHEPaIbHbIX BEIECTB). B CHIpOBsAIEHBIX
HPOAYKTaX CONEP)KUTCS MOJOYHOKMCIAs MUKpodopa,
OKa3bIBaIOLIasl MOJMIOXXNUTENTbHOE BO3ZEIICTBME Ha Opra-
HI3M 4Ye/oBeKa. Bpicokasa 6momnormyeckas LIeHHOCTb CO-
XpaHseTcs1, 6/arogapst OTCyTCTBUIO TepMUYECKOi obpa-
60TKM [4].

Takum 06pa3oMm, MCCefoBaHsI [TePCIIEKTUBBI YICIIO/b-
30BaHNA MOJIOYHOKVC/IBIX MUKPOOPTaHM3MOB 1 6m¢uyo-
6akrepuii (MPOOMOTUKOB) B TEXHOJIOTMU YCKOPEHHOTO
HO/MY49eHNsI CBIPOBSUICHBIX IPOAYKTOB, YTO IIO3BOJISET
COXPaHMUTb BBICOKYIO IMIIEBYI0 LIEHHOCTb MACHOTO IIPO-
IYKTa, ABJIAETCS aKTYaIbHBIM [5].

B gacTHOCTH B IMTEpaType MIMEIOTCS CBEEHNS O TOM,
4TO B IpOIL[ecCe Bs/IEHWs B XOfe OMOXMMMUYECKUX IIPO-
11eCCOB 00pa3yTCs CTIOKHBIE 6ETKOBO-TUIUIHBIE KOM-
IUIEKCBI, KOTOpBIE OIpeie/IAI0T YHUKA/IbHbIe BKYCOBBIE,
HOTpeOUTENbCKIE, @ TAKXKe IO/Te3Hble XapaKTePUCTUKN
KOHEYHOTO IIPOAyKTa [6].

Ilenpro JaHHOTO MCCTIEOBAHISI SIBJISUIOCH M3YYeHNe Ka-
YeCTBEHHBIX U KOIMYECTBEHHBIX IIAPaMeTPOB IPOTENHO-
BOT'O KOMIIJIEKCA CIPOBSAJIEHBIX IIPOAYKTOB 113 TOBS/IVHbI
C IpUMeHeHNeM B TeXHOJIOTUY ITPOM3BOAICTBA CTAPTOBBIX
KY/IBTYP, @ TakKe OLleHKa CTeIleH! YCBOSEMOCTH 0OeIKOB
KOHEYHOTO IPOAYKTa KaK IOKasaTelb CIIOCOOHOCTM Ha-
uboee MOMTHO YOBIETBOPUTb MOTPEOHOCTh OpraHM3Ma
B He3aMEeHVMbIX aMIHOKVIC/IOTAX.
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ment of the Russian Federation No. 1873-p of 25.10.2010
«About approval of the Foundations of the State Policy of
the RF in the area of healthy nutrition of the population
for the period up to 2020»). The biological value of meat
is very high. It is significantly higher than the biological
value of milk casein taken as a reference. It is known that
meat proteins occupy the second place (after fish and milk
proteins) in terms of the rate of digestion by proteolytic
enzymes [1].

Quantitative and qualitative parameters of the food
protein complex are assessed to determine an ability of a
food product to satisfy the body requirements for essential
amino acids. The degree of food protein digestion depends
on the effectiveness of its breakdown under the influence
of the enzymes of gastrointestinal tract [2].

The deficiency of highly digestible proteins is of spe-
cial importance for the vital activity of organs and sys-
tems as many amino acids that are constituents of the
protein primary structure are not synthesized in the body
and should enter the body with food. The biological value
reflects an ability of food protein components to be di-
gested upon entering into a balanced relationship with
amino acids [3].

Air drying of products is one of the methods of meat
product preservation, including, maintenance of healthy
components in products (fatty acids, amino acids, miner-
als). Air-dried products contain lactic acid microflora that
has a positive effect on the human body. The high biologi-
cal value is maintained due to the absence of heat treat-
ment [4].

Therefore, an evaluation of the prospects of using lactic
acid microorganisms and bifidobacteria (probiotics) in the
technology of accelerated production of air-dried prod-
ucts, which allows maintaining the high food value of meat
products, is topical [5].

In particular, there is information in the scientific lit-
erature that the protein-lipid complexes are formed in the
course of the biochemical processes, which determine the
unique taste, consumer and healthy properties of the fin-
ished product [6].

The aim of this research was to study quantitative and
qualitative parameters of the protein complex in air-dried
beef products with the use of starter cultures in the pro-
duction technology, as well as to assess a degree of protein
digestibility in the finished product as an indicator of an
ability to more completely meet the requirements of the

body for essential amino acids.
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Marepuanibl 1 METORbI

O6bexTaMu UCCIeOBaHUI ABUIVICD:

e MACHOI HPORYKT M3 TOBAAMHBI C OaKTepualbHBIM
npemnaparoM-1 (BII-1), B cocTaB KOTOPOro BXOHVIIN
MOJIOYHO-KuUcble O6akrepun Staphylococcus carnosus,
Lactobacillus plantarum, B3sTble B cOOTHOIIeHNN 1:1;

e MACHOI IPOAYKT M3 TOBAAMHBI C OaKTepualbHBIM
npenaparoM-2 (BII-2), B cocTaB KOTOpPOro BXOAVIIN
MonoyHo-Kucible Staphylococcus xylosus, Lactobacillus
rhamnosus, B3ATBIX B COOTHOLIeHUU 1:1;

e KOHTPOTb — CBIPOBsJIeHasi TOBS[IMHA, BbIpAOOTaH-
Has 110 TPaJUIIVIOHHOTO TeXHONIOIMM 6e3 pYMeHeHNs
CTApTOBBIX KY/IBTYP.

VsroToB/IEHVE€ MACHBIX LI€/TbHOMBIIIEYHBIX CBIPOBSIE-
HBIX NPOAYKTOB OCYLIECTB/IANN IO PELENType ChIpOBsle-
HOTO IPOAYKTa — TOBAIMHA CbIpoBsaieHasd «IImkaHTHas»
[Tporecc BKIIOYA CIEYONIIe 3TAIbL: IIOCOT ChIPbs (BBe-
IeHle IIOCOTIOYHOM CMeCH CO CTapTOBBIMU KyNIbTypaMiu
IyTeM MHDbeLPOBaHMsA), BbIIepXKKa (Temmeparypa 1o 4°C,
BIAKHOCTD Bo3fgyxa 50-60%, B TedeHun 96 YacoB), CyIIKa
(15 cyrok pu Temrieparype +14-16 °C 1 BIaXXHOCTI BO3yXa
B Haudajie 74-78%, ¢ IOCTENIEHHBIM CHIDKEHMEM N10 55-60%).

OnexrpodopeTndecKoe paseneHre 006pas1ioB IIPOBOAM-
JIV C IOMOIIBIO BEPTUKATBHOTO 37IeKTpodopesa B IIACTHU-
HaX MOIMAKpWIAMUIHOTO Ted pasMepamy 125 x125x1 My,
npu Temueparype 20 °C [7]. Viccnenyemble 06pasiibl HAHOCK-
M B KapMaHbI I0f, Oydep ¢ ITOMOIIbI0 MIKPOI03aTOpa VI
MuKpounpuia B kommdectse 10 M. Copepyxanne B Oy-
(epe 11 OKpalMBaHVs IIMLIEPVHA, PACTBOP Oe/ka OKpa-
IIEHHBIN, 6POM(EHOIOBBIM CHIUM, XOPOLLO JISDKET IO Y-
¢ep. B epBbie 10 Mun cuma Toka coctapisina 30 MA Ha renb
125 %125 x 1 MM., TTOCJIe BXOKIEHMS o6pa3ua B refmb — 60 MA.
[Tocre okoHuaHumsi 9meKTpodope3a BbISBIEHME OETKOBBIX
I07I0C IPOBOAM/IN OKpaIllBaHMEM Teid B YKCYCHO-CIIPTO-
BOM pacTBope Kymaccu. IIpemBapurenpbHyIo IpoOOIOAro-
TOBKY 0€/IKOB /L1 971eKTpodope3a MpOBOAIN 10 MOANM-
LpOBaHHOM MeTofyKe ¢ 10% pacTBOpOM caxapo3bl.

Bronornyeckas olleHKa CbIPOBANIEHBIX IPOJYKTOB, BbI-
pabOTaHHBIX 11O Pas/INYHBIM TEXHOIOTUAM, OCYIeCTBIIA-
J1ach Ha PacTYILIUX TaO0PAaTOPHBIX MBIIIAX — CaMIIax B Te-
geHye 30 pHeit [3]. )KuBoTHBIe cofep>Kanuch B yCIOBUAX
naboparopuit BuBapus. IloMelleHns, npegHa3HaYeHHbIE
I COOep>KaHMsI XKMBOTHBIX, VIMEIN IIPUTOYHO-BBITIK-
HYI0 BeHTWIALINIO, PeLVPKY/IATOPbI, MUICKYCCTBEHHOE OC-
BellleHe C CHCTEMOJI TPOrpaMMIPyeMoli pOTOIepUOpNY-
HOCTH, TeMIIepaTypoii Bo3gyxa 20-22°C u BIaKHOCTDIO
Bo3spgyxa 50-55%.

JKuBoTHbIe 6bIIM pa3fie/ieHbl Ha 4 IPYIIIIBL:
 KOHTpOJIbHas rpymia Nel — OObIYHBIT BYBAPHBII PAllVOH;
e KOHTPO/bHasA Ipymnmna Ne2 — B pallMiOH BBeJJeH ChIPOBS-

JIEHDIiI TIPOAYKT 3 TOBANVHDI 6€3 IPUMEHEHN B TeX-

HOJIOTMYECKO} cXeMe CTapTOBbIX KY/IbTYp, B KOJIMYe-

ctBe 0,034 r Ha 0co0b, 0,2 T Ha TpymITy;

e ONbITHAadA rpynma Ne 1 — B paloH BBEfIEH ChIPOBS-
JIEHDBIVI TIPOAYKT U3 TOBAAVHBI ¢ IpuMeHeHueM bII-1,
B Komudectse 0,034 r Ha 0co6b, 0,2 T Ha TpYIIILY;

Materials and methods

The subjects of the research were:

o a beef product with the bacterial preparation-1 (BP-1),
which included lactic acid bacteria Staphylococcus car-
nosus and Lactobacillus plantarum in a ratio of L:1;

« abeef product with the bacterial preparation-2 (BP-2),
which included lactic acid bacteria Staphylococcus xylo-
sus and Lactobacillus rhamnosus in a ratio of 1:1;

o+ control — air-dried beef produced under the tradition-
al technology without starter cultures.

Production of meat whole muscle air-dried products
was carried out using the recipe of an air-dried beef «Pi-
kantnaya». The process included the following stages: raw
material curing (addition of a curing mixture with starter
cultures by injecting), holding (a temperature of 4°C and
air humidity of 50-60% for 96 hours), drying (15 days at a
temperature of +14-16°C and air humidity of 74-78% at
the beginning, and a gradual decrease up to 55-60%).

The electrophoretic separation of the samples was car-
ried out with vertical electrophoresis using the polyacryl-
amide gel plates (125x125x1 mm) at a temperature of
20°C [7]. The test samples were injected into the pockets
under the buffer using a microdispenser or microsyringe
in an amount of 10 pl. A dye buffer contained glycerol; the
protein solution stained with Bromophenol Blue was ad-
equately placed under the buffer. A current at 30 mA was
applied to the gel (125 x 125 x1 mm) during the first 10 min.
and at 60 MA after a sample entered the gel. After the end
of electrophoresis, the protein bands were revealed by gel
staining in an alcohol/acetic acid Coomassie solution. Pre-
liminary sample preparation of proteins for electrophore-
sis was carried out according to the modified method with
10% of sucrose solution.

A biological assessment of air-dried products produced
by different technologies was carried out on growing labo-
ratory male rats for 30 days [3]. The animals were kept in
the conditions of a vivarium. The rooms where the animals
were kept had intake and exhaust ventilation, recirculators,
artificial lighting with a system of programmed photo-pe-
riodicity, an air temperature of 20-22°C and air humidity
of 50-55%.

The animals were divided into 4 groups:

« Control group Ne 1 — a usual diet of a vivarium;

« Control group Ne 2 — a diet was supplemented with
an air-dried beef product without starter cultures in an
amount of 0.034/individual, 0.2 g/group.

« Experimental group Ne 1 — a diet was supplemented
with an air-dried beef product with BP-1 starter culture
in an amount of 0.034/individual, 0.2 g/group.
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e OMbITHaA rpynma Ne 2 — B paljMOH BBEEH ChIPOBA-
TIEHBIN IPOAYKT U3 TOBALVHBI ¢ IpuMeHeHueM bII-2,
B xommuecTse 0,034 r Ha 0co6b, 0,2 T Ha TpyImy.
[TpoBomumM OLIEHKY NPUPOCTa MACChl Te/la MHAWUBU-
IyaJbHBIM B3BelIVBaHMEM >KMBOTHBIX Ha Ta00PaTOPHBIX
37IeKTPOHHBIX Becax 110 pasHUIe MacC B Havyase i B KOHIIe
3KCIIEpMMEHTA 110 McTedeHun 30 THeil.

[TepeBapmMMOCTD 9KCIIEPUMEHTATIBHBIX 00Pa3II0B OIpe-
Te/ANN B OIBITAX in Vitro 1o nemncuHy u Tpuncuny. Meropn
3aK/II0YAeTCs B IOCIENOBATe/IbHOM BO3IENICTBUN Ha 6erl-
KOBBbI€ BellleCTBA MICCIeAlyeMOTro IPOAYKTa CUCTEMOI IIPO-
TeMHa3, COCTOsAMIeN U3 encuHa 1 Tpuncuia. Hakonnenne
IPOAYKTOB IMAPO/IN3A OIPENeIA0T 110 1IBeTHOI peaKLnn
Jloypu, BlpakatoT B MKr/1 . MaremaTndeckas o6paboTka
Ppe3y/IbTaTOB 9KCIepUMeHTaNbHbIX UCCIEOBaHMUI TPOBe-
IeHa 110 METOAY IO METOHY ONTMMM3ALUI CpeNHEN KBa-
[PaTUYHOI OMINOKIL.

Pesynbrarsl 1 06cyxeHne

SInonckue yyensle Nakashima, Fujita [2, 6] ycraHOBU-
I TUIIOTEH3VBHbIE CBOJVICTBA MENTHUAOB Msca BBOJSA UX
OpaJIbHO TA0OPATOPHBIM KpbICaM. DTUMU UCCIEAOBAHNUA-
MM IIOKa3aHbl TMIIOTEH3VBHbIE CBOJCTBA MENTUIOB MAC-
HBIX [IPOJYKTOB, KOTOpPbIe HAXOMSATCS B CPEJHEN! U TeTKO
30HaX 9MeKTpodopeTnyecKoi mnoaBKHOCTU. Kak mmo-
Kasa/u JaHHble HAIIUX MCCIETOBAHUI, IIPU STEKTPodo-
PeTHYECKOM pasfie/leHNN CyMMAapHBIX O€/IKOB TOTOBOTO
IPOAYKTa, HAKAIIMBAIOLINXCS B Tporecce BsiteHus (Pu-
CYHOK 1), HamboJblilee KOMMIECTBO OENKOBBIX CIEKTPOB
HAaXO[UTCs B cpefHeit ¢ppakuum 6enkoB obpasma ¢ BII-1
Ha 4-8 geub Bsanenus (ot 30 kDa — 50 kDa). B ganbHeii-
IIeM ITPOMCXOAUT ITOC/IefloBaTeNIbHOE HaKOIIeH e OeKOB
nerkoi ppakuym (5 kDa — 16 xDa).

AnexkTpodoperpaMma CyMMapHBIX O€/IKOB CBIPOBSI-
eHoit roBsiuHbl ¢ BII-2 B mpoliecce BsieHus BBISBUIIA,
4yT0o B 06pasie ¢ BII-2 Ha 6 meHb BsUIEHNs POUCXOLUT
Hanbosblilee HAKOIIIEHVe OeTKOBBIX CIIEKTPOB B JIETKOI
¢dpaxuym (5 kDa — 15 kDa) (Pucynok 2).

AnexTpodopes CyMMapHBIX O€/IKOB 9KCIIePUMEHTAIb-
HBIX 00pasIoB IOKasas, YTO HauboJbliee KOTNIECTBO
6e/1KOB HAO/IIOIAeTCs B JIETKO 1 CPefIHel 30HaX /IeKTPO-
¢dopeTnueckoil MOABIKHOCTY C MOJIEKY/ISIPHON Maccoil
50 kDa — 70 xDa u 5 xDa — 20 xDa cooTBeTCTBEHHO,
B KOTOPOIJ1 pacIionaraiTcsi OenKyu-KapHUTUHBL 1 OeKu-
KapHO3MHBI C HOTEHIIMa/IbHO TUIIOTEeH3VBHOI HAaIlpaBJIeH-
HOCTBIO C MOJIEKY/IAPHOI Maccoit oT 5 kDa no 7 xDa [8].

UccnepoBanmsamn Sasaki, Itoh [6] ycranoBneHO, 4TO
npy MAEHTUPMKALMY B IUIa3Me KPOBMU IIENTHIOB Msca
KapHO3MHA U KapHUTUHA, OMOJOCTYIIHOCTh MACHBIX Oes-
KOB ITI0C/Ie IIpUeMa TOBSIIMHbI yBennunBaercs. Hamm uc-
CIIeJOBaHMs IIePEBAPUMOCTH OEIKOB CBIPOBSIICHOI TOBSI-
[VHBI TIPOTEOIUTUYECKUMY (PepPMEHTaMU IOATBEPHVIIN
[laHHOe YTBepXK/eHue. B cBsA3M ¢ ueM cumTaeMm, 4TO omnpe-
JieTieH1ie Ha/IM41st IIeTITUAOB MsIca KAPHO3MHA U KapHUTH-
Ha MeTonoM anekTpodopesa B [IAAT o3BosIsI€T CIIPOTHO-
3MpOBATh CTENEHb YCBOSAEMOCTH M YTUWIN3ALVUM MACHBIX
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« Experimental group Ne 2 — a diet was supplemented
with an air-dried beef product with BP-2 starter culture
in an amount of 0.034/individual, 0.2 g/group.

A body weight gain was measured by individual weigh-
ing animals on a laboratory electronic scale as a difference
between the weights at the beginning and at the end of the
experiment after 30 days.

Digestibility of the experimental samples was detected
in the experiments in vitro by pepsin and trypsin. The
method consists in the successive exposure of the protein
substances of a test product to a proteinase system that
comprised of pepsin and trypsin. Accumulation of the hy-
drolysis products is assessed by the Lowry color reaction
and expressed in pg/g. Mathematical processing of the ex-
perimental results was carried out by the method of mean
square error optimization.

Results and discussions

The Japanese scientists Nakashima, Fujita [2, 6] estab-
lished the hypotensive properties of meat peptides admin-
istrating them orally to the laboratory rats. These investiga-
tions showed the hypotensive properties of meat product
peptides, which were in the medium and light zones of the
electrophoretic mobility. As the data of our investigations
showed, upon electrophoretic separation of total proteins
of a finished product that accumulate in the process of air
drying (Fig. 1), the largest number of protein spectra was
in the medium protein fraction of the BP-1 sample on the
4-8 days of air drying (from 30 xkDa — 50 xDa). A succes-
sive accumulation of the protein light fraction (5 xDa —
16 kDa) occurred later on.

The electrophoregram of total proteins in air-dried beef
with BP-2 in the process of air-drying showed that the
highest accumulation of the protein spectra in the light
fraction (5 kDa — 15 xDa) took place in the sample with
BP-2 on the 6™ day of air-drying (Fig. 2).

Electrophoresis of total proteins of the experimental
samples showed that the highest number of proteins was
in the light and medium zones of the electrophoretic mo-
bility with the molecular weight of 50 kDa — 70 xDa and
5 kDa — 20 kDa, respectively, in which carnitine and car-
nosine with the potential hypotensive activities (molecular
weights of 5 kDa to 7 kDa) were located [8].

Sasaki, Itoh [6] established that when identifying meat
peptides, carnosine and carnitine, in the blood plasma,
meat protein bioavailability increased after beef intake.
Our investigations of protein digestibility of air-dried beef
by proteolytic enzymes confirmed this statement. In this
connection, we suggest that the detection of the presence
of meat peptides, carnosine and carnitine, by electropho-
resis in the polyacrylamide gel allows predicting a degree
of digestibility and utilization of meat proteins by the
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Figure 1. Electrophoregram of the sample with BP-1(1,2,3,4, 5, 6- 2, 4,
6, 8,10,12 days of air drying, 7 — protein molecular weight marker Page
Ruler (5, 10, 15, 20, 30, 40, 50, 70, 100, 160, 250 kDa, Helicon, USA)
Puc. 1. 9nexrpodoperpamma obpasua ¢ bII-1 (1, 2,3, 4, 5, 6- 2, 4, 6, 8,
10, 12 et BsyteHus, 7 — MapKep MOJIEKY/LIPHOIT Macchl Oenkos Page
Ruler (5, 10, 15, 20, 30, 40, 50, 70, 100, 160,250 kDa, Helicon, CIIIA)

6e/IKOB OpraHM3MoM 4enoBeka. Hamm ormeueHo, 4To mpu
VICCTIEJOBAaHUM TI€PEBAPUMOCTY MCCIEfyeMBbIX 00pasiioB
10 NeNCHHY M TPUIICUHY, Hambojee BBICOKAas CKOPOCTb
rupponusa pepMeHTaMI XKeNy[OYHO-KUIIEYHOTO TPAaKTa
IPONCXOAUT B 00pasljaX CBIPOBSTIEHOTO MsACa C IpUMeHe-
HJEM CTapTOBBIX KY/IbTYp KaK B C/Iy4ae C IPUMEHEHVeM
BII-1, Tak u ¢ BII-2 (Ta6mumna 1).

Ha ocHOBaHMM IOMYYEeHHBIX HAHHBIX MOXXHO YTBep-
XKJJaTh, YTO BBICOKAst CKOPOCTb IM/pO/3a OeIKOB Msica CBs-
3aHa ¢ 00pa3oBaHIEM CpeJHEe MOJIEKY/LIPHBIX IIPOIYKTOB
ruaponusa, 6omee JOCTYIHBIX [IENICTBUIO MUIIEBAPUTENb-
HBIX (PePMEHTOB >KETy[JOUHO-KUIIIEYHOTO TpaKTa. AHaso-
rM4YHble BBIBOAIBI Oblyt nonmydensl T.M. Inpo u C.B. [JaBbI-
JIOBOJ IIpM MCCIeOBaHNM (PYHKIMOHANTBHBIX MSICHBIX
HPOZYKTOB C J06aB/IeH)eM THIKBEHHOTO IIOpoIIKa [9].

[TonyyeHHBle HaHHbIE CBUAETENBCTBYIOT O TOM, 4TO
BBeJIeHI€ B PallJiOH 1a00PaTOPHBIM >KMBOTHBIM — J1ab0-
PAaTOPHBIM MBIIIAM CBIPOBS/IEHBIX IPOXYKTOB U3 TOBAIM-
HBI OKa3bIBaeT IIOJIOKUTEIbHOE BIVMsIHME Ha POCT U pas-
BuTHe XUBOTHBIX (Tabmmia 2). [IpupocT >kxmuBoOIt Maccel 3a
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Figure 2. Electrophoregram of the sample with BP-2 (1, 2,3, 4, 5, 6- 2, 4,
6, 8,10,12 days of air drying, 7 — protein molecular weight marker Page
Ruler (5, 10, 15, 20, 30, 40, 50, 70, 100, 160, 250 kDa, Helicon, USA)
Puc. 2. 9nexrpodoperpamma obpasua ¢ BII-2 (1,2, 3, 4, 5, 6-2,4, 6, 8,
10, 12 nHeit Bstenns, 7 — MapKep MOJIEKY/LIPHOI Macchl benkoB Page
Ruler (5, 10, 15, 20, 30, 40, 50,70, 100, 160, 250 kDa Helicon, CIIIA)

human body. We noticed that when studying digestibility
of the test samples by pepsin and trypsin, the highest rate
of hydrolysis by the enzymes of the gastrointestinal tract
occurred in the samples of air-dried meat with starter
cultures as was in the case of using both BP-1 and BP-2
(Table 1).

Based on the obtained data, it can be stated that the
high rate of meat protein hydrolysis is associated with
formation of medium molecular weight hydrolysis prod-
ucts that are more accessible to the action of digestive
enzymes of the gastrointestinal tract. The similar conclu-
sions were made by T.M. Giro and S.V. Davidova when
studying functional meat products with addition of pow-
dered pumpkin [9].

The obtained data indicate that addition of air-dried
beef products into a diet of laboratory animals (laboratory
rats) has a positive effect on animal growth and develop-
ment (Table 2). A live weight gain over a 30 day period of

Table 1. Assessment of meat product digestibility | Ta6r. 1. Ouenka nmepeBapimMocTyt MACHBIX IIPOJYKTOB

Samples | O6pasupr

Digestibility in vitro mg tyrosin /g protein |
IlepeBapumocTs in vitro Mr THpo3nHa/r 6enka

Pepsin | Ilencun Trypsin | Tpumcun Total | Cymma
Control | Koutponn 11.24+0.11 11.84+0.16 23.08+0.21
Meat product with BP-1 | Msicsoit mpoxyxkT ¢ BII-1 13.02+0.07* 12.62+0.06* 25.64+0.16
Meat product with BP-2 | MsicHoii npomykr ¢ BII-2 12.88+0.14* 11.97+0.14 24.85+0.11*

*p <0.05 (a possibility of an error between the control and experimental samples)
*p<0,05 (BepOATHOCTD OIIMOKY MEKAY KOHTPOIEM U ONBITHBIMYU 00pa3iammn)
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Table 2. Growth indicators in laboratory animals | Ta67. 2. PocroBbie noxasare/ 1a60paTopHbIX XKUBOTHBIX

Live weight at the beginning
of the experiment, g |

Live weight at
the end of the

Live weight gain
over a 30 day

Average daily gain over a 30 day
period | CpegnecyTouHbIIt

Group | [pynma JKupas Macca experiment, g | period | IIpupocr npupocr 3a 30 gHeit
JKuBasg macca JKIMBOIT MacChI 32
TPV IOCTAHOBKE OTBITA B T . g|r %
B KOHIIE ONIBITHI, B T 30 mHeit
Control-1 | Kontpons-1 18.76+0.23 29.48+1.14 10.72+0.12 2.05+0.03 100
Control-2 | Kourpons-2 18.68+0.16 30.46+1.05 11.78+0.23 2.07+0.11 101.3
Meat product (with BP-1) | 18.61+0.16* 32.98+1.09% 14.37+1.16* 2.11+0.14 104.7
sicHoit mpoaykrT (¢ BII-1)

Meat product (with BP-2) | 18.75+1.13* 31.570.69 12.82+0.32** 2.09+0.15 102.5

MsicHoit mponykT (c BII-2)

*p< 0.05 (a possibility of an error between the control and experimental samples)
*p< 0,05 (BepOATHOCTD OIIMOKI MeKAY KOHTPO/IEM U ONBITHBIMM 06pasiamu)

30 gHeil KOpMJIEHNA COCTAaBUII B OIIBITHBIX Tpynnax 14,37 r
1 12,82 r COOTBETCTBEHHO, 110 CPAaBHEHMNIO C KOHTPOJIBHON
TPYILIOIi-1, ¥ KOHTPOJILHOM IPYIIIO-2. 3HaYeHNe IIPUpPO-
CTa XMBOJM MaccChl B KOHTPOJIBHON IpyIIe-2 COCTaBUIIO
11,78 1, KOHTPONbHO IpynmbI-1 cocrasmo 10,72 1.

Haubombumit cpefHeCcy TOYHbIN MIPUPOCT >KMUBOIL Mac-
cbl 3a 30 CyTOK B TPYIIIaX, B PAI[IOH KOTOPBIX OBUIN JIO-
6aBJIeHbI MACHBIE IPOAYKTBI CO CTAPTOBBIMU KY/IBTYPaMIIL.
CaMbli1 BBICOKMIT IPUPOCT B IPYIIIIe )KMBOTHBIX, B pali-
OH KOTOPBIX ObIT H06aBIeH MACHO HpoayKT ¢ BII-1, on
cocraBui 2,11 T, ¢ BII-2 npupocrt cocrasun 2,09 r. PasHuia
B pesylbTaTaxX ABYX KOHTPOJIbHBIX IPYIIN HEe3HAuMTe/lb-
Ha ¥ HaXOJWUTCA B Ipefenax omubKy ombita. JrHaMuka
IIpUpPOCTa CBUAETENIbCTBYET O HOCTATOYHON YCBOSEMO-
CTU IPOAYKTA, 00 OTCYTCTBUM JIMIIHETO Beca y IKCIepH-
MEHTa/IbHBIX )XMBOTHBIX ¥ 00 OTCYTCTBUM HArpy3KM Ha
Ie4eHb M Cepplie IpY BBENEHMM B PALVIOH >KMBOTHBIX
CBIPOBSJIEHBIX MACHBIX IPOJYKTOB, IPOU3BENEHHBIX C JIC-
MI0/Ib30BaHMEM CTapPTOBBIX KY/IbTYP.

BriBogb1

B pesynbrare NmoMy4eHHBIX MCCIEHOBAHMII IO OLiCHKe
IPOTENHOBOTO KOMIIEKCA CHIPOBSIIEHBIX IPOLYKTOB 13
TOBSIJIVHBI, BHIPAOOTAHHBIX 10 PA3/TMYHBIM TE€XHOIOTVSIM
BsUIEHMS, TIOKa3aHO, YTO HarOo/Iblllee KOMNIECTBO OeKo-
BBIX CIIEKTPOB B CBIPOBSIIEHBIX IPOAYKTOB 13 TOBSAVHBI
C TIpYMeHEeHNeM CTAapTOBBIX KY/IBTYP HaXOAUTCS B 30HAX
0€/IKOB C TIOTEeHIMA/IbHOI TMIOTEH3MBHOI HaIpaBIeHHO-
CTBIO (CpefHeli 1 JIeTKO¥ 30HaX C MOJIEKY/IAPHOIL Maccoit 50
kDa — 70 kDa u 5 xDa — 20 kDa cooTBeTcTBeHHO0). Ha-
ubosbIIee KOMMYECTBO OENKOBBIX CIIEKTPOB (5 CIIEKTPOB)
OTMe4eHO B cpepHelt dpakumm 6enkos obpasia ¢ BII-1
Ha 4-8 neHb BsmeHus. B obpasie ¢ BII-2 Ha 6 feHpb Bs-
JIeHMsI TIPOMCXOUT HauOOosblllee HAKOIUIeHMe OenKOBBIX
CIIeKTpoB (6 CIIEeKTpOB) B jIerKoyl ¢pakuym 6enkos. [Ipn
VICTIOJIb30BAHNUM TPA/IVLIMOHHON TeXHOIOTUY BsTICHUSA Ha-
KOIUIeHNe O€/KOBBIX CIIEKTPOB B MsCe OTMEYAeTCs B 30He
TSDKETIBIX PpaKIWil ¢ MOJIEKY/IApHOI Maccort 85 kDa -100
KDa, cpenHsis u erkas ppaxuym BbIpaskeHsl ¢1abo.

[TonyyeHHble [aHHBIE IIOKAa3bIBAIOT BO3MOXKHOCTD
BBeJIeHNsI B ©KeJHEBHBIII PAlMIOH XKMBOTHBIX ChIPOBSi/Ie-
HBIX IIPOAYKTOB 13 rOBSAAMHBL. [IoKa3aH MOO>XXMUTENbHBII
addeKT Ha POCT U pa3BuUTHE TAOOPATOPHBIX KUBOTHBIX.

89

feeding was 14.37 g and 12.82 g, respectively, in the experi-
mental groups. A value of a live weight gain was 11.78 g in
control group 2 and 10.72 g in control group 1.

The largest average daily gain over a 30 day period
was in the groups, which diet was supplemented with
the meat products containing starter cultures. The high-
est gain (2.11 g) was in the animal group, which diet con-
tained the meat product with BP-1; when adding BP-2
into the diet, the gain was 2.09 g. The difference in the
results of two control groups was insignificant and was
within the experimental error. The gain dynamics sug-
gests a sufficient digestibility of a product, an absence
of an excessive weight in the experimental animals and
an absence of a load on liver and heart when adding air-
dried meat products with starter cultures into an animal
diet.

Conclusions

As a result of the performed research on an assess-
ment of the protein complex of air-dried beef products
made according to different technologies of air drying, it
was shown that the highest number of the protein spectra
in the air-dried beef products with starter cultures were
in the zones of proteins with the potential hypotensive
activity (the light and medium zones with the molecu-
lar weights of 50 kDa — 70 xDa and 5 kDa — 20 kDa,
respectively). The highest number of the protein spectra
(5 spectra) was observed in the protein medium fraction
of the BP-1 samples on the 4-8 days of air-drying. In the
BP-2 sample, the highest accumulation of the protein
spectra was in the protein light fraction on the 6™ day.
When using the traditional air-drying technology, an ac-
cumulation of the protein spectra in meat was observed
in the zone of the heavy fractions with a molecular weight
of 85 xkDa -100 kDa, the medium and light fractions were
poorly pronounced.

The obtained data show the possibility to add air-
dried beef products into an everyday diet of animals. The
positive effect on growth and development of laboratory
animals was shown. The highest live weight gain over a
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Han6ospuimnit mprpoCT >KMBOI MacChl OIBITHBIX KMBOT-
HbIX 32 30 gHeV KOpM/IeHN s ITI0Ka3aH B OIbITHBIX IPYIIIIaX.
YcBOAEMOCTb 6€/KOB CHIPOBATIEHOTO MsACa M3 pacyera
IIepeBApVMOCTH in Vitro 1o mencuHy U TPUIICUHY BbIlIe
Ha 2,56 MT THPO3MHA/T 6efka B 06pasIax ¢ IpuMeHeHeM
CTapTOBBIX KY/IBTYP, COfiep>KAINX MOJIOYHO-KIIC/IbIe 6aK-
tepun Staphylococcus carnosus, Lactobacillus plantarum.
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30 day period of feeding was observed in the experimen-
tal groups. Digestibility of air-dried meat proteins on the
basis of in vitro digestibility by pepsin and trypsin was
higher by 2.56 mg tyrosin / g protein in the samples with
starter cultures that contained lactic acid bacteria Staphy-

lococcus carnosus and Lactobacillus plantarum.
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