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Annomauus

B dannoii cmamve npedcrmasnetvl pe3ynomamol U3yHeHUs 6IUSHUS
20MO2EHHDbIX MACHVIX MOOEIbHBIX CUCHEM, NOTIYHEHHDBIX C NpUMeHe-
Huem epMeHHOz0 npenapama epubHoti npomeasvt U MUKpoOU-
onoeuyeckoti cmapmosoti xkynvmypot Lactobacillus plantarum, na
An7epeUdeckyro peakyuro cneyudueckoz0 UMmMyHumema in vivo.
Ilo pesynvmamam uccned08aHull ycmMaHo67IeH0, 4O ONbIMHbLe
NpoOyKmbL He 0KA3bIBAION HE2AMUBHO20 B/IUAHUS HA KITUHUYECKOe
cocmostHue 1a60pamopHbIx susomuolx. Ha npomsicenuu sxcnepu-
MeHMa OUHAMUKA USMEHEHUST MACCbL e HUBOMHDbIX 6CeX 2PYNN
6vi1a nonoxUmenvHotl, Npu 66ed0eHUL ONbIMHBIX 06PA3U08 6 PaLju-
OH, OMMeHeHbl MeHbUIUTI NPUPOCI Beca KPbiC U MeHblUiUe SHAYEHUST
NpUBecos HUBOMHYIX 6 KOHUeE SKchepumenma (y Kpoic 1 epynnot —
14,0%, 2 epynnot — 15,9 %, y scusomnvix 3 epynnvt — 20,2%). Bos-
MOJHO MO CBAIAHO ¢ AOANMAUUOHHBIMU NPOUECCAMU, NPOUCXO-
OAUUMU 6 OmBem HA 66e0eHUe 8 PAUUOH MACHBIX CUCTNEM, 4O
noomeepcoaern HUBETUPOBAHUE eHECYMOUHO20 NPUBECA ONbIINHBIX
U UHMAKMHBIX HUBOHBIX HAMUHAS ¢ 16-X CYMOK IKCnepuMeHma.
ITo pesynomamam o6ujee0 KAUHUUECKO20 AHANUIA KPOBU HU-
B0OMHbLX, NOMPEOTIAEUIUX ONbIMHbLE NPOOYKMIbL, BbIABTIEHO Y6e-
JuveHUe NetiKouumos u num@ponumos 0o 18 %, eparynouumos
0o 35% u moHouumos 0o 8%, KOHUEeHMPAUUU 2eMOoe00UHA,
YPOBHS eemamoxpuma u cpedHeli KOHUEHMPAYUU 2eMO2TI0OUHA
6 spumpoyume ceviuie 3%, WUPUHDL pacnpedeneHUs IPUmpo-
UUumos u cpedHezo 0b6vema spumpoyuma 00 2% no cpasHeHu0
¢ uHmakmuoimu xusomuvimu. CoomHousenue smux OaHHbIX
C AHATU30M UMMYHOMEPMEHMHBbIX noKasamerseti Cbi6OPOMKU
KPOBU ONbIMHBLX HUBOMHBIX (SUCAMUH U UMMYHO2n00ynuH E)
103607IUTI0 BbICKA3AMb NPEONOTIONEHUe 00 SKCNPeCcCUU peazuHo-
BbIX AHMUMET U 63AUMO0eLiCBUL HA NOBEPXHOCMU 6A30(UI06
U MY4HbIX KIeMOK, NPUBOOAULUX K 0e2PAHYNIAUUU U 6biC6000-
AHoeHuto (yBenuueHur0) eUcmMamuna, KaxK 8asoaKkmuenoeo Pax-
mopa, Ha 40 % 6 cpasHeHUU ¢ UHMAKMHOLL 2PyNNoil.

Ob6uyuti 661600 UCCe008aHULL YKA3bL6AET HA 10, YN0 ONbIMHDLE
MIACHble MOOe/IbHble CUCHEMbL MO2YM 6bi3bl6Amb AKIMUBALUIO
cneyuduUecKUx UMMYHHBIX PeaKyuil y 1a60pamopHbIX HUBOM-
Hbix. BosmosxcHo, smo ceéa3aHo ¢ 06pasosaruem nod Oeticmeuem
npomeas 607buULe20 KOIUHECHIBA CTIONHOYCEALEAEMbLX NONUNEN-
MUOHbIX U NENMUOHBIX COeOUHEHUL], BbI3bIBAIUAUX MeCHIHbLe
a0anmayuoHHble peaKyuu.

BBenenne

Ha ceropusiuinmit feHb mpo6IeMbl alepruu CoOCTaB-
JIAI0T 3HAUUTEIBHYIO YacTb Cpefu 3ab0/IeBaHUIT HeMH-
(eKIMOHHOTO IPOMCXOXKAeHM. B cTpykType naHHOI
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Abstract

This article presents the results of studying the effect of homogeneous
model meat systems produced using enzyme preparation containing
fungal protease and microbiological starter culture of Lactobacillus
plantarum on the allergic reactions within specific immunity in
vivo. According to the results, it is established that experimental
products have no negative effect on the clinical parameters of
laboratory animals. During the experiment, with the introduction
of experimental products into diet, the dynamics of body weight
changes in all groups of animals was positive. At the end of the
experiment, there were smaller increase in the weight of rats and
lower values of weight gain (Group 1 — 14.0 %, Group 2 — 15.9 %,
Group 3 — 20.2%). This is possibly due to the adaptation processes
occurring in response to introduction of meat systems into the diet,
which confirms the leveling of the daily weight gain of experimental
and intact animals since the 16th day of the experiment.
According to the results of clinical blood analysis of the animals
consuming experimental products, an increase is detected in
leukocytes and lymphocytes by up to 18 %; in granulocytes by up to
35 %; and in monocytes by up to 8 %; in hemoglobin concentration,
hematocrit and mean corpuscular hemoglobin concentration by
more than 3 %; in red cell distribution width and mean corpuscular
volume by up to 2%, in comparison with intact animals. The
correlation of these data with ELISA parameters for serum of
experimental animals (histamine and immunoglobulin E) allowed
to suggest the expression of reaginic antibodies and interaction
on the surface of basophils and mast cells, which led to the
degranulation and release (increase) of histamine, as a vasoactive
factor, by 40 % compared with intact animals.

The overall conclusion of the studies is that experimental model
meat systems may trigger the activation of specific immune
responses in laboratory animals. This is possibly due to protease-
mediated formation of greater amount of indigestible polypeptides
and peptides that invoke local adaptation responses.

Introduction

To date, allergy problems account for a significant pro-
portion of non-infectious diseases. Among them, food
allergy has leading positions. This pathology is especially
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MATOIOTUM IUIeBas a/UIepPrys 3aHMMAeT JUAVPYOLe
nosunym. Ocoboe 3HauYeHMe JaHHAs INATOIOIMA MIMeeT
VIS IeTeil paHHEro BO3pacTa, TaK KaK B CUIIYy He 3peio-
CTV (PePMEHTHBIX CHCTEM >KeMyJOYHO-KUIIEYHOTO TPaK-
Ta OPraHM3M peOeHKa He BCerfja CIIOCOOeH pacIIeIlIATh
HMIIeBble CyOCTPATHI 10 MTOTTY9TIeMEHTHBIX U 97IEMEHTHBIX
HYTPUEHTOB, KOTOpble 0€30IIaCHO BK/IIOYAIOTCSA B MeTa-
6omn3m [1]. Y 6GonmpmiMHCTBa [eTeil, 0COOEHHO MPOXKM-
BAIOLINX B TOPOfaX, XOTs OBl pa3 OblIa ajuiepruyeckas
peaklusA Ha NUILEBOI MHTPeNMEeHT, MaKpO- MIN MUKPO-
KOMIIOHEHT, Ipn4yeM y 30% pmeTeil ayuieprudeckue Ipo-
671eMbI IPUOOPETAIOT XPOHNIECKUIT XapaKTep.

OpgHMM 13 3aKOHOAATENbHBIX (HOPMAaTMBHBIX) [O-
KyMEHTOB, HOATBeP)KJAIINX aKTyaJbHOCTb U pac-
IPOCTPAaHEHHOCTh IUILEBON AJIEPIUM, ABAETCA IIPU-
HATbII TexHmuyeckmii pernaMeHT TaMOXKEHHOrO cO03a
TP TC 022/2011 «IIniieBas DpoAyKuysa B 4acTU ee Map-
KkupoBkm». Crarbs 4 «Tpe6oBaHUA K MapKMPOBKe IMIIle-
BOJ TPOAYKLUN» [JAHHOTO JOKYMEHTa YCTAHAaBIMBaeT
TpeboBaHNA, 00s3bIBAIONINE TPOM3BOAUTE/A YKa3bIBaTh
B COCTaBe IMIIEBOIl IPOAYKLUY KOMIIOHEHTHI (B TOM
4yciIe MuUIeBble [06aBKY, apOMaTU3aToOphl), 61oIorye-
CKM aKTUBHBIE JOOABKM, YIOTpebIeHe KOTOPBIX MOXET
BBI3BATb a/U/IepTIYecKiie peaKLuy UM IPOTUBOIIOKa3aHO
IpU OTHENbHBIX BUjax 3aboneBanuil. Ilpumyem kommde-
CTBO IIOTEHIVAIbHBIX a//IEPIeHOB JO/DKHO YKa3bIBAaTbCSA
He3aBJICMO OT UX KOJIMYeCTBa.

Cornmacao TP TC 022/2011, k Hanbonee pacupocTpa-
HEHHbIM KOMIIOHEHTaM, yIoTpebIeHre KOTOPbIX MOXeT
BBI3BATb a/UIEPTIYECKIe peaKLNy WM IPOTUBOIIOKA3aHO
IIPY OTZIE/IbHBIX BUAX 3a00/IeBaHMIT, OTHOCATCS:
apaxyc 1 IIPOAYKTHI €To IepepaboTKy;
acmapTaM I acmapTaM-anecynbgdaMa comb;

TOpYNIIA U IIPOAIYKTBI ee IepepaboTKy;

IMOKCUJ, Cepbl M CYIbMUTHI, eCn uX oblee copepka-
Hue cocTaBsier 6oyee 10 MIITUTPaMMOB Ha OIVH KN~
norpaMm Wiy 10 MMIIUTPaMMOB Ha Of{VIH JIUTP B IIepe-
cueTe Ha INOKCUJ, Cepbl;

371aKM, COfiepsKalllue TJII0TeH, ¥ IPOAYKThI UX Iepepa-
60TKM;

KYH)XYT ¥ IPORYKTBI €T0 IepepaboTKy;

JIIONIVH ¥ IPOAYKTBI €r0 epepaboTK;

MOJUIIOCKY U IPOJYKTHI UX IlepepaboTK;

MOJIOKO ¥ IIPOAYKTHI €ro IlepepaboTKy (B TOM 4ucIe
JIAKTO3a);

Opexu U MPOAYKTHI UX NlepepaboTKY;

pakooOpasHble ¥ IPOAYKTHI UX IepepaboTKI;

pbiba 1 MPOAYKTHI ee mepepaboTKu (KpoMe prIOHOrO
JKeTaTVHA, CIIO/Ib3yeMOTr0 B KaueCTBe OCHOBBI B IIpe-
Iaparax, COflep)KallMX BUTAMMHBI U KapOTMHOWIDI);
cenpjiepeit U IPOAYKTHI eTo IepepaboTK;

COs1 M IPOAYKTEI ee IepepaboTKIL;

AL Y IPOAYKTBI X HepepaboTKIL.

KoHeuHo, JaHHBIN NlepedeHb He ABJIACTCS MCYEPIIbI-
BAIOLIVMM M KaK IPaBUIbHO OTMEYEHO — 3TO Haumbosee
pacIpocTpaHeHHble KOMIIOHEHTBI, TaK KaK y JeTeil,
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important for young children, because child’s body is not
always able to split food substrates into safely metabolized
semi-elemental and elemental nutrients [1], due to imma-
turity of the enzyme systems of gastrointestinal tract. Most
children, especially those who live in cities, had at least one
allergic reaction to food ingredient, macro- or micro-com-
ponent, and in 30 % of children allergic problems become
chronic.

One of the regulative documents confirming relevance
and prevalence of food allergy is the adopted Technical
Regulations of the Customs Union TR TS 022/2011 «Food
products in terms of its labeling.» Article 4 «Requirements
for labeling of food products» of this document establishes
requirements for manufacturer to indicate components of
food products (including food additives, flavoring agents),
bioactive additives, which consumption may cause allergic
reactions or is contraindicated in certain types of diseases.
Moreover, the number of potential allergens should be in-
dicated regardless of their number.

According to TR TS 022/2011, the most common com-
ponents, which consumption may cause allergic reactions
or is contraindicated in certain types of diseases, include
the following:

» peanuts and related processed products;
 aspartame and aspartame-acesulfame salt;

mustard and related processed products;

sulfur dioxide and sulfites, if their total content is great-
er than 10 milligrams per kilogram or 10 milligrams per
liter based on sulfur dioxide;

cereals containing gluten and related processed prod-
ucts;

sesame and related processed products;

lupine and related processed products;

shellfish and related processed products;

milk and related processed products (including lac-
tose);

nuts and related processed products;

crustaceans and related processed products;

fish and related processed products (excluding fish gel-
atin used as a base in preparations containing vitamins
and carotenoids);

celery and related processed products;

soybeans and related processed products;

eggs and related processed products.

Of course, this list is not complete, and as it is correctly

noted, these are the most common components, since in
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0COOEHHO paHHEro BO3pacTa, a/UlepruyecKye peak-
VY MOTYT BBI3BIBATb U [pyrye IUIeBble MCTOYHUKI,
B TOM u4yciIe MsCo [2]. B MsAce XUBOTHBIX MMeeTCA /iBa
OCHOBHBIX NOTEHIVAJbHBIX a/ljlepreHa — ChIBOPOTOY-
HBI/I anbOymMuH u ramma-rmo6ynmuu [3]. Ilpum ocrtpoit
YYBCTBUTETBHOCTY HA STU BEIIECTBA, y JeTell MOXeT
HabmoaeTcss HapylleHne (QYHKIMOHMPOBAHMS >Kemly-
JIOYHO-KUIIEYHOrO TpakTa (pBOTA, IIOHOC, PacCTPONICT-
BO KEJTy/Ka), BBICTYIIUTD CBIIlb, OLYINATbCsA 3yJ Ha pas-
HBIX YYaCTKaX Te/la, BOSHUKHYTD //IEPTUYeCKNil PUHUT
(HaCMOpK) U Jake MPUCTYIBI yAyuIbs (aHadumaKcum)
[4, 5]. CpiBOopoTOYHBIII anbOyMuH — Haubojee MINPO-
KO U3y4YeHHBINI U Hamboree pacHpOCTpPaHEHHBIN IIPO-
TerH KpoBu (70 % 0T 061iero mpoTeMHOBOTO COCTaBa).
Ero xoHumenTpauus B maa3me cocTabiseT 35-55 Mr/miL.
Berumit ceiBopotounsiit anbbymun (BCA) npepcrass-
eT co6oit 11106yny B popMe CIUIIOCHYTOTO 3/UIMIICOMTA
BpallleHus ¢ nonyocamu 17 Ha 42 aHrcTpeM, COCTOALYIO
13 607 aMMHOKMCIOTHBIX OcTaTKoB. BCA o6mapmaer pmo-
CTaTOYHO CJIOXKHOM IPOCTPAaHCTBEHHON CTPYKTYpPOIi,
obpasyoleil Tpy OMeHa, KaXX/Iblil U3 KOTOPBIX, B CBOIO
oyepenb noapasaenderca Ha Asa nogpoMena (A-B u C).
Monekynapuaa macca BCA ~ 69 x/la.

[InieBont amteprueit, Kak IpaBUIIo, 3aboneBaer 15—
40 % peTeli, HaYMHasA ¢ paHHero BospacTa. [Ipu 3ToM B o-
CJIe[jHIEe TO[bl 3HAYNTEILHO YBEIMYIMICS IPOLIEHT JieTelt,
CTpajAloNIMX MNUIEeBOIl a/l/leprieil K KOpOBbeMY MOJIOKY,
a TaKXKe K TOBSDKbEMY MACY, TaK KaK 3TU IPOAYKTHI MMe-
I0T aHTUT€HHOE CPOJICTBO BXOJAIINX B MX COCTaB O€/IKOB
[6]. Orpannyenye MMM UCKIIOYEHNE STUX IPOAYKTOB 13
NUTaHMA JieTell, co3faeT OOo/Mblle TPYSHOCTH B obecre-
qeHUM (PU3NOTOTNYECKOl IOTPeOHOCTI B OeyIKe >KMBOT-
HOTO IIPOVICXOXKIEHM, YTO YPe3BbIYAIHO BKHO /LA MX
HOPMaJIbHOTO POCTA VM Pa3BUTHA.

B cBA3M C 9TUM, Ha CETONHAIIHNUI IeHb ACCOPTUMEHT
IPOAYKTOB, 00/IaIaI0I X TIOHVDKEHHO aJ/IeTPeHHOCTBIO,
B OCHOBHOM IIpeJICTaB/IeH MICKyCCTBEHHBIMM CMeCSIMU Ha
ocHOBe 6enKoB MOJIOKa u cou [7, 8, 9, 10, 11]. Huskoan-
JIepreHHble IPOAIYKThI Ha MACHON OCHOBE OT€4eCTBEHHBIX
(toprosbie Mapku «Tema», « BaOyIIKMHO TYKOIIKO», «ATy-
may», «OpyTo-HsAHA») M 3apYOEKHBIX IIPOM3BOAUTENEN
(xommanuu «Nestlé», «Gerber», «Heinz») mpencraBneHs
KOHCepBaMM, M3TOTOBJICHHBIMU 13 Pas/INYHBIX BUIOB
Msica (KOHMHA, KPOIUK, MH/ENKA), 0OMaTaonX HUSKUM
PUCKOM CeHCHMOWIM3aunN y feTeil paHHEero BO3pacTa Ipu
ux norpebnenun. [IpumeHeHme STUX IPOAYKTOB B AUETHU-
YeCKNX palJiOHaX JeTell, CTpafaoluX INIIeBOil Hellepe-
HOCHMMOCTBIO, CBUJIETETIbCTBYET O BBICOKOI 3¢ (eKTUBHO-
ctu [12, 13, 14]. CymecTByeT HECKOIBKO TEXHOIOTMYECKIX
CII0cOOOB CHIDKEHMSA a/VIEPreHHOCTI OCHOBHBIX ITPOJYK-
TOB IMTAHNUA 32 CYET MOTHOV VIV 3HAYNUTENbHON /MUMM-
HaI[MV CEHCUOVINSPYIOLUX BelljeCTB:
ruzpomus — OuorpaHcdopmalus anneprena (momyde-
HIIe TU/PO/IM3aTOB MOTIOYHBIX, PACTUTEIbHBIX O€/IKOB);
TerioBas 06paboTka — BapkKa, OnaHIMpoBaHue (IIpo-
U3BOJCTBO MACHBIX M PBIOHBIX IPOJIYKTOB);
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children, especially those of early age, allergic reactions
may be caused by other food sources, including meat [2].
Animal meat contains two main potential allergens — se-
rum albumin and gamma globulin [3]. Acute sensitivity
to these substances in children may cause gastrointestinal
disorders (vomiting, diarrhea, indigestion), rash, itching at
different parts of the body, allergic rhinitis and even asth-
ma attack (anaphylaxis) [4, 5]. Serum albumin is the most
widely studied and most abundant blood protein (70 %
of total protein composition). Its plasma concentration is
35-55 mg/ml. Bovine serum albumin (BSA) is a globule
in the form of oblate spheroid with 17 semiaxes to 42 ang-
stroms consisting of 607 amino acid residues. BSA has the
complex spatial structure of three domains, each of which,
in turn, is divided into two subdomains (A-B and C). The
molecular weight of BSA is ~69 kDa.

Food allergy, as a rule, affects 15-40 % of children start-
ing from an early age. In recent years, the percentage of
children suffering from food allergy to cow's milk and beef
has increased significantly, since these products have an-
tigenic affinity for proteins in their composition [6]. Re-
stricting or excluding these foods from the nutrition of
children creates great difficulties to meet physiological
need for animal protein, which is extremely important for
their normal growth and development.

In this regard, the range of products with reduced al-
lergenic potential is currently represented mainly by ar-
tificial mixtures of milk and soy proteins [7, 8, 9, 10, 11].
Low-allergenic meat-based products of domestic («Tio-
ma», «Babushkino Lukoshko», «Agusha», «Fruto-Niania»
trademarks) and foreign producers (Nestlé, Gerber, Heinz
companies) are presented by canned food made of differ-
ent meat types (horse meat, rabbit, turkey) with low risk
of sensitization in small children. The use of these prod-
ucts in diets of children suffering from food intolerance
demonstrates high efficiency [12, 13, 14]. There are several
technological approaches to reduce allergenic potential of
basic food products by total or significant elimination of
sensitizing substances:

o hydrolysis, i.e. allergen biotransformation (obtaining
hydrolysates of milk proteins and plant proteins);
heat treatment, i.e. boiling, blanching (production of

meat and fish products);
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¢bunbTpanusa — yganeHue ajiepreHa (IpOU3BOJCTBO
MOJIOYHBIX IIPOJIYKTOB, COKOB);

coyeTaHye CriocoOoB (IOmydeHye cMeceil Ha OCHOBE
MOJIOYHBIX, PACTUTE/IbHBIX OE/IKOB).

B 37O CBA3M Ype3BBIYANIHO aKTyaabHOM CTaHOBUTCS
3ajlaya M0 CO3[AHNUIO0 TEXHOJIOTYM HOBBIX IIPOJIYKTOB JeT-
CKOTO IUTAHNA Ha OCHOBE MACHOTO ChIPbS, 00/1a/Jaf0Iero
TUIIOA/UIePTeHHbIMY CBOVicTBaMu. IIpy aTOM, yumThiBas
0COOEHHOCTU MSACHOTO ChIPbS M TEXHOJIOIMY €ro IIepe-
pabOTKM, NepCHEeKTUBHBIMYU SIBJISIOTCS KOMOVMHMPOBAH-
Hble CIIOCOOBI CHIDKEHMs a/IepreHHOCTH, BK/IIOYAloLIe
B ce0: hepMEHTAIVIO 1 TeMIOBYI0 06pabOTKY.

Takum 06pas3oM, Le/bl0 JaHHOI paboOThI OBUIO M3yde-
HIe BJIVISIHUA TOMOTEHU3VPOBAHHBIX MACHBIX IIPOAYKTOB,
06paboTaHHBIX (epPMEHTHBIMM IPEHNapaToOM Ha aJUIepri-
YeCKYI0 PeaKIMIo MIMMYHUTETa TabOPaTOPHBIX >KUBOTHBIX.

Marepuanbl 1 METORbI

UccnemoBanme BoimonneHo B OI'BHY «BHUIMMII
uM. B.M. TopbaroBa» Ha 6ase JkcrepumenTanbHou K-
HUKM-TabopaTopuy OMONOTMYECKM aKTUBHBIX BeIeCTB
>KMBOTHOTO IIPOVCXOXTIECHNS.

OKCIIepUMEHT IIpOBefileH Ha KIMHUYeCKM 3[I0POBbIX
CEeKCya/IbHO HaVBHBIX /1a00paTOPHBIX KpbIcax spf-kare-
ropun ctoka Wistar, maccoit (348 + 17) 1, MOTy4eHHBIX
u3 lleHTpa reHeTMYeCKUX PecypcoB abOPaTOPHBIX >KM-
BOTHbIX Peflepa/IbHOTO UCCAENOBATE/IbCKOTO IIeHTpa
MuctuTyTa uuronorun u reHetukn Cubmupckoro oTperne-
HuA Poccmiickoit akagemyn Hayk (IIT'P MIIul' CO PAH,
HoBocnbupck).

Jlo mpoBefieHMs SKCIepMMEeHTa XMBOTHbIE IIPOXOMU-
M afanTaluio K TabOpaTOpHBIM YCTIOBUAM B TedeHMe
14 cyrtok. Ha mpoTsKeHuyM BCEro 3KCIIEPMMEHTA KPBIC
cofiep>Xay B CUCTeMe MHIVBUYaTbHO-BEHTUIMPYEMbIX
knetok (MBK) B cocraBe BenTunsimontnoro 6moka VENT
II u cremmaxka ¢ knerkamu tina Bio.A.S. Tum III (EHRET,
Tepmannsi), obecriednBaroLIeil CO3aHNe ONTUMATIBHOTO
MUKPOK/IMMaTa B KaXK/IOl OTJeNbHON KiIeTKe. YCIOBUA
copmepxaHus Kpoic B VIBK 6bimn cxomHble B OTHOLIEHUA
temneparypsl (22+3°C), srakHoctu (50-60 %), ocere-
Hus 12/12 (¢ 6.00 mo 18.00 cBeTOBOI! IEHD).

Ha nmpoTskeHun sKcmepuMeHTa KPbIChI MOTPeOISIN
MOJTHOPALVIOHHBIIT KOMOUKOpM ad libitum (AccopTumeHT-
Arpo, Poccust) mo TOCT P 50258-92, cbanaHcupoBaHHBI
1o OenKy, muieBasl LIeHHOCTb KOTOPOTO IIpefiCTaBjIeHa
B TaOmmie 1.

[InTbeByI0 BOAY /A MOeHMs TabOPaTOPHBIX >KMBOT-
HBIX IIONy4a/qM Ha YCTaHOBKe Bogomoxrorosku EMD
Millipore RiOs™ 50 (Merc Millipore, Tepmanus), mune-
panu3anyuio OCYUECTB/IAIM IyTeM ROOaB/IeHMS MMHe-
PAIBHBIX COJIEN I HMOMyd4eHMs (U3MOIOTMYECKY IOJ-
HOLIEHHOTO MUHEPaJIbHOTO cocCTaBa (MMHepanmaalus
314-382 mr/m: tugpoxap6onarel — 144-180, cynbdaTsr —
<1, xnopuppr — 60-76, Kanbuuit — 6, MarHUII — 3, Ha-
Tpuit — 50-58, xamuit — 50-58). TemmepaTypa Bogb! A
noeHus cocrapnAna 10-12°C.
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o filtering, i.e. removing the allergen (production of dairy
products, juices);
« combination of different methods (preparation of mix-
tures based on dairy and vegetable proteins).
In this context, an extremely urgent task arises in terms
of creating a new technology for baby foods based on meat
raw materials with hypoallergenic properties. In this case,
given the characteristics of meat raw materials and pro-
cessing technologies, combined approaches to reduce al-
lergenic potential, including fermentation and heat treat-
ment, are becoming fairly promising.

Thus, the aim of this study was to investigate the in-
fluence of homogenized meat products treated with the
enzyme preparation on the allergic immune response in

laboratory animals.

Materials and methods

The study was carried out by The V.M. Gorbatov
All-Russian Meat Research Institute at the Experimental
Clinic-Laboratory of Biologically Active Substances of An-
imal Origin.

The experiment was carried out on clinically healthy,
sexually naive laboratory Wistar rats of spf-category with
weight of 348 + 17 g obtained from the Center for Genet-
ic Resources of Laboratory Animals in Federal Research
Center of the Cytology and Genetics Institute, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk.

Before the experiment, the animals underwent adap-
tation to the laboratory conditions for 14 days. Through-
out the experiment, the rats were kept in a system of in-
dividually ventilated cages (IVC) as part of the VENT II
ventilation unit and Type III Bio.A.S. cage rack (EHRET,
Germany) ensuring optimal microclimate in each individ-
ual cage. The conditions of rats in IVC were similar as for
temperature (22 + 3 °C), humidity (50-60 %), illumination
12/12 (6.00 to 18.00 light day).

Throughout the experiment, rats were fed ad libitum
with all-in-one mixed feed balanced by protein (Assorti-
ment-Agro, Russia) according to GOST R 50258-92. Nu-
tritional value of mixed feed is presented in Table 1.

Drinking water for laboratory animals was obtained
at EMD Millipore RiOs™ 50 water treatment plant (Merc
Millipore, Germany). Mineralization was carried out by
adding mineral salts to obtain physiologically optimal
mineral composition (mineralization 314-382 mg/L: hy-
drogen carbonates — 144-180, sulfates — <1, chlorides —
60-76, calcium — 6, magnesium — 3, sodium — 50-58,
potassium — 50-58). Drinking water temperature was
10-12 °C.
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Table 1. Nutritional value of mixed feed | Ta6y. 1. IluuieBas weHHoCTH KOMOUKOpPMa

Parameter | HaumeHoBaH1e mokasare/s

Energy, not less than, kkal/100 g | O6mennas 3Heprus He MeHee, kkan/100 r

Crude protein, not less than, % | Ceipoii nporenn He meHee, %
Crude fat, not less than, % | Coipoii >xup He MeHee, %

Crude fiber, not more than, % | Coipas xner4yarka ue 6omree, %
Ash, not more than, % | 3oma ue 6oree, %

Calcium, not less than, % | Kanbumii ne menee, %

Phosphorus, not less than, % | ®ocdop ne menee, %

Lysine, not less than, % based on dry matter | /Iusun ne meHee, % Ha a.c.B.

Methionine-cystine, not less than, % based on dry matter | MeTuoHMH-UNCTHH He MeHee, % Ha a.C.B.

Vitamin A 1000, IU/kg | Butramun A 1000, ME/kr
Vitamin E, mg/kg | Buramuu E, Mr/xr

Vitamin D3, 1000 IU/kg | Buramun [I3, 1000 ME/kr
K3, mg/kg | K3, mr\kr

B1, mg/kg | B1, Mr\kr

B2, mg/kg | B2, Mr\kr

B3, mg/kg | B3, Mr\xr

B4, mg/kg | B4, Mr\kr

B5, mg/kg | B5, Mr\kr

B6, mg/kg | B6, Mr\kr

Bc, mg/kg | B¢, Mr\kr

B12, mg/kg | B12, mr\kr

C, mg/kg | C, Mmr\xr

H, mg/kg | H, mr\kr

Manganese, mg/kg | Maprasneu, Mr\Kr

Zinc, mg/kg | ITunk, Mr\kr

Iron, mg/kg | Keme3o, Mr\kr

Copper, mg/kg | Menp, Mr\xr

TIodine, mg/kg | Vom, Mr\kr

Cobalt, mg/kg | Kob6anst, Mr\xr

Selenium, mg/kg | Cemren, Mr\kr

TexHonmornmyeckast cxema WU3TOTOBJIEHMS MOJEIbHBIX
MSICHBIX IPOAYKTOB IIpeficTaB/IeHa Ha puc. 1. [lyHKTUpHbI-
MU CTpe/IKaMJ IIOKa3aH IPOL[ecC M3TOTOB/IEHNSI KOHTP-
OJIbHBIX 00PA3I[0B MSICHBIX IIPOJYKTOB.

[Tocrme ajanTanOHHOTO IEPUOJA, KUBOTHBIX MH[M-
BUJIyaJIbHO MapKMPOBAIU ¥ pacHpefe/sii Ha TPYIIIIbI
CITy4aiiHBIM 06pasoM:

1 rpymna — KOHTPOJIbHBIE XMBOTHBIE, IIOTPeO/IABIIe
KOHTPOJIbHbIE 00Pas31ibl MSICHBIX IIPOLYKTOB;

2 rpymnmna — >XMBOTHBIE, IOTPeO/IABIINE HA TIPOTSDKe-
HIJ 9KCIIEPVMMEHTA OIbITHBIE 0OPasI{bl MSCHBIX IIPOAYK-
TOB, 00pabOTaHHBIX (PePMEHTHBIM IIPEIIaPaTOM 1 MOJIOY-
HOKVC/IBIMU OaKTepUsMU;

3 rpynia — MHTAaKTHbIE )KMBOTHBIE, IIOTPeO/IABILIe Ha
IPOTSDKEHNM SKCIIepUMeHTa KOMOUKOPM.

Vccrenyemble MOfeibHbIe MSICHbBIE ITPOAYKTBI BBOJM-
nu B kommdectse 50 % oT o61ero Geka palyoHa, paryo-
HBI KpbIC 1-3 rpynm 6bu1u cO6aTaHCHPOBAHbI MO OEKY.
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Contents | Copepxanue
300
20

0.9
0.6
1.2
0.7
45
202
2.48
18
76
32
126
2700
129
28
64
0.13
113
0.54
91
86
162
14
1.9
1.8
0.27

The technological flow chart for model meat product
manufacturing is shown in Fig. 1. The dashed arrows indi-
cate the process of control samples production.

After the adaptation period, the animals were individu-
ally labeled and randomly assigned to different groups:

Group 1 — control animals consumed control samples
of meat products;

Group 2 — animals consumed experimental meat
products treated with enzyme preparation and lactic acid
bacteria;

Group 3 — intact animals consumed mixed feed.

The studied model meat products were introduced in
the amount of 50 % of total protein in the diet; rat diets in

all groups were well-balanced by protein.
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Preparation of meat raw materials (beef with content of connective and adipose tissue of 6%) |
MofroToBKa MACHOTO CbipbA (rOBAAMHbI C COAEPMKAHNEM COEANHUTENBHOW 1 KIPOBOW TKaH! 6 %)

Y

| Grinding (particle size, not more than 0.4 mm) | UamenbyeHue (pa3mep yactuy He 6onee 0,4 Mm) |

!

Addition of water in the ratio of raw meat: water - 1: 0.5 | [JlobaBneHwe BoAbl B COOTHOLLEHUM MACHOE Cbipbe:BoAa - 1:0,5 |

!

Preparation and addition of the enzyme preparation of fungal protease (Aspergillus oryzae): 10 g of the preparation
is dissolved in 100 ml of distilled water and added to 3 kg of raw meat. Incubation at 40°Cfor 4 h |
MoarotoBKa 1 BHeceHWe GepMeHTHOro Npenapata rpubHoi npoteassl (Aspergillus oryzae): 10 r npenapata pacTBOPAIOT
8 100 M1 ANCTUANMPOBAHHOW BOAbI; BHOCAT Ha 3 KI MACHOTO CbipbA. TepmocTaTpoBaHue npu Temnepatype 40 °C B TeueHne 4 4

!

Pmmm e e mmmm e m

Adding starch in the amount of 2%, mixing for 2 minutes | BHeceHune kKpaxmana B KonnuecTse 2 %, NnepemeLlBaH1e B TeUEHNE 2 MUHYT

!

Heat treatment (sterilization) at a temperature of 120 °C for 10 minutes |
Tepmunyeckas o6paboTka (cTepunusauus) npu temnepatype 120°C B TedeHme 10 MUHYT

!

Preparation (cultivation) and addition of microbiological starter culture of Lactobacillus plantarum (1x106 CFU per 1 g).
Incubation at 30°Cfor6 h |
MoparoToBKa (KynbTVBMPOBaHMWE) N BHECEHNE MUKPOBUONOrMyeckon ctaptoBoi KynbTypbl Lactobacillus plantarum (KOE B 1 1x106).
TepmocTtaTpoBaHue npu Temnepatype 30°C B TeyeHne 6 4

!

Fmmmmmm e e

- >

Cooling down to 6°C and storage | OxnaxaeHwe [o TemnepaTypbl 6 °C 1 XpaHeHWe

Figure 1. Technological flow chart for the production of model meat systems
Puc. 1. TexHOMOrMYeCKas CXeMa U3TOTOB/ICHISI MOJIE/IBHBIX MSICHBIX IIPOJYKTOB

OKCIlepyMeHT IPOBOAMIICA B TedeHMe 28 cyTok. Habro-
JieHVe 3a XXMBOTHBIMY OCYILECTB/IA/IN €XEJHEBHO B Tede-
HMEe BCEro 3KCIIepUMeHTa. PermcTpupoBanyu KIMHNYECKN
CTaTyC ¥ TIOBeJiEHME >KMBOTHBIX, COCTOSIHUE HEPBHO-
MBIIIIEYHbIX (QYHKINIT, IMIEPCTHOTO IOKPOBA, IOEefaHMe
KOpMa, oTpe6ieHne Bopibl. [lo Hadaa MCCIelOBaHNA U de-
pe3 Kaxzble 3-e CyTOK MCCIIeJOBaHNA IPOBOA/IN B3BELIN-
BaHMe >KMBOTHBIX Ha 9/IEKTPOHHBIX Ta0OPAaTOPHBIX Becax
(Ohaus, CIIIA) mns cocTaBleHus OMarpaMMbl IIPUBECOB.

[To OKOHYAHMM 9KCIIEPUMEHTA, )KUBOTHBIX YCBHIIUIAIN
B Kamepe A apraHasuu (VetTech, Bemmkobpuranms)
C ITOMOII[BIO YITIEKVCIOTO I'a3a, II0C/Ie Yero IPOBOANIIN OT-
60p KpOBM 1 06LIYIO Ay TOIICHIO.

Ob1iee KIMHIYECKOE MCCTIeoBaHye Po6 KPOBU IIPO-
BOZIW/IV HA ABTOMATMIECKOM BeTEPMHAPHOM I'eMaTo/Iorye-
cxoM aHaym3arope Abacusjuniorvet 2.7 (Diatron Messtechnik
GmbH, ABcrpusi), ucnonp3ys HabOpbl PeaKTHBOB KOMIIA-
Hym Diatron. B kpoBu »MBOTHBIX onpefiensny 14 mokasare-
neit: neiikorutbl (WBC); mumdountsr (LYM); conepxanue
CMecU MOHOLIUTOB, 903MHO(IIOB, 6a30(pN/IOB U He3pebIX
k1etoK (MID); rpanynoumtst (GRA); mum¢ormrst (LY); M-
enormthbl (MI); oTHOCKTENTbHOE COflepyKaHNe TPaHY/IOLUTOB
(GR); spurporutst (RBC); remorno6un (HGB); rematoxpur
(HCT); cpennuit o6pem apurporura (MCV); cpennee co-
Iep>kaHue remoriobuna B spurpounte (MCH); cpenHioo
KOHI[eHTpa1mio reMoriobuHa B spurpormrax (MCHC); mm-
puHY pacnpenenenus spurpountos (RDWe).

VIMmyHOepMeHTHBIe ITOKa3aTemy (MMMyHOro6ymH E,
TUCTaMMH) OIpefe/s/lM Ha aHamm3aTope Immunochem
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The experiment lasted 28 days. Observation of the
animals was carried out daily throughout the experiment.
Clinical parameters and behavior of animals, neuromus-
cular functions, hair condition, feed intake, and water
consumption were recorded. Prior to the study and every
3 days of the study, animals were weighed on an electronic
laboratory scale (Ohaus, USA) to plot weight gain chart.

At the end of the experiment, the animals were eutha-
nized in an euthanasia cage (VetTech, UK) with carbon
dioxide followed by blood sampling and general autopsy.

A general clinical study of blood samples was per-
formed on an Abacus Junior Vet 2.7 automatic veterinary
hematology analyzer (Diatron Messtechnik GmbH, Aus-
tria) using Diatron reagent kits. In the blood of animals,
14 indicators were determined: white blood cells (WBC);
lymphocytes (LYM); total content of monocytes, eosino-
phils, basophils and immature cells (MID); granulocytes
(GRA); lymphocytes (LY); myelocytes (MI); relative con-
tent of granulocytes (GR); erythrocytes (RBC); hemoglo-
bin (HGB); hematocrit (HCT); mean corpuscular volume
(MCV); mean corpuscular hemoglobin (MCH); mean
corpuscular hemoglobin concentration (MCHC); red cell
distribution width (RDWc).

ELISA parameters (immunoglobulin E, histamine)
were determined on Immunochem 2100 analyzer (USA)
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2100 (USA) npy moMo1y «CIHABUY» — METOJA, VICTIOIb3Ys
Habops! BupocennnyHbix peaktnBoB ELISA (rat).

Copep>xaHne, IMTaHNUE, YXOf 3a >KMBOTHBIMMU, MAHUITY-
AN, BBIBEJIeHNe UX U3 9KCIEepUMEHTa OCYIIeCTBIsIIN
B COOTBeTCTBUM ¢ TpeboBanmsMu [Tpukasza M3 PO Ne 267
07119.06.2003 1. «O6 yTBep>KAeHNY IPaBII TaO0PATOPHOI
HpaKTUKN», TpeboBanmamu [Tpukaza M3 CCCP Ne 742 ot
13.11.84 . «O6 yTBep>x/ieHUN IIpaBUI IpOBefeHNs paboT
C UCIO/Nb30BAaHMEM JKCIIEPUMEHTA/NIbHBIX >KMBOTHBIX»,
Mex/[yHapOIHBIMM IPaBWIaMM TyMaHHOTO OOpalleHMs
¢ xuBoTHbIMU — JJupexTtusa 2010/63/EU Espomeiickoro
ITapnamenta u Coseta EBponerickoro Corosa.

It 06paboOTKM pe3y/nbTaToOB MCIIONB30BAIACh IIPO-
rpamma STATISTICA 10. PesynbTaTel NpefcTaBIAINICDH
B Bufle «B3BelleHHoe cpenHee 3HadeHMe + CTaHpapTHOe
OTK/IOHeHNe». CTaTICTIYecKas JOCTOBEPHOCTDb PACCUMTBI-
Bajlach C IpUMeHeHMeM ofHonapaMeTpudeckoro ANOVA
TecTa C IpuMeHeHMeM Kputepus JlyHkaHa. BeposTHOCTD
0,05 6blTa BBIOpaHa B KaueCTBe 3HAYVMOTO YPOBHAL.

PCBYJIbTaTI)I n OGCY)KI[CHI/IC

ITpoBefieHHBIMY paHee VICCIeHOBAaHNAMM YCTaHOBJICHO,
4TO HaMOOsIbIIIel BUOCTIEIV(UYECKOlT aKTUBHOCTBIO B OT-
HoeHyy nsydaemoro cybcrpara (BCA) obnmanaer pepment-
HBIJI TIperapaT IpUOHOI IIPOTeasbl, COAEP>KAINIT KOMIUIEKC
HeNTHUA3 Y IPOTeNHA3, Oy YeHHbIil ITyTeM HaIlpaB/IeHHOM
(depMeHTaLVIM CeNEKIMOHHOTO TaMMma Aspergillus oryzae
¢ mocrenymomeit ounctkoit (15, 16]. JlaHHBII Ipenapar ocy-
I[eCTB/ISIeT TUAPOIN3 OEIKOBBIX BEIIECTB O AMMHOKIC-
JIOT ¥ TIeNTUHOB 60/lee HUBKOTO MOJIEKY/LIPHOTO Beca [17].
OpHako, monmydaeMble II0C/ie epMEHTATHBHON 00paboT-
KU IPOAYKTHI OOMafjanmy HMU3KUMU OPraHONEITHYECKVIMIU
nokasare/siMy. C Le/blo YIydIleHNs OpPraHOTeNTUYeCKIX
HIOKa3aTeelt, a Takke Ooree MOMHOM 6uoTpancopmaryn
BCA B MsICHOM CbIpbe, MCIIO/Tb30Ba/IN MOTIOYHOKVICTIbIE MU~
KpOOpraHuaMbl. [1o/TyueHHbIe SKCIIepUMEHTa/IbHbIE TaHHbIe
(paKLMOHHOTrO cOCTaBa GE/KOB YKa3bIBaIM Ha OTCYTCTBME
B JICCIElyeMbIX 0Opasiax 6e/KoBolt ppakiyy ObIYbero Chl-
BOpOTOYHOro anbOymmHa [18]. Takum obpasom, nprmeHe-
HIie IBYXCTA/IVITHOI 06PabOTKM MACHOTO CBIPbSI IO3BOIUTIO
CHUSUTD a/UIEPreHHOCTDb TOBSIMHBI 3a c4eT 6uoTpancdop-
Manuu OCHOBHOTO Oerka aieprena — BCA.

CocTosiHMe KVBOTHBIX 10 Hayaja 9KCIIepMMEHTa Ha-
XOAMIOCH B Ipefenax (puanonorndeckoit HOpMel. Kpbicht
ObUIVM TIOABVOKHBI M aKTVMBHBI; MBIIIIBI B TOHYCE; TaK-
TU/IbHAS peaKI[Us COXPaHeHa; IEePCTh IVIOTHO MpUIeraeT
K TeJly, He B3bepOIIeHHas, [/IafiKas, YucTas, bmecTsimasi,
KOXKHBIII [TOKPOB 9/MaCTUYHBINA, 6€3 HapyLIeHUs LeI0CT-
HOCTH; BUJVIMbIE CTIM3MCTbIe IOKPOBBI O7I€HO-PO30BOTO
IIBeTa, ICTeYEHMII U1 APYTUX IPU3HAKOB BOCIATNTENbHBIX
peakumii HeT. I’lasa ApKO-KpacHOTro LiBeTa. AKTBI MOYe-
UCITyCKaHMA ¥ JepeKanyy HaXOAWINCh B Ipefenax Hop-
MbI. KpbICBI aKTMBHO IO€fanu KOpM, UTO IOATBEPK/AAeT
HO/IHOe TIOTpeOjieHNe Mpe/IOKeHHbIX 00pasI[oB, Kak
B KOHTPOJIbHOI, TaK I B OIIBITHOI rpynmnax. CoXpaHHOCTb
KMBOTHBIX Ha IPOTSDKEHMM dKcHepuMmeHTa 6bu1a 100 %.
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by sandwich method using species-specific (rat) ELISA re-
agent kits.

Animal management, nutrition, care, manipulations,
removal from the experiment were carried out in accor-
dance with the requirements of the Ministry of Health of
the Russian Federation Order No. 267 dated 19.06.2003
«On the approval of the laboratory practice rules», the re-
quirements of the Ministry of Health of the USSR Order
No. 742 dated 13.11.1984 «On the approval of the rules for
work using experimental animals», the International Rules
for animal protection — Directive 2010/63/EU of the Euro-
pean Parliament and the Council of the European Union.

STATISTICA 10 software was used to analyze the re-
+

sults. The results were presented as weighted average
standard deviation. Statistical significance was calculated
using one-way ANOVA test and Duncan test. The prob-
ability of 0.05 was chosen as a significant level.

Results and discussion

Previous studies have shown that the enzyme prepa-
ration of fungal protease containing the complex of pep-
tidases and proteases obtained by targeted fermentation
with selected strain of Aspergillus oryzae followed by pu-
rification possesses the greatest species-specific activity
with respect to studied substrate (BSA) [15,16]. This prepa-
ration hydrolyses protein substances to amino acids and
peptides with lower molecular weight [17]. However, the
products obtained after enzymatic treatment had low sen-
sory parameters. To improve sensory quality, as well as to
obtain more complete biotransformation of BSA in meat
raw materials, lactic acid microorganisms were used. The
experimental data obtained for the fractional composition
of proteins indicated the absence of bovine serum albu-
min fraction in the samples [18]. Thus, the use of two-stage
processing of meat raw materials allowed reducing the al-
lergenic potential of beef due to biotransformation of the
main allergenic protein — BSA.

The condition of the animals prior to the experiment
beginning was physiologically normal. The rats were mo-
bile and active; muscles were in tonus; tactile response was
active; hair tightly adhered to body, not ruftled, smooth,
clean, shiny; the skin was elastic, without compromis-
ing integrity; visible mucous membranes were pale pink,
without efflux and other signs of inflammatory reactions.
Eyes were bright red. Urination and defecation were within
normal limits. Rats actively ate feed, which confirms full
consumption of the proposed samples, both in control and
experimental groups. Animal survival throughout the ex-
periment was 100 %.
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B TedeHme Bcero mepnopa HaOMOAEHNA 32 KUBOTHBI-
MU He OBUIO OTMEYEHO CYILeCTBEHHbIX IIPM3HAKOB U3Me-
HeHUA KJIMHNYECKOTO COCTOSHMA. BBefleHue B palyioH
MCCTIelyeMBIX 00pa3lioB He CKa3bIBaloOCh Ha MOBEJECHUN,
COCTOSAHMM KOXXM, HIEPCTHOTO IIOKPOBA ¥ BUJVIMBIX C/IN-
3UCTBIX 000/I0YEK MOJOIBITHBIX )XMBOTHBIX, TAK)XXe pas-
NYKIL B TOTPeb/IeHn KOpMa U BOJIbI OTMEYEHO He ObIIO.

JIMHaMMKa Macchl Te/la >KMBOTHBIX Ha IPOTKEHUY IKC-
HepyMeHTa OblTa IIOJIOKUTeNbHOIL. [TokasaHo paBHOMepHOE
yBe/IM4eH)e MACChl XXMBOTHBIX 1-11 1 2-Ji TPyMII B cCpefHeM
2-2,6 r/CyTKH, IpY 3TOM, MHTaKTHbIE KPbICHI 3 IPYIIIbI Ha-
6upanu Bec 60/1ee MHTEHCUBHO — IIPUPOCT MACChI OBLI JO-
CTOBEpHO BbIIIIe U COCTABNAN 3,3-3,6 T/CyTKM (PUCYHOK 2).

MakcuManbHble IpMBEChl OTMEYeHBl Yy MHTaKTHBIX
JKMBOTHBIX 3 rpymmbl coctaBuwmm 20,2%, y Kpbic 2-ii
TPYIIIBI, MOTPeO/IABILNX OIBITHBIN 00pa3el] MACHBIX CH-
creM — 15,9 %, y xxuBoTHbBIX 1-11 rpynmbl — 14,0 %, 1o ot-
HOILIEHNIO K UCXOIHOM Macce >XMBOTHBIX.

ITpy aHanuse pesy/nbTaTOB reMaTONIOIMYECKOTO UCCTIe-
moBaHMsA KpoBM (Tabmmija 2) KpbIC 2 TPYIIIBL, TOTPeOIsB-
IIVX OIIBITHBIN 06pasel], HOKa3aHO JOCTOBEPHOE yBe/Iye-
HIe JISIKOLMTOB ¥ MMMQOLUTOB 10 18 %, rpaHyIonnTOB
(mo 35%) n moHouuTOB (K0 8%, P>0,05) Mo cpaBHEHUIO
C MHTaKTHBIMM >XMBOTHBIMM 3-71 rpymnmnbl. CTOMT OTMe-
TUTD, YTO Y KMBOTHBIX 1 TPYIIIBI OTYMEYATOCHh CHIDKEHIE
OTHOCHUTE/IBHOTO COAEP)KaHNUA TMMQOLVUTOB ¥ MOHOLM-
TOB yMeHbIIMIOCh Ha 4,9% u 35,0 %, COOTBETCTBEHHO,
IIPY 5TOM BBIABJICHO YBeMYeHNe O TPAaHY/IONUTOB (10
30 %), IO OTHOIIEHNIO K )KMBOTHBIM 3-71 rpymisl (P<0,05).

Y kpbIc 1-71 TpynIbsl HaOMIOAAIOCh TOCTOBEPHOE He3Ha-
YMTEIPHOE CHIDKEHME KOHIL[eHTpaluu reMormobmHa (o
4 %), ypoBHsI reMaTOKpPUTA U CpejHel KOHIJeHTpaLuy TeMo-
DI06MHA B spuTporuTax (1o 2 %), Ipu yBe/IMIeHNI IVPK-
HBI pacIipefiefieHNs 3pUTPOLUTOB Ha 3,6 %, OTHOCUTENBHO
MIOKa3aTesiell XMBOTHBIX 3-11 TPYNIbl. Y >KMBOTHBIX 2-if
TPYIIBL, 110 CPABHEHNUIO C MHTAKTHBIMI KpbICAMM, OTMeYe-
HO YBe/IMYeHye KOHIIEHTPAI TeMOIVIOOVHA, YPOBHSI reMa-
TOKPUTA U CPeHell KOHL[EHTPALI TeMOITIO0VHA B SpUTPO-
nute cebiie 3%. Illupuna pacripesienieHNs 3pUTPOLIUTOB
U CpefHMiT 00'beM SPUTPOLUTA Y KMBOTHBIX 1 11 2 rpymm
IpeBBIIIa/IV 3HAYEHNA MHTAKTHBIX KpbIC 3 rpymmsl (Ha 2%,

445,00

418,75

392,50

366,25

Average weight of the animals, g |
CpeaHunii BEC )XXMBOTHOIO, I

340,00

1 4 7 10

Figure 2. Dynamics in animal weight changes during the experiment

13

During the entire period of observation, there were
no significant signs of changes in clinical parameters of
the animals. The introduction of the samples into diets
did not affect behavior, skin condition, hair and visible
mucous membranes of the experimental animals, as well
as there were no differences in feed intake and water con-
sumption.

The dynamics of body weight throughout the experi-
ment was positive. A uniform weight gain is shown for the
animals in Groups 1 and 2 on the average by 2-2.6 g/day,
while intact rats in Group 3 increased their weight more
intensively — the weight gain was significantly higher and
accounted for 3.3-3.6 g/day (Figure 2).

The maximum weight gain was observed in the intact
animals of Group 3 and accounted for 20.2 %; the animals
in Group 2 consuming experimental meat products in-
creased their weight by 15.9 %, and rats in Group 1 — by
14.0 % compared to initial weight of the animals.

Analysis of hematological test results (Table 2) for the
rats in Group 2 consuming experimental feed showed a
significant increase in leukocytes and lymphocytes by up
to 18 %, granulocytes by up to 35 % and monocytes by up
to 8 % (P> 0.05) compared to the intact animals in Group
3. In Group 1 there was a decrease in the relative content
of lymphocytes and monocytes, 4.9 % and 35.0 % respec-
tively, while the proportion of granulocytes increased
(up to 30%) in comparison to the animals in Group 3
(P <0.05).

The rats in Group 1 had an insignificant decrease in
the hemoglobin concentration (up to 4 %), hematocrit
and mean corpuscular hemoglobin concentration (by up
to 2%), with an increase in red cell distribution width by
3.6 % compared to the parameters of animals in Group 3.
The rats in Group 2 had an increase in hemoglobin con-
centration, hematocrit and mean corpuscular hemoglobin
concentration by more than 3% in comparison with intact
rats. The red cell distribution width and mean corpuscular
volume in animals of Groups 1 and 2 exceeded the values in

== 1 rpynna
=& 2 rpynna

3 rpynna

16
Experiment duration, days | MpoaoMKNTENbHOCTb SKCNEPUMEHTA, CYTKN

19 22 25

Puc. 2. JII/[H&MMI(EI N3MEHEHVA MAaCChl JKUBOTHBIX B IIPOLECCE SKCIIEPUMEHTA

64
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P<0,05). CTouT OTMETUTD, YTO [JJAHHBIE TIOKA3ATE/N KMBOT-
HBIX 171 TPYIIIBI OBUIY MAaKCUMATbHO IPUO/IVDKEHBI K ITOKa-
3aTeJIsIM >KMBOTHBIX 3-11 rpymmsl (Tabmuma 2).

JIMMyHO(epMeHTHBII aHA/IN3 CBIBOPOTKYU KPOBU KPBIC
IIOKa3aJI, YTO IOTpebjIeHre KOHTPOIBHOrO obpasia Msic-
HBIX CHCTeM XXVBOTHBIMM 1-if TPYIIIbI He IPUBOAWIO K JO-
CTOBEPHOMY M3MEHEHUI0 KOHIIEHTPALiT MMMYHOITIOOY/IN-
Ha E OTHOCHTeNIbHO MHTAKTHBIX XMBOTHBIX 3-if TPYIIIBL
OrMeueHo, 4TO BHECEHE B PALIIOH >KVBOTHBIX 2-11 TPYIIIIbI
OIIBITHOrO 00Opaslia NPUBOAWIO K HE3HAYUTEbHOMY yBe-
JIMYEHNIO KOHLeHTparuy uMMyHortobymHa E Ha 4,5 %
(P<0,05) 10 OTHOIIEHNIO K >KMBOTHBIM 1-if TPyIIBI ¥ Ha
4,9 % (P>0,05) 10 OTHOLIEHNIO K )XMBOTHBIM 3-J1 TPYIIIIEL
B oTHOWIEHNY TICTaMIIHA OTMEYEeHO 3HAUUTEIbHOE €T0 YBe-
nYeH1e B CHIBOPOTKe Kpbic 1-it (Ha 27 %) u 2-11 (mo 40 %)
rpynn (P<0,05), OTHOCHTENIBPHO >XMBOTHBIX 3-if TPYIIIBL
ITpu aTOM CofepyKaHye TYCTaMIHA B CBIBOPOTKE KPOBM XK1~
BOTHBIX 2-i1 Tpymmsl 66010 Ha 11,1% (P<0,05) Bbire oTHO-
CUTE/IbHO TIOKa3aTe/st XXMBOTHBIX 1-71 rpymmel (Tabmmma 3).

ITo pesynbTaTaM ayTOIICUY U MaKpOCKOIIMYECKOTO MC-
C/IeflOBaHMA M3y4aeMbIX OPTaHOB >KMBOTHBIX, Pas/INyuil
MeX/ly TPYIIIaMy >KMBOTHBIMM, IONy4YaBUIVMMU pasHble
PaLIMOHBI, He YCTAaHOBJIEHO.

intact rats of Group 3 (by 2%, P <0.05). It is worth noting
that these indicators of the animals in Group 1 were as close
as possible to those of the animals in Group 3 (Table 2).

ELISA analysis of rat serum showed that consumption
of the control meat products by animals in Group 1 did
not mediate a significant change in the immunoglobulin
E concentrations compared to the intact animals in Group
3. It was noted that introduction of the experimental meat
product into the diet of the animals in Group 2 resulted in
an insignificant increase in the immunoglobulin E concen-
tration by 4.5% (P <0.05) compared to the intact animals
in Group 1 and by 4.9% (P> 0, 05) compared to the in-
tact animals in Group 3. There was a significant histamine
increase in rat serum in Group 1 (27 %) and in Group 2
(up to 40%) (P <0.05) compared to the intact animals in
Group 3. While the histamine level in serum of the animals
in Group 2 was 11.1% (P <0.05) higher compared to the rats
in Group 1 (Table 3).

According to the autopsy results and macroscopic study
of animal organs, differences between the animal groups
receiving different diets have not been established.

Table 2. Hematological analysis of animal blood | Ta6. 2. Temaronorin4eckuii ananns KpoBI KMBOTHBIX

Group 1 Group 2 Group 3
Normal
(control) | (experimental) | (intact) |
Parameters | Ilokasaremn values |
Hopma 1 rpynma 2 rpynma 3 rpynma
(KonrponbHas) (OnbITHAsNM) (MiuTaxkTHaA)
Leukocytes, 10°/L | eiikouutsi, 10°/1 6.6-12.6 7.25+0.52 9.64+0.53* 8.18+0.61
Lymphocytes, 10°/L | lumdorursi, 10°/1 4.78-9.12 5.6£0.41 7.55+0.43" 6.5510.46
Total content of monocytes, eosinophils, basophils and
immature cells, 10°/L | CopepkaHite cMecu MOHOLMTOB, 0.04-0.39 0.16+0.03 0.29+0.05* 0.27+0.03
903MHOUNIOB, 6230 NI0B U He3PeIbIX KIeToK, 10°/1
Granulocytes, 10°/L | Ipanynonursr, 10°/n 1.00-3.38 1.49+0.12 1.80+0.16* 1.33+0.12
Lymphocytes, % | Tumdountsi, % 66.6-83.6 77.24+0.79* 78.29+1.20* 81.26+0.87
Monocytes, % | Mononutsi, % 1.0-2.9 2.04+0.33* 2.83+0.42 3.14+0.28
i 0
Relative content of granuloq:)tes, % | OTHOCUTENBHOE 10.0-28 20.73+0.95* 18.87+1.33 16.12+0.55
cofiepKaHie rPaHyI0LUTOB, %
Erythrocytes, 10%/L | 9purpouyursy, 102/ 7.07-9.65 8.76+0.07 8.86+0.06 8.92+0.08
Hemoglobin, g/L | Temorno6un, r/n 137-176 149.3£1.3* 154.1+0.9° 155.2+1.0
Hematocrit, % | TemaToxpur, % 39.6-52.5 43.67+0.42% 45.31+0.30* 44.67+0.33
Mean corpuscular volume, um? | Cp. 06bem sputponura, MKm® 49-59 49.75+0.30 51.18+0.25** 50.10+0.33
Mean corpuscular hemoglobin, pg | Cp. conepsxanne 17.8-20.9 17.05+0.07* 17.39+0.08° 17.43+0.11
TeMOITI00MHA B 3pUTPOIMTE, IIT
1(\:'1ean corpuscular hemoglobin concentration, g/L | 332-379 342.0+1.6* 340.0+1.0% 347.6+1.3
P. KOHIIEHTPALUA TeMOITTO0MHA B 9PUTPOLMTAX, I/
—— P
Red cell dlStl‘lb(}ltlon width, % | Illupuna pacnpenenenus 10.5-15.2 16.33+0.09* 16.04+0.09** 15.77+0.10
3pUTPOLMTOB, %
* — significant difference from the intact group (P <0.05), * — significant difference from the control group (P <0.05)
* — BOCTOBepHOe OTINYIE OT MHTaKTHOI rpynnbl (P<0,05), * — mocToBepHOe OTINYIE OT KOHTPONbHOI rpymsl (P<0,05)
Table 3. ELISA results for serum of the animals | Ta6. 3. VimmyHodepMeHTHDIIT aHaIN3 CBIBOPOTKI KPOBI KIBOTHBIX
Group 1 (control) | Group 2 (experimental) | Group 3 (intact) |

Parameters | Ilokasarenu

1 rpymma (Konrponbras) 2 rpynma (OmbitHas) 3 rpynma (VIHTakTHas1)

Histamine, ng/ml | Tucramus, ur/min 70.95+2.30* 78.85+2.76** 55.79+1.69
Immunoglobulin E, ng/ml | UmmyHsorno6ymuu E, ur/min 56.87+1.44 59.42+1.40 56.65+1.48
* — significant difference from the intact group (P <0.05), * — significant difference from the control group (P <0.05)
* — IOCTOBepHOe OTINYNMe OT MHTaKTHOI1 rpynmel (P<0,05), * — jocToBepHOE OTINYNE OT KOHTPONbHOIT rpynmnsl (P<0,05)
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BriBogbr

Bo Bpems aKkcrepuMeHTa He OBUIO OTMEYEHO CYIIeCT-
BEHHBIX IPM3HAKOB MI3MeHEH!A K/IMHINYeCKOr0 COCTOSIHNA
B OIIBITHOJ IPYIIITe Tab0paTOPHBIX )XMBOTHBIX. Ha mpoTs-
JKEHUU BCETO 3KCIepVMEeHTa AVHaMMKa M3MeHeH!A Mac-
ChbI TeJTa XMBOTHBIX ObIIa TOTIOXKUTEIBHOIA, TPV BBEJIEHUN
OIIBITHBIX 00Pa3I[0B B PaIVIOH, OTMEYeHbI MEHbIINIT IIPY-
POCT Beca KpbIC ¥ MEHbIIIVe 3HaUYeHNs IPUBECOB XXUBOT-
HBIX B KOHIIe 3KcIepuMeHTa (y Kpbic 1 rpynmer — 14,0 %,
2 rpynmbsl — 15,9 %, y xuBoTHBIX 3 rpymmsl — 20,2%).
B0o3M0>XHO 9TO0 CBA3aHO C a/lalITallIOHHBIMI IIPOLIeCCaMM,
IPOUCXOISAIIMMI B OTBET Ha BBeJleHNeE B PALIMOH MACHBIX
cuCcTeM. ITO NMPEeANONoKeHe IOATBEPKAAET TO, YTO KPbl-
cpl 1-11 u 2-1i Tpynn HaYMHasA C 16-X CyTOK yBenM4MBaIn
BeC B cpefiHeM Ha 3,4-3,7 1/CyTKU (BOCTHUTas eXXeCyTOYHO-
TO IPUPOCTA MHTAKTHBIX KPbIC 3-J1 IPYIIIIbI).

[To pesynpraraM oOIjero KIMHMYECKOTO aHaIM3a
KPOBMJ >KMBOTHBIX, NOTPEO/IABIINX OIBITHBIN IPOAYKT,
BBIAIBJIEHO JJOCTOBEPHOE M3MEHEHMEe KOHLIEHTPALMil VM-
MYHHBIX K/IETOK KPOBU (yBe/lIndeHye IeMKOIMTOB U JINM-
¢dounrtos no 18 %, rpanynountos 10 35% ¥ MOHOLUTOB
1o 8 %); yBenmmueHue GyHKLIMOHATbHOI aKTUBHOCTYU 3pU-
TpouuTOB (yBElMYeHMEe KOHIEHTpAlMM TeMOITIOOuHa,
YPOBH: reMaTOKPUTA U CpefHell KOHIIeHTPaLVM FeMOTITIO-
6uHa B spuTpoLUTe CBbILIe 3 %, IMPUHBI PacIIpefeTeHI
SPUTPOLVITOB 1 CPefHEro o6beMa IpUTPOLUTa 1O 2 %) 110
CpaBHEHMIO C MHTaKTHBIMY KMBOTHBIMU 3-11 rpynnbl. Co-
OTHOILIEHVIe 3TUX JJAHHBIX C aHAIM30M VIMMYHO(pEepMEeHT-
HBIX TI0Ka3aTeslell ChIBOPOTKI KPOBM (TMCTAMIH VI UMMY-
HornoOynmuH E) mo3BossieT BbICKa3aTh IIPEIIONIOXKEHNe
00 3KCIpeccuy pearnHOBBbIX aHTUTeN (B ToM umcie, IgE,
HOBBIIIAOIINIACA Yy KPBIC 2 TPYNIbI 710 4,5%) u B3anmo-
IeVICTBMY Ha TIOBEPXHOCTN 6230(NIOB ¥ TYIHBIX K/I€TOK
(yBenmnyeHye 4MCIa JIEMKOLMUTOB 3a CYeT JTUMQOINUTOB
U TPaHY/IOLUTOB), IPUBOAAIINX K JeTPaHY/IALUN U BBIC-
BOOOX/ICHNIO TUCTAaMMHA KaK Ba30aKTMBHOIO (akTopa
(yBenmueHne copepxanns ructammua o 40 %) [19].

Taxum 06pa3om, IO pe3ynbraTaM IPOBEEHHBIX VIC-
C/IeIOBAHMII MOXKHO CZIe/IaTh BBIBOJ, O TOM, 4TO MSACHbIE
MOJETIbHBIE CHUCTEMBI, IIOTY4EHHbIE C VCIIONb30BaHM-
eM (epMEeHTHOTO IIpernapara IpuOHON IpOTeasbl ¥ MU-
KpOOMOIOrMYecKoil CTapToBOi KynbTypsl Lactobacillus
plantarum, MOTyT BBI3bIBaTb AKTUBAINIO CIIEINPIIECKIX
VIMMYHHBIX peakIuil y 7a00paTOpHBIX XMBOTHBIX. Bo3-
MO>KHO, 9TO CB3aHO C 00pasoBaHNeM IIOJ JeliCTBUEM
IpoTeasbl OOJIbIIETO KOMMYECTBA CI0XKHOYCBaeBaEMBIX
HNOJUIIENTU/IHBIX ¥ HNENTUIHBIX COEMHEHNII, BbI3bIBAIO-
IIMX MeCTHBIE aflalTallMOHHble peakunu [20, 21].

[l 6071ee TOYHBIX CBEEHNIT O BO3MOXHBIX CEHCUOU-
JM3UPYIOLINX VIV TUIIOA/ITIEpPTeHHBIX CBOVICTBAX paspaba-
ThIBa€MbIX MOJIE/IbHBIX MACHBIX CUCTeM OYAYT IIPOBEIEHbI
UCCIef0BaHNsA, HallpaBIeHHblEe Ha aHa/lIN3 IMPOTEOMHOTO
U TEeNTUIHOrO COCTaBa, 6I/IOyCBOHeMOCTI/I in vitro, c 1e-
TbI0 BBIABJIEHNA aHTVAIVMEHTAPHBIX BEILIECTB, a TAKXKe
HOVICKOM CIlelM(pUYeCKUX aHTUTENT K ChIBOPOTOYHOMY
apOyMuHYy in vivo.
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Conclusion

During the experiment, there were no significant
changes in the clinical parameters of the laboratory ani-
mals in the experimental group. Throughout the experi-
ment, the dynamics of body weight changes was positive.
With the introduction of the experimental products into
the diet, a smaller increase in the weight and smaller values
of animal weight gain at the end of the experiment were
noted (14.0% for the rats in Group 1, 15.9% for the rats
in Group 2, 20.2% for the rats in Group 3). This is prob-
ably due to the adaptation processes occurring in response
to the introduction of meat systems into the diet. This as-
sumption is confirmed by the fact that, starting from the
16th day, the rats in Groups 1 and 2 increased their weight
in average by 3.4-3.7 g/day (reaching daily weight gain of
the intact rats in Group 3).

Based on the results of the clinical blood analysis for
the animals consuming the experimental product, a sig-
nificant change in the concentration of immune blood
cells was revealed (an increase in leukocytes and lym-
phocytes by up to 18 %, granulocytes by up to 35% and
monocytes by up to 8 %); an increase in the functional ac-
tivity of erythrocytes (an increase in hemoglobin concen-
tration, hematocrit and mean corpuscular hemoglobin
concentration by more than 3 %, the red cell distribution
width and mean corpuscular volume by up to 2 %) com-
pared with the intact animals in Group 3. The correlation
of these data with serum ELISA analysis (histamine and
immunoglobulin E) allows suggesting the expression of
reaginic antibodies (including IgE, increasing in rats of
Group 2 by up to 4.5%) and interactions on the surface
of basophils and mast cells (increase in leukocytes due
to lymphocytes and granulocytes) leading to degranula-
tion and release of histamine as a vasoactive factor (an
increase in histamine by up to 40 %) [19].

Thus, based on the results, it can be concluded that
model meat systems produced using the enzyme prepara-
tion of fungal protease and microbial starter culture of Lac-
tobacillus plantarum may lead to the activation of specific
immune responses in laboratory animals. This is possibly
due to protease-mediated formation of a greater amount
of indigestible polypeptides and peptides that invoke local
adaptation responses [20, 21].

For more accurate information on the possible sensi-
tizing or hypoallergenic properties of the model meat sys-
tems being developed, studies will be conducted to analyze
the proteomic and peptide composition and bioavailability
in vitro, to detect anti-nutritional substances, and to search
for specific antibodies to serum albumin in vivo.
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bnaromapHocTh

ABTOpBI CTaTby BBIPXKAIOT OJIATOAAPHOCTD U NIPM3HA-
TEIbHOCTDb 3aBefylomlieil IKCIepUMEHTaIbHON KIUHU-
Koli-mabopaTopueit OMONOTMYECKN AKTMBHBIX BeIeCTB
JKMBOTHOTO IIPOMCXOXJeHusA Bcepoccuiickoro Hay4yHo-
UCCTIeI0BaTe/IbCKOTO MHCTUTYTA MACHOI NPOMBIILTIEHHO-
ctu umenu B.M. Top6atoBa ®exnynosoit JI1.B., HayaHoMy
corpysHuKy Korenkosoit E.A. u MmafiieMy Hay4HOMY
corpynHuky Bacunesckoit E.P. 3a paspaboTky pgusaitHa
9KCIepMMeEHTa in Vivo U NpoBefjeHNe reMaTONOIMYeCKIX
U UMMYHO(]EPMEHTHBIX aHA/IN30B KPOBM J1AOOPAaTOPHBIX
KUBOTHBIX.
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