ISSN 2414-438X (Print)
ISSN 2414-441X (Online)

,q,\Hu

MALWEBBIX CUCTEM
VIM. B.M. TOPBATOBA

\®Q

THEORY AND PRACTICE
OF MEAT PROCESSING

TEOPHUA U ITPAKTUKA
ITEPEPABOTKN MACA

2020, Vv0led, no.2




HE/JIN N1 3AO0AYN
JKYPHAJIA

FOCUS
AND SCOPE

[IpuopurerHoit nenbto JKypHana «Teopus
¥ IIPaKTUKa ITepepaboTKy MsCa» AB/IACTCA
pacrpocTpaHeHne B MUPOBOM Hay4HOM COOOIeCcTBe
TPYHOB II0 HayKe O MsACEe y4eHbIX HayYHBIX LIeHTPOB,
Hay4YHO-VICCIENIOBATENbCKUX MHCTUTYTOB U BBICIINX
y4e6HbIX 3aBefeHnit u3 Poccun u crpan CHI, nosblirenne
YPOBH: IPUCYTCTBIUA JOCTVDKEHMI IIpecTaBIIAeMOil
VMMI HayKM Ha MeXAYHapOJHOI apeHe, 3HaKOMCTBO
PoccuitcKux y4eHbIX ¢ MCCTIeIOBAaHNAMU 32 PYOEXOoM,
OCBellleH€e Pe3Y/IbTAaTOB IIePCIIEKTYBHbIX HallpaB/IeHNI
Hay4YHO-VICCIENOBATENDCKON NeATETBHOCTU B MACHOI
U ITHUIleTepepabaThIBAIOLell IPOMBIIUIEHHOCTI.

K ny6nukaunu B )KypHasie IpUI/IalialoTCs
KaK OTeUeCTBEHHbIE, TaK Y 3apyOe)KHbIe YIeHbIe
U CIEIIMA/INCTBI.

Baxkneiimumu safgadaMy XypHaja ABIIAOTCA:
00006111eHIIe HAYYHBIX J TIPAKTUYIECKNX JOCTVDKEHMI
B 00/TacTV HayKM O MsACe, TOBBIIIEHNA HAYIHOI
¥ IPAaKTUYEeCKON KBaMUKALMY KaK HayYHBIX
PabOTHMKOB, TaK M IPeACTaBIUTeel IPOMBIIITIEHHOCTH.

PA3JEJIbI JKYPHAIJIA

The top priority goal of the Journal “Teoria i
praktika pererabotki masa” (Theory and practice of
meat processing) is to distribute in the world scientific
community the results of the research in the field of
meat science performed by the scientists from scientific
centers, scientific-research institutes and institutions
of higher education from Russia and the CIS countries,
increase the level of presentation of the achievements
of the respective science in the international arena,
inform the Russian scientists about the research
carried out abroad, highlight the results of the prospect
directions of the research activities in the meat and
poultry processing industries.

Both Russian and foreign scientists and experts are
invited for publication in the journal.

The main tasks are generalization of scientific and
practical achievements in the fields of meat science,
increase scientific and practical qualifications as
researchers and industry representatives.

SECTION POLICIES

@ liccnenoBanns B 06acTyt 60 TEXHOIOTHIA,
6uoxumun, GU3NOIOrNH, TAHNMAJIOTHL,
HY TPULIVOIOT U

. VICC)’ICHOB&HI/Ie  CO3[JaHME€ HOBBIX
TEXHOJIOTUI MSICHBIX IIpON3BOJCTB

@ [Ipoueccel, 060pyOBaHE U ANIIAPATHI
MSICHBIX IIPOM3BOJICTB

@ Cranpaprusanus, cepTudUKALVs, CUCTEMBbI
yIIpaB/IeHNUs Ka4eCTBOM U 6€30MacHOCTh

@ Muxpo6uonorns, CaHuTapus u rureHa
MsICa ¥ MACHBIX IIPOIYKTOB

@ DKoHOMUKA

€ Apromarysauus u uHGOpMATH3ALS
TEXHOJIOTMYECKIUX IIPOLIECCOB

@ Investigations in the field of biotechnology,
biochemistry, physiology, lanimology,
nutritiology

@ Investigation and development
of new technologies of meat production

@ Processes, equipment and apparatus
of meat production

@ Standardization, certification,
systems of quality and safety management

€ Microbiology, sanitary and hygiene
of meat and meat products

& Economics

€ Automation and informatization
of the technological processes in the meat sect



THEORY AND PRACTICE OF MEAT PROCESSING, 2020, vol. 5, no. 2

MuHUCTEPCTBO HAYKM U BBICLIETO 0OPa30BaHMs
Poccuiickoit Pepepanyu
Minister of Science and Higher Education
of the Russian Federation

DenepanbHOe rOCYyapCTBEHHOE OI0IKETHOR
Hay4HOe yupexxaenns «DefiepaibHblil HAYYHBII LEHTP
muieBbIx cucteM uM. B. M. Topbarosa» PAH
Federal State Budgetary Scientific Institution
“V.M. Gorbatov Federal Research Center for
Food Systems of Russian Academy of Sciences”
(Gorbatov Research Center for Food Systems)

Teopus U MpaKTHKa MepepaboTKu MaAca
“Teoria i praktika pererabotki masa”
Theory and practice of meat processing
www.meatjournal.ru

Founder:

Federal State Budgetary Scientific
Institution “V.M. Gorbatov
Federal Research Center

for Food Systems of Russian
Academy of Sciences”
Talalikhina str. 26, Moscow,
Russia, 109316

Publisher:

Federal State Budgetary Scientific
Institution “V.M. Gorbatov
Federal Research Center

for Food Systems of Russian
Academy of Sciences”
Talalikhina str. 26, Moscow,
Russia, 109316

Editorial Office:

Federal State Budgetary Scientific
Institution “V.M. Gorbatov
Federal Research Center

for Food Systems of Russian
Academy of Sciences”
Talalikhina str. 26, Moscow,
Russia, 109316

Tel.: +7-495-676-93-51

e—mail: a.zakharov@fncps.ru

Yupepurenn:

DenrepanbHOE TOCYHAPCTBEHHOE
6r0fpKEeTHOE HAYYHOE YUPeXK/ICHVIA
«DenepanbHbI HAYYHbII IEHTP
TMIMIIEBBIX CUCTEM

um. B. M. Topbarosa» PAH
109316, Poccusi, Mocksa,
Tanmanuxuua, 26

V3parenn:

DepepabHOE TOCYIAPCTBEHHOE
6rofpKeTHOE HAYYHOE YUPeXK/IeHVI
«®DefepanbHbI HAYYHbI LIEHTP
TIVIIEBBIX CUCTEM

nm. B. M. TopbaroBa» PAH
109316, Poccus, Mocksa,
TananuxnHa, 26

Pemakims:

DenepanbHOE TOCYAPCTBEHHOE
6rofpKeTHOE HayYHOE YUPeXKIeHNS
«DefepanbHbII HAYYHbI LIEHTP
TIVIIEBbIX CHCTEM

um. B. M. Topbarosa» PAH
109316, Poccusa, Mocksa,
Tamanuxnna, 26

Ten.: +7-495-676-93-51

e-mail: a.zakharov@fncps.ru

Tunorpadmus:

DenepanbHOE TOCYAAPCTBEHHOE
GI0/PKeTHOE HayIHOE YIPEeXKIeHIS
«DepiepanbHbIii HAYYHbII LIEHTP
IMIEBBIX CUCTEM

um. B. M. Topbarosa» PAH
109316, Poccusa, Mocksa,
Tananuxuua, 26

Printing Office:

Federal State Budgetary Scientific
Institution “V.M. Gorbatov
Federal Research Center

for Food Systems of Russian
Academy of Sciences”
Talalikhina str. 26, Moscow,
Russia, 109316

JKypnan saperncrpuposan B PockomHazizope
Peructpannonusle faHHbIE:
IIN Ne ®C77-71611 ot 13.11.2017 roga
SJI Ne ®C77-71609 ot 13.11.2017 roma
Msmaercs ¢ 2015 ropa
KoHTeHT fiocTyneH nop nuiieH3nent
Creative Commons Attribution 4.0 License
CBob60onHas 1jeHa
IlepnopnyHocTh — 4 HOMEpA B IOf
ITopmucHoit nupexc B karanore «IIpecca Poccun» 38871
ITogmmucano B mevats 30.06.2020
Iata Berxoma n3 mmevatu 01.07.2020
Tupax 1000 sx3. 3akas Ne 291
© OHIIIIC, 2020
ISSN 2414-438X (Print)
ISSN 2414-441X (Online)
Ipeduxc DOI: 10.21323"

PemakimonHas KO/Iers:

I'maBHblii pegakTop:

JIncuupid Auppeit BopucoBird, JOKTOp TeXHIYECKNX HayK, podeccop, AKafieMIK
PAH, nayynbit pykoBoputenb, DIBHY «DepepanbHblit HayYHbIi LeHTP MUITEBBIX
cucrem um. B.M. Topbarosa» PAH, Mocksa, Poccust

3amecTuTeNb ITABHOTO PEAAKTOpA:

Yepnyxa VMpuna Muxaii/oBHa, JOKTOP TeXHIYECKNX HAyK, Ipodeccop, AKafeMuk
PAH, pykoBopurenb HayyHoro Hanpapnenus, OI'BHY «DenepanbHblit HaydHbIN IEHTP
meBbIX cucTeM M. B.M. Top6arosa» PAH, Mocksa, Poccns

Hayunble pegakropsbr:

Topnos VIBan ®@egopoBuy, TOKTOP CEMbCKOX03AICTBEHHBIX HAYK, Ipodeccop,
axagemux PAH, nayunpiii pykosogurenn, PTBHY «Ilopomkckuit HayyHo-
JICC/IEIOBATEIbCKILIT MHCTUTYT IIPOM3BOACTBA 1 IepepaboTKM MACOMONIOYHO
npopyKuum», Bonrorpas, Poccusa

EcumbexoB JKanunbex Cepuxbexouy, PhD, nonent, kadenpa «TexHomormdeckoe
0060py0BaHME M MAIIMHOCTPOEHMEY, [0CYapCTBEHHBIIT YHUBEPCUTET UMEHN
Iaxapuma, Cemeit, Pecrry6mixa Kasaxcran

Galia Zamaratskaia, KaHIMJIaT TeXHIYECKNX HAYK, OLIEHT, HAYYHbII COTPYHMUK,
IIBecKmit yHUBEPCUTET arpapHbIX HayK, I. Yicana, lsenys

IIpocexos Anexcanap FOpbeBud, [OKTOp TeXHUYECKUX HAYK, Ipodeccop, WieH-
koppecnonzienT PAH, pexrop ®I'bOY BO «KemepoBckuii rocyapcTBeHHbII
yHuBepcuteT», Kemeposo, Poccns

Sakata Ryoichi, Jloxtop, mpodeccop cebcKoX03AIICTBEHHBLIT HAyK, podeccop,
Yuusepcurer Asaby, Caramuxapa, Inonns

Tomasevic Igor, KaHIMIaT TEXHNYECKUX HAYK, JOLEHT, haKy/IbTeT NUIEeBbIX
TeXHOJIOTMIi 1 6uoxuMun, Kadefpa TeXHONOTUH IPOLYKTOB XIBOTHOTO
TpOMCXOXeHNs, benrpapckuit yuusepcutet, benrpan, Cep6us

Top6yHoBa Haranusa AHaTonbeBHa, KaHIMAT TEXHIYECKNX HAYK,

Yuenntit cexperapb, PIBHY «PepepanbHblit HayYHBI IEHTP NMILEBBIX CUCTEM

mm. B.M. Top6arosa» PAH, Mocksa, Poccu

Brimyckaromuit pegakrop:

3axapos Anexcanjp HukomaeBuy, KaHAuAT TEXHMIECKMX HAYK,

CTapIINIi HAYYHBII COTPYAHMK, 3aBENYIOIIIA PENAKIMIOHHO-U3/JATEIbCKOTO OT/ENOM,
OI'BHY «DepepanbHblil HAy4HBII LeHTp MUILeBbIX cucTeM M. B.M. TopbatoBa» PAH,
Mocksa, Poccnsa

Ynennl PemaKiMOHHOI KOIETN:

Baxenosa basgHa AHaTonbeBHa, JOKTOP TEXHNYECKNX HAYK, podeccop,
npodeccop, kadenpa «TeXHOMOTIS MACHBIX I KOHCEPBIPOBAHHDIX IIPOSYKTOB»
®I'BOY BIIO Bocrouno-Cubupckimii rocyapcTBEeHHbII YHUBEPCUTET TEXHOMOTHI

u ynpasyieHns. Ynan-Yus, Poccna

benosepos Ieopruit ABTOHOMOBIIY, JOKTOp TEXHINYECKMX HAYK,
yyeH-KoppecronienT PAH, nupexrop, Bcepoccuiickuit HayqHo-MCCIe0BATeNbCKIT
VHCTUTYT XONMONVIBHON IPOMBIIITeHHOCTH — (uiman epepanbHoro
FOCYAPCTBEHHOTO GI0/XKETHOTO HAayYHOTo yupexxeHus «DefepabHblit HayqHbIIL
IIeHTp MuIeBbIX cucteM uM. B.M. Top6arosa» PAH, MockBa, Poccys

Dederer Irina, Kanpuuar TeXHM4ecKnX HayK, HAyYHbIl COTPYIHUK,

Uucturyt Maxca Py6nepa, Kynbmbax, Oegepatnsras Pecrry6muxa Tepmanus
Djordjevi¢ Vesna, 7oxTop, AMpeKTop VIHCTUTYTa TUTMEHBI I TEXHOTOTMI MACa,
Benrpap, Cep6us

Jlynuenko Huna JIBaHOBHA, JOKTOD TeXHMYECKNX HayK, Ipodeccop,

3aBefyomas Kadenpoit «Yipap/ieHye Ka4eCTBOM 11 TOBApPOBEJEHIIS IPOTYKIINI»,
OTBOYBO «Poccuiicknii rocyapCcTBeHHBII arpapHblil yHUBepcuTeT — MOCKOBCKas
cenbcKoxossiicTBenHas akafemusa umenu K.A. Tummpsasesa», Mocksa, Poccus
KoueTkoBa Anma A/lekceeBHa, JOKTOP TEXHIYECKIX HAaYK, Podeccop, PyKOBORUTEIb
71a60paTopyI MUIEBBIX OMOTEXHOIOTWIA M CIeNYaTi31POBAHHbIX IPOJIYKTOB,
OI'BYH «DepepabHBlii MCCTe[OBATEMbCKI LEHTP MUTAHIS, GHOTEXHOTOT NI

u 6esomacHocTy mum», Mocksa, Poccust

Menemens Anexceit BUKTOpoBIY, KaHU/aT 5KOHOMUYECKUX HAYK, IUPEKTOP
Hay4HO-TIIpOU3BOACTBEHHOIO PECIYOIIKAHCKOTO JOUEPHETO YHUTAPHOTO
HpennpuATUA «VIHCTUTYT MACO-MONIOYHOIT IPOMBIIITIEHHOCTI» PecIyOmiKkaHCKoro
yHuTapHOro npegnpuaTusa «Hayuno-npakrudeckuit nenTp HarmonanbHoit akagemun
Hayk bemapycu o npogoBonbcTBuio», Musck, Pecriy6muxa bemapycn
Mupomnnko Cepreii AleKcaHAPOBIY, JOKTOP 6M0IOTNYECKIX HayK, podeccop,
yyeH-koppecnonsieHT PAH, mupextop, ®I'BHY «DepepanbHblit HaydHbIi IIEHTP
0MOTIOTMYeCKUX CHCTEM I arpoTeXHomoruit», Open6ypr, Poccus

Pumapesa JI1060Bb BayecnaBoBHa, JOKTOp TEXHNYECKNX HAYK, IIpodeccop,
Axanemuk PAH, rnaBHblii Hay4Hblii COTPYAHUK, Bcepoccuiickuit HayyHo-
VICC/IE[IOBATENbCKIIT MHCTUTYT NMILEBOI 6MOTeXHOMOr M — (yman

OT'BYH «DepepabHblit MCCIETOBATENbCKII LEHTP MUTAHIS, OMOTEXHOTOTUN

u 6esomacHocTy muim», Mocksa, Poccust

Pynn Anppeit ViBaHOBIY, JOKTOP CeNbCKOXO3SAMICTBEHHBIX HAYK, ITTABHBII HAYIHBII
COTPYSHUK OTHe/Ia TeHeTUKI, OMOTEeXHOIOI MM 1 TEXHOIOT M B CBUHOBOJICTBE,
OI'BHY «PenepanbHblil HayYHBIIT IIEHTP )KUBOTHOBOACTBA — Beepoccuiickuit
HAYYHO-CCe0BaTeNbCKIIT MHCTUTYT )XMBOTHOBOJCTBA MMEHM aKafieMuKa

JL.K. 9pHcrar, [Togonbcek, Poccusa

CemeHOBa AHacTacus ApTypOBHa, JOKTOP TeXHIYECKIX HayK, Ipodeccop,
3amectutenb gupekropa, PITBHY «DenepanbHblit HAYYHbII IIEHTP MUIIEBBIX

cucrem um. B.M. Topbarosa» PAH, Mocksa, Poccus

Xandepoan Poman ABaKoBIY, JOKTOP MEMIMHCKIUX HayK, Tpodeccop, Kadeapa
VIMMYHOJIOT MM Y1 QJI/I€PTOTIOruy, MeMUMHCKuIt MHCTUTY'T, Poccuiickuit yHuBepcurer
Ipy>x6s1 HapopoB, MockBa, Poccus

1



THEORY AND PRACTICE OF MEAT PROCESSING, 2020, vol. S, no. 2

MuHUCTEPCTBO HAYKM U BBICLIETO 0OPa30BaHMs
Poccuiickoit Pepepanyu
Minister of Science and Higher Education
of the Russian Federation

DenepanbHOe rOCYyapCTBEHHOE OI0IKETHOR
Hay4HOe yupexxaenns «DefiepaibHblil HAYYHBII LEHTP
muieBbIx cucteM uM. B. M. Topbarosa» PAH
Federal State Budgetary Scientific Institution
“V.M. Gorbatov Federal Research Center for
Food Systems of Russian Academy of Sciences”
(Gorbatov Research Center for Food Systems)

Teopus U MpaKTHKa MepepaboTKu MaAca
“Teoria i praktika pererabotki masa”
Theory and practice of meat processing
www.meatjournal.ru

Founder:

Federal State Budgetary Scientific
Institution “V.M. Gorbatov
Federal Research Center

for Food Systems of Russian
Academy of Sciences”
Talalikhina str. 26, Moscow,
Russia, 109316

Publisher:

Federal State Budgetary Scientific
Institution “V.M. Gorbatov
Federal Research Center

for Food Systems of Russian
Academy of Sciences”
Talalikhina str. 26, Moscow,
Russia, 109316

Editorial Office:

Federal State Budgetary Scientific
Institution “V.M. Gorbatov
Federal Research Center

for Food Systems of Russian
Academy of Sciences”
Talalikhina str. 26, Moscow,
Russia, 109316

Tel.: +7-495-676-93-51

e—mail: a.zakharov@fncps.ru

Yupepurenn:

DenrepanbHOE TOCYHAPCTBEHHOE
6r0fpKEeTHOE HAYYHOE YUPeXK/ICHVIA
«DenepanbHbI HAYYHbII IEHTP
TMIMIIEBBIX CUCTEM

um. B. M. Topbarosa» PAH
109316, Poccusi, Mocksa,
Tanmanuxuua, 26

V3parennp:

DefepabHOE TOCYIAPCTBEHHOE
6rofpKeTHOE HAYYHOE YUPeXK/ICHVI
«®DefepanbHbII HAYYHbI LIEHTP
TIVIIEBBIX CUCTEM

nm. B. M. TopbaroBa» PAH
109316, Poccus, Mocksa,
Tananuxnna, 26

Pemakims:

DenepanbHOE TOCYAAPCTBEHHOE
6rofpKeTHOE HayYHOE YUPeXK/IeHNS
«DefepanbHbII HAYYHbI LIEHTP
TIVIIEBbIX CHCTEM

um. B. M. Topbarosa» PAH
109316, Poccusa, Mocksa,
Tamanuxnna, 26

Ten.: +7-495-676-93-51

e-mail: a.zakharov@fncps.ru

Tunorpadmus:

DenepanbHOE TOCYAAPCTBEHHOE
6I0/KeTHOE HayIHOE YIPEeXKIeHIS
«DepiepanbHbIii HAYYHbII LIEHTP
IMIEBBIX CUCTEM

um. B. M. Topbarosa» PAH
109316, Poccusa, Mocksa,
Tananuxuua, 26

Printing Office:

Federal State Budgetary Scientific
Institution “V.M. Gorbatov
Federal Research Center

for Food Systems of Russian
Academy of Sciences”
Talalikhina str. 26, Moscow,
Russia, 109316

JKypnan saperncrpuposan B PockomHazizope
PerucrpaunoHHble JaHHbIE:
IIN Ne ®C77-71611 ot 13.11.2017 roga
SJI Ne @C77-71609 ot 13.11.2017 ropa
Published in 2015
This work is licensed under a
Creative Commons Attribution 4.0 License
Free price
Frequency — 4 issues a year
Subscription index in the catalogue “Press of Russia” 38871
Signed print 30.06.2020
Released from press 01.07.2020
Circulation — 1000 copies. Order Ne291
© FNCPS, 2020
ISSN 2414-438X (Print)
ISSN 2414-441X (Online)
DOI-prefix: 10.21323"

Editorial board:

Editor-in-Chief:

Andrey B. Lisitsyn, Doctor of technical sciences, Professor, Academician

of RAS, Scientific supervisor, V.M. Gorbatov Federal Research Center for Food
Systems of Russian Academy of Sciences, Moscow, Russia

Deputy Editor-in-Chief:

Irina M. Chernukha, Doctor of technical sciences, professor, Academician

of RAS, Head of the scientific direction, V.M. Gorbatov Federal Research Center
for Food Systems of Russian Academy of Sciences, Moscow, Russia

Scientific Editors:

Ivan F. Gorlov, Doctor of agricultural sciences, professor, Academician

of RAS, Scientific supervisor, Povolzhskiy Research Institute of Production and
Processing of Meat and Dairy Products, Volgograd, Russia

Zhanibek S. Yessimbekov, PhD, docent, Department of Mechanical Engineering
and Mechanics, Shakarim State University, Semey, Republic of Kazakhstan

Galia Zamaratskaia, Candidate of technical sciences, docent, Research worker,
Swedish University of Agricultural Sciences, Uppsala, Sweden

Aleksandr Yu. Prosekov, Doctor of technical sciences, professor, corresponding
members of RAS, Rector, Kemerovo State University, Kemerovo, Russia

Sakata Ryoichi, PhD, doctor, professor of agricultural sciences, Azabu University,
Sagamihara, Japan

Tomasevic Igor, PhD, Associate Professor, Animal Source Food Technology
Department, Faculty of Agriculture, University of Belgrade, Belgrade, Serbia
Natalia A. Gorbunova, Candidate of technical sciences, Academic Secretary,
V.M. Gorbatov Federal Research Center for Food Systems of Russian Academy
of Sciences, Moscow, Russia

Production editor:

Aleksandr N. Zakharov, candidate of technical sciences, senior research
worker, Head or research worker, Head of the Department of Editorial and
Publishing, V.M. Gorbatov Federal Research Center for Food Systems of Russian
Academy of Sciences, Moscow, Russia

Members of the editorial board:

Baiana A. Bazhenova, Doctor of technical sciences, professor, Professor,

chair “Meat and canned product technology”, East Siberia State University

of Technology and Management, Ulan-Ude, Russia

Georgy A. Belozerov, Doctor of technical sciences, corresponding members
of RAS, Director, All-Russian Scientific Research Institute of Refrigeration
Industry — Branch of V.M. Gorbatov Federal Research Center for Food Systems
of RAS, Moscow, Russia

Irina Dederer, Candidate of technical sciences, Research worker, Max Rubner-
Institut, Kulmbach, Germany

Vesna Djordjevic, Doctor, Director, the Institute of Meat Hygiene and
Technology, Belgrad, Serbia

Nina L. Dunchenko, Doctor of technical sciences, professor, the Head of the
chair “Product quality management and merchandise knowledge”, Russian State
Agrarian University — Moscow Timiryazev Agricultural Academy, Moscow,
Russia

Alla A. Kochetkova, Doctor of technical sciences, professor, the Head of the
“Laboratory of food biotechologies and specialized products’, Federal Research
Centre of nutrition, biotechnology and food safety, Moscow, Russia

Aliaksei V. Meliashchenia, Candidate of economical sciences, Director,
Institute of Meat and Dairy Industry of the Republican Unitary Enterprise “The
Scientific-practical Center of the Natinonal Academy of Sciences of Belarus for
food”, Minsk, The Republic of Belarus

Sergey A. Miroshhikov, Doctor of biological sciences, professor, corresponding
member of RAS, Director, Federal Research Centre of Biological Systems and
Agrotechnologies RAS, Orenburg, Russia

Liubov V. Rimareva, Doctor of technical sciences, professor, Academician

of RAS, Leading scientific worker, All- Russian Scientific Research Institute

of Food Biotechnology - branch Federal Research Centre of nutrition,
biotechnology and food safety, Moscow, Russia

Andrey I. Rud, Doctor of agricultural sciences, Chief research worker of the
Department of Genetics, biotechnology and technology in pig, L.K. Ernst
Federal Science Center for Animal Husbandry, Podolsk, Russia

Anastasiya A. Semenova, Doctor of technical sciences, professor, Deputy
Director, V.M. Gorbatov Federal Research Center for Food Systems of Russian
Academy of Sciences, Moscow, Russia

Roman A. Khanferyan, Doctor of medical sciences, Professor, Department

of Immunology and Allergology, Medical Institute, Peoples’ Friendship
University of Russia, Moscow, Russia

2



THEORY AND PRACTICE OF MEAT PROCESSING, 2020, vol. 5, no. 2

CONTENTS

Elena A. Miftakhutdinova, Sergey L. Tikhonov,

Natal'ya V. Tikhonova, Roza T. Timakova
AN EFFECT OF ANTI-STRESS FEED ADDITIVES
ON BROILER PRODUCTIVITY AND MEAT QUALITY ...ttt iiiiiiiiereennnneneennnns 4

Irina M. Chernukha, Natal'ya G. Mashentseva,

Dmitrii A. Afanasev, Natal'ya L. Vostrikova

BIOLOGICALLY ACTIVE PEPTIDES OF MEAT

AND MEAT PRODUCT PROTEINS: A REVIEW.

PART 2. FUNCTIONALITY OF MEAT BIOACTIVE PEPTIDES ... .ciiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnns 12

Marina L. Selionova, Viktoria R. Plakhtyukova

BIOCHEMICAL AND HISTOLOGICAL INDICATORS

OF BLOOD AND M. LONGISSIMUS DORSI OF YOUNG BULLS

OF KAZAKH WHITE-HEADED BREED OF DIFFERENT GENOTYPES

BY THE CAPNIAND GH GENES . ..ottt ittt ittt ittt ittt erieeranennns 20

Anastasiia A. Maksimenko, Anna V. Lyude,

Anastasia A. Semenova, Andrei S. Dydykin, Tadayuki Nishiumi

APPLICATION OF HIGH HYDROSTATIC PRESSURE

TECHNOLOGY TO IMPROVE CONSUMER CHARACTERISTICS

AND SAFETY OF MEAT PRODUCTS . ..ttt iiiiiiiittttiiitttttteeeeeeessnsssssnnnnnnnnnns 26

Anastasia A. Semenova, Alena I. Sinichkina,

Ilya V. Kozyrev, Tatyana M. Mittelstein

AN EFFECT OF THE ANIMAL CONDITION

AFTER GAS STUNNING ON QUALITY OF SLAUGHTER

PRODUCTS FROM LARGE WHITE PIGS ... titiiiiiiiiiiiiiiiiiittttntnnnnnnsnnsssseneneaannnns 39

NikolayA.Ermoshin, SergeyA. Romanchikov,

Olga I. Nikolyuk

THE ELECTROHYDRAULIC METHOD

FOR MEAT TENDERIZATION AND CURING .. .tttttiiiiiiiiitiiiiiiiieeeeerennnnnneeeeesennnnns 45



THEORY AND PRACTICE OF MEAT PROCESSING, 2020, vol. S, no. 2

DOI: https://doi.org/10.21323/2414-438X-2020-5-2-4-11

@creative
commons

Available online at https://www.meatjournal.ru/jour
Original scientific paper

AN EFFECT OF ANTI-STRESS FEED ADDITIVES
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Abstract

The paper presents the study on an impact of feed additives Peak anti-stress and SPAO (SPAO-complex) with different lithium
content on meat productivity and meat quality of broiler chickens. The feed additives exert a pronounced metabolic effect, have
adaptogen properties and allow forming a mechanism that facilitates compensation of the expenditure of the body, which signifi-
cantly increases upon stress development. It was established that the average daily gain of the broiler chickens increased by 1.8%
and 4.3% on the background of using SPAO-complex and Peak anti-stress, respectively, compared to the broiler chickens that did
not receive the feed additives in the daily diet. It was shown that addition of feed additives with lithium into a diet led to an im-
provement of the indices of broiler meat productivity and meat quality: a level of yield of the carcasses of the Ist category increased
up to 56.2-79.1%, high organoleptic indices of meat were ensured, the protein content in white and red chicken meat increased
and functional-technological properties of minced meat improved. The use of feed additives ensured profitability of industrial
poultry production; the highest indices of profitability were established upon introduction of the feed additive Peak anti-stress into
a diet — up to 8.67 rubles per each ruble of expenses. The obtained results of the study should be taken into consideration in the

technological processes when raising broiler chickens.

Introduction

According to the Food Security Doctrine of the Russian
Federation adopted by the Executive Order of the President
of the Russian Federation of January 21, 2020, the agro-
industrial complex of the country faces a task of creation,
reconstruction and development of modern productions
regarding the output of feed additives for animals to increase
meat raw material production including poultry. When
forming poultry meat quality, an important role is given
to prevention of stressful situations in the conditions of
industrial poultry production by using feed additives that
mitigate an effect of stress factors.

Several authors [1] notice an important role of antioxi-
dants in the composition of a diet. These antioxidants include
the natural bioflavonoid dihydroquercetin and arabinoga-
lactan — a water-soluble polysaccharide of plant origin.
Their addition to the combined feed for broilers affects the
lipid metabolism, which is characterized by a decrease in
the fat content in pectoral muscles, and also facilitates a
decrease in peroxide compounds in broiler meat due to the
low content of abdominal fat in a carcass, and in a dose of
3.6 g/ton increases broiler liveweight by 3.97%, improves
feed conversion.

The use of the feed additive HydroLactiv and antioxidant
Epophen in combined feed and their conjunct influence have
a positive effect on productivity and meat quality of Cobb
broiler chickens. The authors [2] note that the average daily
liveweight gain increases by 11.0%, the efficiency of diges-
tion and utilization of dietary nutrients is stimulated, which
increases feed conversion into meat products — feed con-
sumption per 1kg of the liveweight gain decreases by 9.9%.
According to the data of controlled slaughter, balanced feed-

ing improves broiler meat quality. For example, pre-slaughter
weight of broiler chickens increases by 10.7%, the weight of
an eviscerated carcass by 368.4 g or 15.89%, slaughter yield
of broilers by 0.85%. The chemical composition of broiler
meat changes by 8.49% in terms of the dry matter content
and the protein content in broiler meat changes by 0.91%.

The anti-stress additive Acti’z Vitamins B in an effer-
vescent form for egg-laying hens contains nicotinamide,
pantothenic acid, vitamins B1, B2, B6, folic acid, D- biotin
and vitamin B12. It is added during the period of intensive
egg-laying and the peak of productivity of hens from the
parent population and according to some authors [3] facili-
tates an improvement in the metabolic processes, poultry
productivity and quality of produced young birds.

It was established that the antioxidant of the new genera-
tion Bisphenol-5 had a positive effect on the hematologi-
cal and biochemical parameters of blood and growth of
birds. For example, upon addition of the antioxidant into
complete feed at a dose of 0.0002%, 0,0004%, 0.0008% and
0.0015% of the daily ration, an increase in hemoglobin by
2.6-21.6%, red blood cells by 5.1-47.6%, protein by 15.7%,
glucose by 7.8%, calcium and inorganic phosphorus by
6.1% and 6.5%, respectively, was observed in the chickens
of the experimental groups. The activity of enzymes tak-
ing part in digestion of feed components increased by 14.7
and 8.3%, which indicates a positive effect of the additive
on the protein, carbohydrate and mineral metabolism, as
well as the enzymatic activity [4].

The study [5] describes a positive role of L-carnitine and
preparations on its basis on the lipid metabolism in broiler
chickens. L-carnitine is important in transportation of fatty
acids into mitochondria ensuring their oxidation. According
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to the data of the authors, the preparation Strolitin, which
active ingredient is L-carnitine and accessory substances
are magnesium sulfate, sorbitol and distilled water, has the
anabolic, antihypoxic and antithyroid action, stimulates the
regenerative activity of tissues, normalizes the metabolic
processes, prevents osteoporosis and activates fat metabo-
lism. When receiving the preparation from the age of 1-5
days and from 21-25 day, broiler chickens show a 6.95% and
6.09% increase in liveweight by the end of raising, a 6.3% and
5.35% decrease in feed consumption per gain, respectively;
in addition, a positive effect on liveability of the population
was observed.

Prokhorova Yu.V. et al. (2016) reported that feed ad-
ditives with microelements, in particular, the preparation
Selemagum-O (a water soluble complex of selenium and
vitamin E) had a positive effect on the body of broiler chick-
ens; when using the preparation from the first days of life of
broiler chickens at a dose of 1 ml/100 1 water, the indices of
gain and liveability improved on average by 3.5% [6].

Zinc has been actively used. It is a component of more
than 200 metalloenzymes, affects the cell growth and divi-
sion, skin condition, plumage, osteogenesis, wound healing,
reproductive function, immune system, cellular respiration,
brain development, formation of behavioral reflexes and
so on. Skopichev V. G. et al. [7] noted that zinc deficiency
caused stunting, retardation of the development, reduction
in egg production, disorder of eggshell formation.

Among the agents that affect the nervous system and are
used for stress prevention in animal husbandry are lithium
salts. According to the data [8] «...lithium preparations are
psychotropic pharmaceutical products from the group of
mood stabilizers. Lithium is an alkali metal; therefore, it
is used in medicine and veterinary medicine in a form of
salts — carbonate, oxybutirate, nicotinate, succinate, chlo-
ride, sulfate and citrate, and their use is conditioned by the
specific mechanism of action, which is based on an effect of
the lithium ion on different divisions of the nervous system...»

Fisinin V. I. et al. [9] note that «... the use of lithium
carbonate at a dose of 15 mg/kg body weight of broilers fa-
cilitated an increase in liveability and average daily increase
in the population. Lithium carbonate at a dose of 15 mg/kg
body weight of broilers is expedient to use in broiler produc-
tion enterprises as it facilitates acceleration of growth, an
increase in liveweight gain, liveability of the population...»

Bachinskaya V. M. [10] recommends to «...use lithium
citrate in hens of the parent flock and broiler chickens two
days before testing stress sensitivity, on the day of testing
and during two days after the turpentine test. Administration
of lithium citrate does not influence formation of the local
adaptive syndrome at the point of injection of the irritating
substance...»

Effectiveness of lithium salt addition into a diet as a
means of stress prevention is confirmed in [11,12]. The use
of feed additives with the probiotic [13,14] and antioxidant
[5] properties facilitates formation of meat productivity and
production of high-quality meat.

To reduce the unfavorable effect of heat stress or stress
caused by vaccination, as well as antibiotics or anticoccidial
agents, it is recommended to use the feed additive Betamint,
which consists of biologically active substances: vitamin C,
betaine, menthol. Betamint exerts a rapid and durable effect
in the control of heat stress; the preparation is given with
water at a dose of 11/ton over three days before and after
the stress factor [15].

According to the data [16,17], «...the use of the anti-stress
preparations Vitaminoacid and Magic Antistress Mix on the
background of industrial stress factors ensures superiority
over the control in terms of liveweight on average by 5.15
and 2.17% in replacement pullets, by 0.73 and 0.73% in lay-
ing hens, by 4.46 and 1.06 in replacement cockerels, and by
1.33 and 3.04% in roosters; the uniformity of the population
increased by 1.08 and 5.49% in pullets, by 6.95 and 9.30% in
cockerels and by 2.90 and 8.13% in laying hens, respectively;
the uniformity of roosters in the second experimental group
increased by 7.41%. Vitaminoacid and Magic Antistress
Micx facilitated an increase in liveability of the population
of replacement pullets by 0.45 and 0.52%, cockerels by 0.94
and 1.38%, a reduction of feed expenditure by young birds
by 0.33 and 1.33%, liveability of laying hens by 0.1 and 0.41%,
roosters by 0.57 and 1.14%, respectively. They had a positive
effect on the growth and metabolic processes in the body
of young poultry.

Engashev S. V. et al. [18] proposed a method for reduction
of heat stress in broilers by adding the antioxidant with the
3-oxypyridine structure into a diet, which allowed increasing
liveability of the poultry population in the conditions of heat
stress by 1.04% and increasing the average daily gain by 7.7%.

A group of authors under the leadership of R. Kh. Gadza-
onov [19] developed a means for stress prevention in poultry
production using pharmacological preparations from the
group of tranquilizers phenazepam and the Eleutherococci
extract, which showed high liveability of poultry population
(95-90%) and additional gains. However, the United Nations
Commission on Narcotic Drugs placed phenazepam into
a list of substances subjected to special control; the use of
the proposed scheme determines a necessity of individual
administration of preparations, which makes their use in
industrial poultry production more difficult.

The use of agents from different pharmacological groups
influencing formation of the stress reaction and its strength
for stress prevention in poultry production determines the
course of adaptive processes in the body of birds. The prom-
ising directions are the use of complex preparations and
preparations based on lithium salts, which have multifaceted
mechanisms of the pharmacological action and low toxicity
as stress protectors; and antioxidant preparations that posi-
tively influence the morphological and biochemical blood
composition, growth and productivity of poultry.

However, data on an effect of feed additives with lithium
on poultry meat quality are absent in scientific literature.

In this connection, the aim of the research was to study
an effect of the feed additives Peak anti-stress and SPAO
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(SPAO-complex) — a stress protector and antioxidant for
animals, which were developed by us, on broiler meat pro-
ductivity and meat quality.

Materials and methods

The experiments were carried out in the Department of
Food Engineering of the Ural State University of Econom-
ics and the Department of Morphology, Physiology and
Pharmacology of the South Ural State Agrarian University.

The production experiments, testing and implementation
were carried out on the chickens of the final hybrid of Arbor
Acres cross in the conditions of AO «PRODO Tyumensky
Broiler» in the Tyumen Oblast.

The chickens for the experiment were obtained from the
breeding farm of the second order from the hens of the par-
ent flock at the age of 245 days, the duration of egg storage
was 5 days, the level of hatching was 88.9%. The chickens
were kept in the poultry house with the usable space of 1288
square meters; density upon placing was 18.6 birds/m?*. The
chicken body weight upon placing was 38.67 g; the floor
temperature upon placing was 32.6-32.8 °C. The study was
carried out in the conditions of the experimental facility
with floor housing of broiler chickens in separate sections
that spatially belonged to the same shop.

Three groups of broiler chickens with 6000 birds in each
were selected for the experiment. The broiler chickens in the
control group did not receive any pharmacological prepara-
tions and feed additives in addition to the main diet.

SPAO-complex was used in the second experimental
group at a dose of 925 mg/kg liveweight; the scheme included
five times of administration before slaughter. SPAO-complex
was administered through the system of medicators Dosa-
tron D25 RE0.2-2.0%. The content of lithium citrate was 10
mass%. In the third experimental group, the recipe com-
position for production of complete feed included the feed
additive Peak anti-stress, which contained lithium carbonate
(16.5-16.7 mass%) at a dose of 1693 g of the feed additive per
1 ton of feed or 440-552 mg per 1kg of chicken body weight.
The proposed scheme included five times of feed additive
administration daily during five days before slaughter.

The necessity to use the SPAO pharmacological complex
during five days before slaughter of birds was substantiated
by the scientific research carried out earlier by Miftakhytdi-
nov A. V. et al. [20], who used different duration and doses
of SPAO-complex administration to the hens of the parent
flock during planed technological stresses. The period of five
days facilitates the maximum effect and at the same time
does not lead to reduction of the psychomotor reactions
and appetite in birds and is linked with the pharmacokinetic
characteristics of lithium salts.

The feed additive SPAO-complex was given to birds
with water, as administration of pharmacological agents
through the system of medicators (auto-dosing systems
for pharmaceutical products) is the most convenient and,
frequently, effective form of using pharmacological agents
in the industrial poultry production. Medicators ensure a

high degree of dose uniformity. SPAO-complex is a water
soluble pharmacological agent and is used with water. Peak
anti-stress is a feed additive with lower cost compared to
SPAO-complex, contains water insoluble lithium carbonate
and, therefore, was used in the composition of complete feed.

The broiler chickens of the control and experimental
groups were fed according to the approved diets. The zootech-
nical analysis of complete feed showed the correspondence
to the main regulated requirements. Feed moisture was on
average 10.5% (with the norm of not more than 14.0% accord-
ing to GOST 18221-99 «Mixed full-ration feeds for poultry.
Specifications»), a level of metabolizable energy was 1.44 MJ
(with the norm of not less than 1.34) the quantity of crude
protein was within a normal range (19.0%). Complete feed
had the optimal ratio of calcium and phosphorus 0f 1.9:1 and
was also balanced by the main essential and non-essential
amino acids, and had the optimal profile regarding lysine
(100%): methionine + cystine — 77%, threonine — 69%,
tryptophan 10%. Thus, the nutritional level of the diets for
broiler chickens corresponded to the recommended require-
ments for raising Arbor Acres broilers.

The water supply was the same in the control and ex-
perimental groups. The zoohygienic conditions of keeping
of the control and experimental groups were regulated with
adherence to the technological regulations according to the
requirements for the cross. The scheme of prophylaxis of
viral and bacterial diseases corresponded to the approved
veterinary regulations and instructions.

The chickens were slaughtered on the 38th day after hatch-
ing using the equipment of the «<STORK» company (the line
speed was 9000 birds/hour).

After slaughter, fifty birds from the first and second groups
were examined for the following indices: the number of
carcasses of the Ist category, number of carcasses sent to
industrial processing, analysis of defects.

The indices of broiler meat productivity and meat qual-
ity were determined by conventional methods. Statistical
analysis of the experimental data was carried out using the
software package STATISTICA 12.

Results and discussion

To compare an effect of the feed additives on the growth
and development of broiler chickens, the average daily
gain, efficiency coefficient and broiler liveability were as-
sessed. The obtained data suggest stimulation of the meta-
bolic processes in the body of the birds due to reduction of
pre-slaughter stress (Table 1).

By assessing the indices of the bird growth, the data were
obtained that indicated an advantage of using feed additives.

During the experiment, the average daily gain was on
average higher by 4.3% in the third experimental group
compared to the control; this index increased by 1.8% com-
pared to the second experimental group. This is explained by
better intake of feed, which consumption increased to 22.5%
on the six week of the experiment with feed conversion of
4.4%. Generally, the efficiency coefficient in the experimental



THEORY AND PRACTICE OF MEAT PROCESSING, 2020, vol. 5, no. 2

Table 1. Efficiency of using feed additives (n=50)

1 group (control)

Average daily gain, g 57.30+0.35
Liveability, % 94.42+0.42
Feed conversion, feed/units 1.61
Efficiency coefficient 341.67

Groups
2 group (experimental) 3 group (experimental)
58.30+0.41 59.77 +0.38
P1<0.0323 P,<0.0374
P,=<0.0224
95.01+0.51 96.57 +£0.34
P1<0.1304 P,<0.0302
P,<0.0388
1.58 1.56
357.90 377.26

Note: P, — significance compared to the samples from the I** group; P, — significance compared to the samples from the 2" group; P, — significance

when comparing the 1* group and the 2™ group

group was higher than in the control by 35.6 units, which
was quite significant compared to the prototype (16.2 units).
Broiler liveability in the third experimental group increased
to 96.6%, which was 2.2% higher than in the control; in the
second group, broiler liveability was 0.6% higher than in
the control.

The final period of chicken fattening is characterized
by the highest waste of population. It is during this time
that stresses linked with the high intensity of the metabolic
processes (productivity reaches 80-100g/day/chicken dur-
ing this period) and high density of birds (due to their large
weight in this period) facilitate a decrease in immune sys-
tem effectiveness and lead to high mortality linked with ac-
tivation of viruses and bacteria. The use of anti-stress and
antioxidant agents during final fattening and vaccination
of the parent flock of hens [20,21] facilitate maintenance
of normal functioning of the immune system and preven-
tion of the development of social and heat stress, which fi-
nally influences overall broiler liveability. Feed conversion
is calculated in arbitrary units; in absolute terms, conver-
sion increased only by 0.03 g in the second group and by
0.05 g in the third group, which is quite possible when us-
ing anti-stress agents and was vividly demonstrated in the
performed investigations.

Table 2 presents meat productivity of broiler chickens.
Meat yield was higher by 0.6% in the second experimental
group and by 1.3% in the third experimental group com-
pared to the control. In the second experimental group, the
level of yield of carcasses of the first category increased up
to 56.2% and technical waste reduced by 0.4%. The high

Table 2. Meat productivity of broiler chickens (n=50)

Slaughter yield of eviscerated carcass, % (to liveweight)
Including the first grade, %
the second grade, %
Technical waste, %
Quantity of injuries received during poultry slaughter:
Including black-and-blue marks, bruises and ematomas, units
sprains and closed fractures, units

open fractures, units

yield of the bird carcasses of the first category (up to 79.1%)
indicates an advantage of the method of using. The chicken
carcasses of the third group differed from the first control
group and the second experimental group by the number
of defects. Technological defects associated with primary
poultry processing (scalding, plucking, evisceration and
chilling) were not taken into account, as the preparation
and the feed additive did not influence their presence or
absence. The number of black-and-blue marks, bruises
and hematomas reduced by 23.5%, sprains and closed
fractures by 20.0%, open fractures by 33.3% in the third
experimental group compared to the control. In the sec-
ond experimental group, the number of black-and-blue
marks, bruises and hematomas reduced by 29.4%, sprains
and closed fractures by 60.0%, open fractures by 33.3%.
The obtained data indicate a decrease in the pre-slaughter
injuries when using the feed additives and an advantage of
Peak anti-stress.

According to the results of the organoleptic assessment
of broiler chickens after slaughter, the control and ex-
perimental samples corresponded to the requirements of
GOST 31962-2013 «Chicken meat (carcasses of chickens,
broiler-chickens and their parts). Specifications» for the
category «fresh meat»:

— the surface of the carcasses had the whitish-yellow
color with the pinkish tint;

— subcutaneous and internal fatty tissue had the pale
yellow color;

— the serous membrane of the thoracoabdominal cavity
was moist, shiny, without slime and molds;

Group
1 group (control) 2 group (experimental) 3 group (experimental)

72.8 73.4 74.1
42.7 56.2 79.1
57.3 43.8 20.9
15.6 15.5 15.2

34 26 24

4 2
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— muscles were slightly moist on the cut surface, did
not leave a moist spot on the filter paper, were firm and
elastic, the pit formed when pressing by the finger quickly
straightened;

— odor was specific, typical for fresh poultry meat.

Table 3 presents the data on the comparative analysis of
the tasting results of cooked meat and broth from birds of
the control and experimental groups using the 9-point scale.

As follows from the data in Table 3, all samples of meat
and meat broth from broiler chickens of the experimental
and control groups had high indices with higher scores in
the experimental samples. In terms of appearance, meat
of the experimental broiler groups did not differ from the
control and received the same average score — 8.11 points.
Appearance and color on the cut surface were characterized
as follows: «very beautiful», «beautiful», «good». When
assessing taste of meat and meat broth from broiler chick-
ens of the experimental and control groups, the following
characteristics were used: «very tasty», «tasty», «quite tasty».
The differences in the scores between the second and third
experimental groups by appearance and color on the cut
surface and taste were 0.11 and 0.10 points; they were 0.22
and 0.10 points by appearance of meat broth compared to the
control samples. The differences in the meat sensory indices
(odor, juiciness and consistency) were more pronounced.
According to the results of tasting of meat broth, the experi-
mental groups had higher average scores by 0.21 and 0.13
points, respectively. The characteristics «good», «beautiful»,
«very beautiful» were given to this indicator. Odor of meat
and meat broth from broiler chickens was described with the
attributes «quite aromatic», «aromatic» and «very aromatic».
The number of points in meat assessment were higher in
the second and third experimental groups by 0.22 and 0.18
points, in assessment of meat broth by 0.12 and 0.04 points,
respectively. The experts characterized meat juiciness as
«very juicy», «juicy» and «quite juicy» with the prevalence
of the first two characteristics in the experimental groups,

Table 3. Results of tasting of cooked broiler meat and meat broth

which influenced the average score being higher by 0.50 and
0.41 points. Consistency of broiler meat in the experimental
groups was higher by 0.22 and 0.18 points and was mainly
characterized as «very tender» and «tender».

In general, the scoring of meat and meat broth from
broiler chickens of the experimental groups showed the supe-
riority of their sensory indices over the results of the control
group by 0.17-0.20 points and 0.13-0.21 points, respectively,
which corresponded to the level of very high quality.

Therefore, changes in the sensory indices of cooked meat
and meat broth from broiler chickens of the experimental
groups indicated an increase in the consumer properties of
meat products.

Assessment of the chemical composition of poultry meat
demonstrated pronounced changes in the protein and fat
content. For example, the protein content was higher by 12.4
and 15.2% in white meat, by 1.2 and 4.1% in red meat and by
18.8 and 5.8% in minced meat from birds of the second and
third groups, respectively, compared to the control. With
that, in the group, in which the feed additive Peak anti-stress
was used, the protein content in fillet, legs and minced meat
was 2.5, 2.9 and 2.0% higher, respectively, compared to the
group of birds, which received SPAO-complex. It should
be noted that the use of feed additives allowed bringing
the protein content in white meat to the regulatory levels,
which conditioned the strict correspondence of produced
meat to the Ist category of quality and the higher biological
and nutritional value (Table 4).

Somewhat different picture was observed for the fat con-
tent in meat. This parameter in white meat from birds of
the experimental groups was 37.7% and 27.9% higher than
in the control, respectively. However, the fat level in breasts
of birds from the third experimental group was 7.1% lower
compared to the second group. The fat content in red meat
from the third experimental group was lower by 15.2% com-
pared to the control and by 0.3% compared to the samples of
meat from the second group. Similar results were obtained

1 group (control) 2 group (experimental) 3 group (experimental)
Cooked meat
Appearance 8.11+0.93 8.11+0.78 8.11+0.67
Appearance and color on the cut surface 8.11+£0.78 8.22+0.83 8.21+0.75
Odor 8.11+0.08 8.33+0.07* 8.29+0.12*
Taste 7.89+0.78 8.07+0.87 8.03+£0.47
Consistency (tenderness) 7.89+0.07 8.11+0.09* 8.07+0.32
Juiciness 8.06+0.08 8.56+0.03* 8.47+0.19*
Overall mean score 8.02+0.31 8.22+0.27 8.19+0.36
Meat broth
Appearance 8.22+0.67 8.44+0.73 8.32+0.67
Aroma 8.21+0.83 8.33+0.71 8.25+0.83
Taste 8.22+0.67 8.44+0.73 8.36+0.67
Overall mean score 8.20+£0.47 8.41+0.36 8.33+£0.47

Note: * — is significant at p < 0.05 relative to the control group
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Table 4. Chemical composition of broiler meat

group
1 group (control) 2 group (experimental) 3 group (experimental)
White meat (fillet)
23.06+0.47 23.64+0.66
Mass fraction of protein, % 20.52+0.81 P <0.0412 P,<0.0454
P,<0.3745
2.12+0.29 1.97£0.13
Mass fraction of fat, % 1.54+0.21 P, <0.0478 P,<0.0423
P,<0.321
Red meat (leg)
17.72+0.13 18.23+0.18
Mass fraction of protein, % 17.50£0.07 P, <0.0381 P,<0.0352
P,<0.0322
7.25+0.56 7.23+0.69
Mass fraction of fat, % 8.53+0.73 P, <0.3457 P,<0.4753
P,<0.5278
Minced meat
19.91+0.76 20.31+0.97
Mass fraction of protein, % 18.81+0.75 P <0.2352 P,<0.3561
P,<0.3347
8.83+£0.54 8.51+0.75
Mass fraction of fat, % 9.71£0.66 P, <0.2453 P,<0.2143
P,<0.2344

Note: P, — significance compared to the samples from the 1** group; P, — significance compared to the samples from the 2™ group; P, — significance

when comparing the 1* group and the 2™ group

regarding the fat content in minced meat; however, in this
case, the difference between the third and second experi-
mental groups was 3.6%. According to the reference data, the
recommended protein content in red meat is not less than
18.0%. In our study, only the use of the feed additive Peak
anti-stress allowed achieving this regulatory level.
Generally, the obtained results are indicative of the higher
protein content in poultry meat of the experimental groups
and reduction of red meat fattiness. With that, the most
pronounced changes were noticed in the group of birds that
received the feed additive Peak anti-stress.
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Functional-technological properties of minced meat
(water binding capacity (WBC), water holding capacity
(WHC), emulsifying capacity (EC) and stability of emul-
sion (SE)) made from meat of the control and experimental
groups were studied (Figure 1).

It follows from Figure I that the minced meat samples from
the experimental groups were distinguished by higher func-
tional-technological properties. For example, WBC was higher
by 3.8% and 4.5%, WHC by 4.4% and 5.9%, EC by 2.0% and
2.3%, SE by 2.2% and 3.1%, respectively, in the samples of the
second and third experimental groups compared to the control.

80,4 82,2 829

74,2
70,1 73,2
III Il
WHC EC SE

B 1group M 2group M 2group

Figure 1. Functional-technological properties of minced meat (water binding capacity (WBC), water holding capacity (WHC), emulsifying ca-
pacity (EC) and stability of emulsion (SE)) made from meat of the control and experimental groups
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Taking into consideration the production indices, re-
sults of slaughter and costs for broiler chicken production,
economic efficiency and profitability of feed additive using
were assessed.

According to the conventional methodology used in
veterinary medicine (1997) and recommendations of Zhurav-
el N. A. [22], economic efficiency of veterinary measures per
a ruble of costs expresses the relation of an economic effect
(a positive economic result) to total costs on these veterinary
measures (including a cost of a preparation and labor costs
of its using). In our experiment, with regard to the obtained
additional profit due to an increase in meat productivity
and meat quality in the second experimental group, where
SPAO-complex was used, economic efficiency per one ruble
of costs was 0.19 rubles, in the third experimental group it
was 8.67 rubles, which clearly indicates an advantage of
using the feed additive Peak anti-stress in economic terms.

In the process of activation of glucogenolysis and gly-
colysis, the release of catecholamines, glucagon and cor-
ticosterone into the blood occurs. The catabolic effect of
corticosterone is manifested in breakdown of amino acids to
provide for energy expenditure of the body and mobilization
of fatty acids; it is this fact that is linked with a decrease in
meat productivity and poultry meat quality.

Therefore, the use of feed additives allows activation of
the adaptation processes in the body of birds and stabilize

metabolism due to the combined stress protective and an-
tioxidant action, which is evident from an increase in the
average daily gain of broiler chickens on the background of
using SPAO-complex and Peak anti-stress by 1.8-4.3%, meat
yield by 0.6-1.3%, yield of the carcasses of the Ist category
of up to 56.2-79.1%, as well as from an improvement in the
organoleptic properties of meat, an increase in the protein
content in white and red meat and an increase in functional-
technological properties of minced meat. The use of the feed
additives is economically profitable.

Conclusion

To increase stress resistance of birds in the conditions of
industrial production, one of the main factors is the use of a
balanced diet enriched with a vitamin and mineral complex,
probiotic additives and additives with the antioxidant prop-
erties. Studies proved the efficiency of feed additives with
microelements, including lithium salts as a stress protector
regarding meat productivity of poultry. The results of the
study on the effect of the feed additives Peak anti-stress and
SPAO-complex with different lithium content on broiler meat
productivity and meat quality show an increase in the average
daily gain by 1.8% and 4.3%, respectively, and an increase
in the biological value of poultry meat. It is necessary to
take into account the obtained results in the technological
processes upon broiler production.
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Abstract

Biologically active peptides (BAP) are regarded as the main products of protein hydrolysis. BAP activity depends on the amino acid
sequence molecular weight and chain length, type and charge of an amino acid at the N-terminus and C-terminus, hydrophobic
and hydrophilic properties, spatial structure. They positively influence many systems of the human body, including the blood cir-
culatory, nervous, immune, gastrointestinal and other systems. The health-improving effect of bioactive peptides is formed due to
their antioxidant, antihypertensive, antithrombotic, immunomodulatory, antimicrobial, anti-allergic, opioid, anti-inflammatory,
hypocholesterolemic and anticancer properties. Angiotensin-I-converting enzyme (ACE) inhibitory peptides are most studied due
to their effect on blood pressure regulation. Unlike synthetic preparations, biologically active peptides do not have side effects and,
therefore, can be used as their alternative. There is a growing commercial interest in peptides generated from meat proteins is in
the context of health saving functional foods. The paper describes prospects, pros and cons of using bioactive peptides as functional
food ingredients and biologically active food additives.

Funding: The study was financed by the grant of the Russian Scientific Foundation (Project No.16-16-100731I1) and the Program

of the fundamental scientific research of the state academies of sciences 013.20.05.

Introduction

Native amino acid sequences and peptides generated
during meat autolysis or enzymolysis can be functionally
active. Bioactive peptides (BAPs) can be generated during
thermal or other technological processing. Bioactive pep-
tides with the antioxidant, antithrombotic, antimicrobial,
hypotensive, immunomodulatory, opioid and other bio-
logical effects, which have curative or preventive impact
on pathogenesis of several diseases, have been discovered
and studied [1,2,3,4].

A significant number of peptides with different activi-
ties have already been isolated from meat raw materials.
These peptides contain 2 to 9 (to 25 sometimes) hydrophobic
amino acid residues in a strict sequence [5]. Many of them
were obtained by both in vivo and in vitro proteolysis with
enzymes of different origin [6].

At present, the interaction between the activity and
structure of peptides has been studied. The peptide activity
depends on the amino acid sequence, molecular weight
and chain length, type and charge of an amino acid at the
N-terminus and C-terminus, hydrophobic and hydrophilic
properties, spatial structure, etc. Peptides with higher ACE
inhibitory activity usually have aromatic or basic amino
acids at the N-terminus, more hydrophobic and positively
charged amino acids at the C-terminus [7].

Many natural BAPs structurally differ from those formed
as a result of the protein post-translational modification. They

contains non-protein amino acids (B-alanin, y-aminobutyric
acid), D-amino acids, alkylated amino acids. The H-pep-
tide bonds and cyclic structures are the characteristic of
low molecular weight peptides. Along with residues of
pyroglutamic acid, they provide protection from prote-
ases with substrate specificity to peptides from a-amino
acids with normal bonds, which allows retention of peptide
functionality up to the moment of their absorption [1,8].

Main part

1. Angiotensin-I-converting enzyme (ACE) inhibitory

peptides

Angiotensin-I-converting enzyme (ACE) inhibitory
peptides are the most studied meat BAPs, probably due to
their effect on blood pressure regulation. ACE-I is an enzyme
dipeptidyl carboxypeptidase, which converts angiotensin-I
(decapeptide) into angiotensin-II (octapeptide), which leads
to constriction of arteries and, consequently, to an increase
in blood pressure. In this connection, ACE inhibition can
be linked with prophylaxis of cardiovascular diseases [9,10].

ACE-I inhibitory peptides are small peptides with 2 to
20 amino acids. Their function depends on a protein, con-
ditions and a degree of hydrolysis, molecular weight and
amino acid composition, as well as a position of amino
acids in peptide sequences. ACE-I inhibitory peptides have
hydrophobic amino acids and branched-chain amino acids
in their structure [11,12].
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Katayama et al. found two ACE-I peptides (KRQKYD,
EKERERQ), which showed the hypotensive activity on rats.
They were obtained by hydrolysis of pork with pepsin [13].

The other peptide with similar function, RMLGQTPTK
(44-52 position of troponin C) was also isolated by treatment
of a porcine skeletal muscle with pepsin [14].

Using pepsin and pancreatin, 22 ACE-I peptides were
isolated; peptide sequences KAPVA and PTPVP showed
the highest antihypertensive effect [15].

Peptides with ACE inhibitory activity were found in
the hydrolysate of a porcine skeletal muscle as a result
of the complex digestion by eight enzymes — proteases.
Peptides MNPPK and ITTNP showed the highest acti-
vity [16].

Peptides isolated from connective tissue were also iden-
tified as ACE inhibitors. Bioactivity of collagen peptides
depend on the quantity of glycine and proline [17].

Properties with ACE-I effect were found in vitro and
in vivo in peptides AKGANGAPGIAGAPGFPGARGPS-
GPQGPSGPP and PAGNPGADGQPGAKGANGAP isolated
from a hydrolysate of bovine Achilles tendon collagen us-
ing bacterial collagenase. Both peptides showed the ACE-I
activity in rats [18].

Peptides from beef tendons (GPRGEF, SPLPPPE, EG-
PQGPPGPVG and PGLIGARGPPGP), which showed high
ACE- and renin-inhibitory activities, were also identified
[19,20].

Peptides with the in vivo ACE-I activity were isolated
from chicken collagen treated with protease from Aspergil-
lus oryzae [21].

Peptides from protein hydrolysate of a mixture of chicken
combs and wattles were obtained by enzymatic hydrolysis.
The protein hydrolysate showed the anticoagulant capacity
and high ACE-inhibitory activity. The peptides were iden-
tified by LC-MS sequencing. From the pool of sequenced
peptides, three peptides were selected and synthesized based
on their low molecular weight and the presence of amino
acids with ACE-inhibitory potential at the C-terminus:
peptide I (APGLPGPR), peptide IT (Piro-GPPGPT), and
peptide IIT (FPGPPGP). Peptide III demonstrated the highest
ACE-inhibitory capacity [22].

ACE-inhibitory peptides were found in hemoglobin. For
example, peptides LGFPTTKTYFPHF and VVYPWT, which
corresponded to the 34-46 fragment of the a-chain and the
34-39 fragment of the -chain of porcine hemoglobin, were
obtained by hydrolysis of pork blood with pepsin [23].

2. Peptides with antioxidant activity

It is known that antioxidants are beneficial for human
health as they can protect the body from molecules known
as reactive oxygen species (ROS), which can attack mem-
brane lipids, proteins and DNA. Antioxidant peptides were
found in many food products including milk, wheat, po-
tato and mushrooms. The antioxidant activity of peptides
can be determined by their ability to reduce stable radical
2,2-diphenyl-1-picrylhydrazyl (DPPH assay) [24].
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Over the last several years, many studies have been fo-
cused on antioxidant peptides obtained from fish, while
studies on antioxidant peptides from hydrolysates of farm
animal’s muscles are limited [25].

Two peptides that inhibited linoleic acid autoxidation in
the model system were identified in the extract of chicken
essence extract. The first peptide HVTEE with the induction
period of 2.49 days, the second PVPVEGYV had the induc-
tion period of 6.5 days [26].

The hydrolysate with the potent antioxidant activity was
obtained after cleavage of venison with papain. Two peptides
that inactivate hydroxyl, DPPH, superoxide, and peroxyl
radicals were identified: APVPH I (MQIFVKTLTG) and
APVPH II (DLSDGEQGVL) [27].

Several peptides isolated from meat have the antioxidant
activity due to their ability to inhibit lipid peroxidation, che-
late metal ions, inactivate free radicals and reactive oxygen
species [28,29].

The most important antioxidants natively existing in
meat are dipeptides carnosine and anserine, which show
their antioxidant activity chelating pro-oxidative metals [30].

Also, peptides with the antioxidant activity can be generated
by hydrolysis of meat raw materials with certain proteases.

Saiga et al. [30] in studies in vitro of porcine myofibrillar
proteins hydrolyzed with papain and actinase E, found five
peptides (DSGVT, IEAEGE, EELDNALN, VPSIDDQEELM
and DAQEKLE), which showed antioxidant activity using
the in the linolenic acid peroxidation system.

Three peptides (ALTA, SLTA and VT) obtained from
actomyosin of porcine skeletal muscles actomyosin showed
the antioxidant activity in rats not only in vitro but also in
vivo in rats [31].

Li et al. [32] isolated four antioxidant peptides (QGAR,
LQGM, LQGMH and LC) from pork collagen using animal,
plant and microbial enzymes (pepsin, papain, protease from
bovine pancreas and bacterial proteases from Streptomyces
spp. and Bacillus polymyxa) in different combinations.

Banerjee and Shanthi [18] isolated a peptide from bovine
tendon collagen that consisted of contains 36 amino acid
residues. Peptide was able to inactivate free radicals and
chelate metals, from bovine tendon collagen.

Peptides with the antioxidant activity can be found in
finished meat products. For example, 27 antioxidant peptides
from Spanish dry-cured ham were sequenced using LC-
MS/MS [33]. The highest activity was revealed in peptides
SAGNPN and GLAGA.

Broncano et al. [34] isolated two peptides FGG and DM
with the antioxidant activity from pork «chorizo» sausages.

Xing et al. [35] described several antioxidant peptides
from dry-cured Xuanwei ham. Peptide DLEE was with the
highest antioxidant activity.

3. Peptides with antithrombotic properties

Peptides that inhibit aggregation of blood platelets are
recommended as diet components facilitating prophy-
laxis of thrombosis, which often occurs in patients with
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ischemic heart disease or other diseases of the blood cir-
culatory system. One of the stages of platelet aggregation
is non-covalent binding of the a- and p-fibrin chains (fib-
rin polymerization). The N-terminal fragment with the
sequence GRP of the a-chain is the key factor of fibrin
polymerization [36].

Luzak et al. [37] found that DGEA (Asp-Gly-Glu-Ala)
sequence is type I collagen recognition motif, which signifi-
cantly inhibited blood platelets adhesion, aggregation and
release reaction by collagen.

Morimatsu et al. [38] and Shimizu et al. [39] isolated
peptides that showed the antithrombotic activity from
porcine muscle longissimus dorsi hydrolyzed with papain.
In particular, Shimizu et al. [39] examined antithrombotic
activity both in vitro by the platelet function test using
rat blood and in vivo by oral administration to mice at
a dose of 70 mg/kg body weight. The in vivo results showed
that meat the peptide significantly reduced carotid artery
thrombosis and the platelet activity and the effect is com-
parable to aspirin treatment at a dose of 50 mg/kg body
weight.

4. Hypocholesterolemic peptide

Increased cholesterol concentrations in plasma are
linked with an increased risk of cardiovascular diseases.
Cholesterol enhances lipid peroxidation, protein oxida-
tion and generation of free radicals (H,0,), disrupts the
antioxidant system (SOD, CAT, GPx and GSH), as well as
the activity of ATPase and causes histopathological disor-
ders. Bioactive peptides can be regarded as an alternative
for prophylaxis or treatment of these disorders. Peptides
identified as hypocholesterolemic include lactostatin
(ITAEK), enterostatin (VPDPR), peptides DPR, LPYP
and LPLPR [40]. It is assumed that peptides of this type
have different mechanisms of action and can increase
excretion of bile acids with feces, bind with phospholipids
and exert the activity of the cholesterol level reduction
in human serum.

Nagaoka et al. hydrolyzed bovine 3-lactoglobuline with
porcine trypsin to obtain peptide IIAEK [41]. This peptide
had the highest hypocholesterolemic effect in rats compared
to B-sitosterol, a plant microelement with the chemical na-
ture similar to the cholesterol nature and well known for its
therapeutic potential, for example, the antioxidant, antidia-
betic, anticancer, antihyperlipidemic, immunomodulatory
and other effects [42].

When studying the protein profile of raw smoked sau-
sages produced with starter cultures, including those that
were capable to reduce the cholesterol level in the culture
medium and finished meat products, a change in protein
fractions and presumptive formation of BAPs were shown.
A wide range of peaks of peptide masses that had certain
differences was obtained by MS. Analysis of rat blood serum
lipids revealed the highest decrease in the cholesterol con-
centration in the group with starter culture the composition
from the collection of MGUPP (Lactobacillus sakei 104,
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Pediococcus pentosaceus 28 and Staphylococcus carnosus 108)
compared to the control, mainly, due to a 3 fold decrease in
LDL cholesterol (P<0.05) [43,44,45].

5. Peptides with antitumor activity

It is known that several peptides can also show the an-
titumor activity, inhibit cell proliferation and exert the cy-
totoxic action on cancer cells [46]. Jang et al. [47] studied
the activity of four peptides isolated from beef sarcoplasmic
proteins regarding breast, stomach and lung adenocarcinoma
cells. The results showed that peptide GFHI had the highest
cytotoxic effect on breast cancer cells and reduced viability
of stomach adenocarcinoma cells. Peptide GLSDGEWQ
showed the inhibitory effect on proliferation of stomach
adenocarcinoma cells.

Yu et al. antitumor effect analyzed bioactive peptide-3
(ACBP-3) isolated from goat liver antitumor effect on gas-
tric cancer stem cells (GCSCs) in vitro and in vivo. ACBP-3
decreased the percentage of CD44(+) cells, suppressed the
proliferation of the SC (spheroid colonies) cells and inhibited
their clone-forming capacity in a dose dependent manner.
Tumor formation from GCSCs occurred substantially longer
when the cells were treated with ACBP-3 in vivo [48].

6. Peptides with antimicrobial activity

Biologically active peptides with the antimicrobial proper-
ties were identified in microorganisms, animals and plants.
Antimicrobial peptides of animal origin show the inhibitory
activity towards much larger spectrum of microorganisms
than those produced by bacteria, while the latter demonstrate
higher effectiveness at extremely low concentrations even
of the nano level. However, the antimicrobial peptides have
certain common properties. A majority of antimicrobial
peptides have 50 amino acids and less; about 50% of them
are hydrophobic amino acids and often make amphipathic
3-D structures [49,50].

Several peptides with the antimicrobial activity were
isolated from beef blood; however, only one study showed
the presence of antimicrobial peptides obtained from meat
[47]. In this study, Jang et al. [47] isolated four peptides
(GLSDGEWQ, GFHI, DFHING and FHG) after hydrolysis
of beef sarcoplasmic proteins with commercial enzymes.
All peptides were then tested on the antimicrobial activity
against six pathogens (Escherichia coli, Pseudomonas ae-
ruginosa, Salmonella typhimurium, Staphylococcus aureus,
Bacillus cereus and Listeria monocytogenes). The results
showed different antimicrobial effect on one or several bac-
teria. All peptides were active against P. aeruginosa. Peptide
GLSDGEWQ demonstrated the inhibitory action on E. coli,
S. typhimurium, B. cereus and L. monocytogenes.

Peptides of the hemoglobin a-chain show the antimic-
robial activity after treatment with pepsin. Adje et al. [51]
described such action of peptides TKAVEHLDDLPGALSEL-
SDLHAHKLRVDPVNEKLLSHSLL and LDDLPGALSELS-
DLHAHKLRVDPVNFKLLSHSL of the 67-106 fragment of
the hemoglobin a-chain regarding Kocuria luteus, Listeria
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innocua, Escherichia coli and Staphylococcus aureus. Daoud
et al. described the action of peptide VTLASHLPSDFT-
PAVHASLDKFLANVSTVL obtained in the similar way
against Micrococcus luteus A270, Listeria innocua, Entero-
coccus faecalis, Bacillus cereus, Staphylococcus saprophyticus
and Staphylococcus simulans [52].

Catiau et al. determined a minimal number of amino acid
residues in a peptide that showed the antimicrobial proper-
ties and was isolated from the hemoglobin a-chain. It was
tripeptide KYR. The experiments demonstrated the inhibi-
tory activity both against gram-negative microorganisms
Escherichia coli, Salmonella enteritidis, and gram-positive
ones — Listeria innocua, Micrococcus luteus, Staphylococcus
aureus [53].

7. Opioid peptides

Opioid peptides received their name due to their ability
to interact with opioid receptors and impact on the nervous
system of the body [54]. They can reduce pain similar to
opiates and affect an emotional condition. Opioid peptides
are endogenous ligands of opiate receptors. There are
three main classes of endogenous peptides. Enkephalins
are neuropeptides with the morphine-like effect. Leucine-
enkephalin H N-Tyr-Gly-Gly-Phe-Leu-COOH (with the
molecular weight of 556) and methionine-enkephalin
H N-Tyr-Gly-Gly-Phe-Met-COOH (with the molecu-
lar weight of 574) were discovered in 1975. Dynorphins
are peptides that contain a high proportion (almost one
third) of basic amino acid residues, in particular lysine
and arginine. Dynorphins have up to 41% of hydrophobic
residues [55]. The main action of dynorphins is associated
with the activation of k-opioid receptors. The dynorphin
analgesic effect is six times higher than that of morphine
[56]. Endorphins block transmission of pain impulses.
The structural formula of endorphin is NH,-Tyr-Gly-
Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-Gln-Thr-Pro-Leu-
Val-Thr-Leu-Phe-Lys-Asn-Ala-Ile-Ile-Lys- Asn-Ala-His-
Lys-Lys-Gly-Gln-COOH. Opioid peptides are involved
in regulation of the hormonal activity and influence on
the immune system. An effect of opioid peptides on brain
function regulation was established [57]. Animal proteins
can become a source of opioid peptides [58].

A method for quantitative assessment of opioid pep-
tides dynorphin Al1-8 and [Met5]-enkephalin-Arg6-
Gly7-Leu8 (MERGL) was described. The quantity of
prodynorphin and dynorphin Al-8 increased with the
beginning of the inflammatory process in the spinal cord
and did not reduce during the inflammation resulted
from administration as the inflammatory agent, carra-
geenan. The quantity of the enkephalin precursor also
increased, more as a result of nerve injury rather than as
a response to inflammation [59].

An opioid effect of fragments 143AYFYPEL149 and
144YFYPELI149 of alpha S1 casein, which stimulated gene
MUCSA expression, was revealed in the samples of ileum
in the experiments on guinea pigs [60].
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It was found that several food-derived peptides influence
rodent behavior. These peptides can be formed in the process
of food digestion and can affect opioid receptors and cross
the gastrointestinal and blood-brain barriers without their
injury. An increased consumption of peptides from wheat
gluten (gliadorphin-7) and milk casein (B-casomorphins)
can be a factor linked to the development or maintenance
of schizophrenia symptoms. Also, peptides derived from
spinach (rubiscolins) and soy (soymorphins) influenced
spontaneous behavior and memory [61].

8. Bioavailability of bioactive peptides

For bioavailability assessment it is necessary to de-
termine whether the BAP can reach its target site in an
active form and sufficient amount to affect health. The
action of gastrointestinal enzymes such as intestinal
absorption, cellular uptake and action of blood plasma
peptidases, can modify the peptide structure or hydro-
lyze them leading to losses, retention or an increase of
bioavailability [62,63,64].

Small peptides are more resistant to destruction by
intestinal enzymes and more easily absorbed [65]. Ohara
et al. [66] found small peptides obtained from collagen
in blood after oral administration of protein hydrolysate
products.

On the other hand, cell models, such as heterogeneous
monolayers of human epithelial colorectal adenocarcinoma
cells (Caco-2 cells) are effective to study transepithelial trans-
port machanisms of peptides [67,68,69].

Shimizu et al. [70] reported that chicken collagen octa-
peptide GAXGLXGP can be transported through the human
intestinal epithelium. Fu et al. [20] identified two peptides
(VGPV and GPRGF) obtained from bovine collage and
showed their ACE-I inhibitory activity on human intestinal
epithelial Caco-2 cells highlighting bioavailability of these
peptides.

An ability of peptides to withstand enzymatic splitting
and be transported through intestinal cell membranes into
the bloodstream depends on their characteristics, length
and amino acid composition. Proline-rich peptides are more
resistant to gastrointestinal enzymes. Di- and tripeptides
can be absorbed intact by the peptide transport systems and
hydrolyzed later [65]. The low transport ability of oligopep-
tides compared to di- and tripeptides is probably because of
their length and may involves the paracellular route, while
the hydrophobicity of peptides apparently does not influence
the absorption [71].

In addition, the absorption of peptides can be influ-
enced by co-existing peptides and food components,
which can share the transport pathway or take part it its
regulation [71].

Bioavailability of BAP can also be influenced by the
conditions of their processing/storage and food matrix —
peptide interactions, which can lead to the modification
of peptides with alterations in their native structure and
activity [72].
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9. Challenges and limitations in the field of BAP

research

As the basic principles of bioactive peptide detection
are known today, it is necessary to continue research of
bioactive peptides to a better understanding of their effects,
interactions and bioavailability. Several authors argue that
it is necessary to consider seriously interactions of a food
matrix, especially when the aim is the use of bioactive pep-
tides as a functional ingredient [72]. More and more often,
when a peptide has been identified in a food matrix, it is
synthesized and characterized as an individual molecule.
However, the expected in vitro and/or in vivo activity can be
different, when a peptide interacts with a complex mixture of
compounds being a part of the composition of any product.
On the other hand, more efforts towards the development of
quantitative methodologies are needed to better understan-
ding the processes of peptide hydrolysis, biological activities
and/or bioavailability.

Data such as a number of specific naturally generated
peptides in an initial food sample or a dose of a bioactive
peptide that is necessary for an in vivo effect, as well as
final sequences and the quantity in the bloodstream and
target organ after gastrointestinal digestion are crucial for
assessment of a BAP therapeutic and heeling effect on hu-
man health. Detection in a meat sample of the quantity of
bioactive peptides that are able to reach a target site in the
human body, has a fundamental importance in the studies
of bioavailability for a better understanding of effects and
mechanisms of action of these peptides. The main limitation
for quantification is the nature of a sample: high complexity
of a matrix and the fact that small peptides often consist of
less than four amino acids at their low concentration in a
sample. Modern achievements in mass spectrometry analy-
sis, bioinformatics and updated protein databases facilitate
progress in quantitative proteomics [72].

Bioactive peptides obtained from meat are promising
candidates for functional ingredients of specialized or healthy
foods due to their biological properties [73].

Preparations based on meat peptides with functional
groups have not been commercialized by the industry; there-
fore, foods with functional meat peptides can open a new
market of specialized products.

Conclusion

1. The interest to native peptides is to a great extent due to
their unusually high biological activity. They exert the
potent pharmacological action on many physiological
functions of the human body. At the same time, their
low stability and rapid decomposition in the body at the
physiological pH values were noticed. All this contri-
buted to the development of research on isolation and
study of the functional effect of peptides isolated from
animal organs and tissues.

At present, bioactive peptides with the antioxidant, anti-
thrombotic, antimicrobial, hypotensive, immunomodu-

16

10.

11.

12.

13.

latory, opioid and other biologically effects, which have
curative or preventive impact on pathogenesis of several
diseases, have been discovered and studied. Both native
amino acid sequences and peptides generated during
meat autolysis or enzymolysis, thermal or other techno-
logical processing can be functionally active.

The peptide activity depends on the amino acid se-
quence, molecular weight and chain length, type and
charge of an amino acid at the N-terminus and C-ter-
minus, hydrophobic and hydrophilic properties, spatial
structure.

Angiotensin-I-converting enzyme (ACE) inhibitory
peptides are the most studied meat bioactive peptides
due to their effect on blood pressure regulation.
Several peptides isolated from meat have the antioxi-
dant activity due to their ability to inhibit peroxidation
of lipids, chelate metal ions, inactivate free radicals and
reactive oxygen species.

Peptides that inhibit aggregation of blood platelets are
recommended as diet components facilitating prophy-
laxis of thrombosis, which often occurs in patients with
ischemic heart disease or other diseases of the blood
circulatory system.

Increased cholesterol concentrations in plasma are
linked with an increased risk of cardiovascular di-
seases. Cholesterol enhances lipid peroxidation, pro-
tein oxidation and generation of free radicals (H,0,),
disrupts the antioxidant system (SOD, CAT, GPx and
GSH), as well as the activity of ATPase and causes his-
topathological disorders. Bioactive peptides can be re-
garded as an alternative for prophylaxis or treatment
of these conditions.

Several bioactive peptides show the antitumor activity,
inhibit cell proliferation and exert the cytotoxic action
on cancer cells.

. Antimicrobial peptides of animal origin show the in-

hibitory activity towards a large spectrum of microor-
ganisms. Several peptides with the antimicrobial acti-
vity were isolated from beef blood.

Animal proteins can become a source of opioid pep-
tides.

An ability of peptides to withstand enzymatic denatur-
ation and be transported through intestinal cell mem-
branes into the bloodstream depends on their charac-
teristics, length and amino acid composition.

The expected in vitro and/or in vivo activity can be dif-
ferent, when a peptide interacts with a complex mixture
of compounds being a part of a product composition.
Therefore, it is necessary to study interactions in the
food matrix, especially when the aim is the use of bio-
active peptides as a functional ingredient.

Ingredients with functional groups meat peptides that
were either formed during technological treatment or
already presented in raw meat can open a new market
of E-free health promoting foods.
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Abstract

The use of molecular genetic markers for productivity is one of the modern approaches in breeding beef cattle. The article presents
the results of the studies on the influence of genotypes by the calpain (CAPN1) and growth hormone (GH) genes on live weight, fatty
acid composition of blood plasma, quantitative and qualitative indicators of meat of young cattle of Kazakh white-headed breed. It
was established that animals of the homozygous geno-types CC-CAPNI and VV-GH had a larger live weight and its average daily
gain on the 240" and 365" days. Their superiority over the GG and LL genotypes was 13.8% (P<0.05) and 6.9%; 14.6% (P<0.05)
and 6.9%, respectively. The carriers of the desirable alleles in the homozygous state had the sum of unsaturated fatty acids higher
by 6.3% and 7.1%, respectively, than the young bulls, in which genotypes they were absent. The predominance of unsaturated fatty
acids over saturated fatty acids also determined lower values of lipid me-tabolism direction index (0.92 and 1.00) in the animals
with the desirable genotype. Muscle tissue of animals of the CC and V'V genotypes was characterized by a higher level of protein,
fat by 0.28-2.13 abs. per cent, energy value, and the quantity of muscle fibers with a smaller diameter per unit area compared to
the GG and LL genotypes by on average 8.7% and 25.5% (P<0.01). Due to the greater number of interfiber fat inclusions, muscle
tissue of the desirable genotypes received higher marbling scores. The obtained data testify to the prospects of replication of animals,

which genotype has the desirable alleles for further improvement of traits of meat productivity of Kazakh white-headed breed.

Funding: The study was financed by the grant of the Russian Foundation for Basic Research (Project No.19-316-90061/19).

Introduction

One of the main tasks in selective breeding is selection
and breeding of animals with targeted economic traits. This
result can be achieved by using genetic markers for produc-
tive traits. The use of genetic markers in beef cattle selection
in combination with the main zootechnic methods for ani-
mal breeding make it possible to significantly accelerate the
process of creation of herds with genetically preset potential
of high productivity [1,2,3].

The calpain gene (CAPNI1) can be considered one of the
candidate genes that are directly associated with meat tender-
ness and marbling. The mechanism of its action consists in
the fact that the calpain system creates conditions for uniform
distribution of intramuscular fat between fibers on the basis
of calcium-dependent cysteine protease due to decomposition
of the so-called Z-discs of skeletal muscles and weakening of
bonds between muscle fibers, which ensures the so-called mar-
bling and corresponding meat tenderness and juiciness [4,5].

The biological effect of the growth hormone gene (GH)
consists in regula-tion and stimulation of many metabolic
processes. The hormone (somatotropin) controlled by GH
is produced by the anterior lobe of the hypophysis and plays
a key role in carbohydrate and lipid metabolism [6,7,8].

It is known that lipids are very active in terms of me-
tabolism; they act not only as a source of energy but also

have more significant functions — structural and regulatory.
Lipids take part in the metabolic processes mainly as free
saturated and unsaturated fatty acids. It is also necessary to
note that fatty acids not only play a key role in the vital activi-
ties of the body and formation of productivity, but several
of them act as signal molecules involved in the process of
expression of individual genes; that is, the development of
fat in fatty tissue of ruminants is operated and modulated
by certain genes [9].

Several studies by foreign and Russian scientists revealed
that the C allele of the CAPN1 gene and the V allele of the
GH gene are desirable for selection regarding an increase
in quantitative and qualitative indicators of beef cattle pro-
ductivity [10,11,12,13,14,15,16].

Another aspect in assessment of the action of certain genes
with regard to farm animal productivity is a complex analysis
of quantitative and qualitative indicators of final products.
For beef cattle, these indicators are an amount of produced
meat, its nutritional properties, energy value, quality and
safety, consumer properties, which are also determined by
chemical, biochemical and microstructural indicators [17,18].

In this connection, the study of the fatty acid composi-
tion of blood plasma, meat productivity of beef cattle of
Kazakh white-headed breed of different genotypes by the
calpain and growth hormone genes, including biochemical
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and microstructural analysis of muscle tissue is of scientific
and practical interest.

The above mentioned was a substantiation of the aim of
the present work: to study the biochemical and histological
indicators of blood and m. longissimus dorsi of young bulls
of Kazakh white-headed breed of different genotypes by the
CAPNI and GH genes.

Materials and methods

The studies were carried out in the laboratory of immu-
nogenetics and DNA technologies, laboratory of veterinary
medicine and laboratory of morphology and quality of
products of the All-Russian Research Institute of Sheep and
Goat Breeding (VNIIOK) — the branch of the Federal State
Budgetary Scientific Institution North Caucasian Agrarian
Center (North Caucasian FNAC). The object of the research
were young bulls of Kazakh white-headed breed (n=93) of
SPK Kolhoz Gigant (Blagodarensky district, Stavropol Krai).

DNA was extracted from blood samples using the
DIAto™™DNAPrep kit (Izogen, Moscow) according to the
protocol of the manufacturer. Genotyping by the CAPNI1 gene
was performed using an analyzer of nucleic acids (ANK-32)
by real time PCR with the «CAPN1» kit (Sintol, Russia), by
the GH gene using PCR-RFLP with primers (GH-F: 5’- gct-
gct-cct-gag-cct-tcg -3 and GH-R: 5’- gcg-gcg-gcea-ctt-cat-
gac-cct-3’) and restrictase Alu I (NPO «SibEnzyme»).

The fatty acid (FA) content in blood plasma was deter-
mined by the method of gas-liquid chromatography in a form
of methyl esters on a gas chromatograph «Cristal 200» with
a capillary column HP-FFAP 50 m, 0.32 mm, 0.5 pm (USA).
Fatty acid methyl esters were obtained using the method by
Morrison and Smith. FAs were identified using the standards
of Sigma and Fluka. Quantitative determination of FAs was
carried out with the use of Chromatec Analytic software
[19]. The lipid saturation index — a ratio between the sum of
saturated fatty acids and the sum of unsaturated fatty acids,
was used as an integral indicator that also characterizes the
direction of lipid metabolism.

Analysis of the level of total lipids, cholesterol and glucose
in blood was carried out according to the methods given
in «Methods of veterinary clinical laboratory diagnostics:
reference book» [20].

Dynamics of live weight of young bulls of different geno-
types was deter-mined by their weighing at birth, on the
240™ and 365" days. An average daily gain was calculated
by the difference in the values and period of measurement.

During control slaughter of three animals of each geno-
type at the age of 12 months, samples of m. longissimus dorsi
were taken for chemical analysis and histological investiga-
tions. An amount of moisture was measured according to
GOST 9793-2016 «Meat and meat products. Methods for
determination of moisture content» [21]. A meat sample
was minced in a homogenizer, thoroughly mixed, dried in
a drying oven at a temperature of 103+2 °C until constant
air-dry mass. The mass fraction of moisture was determined
by the difference between the sample weight before and after
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drying and expressed in percent. An amount of fat was de-
termined according to GOST 23042-2015 «Meat and meat
products. Methods of fat determination» [22], by extraction
with petroleum ether from a minced and dried sample in the
Soxhlet apparatus with the following removal of the solvent
and drying of fat until the constant weight. An amount of
protein was determined according to GOST 25011-2017
«Meat and meat products. Protein determination methods»
[23] using the Kjeldahl method by an amount of nitrogen
formed in min-eralization of organic substances in a minced
and dried sample and its conversion to protein using the
coeflicient of 6.25. Caloricity was determined by calculation
using V. M. Aleksandrov’s equation:

C=[D-(F+A)]x4.1+ (Fx9.3),

where C is caloricity, kcal; D, A, F — an amount of dry matter,
ash and fat, respectively.

For histological investigations, the samples were fixed
in the 10% solution of neutral formalin and then densi-
fied by pouring into gelatin. Sections with a thickness of
7-8 um were obtained on a freezing microtome. Structural
components of muscle tissue were revealed by the methods
of staining using Carazzi’s hematoxylin with sudan III ac-
cording to Ehrlich. The muscle bundle area, the quantity of
muscle fibers in a bundle, a diameter of a muscle fiber and
bundle, a ratio of muscle and connective tissues were de-
termined according to GOST 19496-2013 «Meat and meat
products. The method of histological investigation» [24].

The obtained data were subjected to biometrical pro-
cessing using Microsoft Office and BIOSTAT. Based on
the mean values and standard errors, significance of dif-
ference between the mean values was calculated using the
Student test.

Results and discussion

As a result of the performed genotyping, it was estab-
lished that the frequency of the CC, GG, CG genotypes of
the CAPNI gene was 0.06, 0.81 and 0.13, respectively; the
frequency of the VV, LL, LV genotypes of the GH gene was
0.31, 0.51 and 0.18, respectively. The revealed polymorphism
allowed dividing animals according to the established geno-
types and studying the biochemical composition of blood
plasma in the young bulls with medium indicators of pro-
ductivity according to a corresponding genotype, as well as
performing chemical analysis and histological investigations
of m. longissimus dorsi.

It was established that the young bulls of Kazakh white-
headed breed of the homozygous CC and VV genotypes of
the CAPNI and GH genes had 6.3% and 7.1% higher sum
of unsaturated fatty acids in blood plasma, respectively,
compared to the homozygous GG and LL variants. Pre-
dominance of unsaturated fatty acids over saturated fatty
acids also determined the lower values of the index of lipid
metabolism direction in the CC and V'V genotypes: 0.92
and 1.00 versus 1.04 and 1.13 in the GG and LL genotypes
(Table 1 and Table 2).
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Table 1. Fatty acid composition of blood plasma lipids in young bulls of Kazakh white-headed breed of different genotypes, %

Fatty acids CAPNI GH
CC CG GG A\'A% LV LL
Saturated FA
Myristic acid C,, 0.67 0.58 0.84 0.93 0.67 0.84
Pentadecanoicacid C, | 0.78 0.65 0.60 0.42 0.31 0.68
Palmitic acid C1 60 22.12 22.81 23.02 24.21 21.67 22.99
Heptadecanoicacid C | 2.69 2.49 1.91 1.83 1.40 2.15
Stearicacid C 21.81 24.11 24.51 22.51 25.82 26.33
Monounsaturated FA
Oleicacid C,, 26.44 25.01 25.72 22.52 23.48 22.48
Heptadecenoicacid C_, 1.84 1.69 1.32 2.49 1.74 1.68
Polyunsaturated FA
Linoleicacid C 17.35 16.97 16.01 19.25 18.23 17.01
Linolenic acid C,, 2.65 1.95 2.47 3.31 2.71 2.30
Arachidonicacid C,, 3.63 3.48 3.30 2.25 3.90 2.98

Table 2. The level of metabolites of energy metabolism in blood plasma in young bulls of Kazakh white-headed breed of different

genotypes
Indicators
gene Genotype lipids, cholesterol, glucose, SUORAC: Ve lipid.
g/ 1 mmol/ 1 mmol/ 1 saturated MTeTe= p OIY_ sat.uratlon
unsaturated  unsaturated index
CC 3.96 £0.21 4.78 £0.33 3.37 £0.31 48.07 28.28 23.63 0.92
CAPNI1 CG 4.02 £0.23 4.41 £0.22 3.68 £0.22 50.64 26.70 22.40 0.96
GG 4.42 +0.17 3.92 £0.17 4.02 £0.19 50.88 27.04 21.78 1.04
\'AY% 4.08 £0.28 5.03 £0.24 3.74 £0.37 49.88 25.01 24.81 1.00
GH LV 4.65 £0,33 4.87 £0.18 3.91 +£0.18 49.87 25.22 24.84 0.99
LL 4.82 £0.17 4.33 £0.31 4.26 £0.22 52.90 24.16 22.29 1.13

Comparative analysis of the content of total lipids, cho-
lesterol and glucose in blood revealed that the total amount
of lipids and glucose in blood was lower by on average 11.2%
with on average 12.8% higher cholesterol level in the CC
and VV homozygotes and the CG and LV heterozygotes
of the CAPN1 and GH genes compared to the GG and LL
homozygotes (Table 2).

Therefore, the obtained data indicate that the intensity
of lipid metabolism in youngsters of Kazakh white-headed
breed depended on a genotype by the CAPN1 and GH genes.
It can be assumed that the carriers of the desirable C and
V alleles of the CAPNI1 and GH genes in the homo- and
heterozygote state used the energy components of blood
with higher intensity upon realization of the biosynthetic
processes.

The revealed regularities were reflected in the value of
live weight and average daily gains in different periods of
ontogenesis. The carriers of the C allele of CAPN1 and the V

allele of GH were superior at birth, weaning and 12 months
of age. With that, the largest differences were found between
the animals that were homozygous by these alleles and the
young bulls, in which genotype they were absent. The dif-
ference on the 240™ and 365™ days was 13.8% (P <0.05) and
6.9%; 14.6% (P <0.05) and 6.9%, respectively (Table 3).

Comparison of the indicators of chemical analysis of
m. longissimus dorsi revealed that the CC and VV geno-
types were superior to other genotypes in the protein and
fat content by 0.28-2.13 abs. percent.

Different protein and fat content in meat from animals of
different genotypes was reflected in its caloricity. For example,
the highest level of caloricity was observed in m. longissimus
dorsi of the homozygous CC genotype of CAPN1 and the
VV genotype of GH (118.9 and 122.5 kcal, respectively),
which was 8.2% and 9.3% (P<0.05) higher than the similar
indicator in meat of the homozygous GG and LL genotypes
or on average by 8.7% (Table 4).

Table 3. Dynamics of live weight of young bulls of different genotypes by the CAPN1 and GH genes

Live weight, kg . .
Gene Genotype Quantity . at weaning, Average daily gain,
at birth 240 days 365 days g

CC 6 28.1+£0.21 245.5+4.6 374.2+5.1 0.948 +0.92

CAPN1 CG 12 27.9+0.18 240.6 6.5 368.9+3.6 0.934+0.72
GG 75 27.6+0.16 215.8+5.2 349.9+4.1 0.883 +0.85

\'AY 29 28.3+0.11 257.9+7.5 382.7+4.7 0.969 £ 0.65

GH LV 17 27.9+0.18 248.5+4.5 373.8+4.2 0.948 +0.92
LL 47 27.6%0.12 225.1£6.1 357.9+5.2 0.905+0.71
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Table 4. Chemical analysis of m. longissimus dorsi of young bulls Table 5. Microstructural analysis of m. longissimus dorsi of young
of Kazakh white-headed breed of different genotypes by the bulls of Kazakh white-headed breed of different genotypes by the
CAPNI1 and GH genes CAPNI1 and GH genes
Genotype Indicators
Indicators CAPN1 GH = \ & °
2 ) < =
CC CG GG Vv LV LL E B E E 2 -
Moisture. % 73.47 7490 75.02 7437 73.61 74.84 Gene 8 T§ 9$E 9. 5
> +0.27 £029 018 021 +0.17 +0.24 % 28 855 5% £% ¢
o ()
Drymatter, s 2633 2510 2498 2563 2639 2516 g By B2 g ¢ 5 £
5 k| g E g
+0.16 +0.12 +0.15 *=0.17 £0.09 =£0.17 = é 2 B S = S 8 %‘
Protein. % 2245 2149 21.12 23.12 21.99 20.99 " N
70 £0.11 +0.17 +0.14 014 0.7 =0.12 cc AT BT Y WS o
Fat, % 289 247 238 298 279 2.60 - - - - -
ab +0.04 +0.03 +0.03 +0.04 +0.04 =£0.02 CAPNI1 CG 219.85  36.25 28.77 11.53 36.04
Caloricity keal 11891 11114 1099.2 12253 1179.6 11214 +1.96 | £0.59 | 076 | +0.44 | +1.79
¥ 79 25 #25 150 3.6 £92 GG 18725 3780 2775 1273 2864
+3.60 +1.93 +0.14 +0.37 +3.03
The highest quantity of muscle fibers was observed in yy 233180 3378 2028 1093 5277
the young bulls with the desirable CC and V'V genotypes; +572  10.17  +0.41  +0.35  +0.61
the quantity was larger compared to the animals of the same - v 19925 3589 2794 1273 40.92
age with the GG and LL genotypes in the CAPNI and GH 541 1047  +0.99  +0.59  +0.67
genes, respectively, by 36.82 fibers/mm? or 19.7% (P<0.01) (L 17748 4060 2543 1427 3192
and 55.7 fibers/mm? or 31.4%, on average 25.5% (P<0.01) +1.89  +1.41 +0.60 +0.87 *1.51
and was significant (Table 5 and Figure 1). *P<0,01

Figure 1. Histological sections of m. longissimus dorsi of young bulls of Kazakh white-headed breed of different genotypes by the CAPN1 gene
a) CC genotype b) GG genotype (left — cross sections; right — longitudinal sections)
1 — muscle fibers; 2 — fatty tissue; 3 — connective tissue (staining: Carazzi’s hematoxylin with sudan III, 10 x 40 magnification)
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The muscle fiber diameter was lower by 4.23 um or
11.9% and by 6.82 um or 16.8%, respectively, in the animals
with the desirable genotype at high significance (P<0.001).
Desirable genotypes also had an advantage in terms of the
value of the marbling coefficient: the difference was 12.6%
in the CAPNI gene, 15.1% in the GH gene. At the same
time, the content of connective tissue was higher by 2.13
and 3.34 abs. percent in the carriers of the undesirable G
and L alleles in the homozygous state.

Conclusion

As a result of DNA typing, the frequency of desirable
genotypes by the CAPNI and GH genes among youngsters
of Kazakh white-headed breed was established.

The carriers of the desirable CC and V'V genotypes in the
CAPNI1 and GH genes had the largest live weight at the age
of 8 and 12 months. Their superiority over the GG and LL
genotypes was 13.8% and 6.9%, 14.6% and 6.9%, respectively.

The intensity of lipid metabolism in the young bulls
of Kazakh white-headed breed depended on a genotype

in the CAPNI and GH genes. The carriers of the desir-
able alleles (C and V) in the homo- and heterozygote
state in the CAPN1 and GH genes used the energy com-
ponents of blood with higher intensity upon realization
of the biosynthetic processes, which is indicated by their
superiority in terms of the sum of saturated and unsatu-
rated fatty acids and the index of lipid metabolism di-
rection.

Muscle tissue of the animals of the CC and VV geno-
types was characterized by the highest content of protein,
fat and, respectively, energy value compared to the GG and
LL genotypes. Meat from the young bulls of the desired
genotypes had higher scores for marbling due to a larger
quantity of interfiber fat inclusions.

Therefore, genotyping of youngsters of Kazakh white-
headed breed by the CAPNI and GH genes, selection of
animals with desirable genotypes and their replication
through the targeted selection of parent pairs will allow
not only increasing meat productivity of a herd, but also
will facilitate production of high quality beef.
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Abstract

Recently, there has been a growing demand for healthy processed foods, such as comminuted or gel-type meat and fish products
with reduced content of salt (sodium chloride), phosphate (sodium phosphate) and/or fat, while maintaining their texture and
quality characteristics. As know, a high intake of dietary sodium is associated with cardiovascular diseases and strokes. On the
other hand, high phosphate intake has a potential health risk, especially with regard to bone metabolism, cardiovascular and
kidney diseases. High hydrostatic pressure (HHP) technology has been recognized as a useful method for successfully reducing
salt, phosphate and/or fat content in processed muscle products. The texture, yield and organoleptic properties of products are
closely related to the structure and functionality of myofibrillar proteins (MP). Application of moderate high hydrostatic pressure
at 100-200 MPa has been successfully used to increase the functionality of myofibrillar proteins by modifying the structure due to
denaturation, solubilization, aggregation or gelation. The ability to reduce sodium content and achieve a high binding and water
retention using this technology is an important task for the production of healthy food products.

Introduction

The consumer demand for healthy food products has
been steadily growing worldwide. With the increasing un-
derstanding of the link between nutrition and health the
growth in changes in lifestyle and nutrition structure of con-
sumers, the extension of knowledge about food processing,
many processed foods products containing the high level of
sodium and/or fat have been criticized due to the problem of
their health effects. Healthy nutrition is understood by con-
sumers as foods with different origin and composition; with
that, the requirements for reducing edible sodium, fat and
other food additives continue to be in the first place. The de-
mand for healthy meat and fish products with reduced con-

tent of salt (sodium chloride), inorganic phosphate (sodium
polyphosphate) and/or fat with maintenance of texture and
taste characteristics of finished products has been growing.

Refusal or restriction of excessive consumption of foods
contained saturated fats is linked with risks of obesity, de-
velopment of chronic metabolic disorders and diseases of
circulatory system [1,2].

High dietary sodium intake is associated with cardio-
vascular diseases and stokes [3,4]. In 2010, the global mean
sodium chloride intake was 10.06 g/day [5]. The limit of
sodium chloride intake recommended by WHO is 5 g/day.
Japan and Russia Federation belong to countries with so-
dium intake above the recommended level (Figure 1). The
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Figure 1. Countries with high sodium chloride intake. Adapted from Powles et al. [5]
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trend towards refusal of high sodium intake will allow a
worldwide reduction in the risk of cardiovascular diseases,
including strokes [3,4,6].

With that, humans have an increasingly active life, in
which less time is available for food preparation at home.
Processed foods became the main source of dietary sodium
intake by modern humans — up to 77% of daily sodium in-
take comes with such products [7]. Moreover, processed meat
products* account for 20-30% of daily sodium intake [8,9].

In processed meat products, sodium is contained main-
ly as sodium chloride. Its total amount in a product is built
up due to its addition (1% to 5.5% of raw meat material
weight) and its natural content in meat (less than 1%).

Another source of sodium in meat products is differ-
ent sodium food additives — glutamates, phosphates, ci-
trates, lactates, acetates and others. Among food additives
used in the meat industry, food phosphates, which are used
in an amount of up to 0.5% of meat raw material weight,
should be highlighted as a significant sodium source. It is
less than the addition of sodium chloride, which contains
39.7% sodium. However, food phosphates contain sodium
in a comparable amount. For example, sodium tripoly-
phosphate (E451) contains 31.3% sodium and sodium py-
rophosphate (E450) has 34.6% sodium [9,10].

From the perspective of healthy nutrition, processed
meat products are also criticized for the unbalanced phos-
phorus (P) and calcium (Ca) ratio. Food phosphate addi-
tives cause concerns due to the sharp shift of the Ca: P ratio
from the natural ratio of these elements in muscle tissue
(1:5), which is per se far from the ratio recommended by
dieticians (1:1). Due to added phosphate, the phosphorus
content in the processed meat products is nearly twice as
high as in the initial meat raw materials [11]. The poten-
tial effect of phosphate additives on population health can
be still underestimated, especially in the conditions of low
consumption of dairy products rich in calcium.

High phosphate intake has a potential health risk, es-
pecially, regarding bone metabolism, development of car-
diovascular and renal diseases. Phosphate additives in pro-
cessed food products can be harmful for population health
due to the damage of vessels, provoke ageing processes,
lead to the development of hyperphosphatemia, which was
identified during the last decade as a strong predictor of
mortality in humans with chronic renal diseases [12].

In this connection, consumers who prefer foods with
the so-called “clean-label” perceive phosphates as undesir-
able food additives.

Besides meat products, phosphates are widely used in
significant amounts in the production of fish products,
baked foods, cheeses, carbonated soft drinks and so on
[12]. Since the 1990s, the use of phosphate food additives
increased from 500 mg/day to 1000 mg/day, which indi-
cates the topicality of the development of technologies that
does not envisage their use [13].

Different countries of the world undertake legisla-
tive measures that guarantee the presence of healthy food
products on the market for consumers. Similar measures
are taken in Japan and the Russian Federation. For ex-
ample, since 2018, the Russian Federal Service for Surveil-
lance on Consumer Rights Protection and Human Well-
being (Rospotrebnadzor) has been realizing the project of
voluntary food product labeling “traffic light”, which en-
visages color coding on product labels: green, yellow and
red depending on the content of salt as well as sugar, fat,
saturated fats, energy value (caloricity) with consideration
for daily intake. The main task of this labeling is to give
consumers visual information, which will allow them to
make a correct choice when buying food, as well as facili-
tate adherence to the principles of healthy nutrition and
reduction of risks for population health [14].

Since 2019, Rospotrebnadzor has been implementing
measures aimed at propaganda of healthy nutrition prin-
ciples and the creation of conditions in the Russian Fed-
eration that will facilitate the formation of healthy lifestyle
in the framework of the Federal Project “Strengthening
Public Health”. The Federal Project presupposes the intro-
duction of a system for monitoring nutrition of different
population groups, including children, in regions, which
will allow establishing a connection between the nutrition
structure, food quality and population health state. The
monitoring system will enable the accumulation of data
that are necessary for assessing actual nutrition in different
regions of the country and their use for developing target-
ed educational programs and updated recommendations
on nutrition for different population groups [15].

This year, the Ministry of Health of the Russian Fed-
eration published the order No. 8 of January 15, 2020 “On
approval of the strategy for the formation of a population
healthy lifestyle, prevention and control of noncommuni-
cable diseases for the period up to 2025”. According to the
strategy, one of the main measures of noncommunicable
disease prevention is rational nutrition including daily
consumption of fruit and vegetables (not less than 400 g/
day), reduction of free sugars (to a level of less than 10%
total energy intake, which is equivalent to 50 g/day), con-
sumption of fats in an amount of less than 30% of total
energy intake, consumption of salt less than 5 g/day [16].

On the other hand, Japan has been implementing the
targeted national 10-year program on improving health
in the 21st century (“Health Japan 217). The program was
launched in 2013 and updated in 2018. According to the
basic “Health Promotion Act’, the program is aimed at the
reduction of premature deaths, the extension of healthy life
expectancy and improvement of life quality. Much atten-
tion is paid to the creation of environment for the preven-
tion of lifestyle-related diseases and the assurance of food
safety. In Japan, the Ministry of Agriculture, Forestry and
Fisheries (MAFF), which is responsible for production

* here and elsewhere this expression means meat and meat products that have not only raw meat materials in their composition.



THEORY AND PRACTICE OF MEAT PROCESSING, 2020, vol. S, no. 2

and assurance of food quality, and the Ministry of Health,
Labour and Welfare (MHLW), which regulates the stability
of distribution and safety of foods, are together engaged in
solving these tasks at all stages from production to con-
sumers.

To stimulate an improvement in nutrition habits of the
population, MHLW establishes and revises every five years
Dietary Reference Intakes for Japanese. The basis of these
recommendations is constant monitoring of the latest sci-
entific achievements and international standards, as well
as the analysis of the actual results of the annual National
Health and Nutrition Survey in Japan. A consideration of
the peculiarities of the traditional cuisine and lifestyle in
developing recommendations results in several differenc-
es with the recommendations of the Codex Alimentarius
Commission [17]. In particular, salt intake in Japan is sig-
nificantly higher than the norm of 5 g recommended by
WHO, although it has been constantly reduced. In recom-
mendations of 2015, salt intake was established at a level of
less than 8 g per day for males and 7 g per day for females.
The last edition of 2020 recommends the intake of less than
7.5 g per day for males and 6.5 g for females. The daily in-
take of fats at a level of 25% of total energy intake is recom-
mended [18,19].

To prevent lifestyle-related diseases, the Guidelines for
a balanced diet (from the Ministry of Agriculture, Forest-
ry and Fisheries) recommend increasing consumption of
vegetables up to 350 g and more, and fruit up to 200 g and
more per day [20]. A strong emphasis is placed on the edu-
cation of schoolchildren to increase familiarity of the na-
tion with the issues of safety and balance of food products.

Since 2015, food labeling has been carried out accord-
ing to the Food Labeling Act of 01.04.2015 with Consumer
Affairs Agency (CAA) controlling its execution.

The Food Labeling Act applies to all food types (includ-
ing food additives) and beverages (including alcoholic)
with the exception of pharmaceutical drugs. The specific
requirements for the label content significantly increased
and are put down in the Food Labeling Standards. Label-
ing such components as the energy value, content of pro-
teins, fats and carbohydrates, as well as salt equivalent (to-
tal sodium content) became mandatory. The mandatory
requirements for labeling of the main allergenic foods and
additives, the presence of L-phenylalanine compounds
were introduced. From March 2022, marking countries
of raw material origin on a label will become mandatory,
even for the finished products finally packed or processed
on the territory of Japan.

The inclusion of the content of saturated fats and di-
etary fibers into information for consumers that is placed
on a label is voluntarily but recommended. Labeling of
available carbohydrates, sugar, cholesterol, vitamins and
minerals is completely voluntary [21].

Requirements for labeling food with health claims are
different for each of the three categories. Products contain-
ing food components with proven effects on the physio-
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logical functions of the human body (Food for Specified
Health Use; FOSHU) require mandatory control, reg-
istration in the state bodies — and have special labeling.
Products with the declared food value (Food with Nutri-
ent Function Claims: FNFC) have to account in labeling
the recommended daily intake (for example, for vitamins
and minerals) and are based on state standards. The most
flexible category includes products with stated functional
properties (Foods with Function Claims: FFC) and was in-
troduced in 2015. The corresponding marking on a label
is done according to available scientific research about the
health benefits of an ingredient and is a responsibility of a
producer. For any category, permission for placing infor-
mation about one or another physiological effect from a
product is given only after research confirming this effect
and misleading consumers with false statements is punish-
able by law [21].

Therefore, food legislation in different countries set
new tasks for the meat industry regarding further devel-
opment of the functional product market and widespread
reduction/exclusion of using undesirable components of
meat products, first of all, salt, phosphates and/or fat. At
the same time, sodium chloride and sodium phosphates
are the main recipe components of meat products having
an important function — extraction of myofibrillar pro-
teins (solubilization) and formation of meat gel, which
holds water, stabilizes fat in a product and form product
consistency. Solubility, water-holding, gelation and emul-
sification of myofibrillar proteins depend on salt and phos-
phate addition and these functional and structural protein
properties are important determining factors of consumer
quality of meat products (appearance, color, texture, taste,
aroma) as well as economic indices (yield and cost of fin-
ished products).

Processed meat products traditionally continue to be
quite popular among consumers, but their assortment
includes an insufficient quantity of products with low
content of salts, phosphates or fat on markets in different
countries. In other words, there is a growing demand for
healthy, nutritional and economical muscle products with
low content of food additives and maintenance of their
textural and taste attributes. Nevertheless, reduction of the
content of sodium salts or fat creates significant problems
for manufactures of the meat industry and negatively in-
fluences such product quality characteristics as color, tex-
ture, organoleptic indices, as well as yield and primary cost
of finished products. While a certain rise in product prices
can be accepted by a consumer, maintenance of familiar
sensory characteristics when excluding/reducing undesir-
able recipe components is the main problem of healthy
nutrition products. Consumers will always want not only
healthy but also tasty food. This makes scientists to search
for new technical and technological solutions to create
products of healthy nutrition with the maintenance of the
required quality level. With that, in addition to meeting
requirements for the composition and sensory characteris-
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tics, requirements for safety and shelf-life of meat products
are progressively increasing.

Over the last years, several approaches to the reduction
of the sodium or fat content in processed meat products
have been formed, among which are:
use of salt replacers that exclude/reduce sodium intake,
in particular, potassium chloride (KCl), in combination
with substances masking off-taste;
use of taste enhancers that increase the perception of
product saltiness when used simultaneously with re-
duced salt amount;
optimization of the physical form of added salt that al-
lows enhancing and/or creating salty taste in a particu-
lar moment of product consumption (reduction of salt
crystal sizes, formation of double emulsions);
replacement of fat with hydrocolloids;
use of special technologies for raw material processing
(for example, processing with high hydrostatic pres-
sure) [22,23,24,25,26,27,28,29,30,31,32,33,34,35].
Nowadays, in the Russian Federation, the main mea-
sures regarding sodium content reduction in processed
meat products are directed towards decreasing doses of
edible salt addition and the use of its replacers, which, in
turn, cannot ensure clean-label [32].

There is an urgent need for searching alternative meth-
ods that will allow manufacturing products with low so-
dium and/or fat content and high functionality. Today,
physical methods of processing have been finding increas-
ingly wider application in the world and are regarded as
promising technologies that enable a significant reduction
of industry demand for food additives.

High hydrostatic pressure (HHP) pre-treatment at 100-
200 MPa before heat treatment is one of the methods for
successful reduction of the content of salt, phosphate and/
or fat in gel-type or minced meat and fish products.

It was shown that the use of high pressure impacts myo-
fibrillar proteins (MP) similar to the effect of salts; conse-
quently, both sodium chloride and sodium phosphates can
be reduced by this method [36]. High pressure (HP) is used
for increasing the functional properties of MP, causing
structural modifications, leading to denaturation, aggrega-
tion and gelation. Improvement of functional properties by
enhancing water-protein and protein-protein interactions
changes the textural properties, improves water binding
and increases stability of the meat system. These modifica-
tions depend on a product composition, introduced food
additives, pressure parameters, pressure/temperature com-
binations and the sequence of application [37].

The above mentioned aspects determined the aim of
this review: (1) to study the main details of structural and
functional changes in myofibrillar proteins (MP), modi-
fied by high hydrostatic pressure (HHP); (2) to present an
overview of achievements in the field of using high hydro-
static pressure (HHP) technologies to produce meat prod-
ucts of healthy nutrition with improved functionality and
increased shelf-life.
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Main part

Use of high pressure technology in the food industry

The first use of high pressure (HP) in the food industry
was proposed by Hite in 1899 for the pasteurization of milk
and fruit products [38]. However, at the end of the 1980s, it
was Japan that became the first country using a hermetical-
ly sealed vessel specially designed for carrying out the HP
procedure in the food industry to produce jam and fruit
puree for commercial purposes. Since the first application
in Japan, this technology was significantly developed with
respect to technological aspects and assortment of pressur-
ized food products on sale [39].

High pressure processing is a non-thermal technology
in which a product is treated with a pressure of 100 MPa
and higher using compression fluid [40]. There are three
forms of such processing: a static process in a vessel at high
hydrostatic pressure (HHP) during a certain time and at
the certain temperature; the dynamic process in which flu-
id is pressed through a nozzle jet under high pressure (ho-
mogenization by high pressure); hydrodynamic processing
with pressure or shocking waves which instantaneously
development pressure waves up to 1 GPa [41].

The high pressure technology is based on two principles
that determine the behavior of a product under pressure.
An important principle underlying the effect on reaction
equilibrium is known as the Le Chatelier’s principle, ac-
cording to which any phenomenon that is accompanied by
volume reduction will be enhanced by a HP increase and
vice versa. The use of HP leads to physical and chemical
changes. However, chemical changes are minimal; HP does
not affect covalent bonds, influencing only weaker ionic
and hydrogen bonds; that is, hydrophilic and hydropho-
bic interactions. As HP does not impact covalent bonds,
the majority of low molecular weight compounds such as
vitamins and flavor substances do not change. Neverthe-
less, HP affects high molecular weight components of food
and can cause protein denaturation and aggregation which
leads to a change in raw material texture both with a posi-
tive and negative result of such the effect on final product
quality [39]. HP significantly influences product microflo-
ra. Microbial inactivation that facilitates food preservation
is a result of cell membrane damage, protein denaturation,
changes in intracellular enzyme activities, ribosome dam-
age, and other effects caused by HP [42].

The second important principle that explains the effect
of HP is isostatic. According to this principle, the pressure
is instantaneously and uniformly transmitted throughout
a product volume without a gradient. Therefore, the HP
is characterized as an isostatic quantity. Pressure does not
depend on a product size or geometry, and pressure trans-
mission to the product center does not depend on its mass
and process duration. After pressure treatment, a product
returns to its initial shape [39].

Programs on processing foods, beverages and other
products (Figure 2) began to be performed from the 1990s,
and one of the first works was a shelf-life extension of
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Figure 2. Practical uses of HP pasteurization [43]

avocado-based products. This processing method leads
to an effective reduction of the microbial contamination
with minimum impact on the sensory characteristics and
nutritional value. Very soon, the HP technology became
known as a post-packaged preservation technology for
ready-to-eat products: whole or sliced meat products, sea-
food, fresh-cut fruit and juices, as well as salads, sauces,
dressings, soups and so on [36,43].

Today, more than 160 industrial units (vessels) are used
worldwide [39]. A large part of the equipment (44%) is
intended for processing products based on fruit and veg-
etables (Figure 3). It is explained by the fact that avocado
processing was one of the main drivers of this innovative
technology [44,45]. In addition to microbial inactivation at
low temperatures, this technology can be used to develop
new products without thermal impact or for manufactur-
ing similar products with minimum effect on taste, color
and nutritional value [40].

High hydrostatic pressure (HHP) processing had re-
ceived wide recognition in the meat sector. It is, possibly,
linked with the fact that meat products have a high com-
mercial value which allows investing and covering expens-
es on such processing. At present, 25-30% of the whole
volume of HP equipment is used in the meat industry [36].
Over the last decades, the technology has been widely used
in meat product manufacture for inactivation of patho-
genic microorganisms and, therefore, for shelf-life exten-
sion [46]. However, the HP technology is not regarded any
more as a simple alternative to conventional pasteuriza-
tion. Today, this technology is increasingly often used as
a processing method that causes structural modifications
to create innovative meat products with increased func-
tionality, products with reduced content of food additives,
products with a modified structure for certain population
groups [37]. Therefore, HP continues to be an alternative
to heat treatment to ensure microbiological safety and is
used to change a product structure with maintenance of its
nutritional value. This ensures the high potential for modi-
fication of the assortment of minced meat products, cre-
ation of innovative products by influencing the structural
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Figure 3. Distribution of HP equipment in food industry [45]

and functional properties of myofibrillar proteins (MP).
This can facilitate a reduction in the use of food additives
with E-numbers and an increase in manufacturing prod-
ucts with clean-label [37].

Researchers [29,47,48,49,50,51] showed that the use
of HHP in meat processing to improve functional prop-
erties of myofibrillar proteins opens wide possibilities for
production of meat products with reduced content of salt,
phosphate, fat and calories. HHP can be used to change
the structure of MP modifying protein by disrupting non-
covalent interactions (electrostatic and hydrophobic) in
tertiary and secondary structures within protein mole-
cules and the subsequent formation of intra/intermolecu-
lar bonds. The control of pressure-induced structural and
functional changes in MP in meat systems is an important
question for meat product manufacturers [37].

The result of structural modification of MP depends
on inherent characteristics of a product (species, type, pH,
composition, presence of one or another ingredient) and
conditions of HHP application (pressure intensity, pres-
sure gradient, duration, temperature, pressure/tempera-
ture ratio, sequence of stages of technological processing
and pressure application) (Figure 4). The corresponding
choice of HHP parameters can change meat quality, func-
tional characteristics of muscle proteins and, partially,
compensate a decrease in doses of salt and food additive
introduction and in the fat content, thereby, increasing the
meat product value [37,52,53].

Effect of high pressure on the meat structure

As known, a muscle contains three types of proteins
classified by their solubility and location in muscle tis-
sue — sarcoplasmic, myofibrillar and stroma proteins.
Myofibrillar proteins (MP) or salt-soluble proteins, which
are soluble only in solutions with relatively high ionic
strength (>0.3 M NaCl or KCI) account for about 50 to
56% of the total quantity of muscle proteins and are linked
with the meat structure. MP extracted from a muscle fi-
ber, mainly consist of myosin and actin with myosin as the
most abundant protein. Myosin is the major MP which is
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Figure 4. Schematic presentation of processes of technological processing of meat products using HHP and formation of meat product charac-

teristics. Adapted from Chen et al. [37]
Note: HHP — high hydrostatic pressure

responsible for the total solubility, emulsification, gelation,
water- holding. These functional properties are important
determining factors for yield, texture and organoleptic in-
dices of meat products.

One of the main effects of HP impact on meat proteins
is depolymerization. It was confirmed that depolymeriza-
tion of F-actin, extracted myosin and actomyosin occurs at
the pressure intensity of 100 to 300 MPa. It is assumed that
depolymerization facilitates an increase in solubility of MP
[36,37,54].

Pressure-induced structural changes in myofibrillar
proteins were also well studied. MP began unfolding un-
der the pressure of 50 to 300 MPa, and higher pressure
levels lead to increased denaturation, agglomeration and
gelation. These structural modifications of meat proteins
under pressure can be used in developing products to af-
fect structure formation and/or water retention. Also, pres-
sure-induced structural changes in myosin head (myosin
subfragment-1, S-1) were described at pressure from 150
MPa [36,37,55]. Therefore, pressure can cause partial or
full unfolding, denaturation, reversible or irreversible ag-
gregation of MP.

One of the significant effects of HP on meat proteins
is the modification of actin-myosin complex. Suzuki et
al. (1990) studied the effect of HP (100-300 MPa) on beef
post-rigor muscle and noticed that maximum fragmenta-
tion was achieved at 300 MPa within 5 min. In addition,
the Z-line in myofibrils was not apparent in pressurized
muscles [56]. Iwasaki et al. (2006) also described the de-
struction of the M-line and Z-line, and dissociation of
thick and thin filaments within myofibrils under HP. This
arrangement of the thick and thin filaments within myo-
fibrils is mainly responsible for the ability to retain water
in muscle cells. Therefore, any spatial rearrangement or
disruption between filaments affects the ability to retain
water [48].

It was noticed that HP pre-treatment changed the con-
formation and functional properties of MP which sub-
sequently can influence the gelling property of protein
upon heat treatment. Heat-induced gelation of myosin is
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a key factor in the production of minced meat and fish
products (pastes and so on). The HP effect on denatur-
ation and gelation of meat proteins significantly depends
on many factors such as a protein system, ionic strength,
presence of additional ingredients, and parameters of HP
application. Treatment of MP with pressure higher than
100 MPa at low temperature causes protein solubilization
and unfolding which are necessary for initiation of pro-
tein gelation. However, both the conformation condition
of myosin and salt content can influence the gelation of
myofibrils. HP-induced gelation of myosin chains occurs
as a result of their interaction with each other similar to
heat-induced gelation; however, tail to tail interaction of
the protein structures is not observed when HP is applied
[57,58,59,60]. Therefore, HP-induced meat gels are often
weaker than heat-induced gels. Nevertheless, the use of HP
pre-treatment at a low temperature before heat treatment
can enhance the thermal gelation of myosin (Figure 5).
Thus, myosin pre-treated with HP retains its ability to form
aggregated structured gel as a result of heat treatment (af-
ter heating and cooling) [59].

For example, Macfarlane et al. (1984) showed that HP
processing at 150 MPa for 10 min at 0 °C improved heat-
induced (70 °C, 10 min) gelation of myosin from sheep
muscle at low ionic strength [61]. They also reported that
HP pre-treatment (150 MPa, 20 min, 0-3 °C) increased
structural-mechanical characteristics (tensile strength)
and water-holding capacity of cooked beef patties con-
tained 1% NaCl.

Iwasaki et al. (2006) also suggested that depolymeriza-
tion of thin filaments was a cause of high apparent elas-
ticity of heat-induced myofibrillar gels when using HP
pre-treatment at 200 MPa. Pressure processing at 200 MPa
(10-20 min, 20-25 °C) before heat treatment at 70 °C in-
creased the elasticity of pork patty contained 1% NaCl
(at pH 6) and chicken myofibrillar gel by 2-3 times, respec-
tively [48]. They suggested that HP processing at 300 MPa
causes shortening of myosin filaments, which can facilitate
a decrease in elasticity of heat-induced myofibrillar gels
compared to pressurized gels.
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Note: HHP — high hydrostatic pressure

Ikeuchi et al. (1992) suggested that improved gelation of
actomyosin induced by HP pre-treatment is explained by
denaturation of actin in actomyosin and increased content
of sulthydryl, as well as increased surface hydrophobicity. As
shown in Figure 6, the high quantity of F-actin negatively
affects thermal gelation of actomyosin at low and high KCI
concentrations according to the theory proposed by Yasui et
al. (1980) [62]. HP pre-treatment at 100-150 MPa will eftec-
tively reduce a negative effect of excessive quantity of F-actin
in actomyosin on gel strength of myosin via depolymeriza-
tion of actin. As a result, HP pre-treatment at 150 MPa in-
creases the heat-induced gel strength of actomyosin [63].

The initial effect of HP impact on MP consists in dissoci-
ation of the quaternary structure causing protein unfolding

Exposed -SH
surface hydrophobicity

and solubilization, and exposing functional groups of the
protein surface. As shown in Figure 7, treatment at moder-
ate pressure levels (100-200 MPa) increases the solubility of
MP due to complex dissociation and depolymerization of
the protein structure. MP denature and moderately stretch
causing destabilization of their protein structures and ex-
posure of hydrophobic and sulthydryl groups. During the
following heating, the helical tail portion of myosin unfolds
and multiple cross-links of the tail-tail type are formed for
water holding. This leads to the formation of the regular, ho-
mogeneous, filamentous, three-dimensional network with
increased water-holding capacity (WHC) and gel strength.

On the contrary, treatment with pressure higher than
200 MPa causes strong protein-protein interaction with

>"~J$
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Figure 6. Proposed mechanisms on the effects of HHP on the thermal gelation of actomyosin in 0.6 M or 0.2 M NaCl/KCl at pH 6.0 based on the
findings of Wang et al. (2017); Cao et al. (2012); Iwasaki et al. (2006); Ikeuchi et al. (1992) and Yasui et al. (1980) [48,62,63,64,65,66].

Note: HHP — high hydrostatic pressure; SH: suthydryl groups
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Note: HHP — high hydrostatic pressure, WHC — water-holding capacity
the participation of hydrophobic radicals, hydrogen and
disulfide bonds forming large insoluble aggregates. When
heating, the a-helical structure of the tail portion of myo-
sin unfolds to a lesser extent. Water-protein interactions
during association of myosin tails are suppressed and pro-
tein-protein interactions will advance. As a result of pro-
cessing with pressure higher than 200 MPa, the globular
aggregated network will be formed, which is characterized
by cavities of a larger size between protein chains. Such
segmentary structure will be weakened and cannot hold
water effectively.

Therefore, when it is necessary to increase the WHC of
protein gel after heat treatment, pressure of not more than
200 MPa is to be applied.

Nevertheless, salt and phosphate concentrations should
be regarded as key factors influencing gelation under HP.
It is assumed that the presence of 1% salt can increase the
sensitivity of meat proteins to an impact of HP. Similar to
the effect of meat protein denaturation, it depends on the
intensity of pressure application and on the presence or
absence of salt and phosphate in meat systems [37].

Use of high pressure technology to develop healthy,

functionally improved gel-type or minced muscle

products

Recently, the HHP technology was tested in several
studies on different meat and fish products to satisfy con-
sumer requirements regarding the reduction of salt, phos-
phate and fat content (Table 1).

Studies on the application of HHP pre-treatment of
beef, pork and fish proved the applicability of this tech-
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nology for the production of meat products with reduced
sodium content. Sikes et al. [47] treated the beef batters
contained 0%, 0.5%, 1%, and 2% salt at different pressure
parameters (0.1-400 MPa) at 10 °C, for 2 min. They ob-
served that beef sausages treated at 200 MPa and contained
1% salt had texture similar to sausages with 2% salt. With
that, the samples of sausages had the same cooking losses.
Thus, it was shown that HHP use leads to an increase in
yield and improvement in finished product texture. The
researchers suggested that improved WHC of low salt bat-
ters was determined by increased the solubility and gelling
property of protein as a result of its partial unfolding under
an effect of HHP treatment.

Maksimenko et al. [50] studied the effect of HHP treat-
ment (100-200 MPa, 10 min, 20 °C) in combination with
the sodium chloride (0-2%) and sodium phosphate (0-
0.5%) addition on the physico-chemical properties of beef
gels (color, WHC, protein composition, texture). Beef gels
pressurized at 150-200 MPa showed the synergetic effect
in the increasing water content and the reducing cooking
losses compared to unpressurized beef gels. The L*, a* and
b* color values of raw beef gels slightly decreased upon
HHP treatment; however, HHP-induced color changes in
raw beef gels did not significantly influence the color of
beef gels after heat treatment. Electrophoretic investigation
of samples by SDS-PAGE showed that the staining intensity
of the a-actinin protein band decreased in the HHP-treat-
ed beef gels. The cohesiveness, adhesiveness, gel strength
and modulus elasticity of beef gels with low concentration
of sodium chloride and/or sodium phosphate after heat
treatment were improved as a result of HHP application
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Table 1. Results of the studies on HHP application to develop new products with reduced content of salt, phosphates and/or fat

Product Conditions of the experiment Result of the experiment Proposed mechanism Reference
Low fat and low Low fat beef mince was Samples with 1% NaCl and treated An increase in solubilization of  Sikes et al.
salt beef sausage prepared with 0.6%, 0.8%, 1%  with HHP at 200 MPa had similar myosin and actin, improvement  [47]

NaCl and then HHP processed  texture characteristics and cooking  in binding of muscle components
at 0.1-400 MPa/10 °C/ 2 min losses compared to samples with 2%
NaCl and without HHP treatment
Low fat and low Low fat beef gel was prepared  Texture and moisture binding Combined use of moderate HHP  Maksimenko
salt beef gel with 0-2% NaCl and 0-0.5% capacities were improved after HHP  and low salt concentration caused et al. [50]
phosphate, and HHP pretreated treatment at 150 MPa modification of protein structure,
at 0.1-200 MPa/20 °C/10 min reduction in concentration
of a-actinin and M-protein,
improvement in water-protein
and protein-protein interactions
Pork sausage HHP pre-treatment of mince HHP treatment at 150 MPa can be — O’Flynn et al.
with reduced at 0.1-150 MPa/20 °C/5 min used for reduction of salt content up [29]
salt and before mixing with 0.5-2.5% to 1.5% while maintaining acceptable
phosphate NaCl and 0.25% phosphate organoleptic and functional
content properties
Pork sausage HHP pre-treatment of mince at HHP treatment at 150 MPa has HHP caused solubilizationand ~ O’Flynn et al.
with reduced 150 and 300 MPa/20 °C/5min  potential for phosphate reduction extraction of MP without using  [51]
phosphate before mixing with 0%, 0.25% (0% or 0.25%) without significant food additives, modified protein
content or 0.5% phosphate changes in functional and consumer  structure, facilitated binding of
properties meat particles
Fish (surimi) gel Fish gel was prepared with Mechanical and organoleptic HHP induced protein Cando et al.
with reduced 0.3% NaCl or 3% NaCl and characteristics of gel with 0.3% NaCl denaturation in low salt samples  [67]

HHP treated at 0.1, 150,
300 MPa/10 °C/10 min

salt content

at 150-200 MPa/ 20 °C/10 min. The authors came to the
conclusion that the combined use of the low sodium chlo-
ride concentration and HHP at 150-200 MPa before heat
treatment allows reducing salt concentration up to 1% with
simultaneous maintenance of sensory and texture charac-
teristics. They suggested that an improvement in texture
properties and maintenance of WHC in the pressurized
samples containing 1% salt is caused by changes in the pro-
tein fractional composition: losses of M-protein and aggre-
gation of a-actinin.

O’Flynn et al. [29,51] reported that low salt sausages
(salt content reduction from 2.5% to 1.5%) can be pro-
duced using meat pretreated with HHP at 150 MPa, 20 °C.
These parameters allowed maintaining familiar sensory
and functional properties of sausages. Moreover, the use of
HHP processing improved rheological and texture proper-
ties, reduced cooking losses.

HHP pre-treatment can be successfully adapted to ob-
tain low phosphate and low fat meat products. This was
confirmed by studies that showed that HHP caused solu-
bilization of myofibrillar proteins without the additional
introduction of phosphate additives. Changes in the pro-
tein structure caused by HHP allow obtaining minced
meat products with improved functionality [37]. The use
of HHP processing at 150 MPa for 5 min. has a large po-
tential for reducing phosphate levels up to 0.25% in low
fat sausages without significant changes in their functional
characteristics. The authors [53] reported that sausages
with 0.25% phosphate content had improved firmness, ad-
hesiveness, cohesiveness, and consistency, when pork meat

were improved after applying HHP at
300 MPa and showed the same results
compared to gel with 3% NaCl
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is similar to unfolding of protein
structures in the presence of high
salt concentration (3%)

batters were processed at 150 or 300 MPa/20 °C/5 min,
compared to sausages with 0.5% phosphate content that
were not treated with high pressure.

Maksimenko et al. [50] also reported that beef gels pre-
pared with 1% NaCl without the addition of phosphate and
fat that were HHP pre-treated at 150 MPa/20 °C/10 min,
demonstrated improved texture and functional character-
istics after heat treatment compared to the unpressurized
samples with 2% salt + 0.5% phosphate content. In cooked
sausage production without phosphates addition, pressur-
ization at 100 MPa/20 °C/5 min improved functionality of
meat proteins and allowed obtaining a product with the
corresponding structure [36].

Based on similar considerations, HHP processing was
used for development of gel-type fish products. Cando et al.
[67] found that HHP processing at 300 MPa/10 °C/10 min
improved the mechanical and sensory properties of gel
with reduced salt concentration (0.3%) and stabilized pro-
tein structures in these gels to the same extent as in the
samples with 3% salt content. The process of gel formation
with participation of muscle tissue proteins from fish and
slaughter animals is different; thus, conditions of HHP ex-
posure are not the same.

Therefore, investigations carried out on various raw ma-
terial types showed the possibility of managing the function-
al properties of muscle proteins. However, not only physical
parameters are important in HHP technology. Along with
them, salt and phosphate concentrations should be regarded
as the main factors influencing the gel formation of meat
proteins. In other words, prudent combination of recipe se-
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lection and HHP technology allows significant reduction in
used salt and phosphate food additives.

Use of high pressure technology to increase safety

and maintain quality of meat products

Another important direction for the application of
HHP technology is an? increase in the microbiological
safety of meat products. This direction considers the use
of significantly higher ranges of HHP than parameters
recommended for solubilization and the increase of func-
tional characteristics of MP.

Several studies [68] showed that exposure of meat
products with the HHP of up to 600 MPa for 3 min can in-
activate dangerous pathogenic microorganisms (L. mono-
cytogenes, E. coli, Salmonella and others), as well as the
majority of mold species. To suppress vital activities of
molds, treatment at 400 MPa is considered sufficient; how-
ever, it is noted that higher HHP level and longer exposure
are required for killing yeast spores [69]. Effectiveness of
HP treatment of meat products depends on existing mi-
crobial species, chemical composition, pH, and water ac-
tivity of a product. HHP over 800 MPa causes the destruc-
tion of microbial cell membranes and intracellular protein
structures leading to the disorder of homeostasis and cell
death. The application of HHP in combination with other
types of technological processing (blanching, dehydration,
roasting, freezing-thawing, and others), opens wide pos-
sibilities for creating combined technologies to improve
microbiological safety and product stability [69].

pH values higher than 6.2, which are typical for DFD
meat, on one hand, ensure high functional characteristics
of raw meat material, and, on the other hand, prevent pre-
dicting a possibility of its long term storage in the chilled
form. Investigations of chilled DFD beef samples treated
with HHP at 800-1000 MPa for 5 min and stored at a tem-
perature of 0 to +4 °C in a vacuum package showed that
samples had high sensory characteristics that correspond-
ed to fresh DFD meat after 60-day storage. With that, mi-
crobiological indices in HHP-treated beef were lower than
the normative values even after 60 days of storage [70].

HHP treatment at 800 MPa for 5 min. increased the
sanitary-hygienic condition of chilled beef packed under
vacuum in a polymer package 48 hours after slaughter and
also prevented protein decomposition and facilitated retar-
dation of fat oxidation processes in meat. The beef samples
corresponded to the regulatory requirements for micro-
biological safety after 60-day storage [71].

Investigations of the microbiological indices of mechani-
cally deboned chicken meat treated with HHP (250 MPa for
15 min.) during storage at a temperature of 4+2 °C showed
the possibility of the two-fold increase in product shelf-life
compared to control samples not treated with HHP. It was
observed that HHP treatment did not affect the nutritional
value of the product, and sensory indices corresponded to
the initial characteristics. It was shown that HHP treatment
used for raw meat materials is highly technological and eas-
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ily incorporated in the process of meat product manufac-
ture. With that, HHP at 250 MPa allowed increasing not
only sanitary indicators but also functional-technological
characteristics of raw materials [72].

HHP can significantly retard oxidative processes, which
occurrence can significantly influence meat and meat prod-
uct storability. The research [70] showed that processing at
800 MPa and 1000 MPa enabled reducing the peroxide val-
ues in chilled beef samples by 9 and 4.5 times compared to
untreated samples. However, an increase in pressure of up to
1000 MPa was undesirable as oxidative processes in a prod-
uct enhanced compared to the samples treated at 800 MPa.
During storage of packed chilled beef for 30 and 60 days, the
samples pressurized at 800 MPa had the peroxide value on
the 30th day two times lower and on the 60th day four times
lower than in the unpressurized samples [70].

The research [71] also showed low growth dynamics of
the acid value and peroxide value in the samples of beef
shoulder packed in a polymer package in 500 g pieces and
pressurized at 800 MPa for 5 min. The acid value and per-
oxide value in pressurized beef on the 60th day of storage
were six and four times lower, respectively, compared to
the control sample.

HHP treatment of chilled meat activates its natural an-
tioxidant systems, in which an important role is given to
such compounds as vitamin E, polyunsaturated fatty acids
and several amino acids (histidine, leucine, threonine, va-
line, and glutamic acid), and others. During HHP impact on
muscle tissue, the lysosome membranes containing enzymes
are destroyed and cathepsins are actively released. The pro-
cess of enzyme release accelerates autolysis and amino acids
with antioxidant properties are actively formed, which ex-
plains the enhancement of meat antioxidant properties [73].

Vacuum packed meat processed with HHP at 800 MPa
is less subjected to changes in protein substances during
storage, which is indicated by the results of the detection
of amino-ammonia nitrogen (AAN). The AAN content in
processed samples on the 15th, 30th and 60th days of stor-
age was 6, 12 and 10 times lower, respectively [73].

Therefore, analysis of the results obtained in the inves-
tigation of meat treated with HHP at 800 MPa and higher
indicates that the use of this technology allows extending
the shelf-life of perishable products such as meats, which
presents a huge interest in the field of the development and
preservation of food reserves.

Conclusion

Based on the data stated above, it is necessary to em-
phasize that the application of HHP technology for meat
product processing at different parameters has wide pros-
pects for use. For example, raw meat material processing at
100-200 MPa directly before the conventional heat treat-
ment can become one of the possible methods for manag-
ing the functional-technological characteristics of the meat
system. This treatment can be regarded as compensation
for the addition of the reduced amount of sodium chloride
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and sodium phosphate, as well as for the low fat content in
mince in manufacturing the comminuted or gel-type meat
products. With that, it will ensure the maintenance of sen-
sory and consumer characteristics of finished products as
well as an improvement in product composition regarding
healthy nutrition.

On the other hand, the application of HHP in a range of
400 MPa to 800 MPa in meat processing is no less promis-

ing for increasing its microbiological safety, resistance to
oxidative spoilage and an increase in shelf-life without us-
ing food preserving agents.

The considerable promise of these two directions in the
HHP application is so evident that the development of new
technological processes combining different stages of raw
material and food system processing with HHP technol-
ogy at different parameters is expected.
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AN EFFECT OF THE ANIMAL CONDITION
AFTER GAS STUNNING ON QUALITY OF SLAUGHTER
PRODUCTS FROM LARGE WHITE PIGS

Anastasia A. Semenova*, Alena I. Sinichkina, Ilya V. Kozyrev, Tatyana M. Mittelstein
V. M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences, Moscow, Russia
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Abstract

The aim of the research was to establish an effect of gas stunning of pigs at slaughter on the condition of the internal organs and
pork functional-technological characteristics. The experiment was carried out in the conditions of the operating enterprise on
37 Large White pigs. When using 94% concentration in a chamber, only 65% of animals were assessed as normally stunned, 30%
of animals did not have cardiac activity and were considered dead, 5% of animals retained sensibility. Assessment of the condition
of the internal organs, dynamics of pH changes, comparison of moisture holding capacity and color characteristics did not reveal
substantial and statistically significant differences between slaughter products from normally stunned animals and animals died
during stunning. The authors discuss mortality of animals before the beginning of bleeding as a possible cause of similar results of
investigation of the internal organs and meat quality from animals with and without cardiac activity after gas stunning.
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Introduction

Today in Russia, more than 50% of pigs sent to slaugh-
ter are subjected to gas stunning. This technological opera-
tion affects the physiological conditions of animals and can
significantly contribute to formation of slaughter product
quality, including pork in carcasses and by-products.

From the perspective of animal welfare assurance, the
international practice prescribes using high carbon dioxide
concentrations (more than 80%) [1]. When pigs are placed
in a chamber with a concentration of 80-90% CO.,, the loss
of consciousness and sensibility is not instantaneous and oc-
curs during 30 sec. At such a high CO, concentration, the
duration of the anesthetic effect and unconsciousness of ani-
mals increases, and as a consequence, the time interval for
performing other slaughter manipulations can be increased.

Unconsciousness is a state of unawareness (loss of con-
sciousness), in which temporal or permanent damage of
brain function occurs, when an animal cannot respond to
normal stimuli including pain. An animal is considered in-
sensible when it does not show any reflexes or reactions to
stimuli such as sound, odor, light or physical contact [1,2].
The use of CO, stunning implies the unconscious condi-
tion with retention of cardiac activity in an animal from
the moment of its unloading from a stunning chamber un-
til the end of bleeding.

However, at concentrations higher than 30%, this gas
causes aversion in animals, irritation of the mucous mem-
branes, painful sensations, lung hyperventilation and gasp-
ing before loss of consciousness [3]. In several cases, these
sensations can provoke the spontaneous development of

stress in pigs up to cessation of cardiac activity. From the per-
spective of the animal slaughter technology for producing
meat and by-products, cessation of cardiac activity can lead
to incomplete bleeding of a carcass and consequently to a de-
crease in quality of slaughter products [4,5]. In the context
of physiology, death is a state of an animal, when respiration
and blood circulation have ceased. In the context of using
stunning at slaughter, the main clinical signs of death are ab-
sence of breathing, absence of pulse and pupil dilation [2].

Despite the wide practice of using gas stunning in the
world and international documents stipulating regular
monitoring of the process and animal condition [1], any
recommendations on the control of the number of ani-
mals died during stunning are absent. Nevertheless, it is
acknowledged that meeting criteria such as absence of re-
actions in animals can be linked with complete cessation of
cardiac activity [2].

A result of gas stunning is influenced by many factors
including individual characteristics of animals determined
by a breed and keeping conditions. Modern techniques
and technologies of gas stunning used in Russian enter-
prises are foreign developments. In this connection, sci-
entific research aimed at studying an effect of gas stunning
on quality of slaughter products from domestic production
are of high topicality, especially regarding breeds such as
Large White that are traditionally raised in our country.
Although recently a reduction in the number of pig breeds
has been observed in Russia, Large White breed remains
to be the main (52%) part of the stock of breeding animals
raised on an industrial scale [6].
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The aim of this study was detection of possible deviations
in quality of slaughter products depending on the physio-
logical condition of Large White pigs after gas stunning.

Materials and methods

The experiment was carried out on Large White pigs
(n=37) at the age 0f 160 days, raised in a selection center and
transported to the place of the experiment in one road vehi-
cle. The distance of transportation was 6.3 km. After 3 hours
of resting in the enterprise, pigs were sent to slaughter.

Pigs were exposed to carbon dioxide in a chamber Banss
(Germany) with five pigs per chamber. The carbon diox-
ide concentration was 90%, time of exposure was 115 sec.
After unloading pigs from a chamber, the result of animal
stunning was determined, recording one of the following
variants of the physiological condition: norm, retention of
sensibility (insufficient effect of stunning), animal death.

A stunning result was considered normal if pigs retained
cardiac activity and at the same time did not have signs of
sensibility, which corresponds to the requirements of the
Technical Regulation TR CU034/2013 «On meat and meat
product safety» and international norms. The heart rate (HR)
was recorded using a veterinary pulse oximeter DIXION
Storm 5000 vet (Dixion, China), attaching a sensor to the ear
of an animal after the exit from a gas stunning chamber.

A result of stunning was considered insufficient if ani-
mals showed the sings of sensibility (including attempts to
stand up and/or raise head, ear movements, vocalization,
rhythmic breathing, eye movement and pupil reaction, re-
sponse to prick).

The animal death was recorded when cardiac activity
was absent. A conclusion about absence of cardiac activ-
ity was made after triplicate pulse measurements using a
pulse oximeter. With that, each time a sensor was fixed at
a different point of an ear to exclude a measurement error
due to surface contamination of skin or absence of a large
vessel in the area of sensor fixation.

At the following stage of the experiment, the internal
organs (heart, lung, liver) were examined by assessing a
degree of blood filling of tissues and vessels, presence of
blood clots in the cardiac chambers and for lungs, addi-
tionally, hemoaspiration.

A degree of blood filling of the internal organs was clas-
sified as follows:

— normal or insignificant: when pressing a tissue cut,
blood does not appear, blood filling is visually observed
on a tissue cut only in the individual areas;

— medium: blood filling is visually detected on a tissue
cut; when pressing a tissue cut, blood appears; blood
vessels are filled with blood;

— high: significant blood filling is visually detected on a
tissue cut; blood runs out without pressing; blood ves-
sels are significantly filled with blood.

After primary processing, carcasses were chilled to a
temperature not higher than 4 °C for 24 hours using the
classical chilling technology.
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Pork pH and temperature were measured in the hot
and chilled state 45 min. and 24 hours after slaughter in
m. longissimus dorsi between the 5th and 6th thoracic ver-
tebrae in a half-carcass using a pH-meter Testo 205 (Testo,
Germany). During measurements, an electrode was placed
into muscle tissue at a depth of not less than 3 cm. Arith-
metic mean of three single measurements was taken as the
final result, divergence between ultimate values of three
measurement results was not higher than 0.15 pH units.

Samples of m. L. dorsi (about 300 g) were taken from
chilled half-carcasses 24 hours after slaughter for further
laboratory analyses.

Drip losses were determined as weight reduction in
pork samples during storage in a hermetically sealed con-
tainer at a temperature of 8 °C for 24 hours. The moisture
holding capacity was measured by the Grau and Hamm
method in modification of VNIIMP. Arithmetic mean of
three single measurements was taken as the final result.

The color of muscle tissue was determined in the
CIELab color space using a spectrophotometer Konica Mi-
nolta CM-2300d. The color was measured at three points
on the sample surface. Arithmetic mean of three single
measurements was taken as the final result.

Statistical processing of the experimental data was car-
ried out using Microsoft Excel 2010 and Statistica 10.0. Sig-
nificance of differences between means that satisfied the
conditions of normal distribution and equality of dispersion
was assessed by one-way analysis of variance (ANOVA). The
results were presented as M (weighted average of mea-
sured values) +s (standard error of the mean).

Results and discussion

Hartung]. etal. [7] reported that the use of gas stunning at
90% CO, led to death of most animals before the beginning
of bleeding. In our experiment, assessment of the condition
of Large White pigs after gas stunning (Table 1) showed that
24 animals (65% of total number) were stunned normally;
that is, they did not demonstrated the signs of sensibility,
but retained cardiac activity. In 11 pigs (30%), the death was
diagnosed as a result of absence of heart beat recorded by a
pulse oximeter. In two animals (5%), retention of sensibility
was observed indicating an insufficient effect of CO, stun-
ning. Nevertheless, our results showed quite a high propor-
tion of dead animals, which consequently can create prob-
lems regarding meat hygiene [7].

There is another approach to studying the physiological
conditions of animals during gas stunning, which consists
in registration and recording electroencephalograms (EEG)
using special devices attached to animals. Special sensors
register changes in brain activity including the onset of un-
consciousness or death. However, implementation of this
approach in the production conditions faces significant dif-
ficulties. It is necessary to shave animal heads beforehand in
the areas of electrode fixation (the forehead part), attach belts
with devices and wires to electrodes to animals and to train
animals to wear them for several days [7,8]. Our approach
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Table 1. Assessment of the animal condition after gas stunning

Assessment of the animal condition after stunning

« = Presence (+)/ Presence (+) / .
S & General conclusion
S = CiE ) i (_). about animal condition
Z < ofheartbeat of sensibility signs

1 + - Norm
2 - - Death
3 + - Norm
4 - - Death
5 + - Norm
6 + - Norm
7 + - Norm
8 + - Norm
9 - - Death
10 - - Death
11 + - Norm
12 + - Norm
13 + - Norm
14 + - Norm
15 + - Norm
16 + - Norm
17 + - Norm
18 + - Norm
19 - - Death
20 - - Death
21 - - Death
22 + - Norm
23 + - Norm
24 + - Norm
25 - - Death
26 - - Death
27 + - Norm
28 - - Death
29 + - Norm
30 + - Norm
31 - - Death
32 + - Norm
33 + - Norm
34 + - Norm
35 + - Norm
36 + + Retention of sensibility
37 + + Retention of sensibility

Table 2. Assessment of the condition of the internal organs

No. of
animal

18
27

2

4

20

21

25
Designations:

based on measuring heart rate probably is less informative
but simpler for implementation in production conditions. It
is also necessary to note that in the experiment with EEG reg-
istration, which was carried out at 95% CO,, all animals were
dead over 5 min. due to irreversibility of unconsciousness [8].

Based on the assessment results regarding the physio-
logical conditions of 37 animals (Table 1), ten of them were
selected by the method of random sampling including five
pigs from normally stunned animals and five from dead
animals. The results of the examination of the internal or-
gans obtained as a result of evisceration of the carcasses
from these animals are presented in Table 2.

As can be seen from Table 2, the internal organs from car-
casses of normally stunned animals were filled with blood to
the same (and even to a slightly higher) degree as the organs
from the carcasses of the dead animals. This result was some-
what unexpected, as it was assumed that bleeding was more
complete when cardiac activity was retained. However, the
obtained data still give little grounds to state that cardiac ar-
rest at stunning does not affect a degree of carcass bleeding.

The following results were obtained for ten carcasses se-
lected for assessing the condition of the internal organs: 70%
of hearts and 70% of lungs were characterized by the high de-
gree of blood filling. With that, the high degree of blood fill-
ing was noted only for 30% of the liver samples. These results
allow suggesting that cardiac arrest in animals could occur af-
ter pulse measurement but before the beginning of bleeding.

The hot carcass weight, pH value after 45 min (pH))
and 24 hours (pH,,) were measured for each of 37 carcass-
es (Table 3). By the results of pH, measurement, PSE pork
carcasses were selected, in which a pH value 45 min. after
slaughter was lower than 6.0, and pH24 was lower than 5.5.
Carcasses that had only one low pH value (pHI or pH,,)
were classified as meat with signs of PSE.

As can be seen from Table 3, pork from animals without
cardiac activity and pork from normally stunned animals
practically did not differ by the mean values of pH after
45 min. and 24 hours. However, carcasses of dead animals
demonstrated higher inclination to the development of the
PSE defect (36% carcasses versus 25%).

Assessment of the condition of the internal organs:

heart lung liver
Carcasses from normally stunned animals
Blood filling + Blood filling + Blood filling +
Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling +++
Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling ++
Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling +
Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling +++
Carcasses of animals, in which death was observed after gas stunning

Blood filling +++, blood clots in cardiac Blood filling ++, hemoaspiration Blood filling +
Blood filling ++ Blood filling +, hemoaspiration Blood filling +
Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling +
Blood filling + Blood filling +++, hemoaspiration Blood filling +
Blood filling +++, blood clots in cardiac Blood filling +++, hemoaspiration Blood filling +++

Blood filling +:  norm or insignificant degree of blood filling of tissues of the internal organ;
Blood filling ++: medium degree of blood filling of tissues of the internal organ;
Blood filling +++: medium degree of blood filling of tissues of the internal organ.
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Table 3. Hot carcass weight and pork pH value

No of Hot carcass pH value .
animal weight pH pH L Loy
1 24
Carcasses from normally stunned animals

1 69.8 6.10 5.62 NOR

3 60.0 5.75 5.45 PSE

5 66.4 6.16 5.43  with signs of PSE
6 66.8 6.11 5.49  with signs of PSE
7 70.2 6.12 5.53 NOR

8 57.2 5.68 5.57 PSE

11 58.8 5.87 5.54 PSE

12 68.8 6.36 5.55 NOR

13 61.8 5.97 5.43 PSE

14 61.6 6.03 5.54 NOR

15 68.6 6.07 5.90 NOR

16 60.6 6.82 5.53 NOR

17 56.6 6.02 5.74 NOR

18 77.4 6.04 5.52 NOR
22 75.8 6.01 5.57 NOR
23 62,2 6,37 5.69 NOR
24 56.0 6.49 5,59 NOR
27 63.2 6.00 5.60 NOR
29 63.8 6.24 5.55 NOR
30 69.2 6.45 5.52 NOR
32 56.6 6.15 5.64 NOR
33 77.2 6.28 5.64 NOR
34 63.8 6.32 5.65 NOR
35 59.8 6.12 5.62 NOR

Mean value 64.68+6.41 6.15+0.25 5.58+0.10
Carcasses of animals, in which death was observed after gas stunning

2 63.2 6.34 5.52 NOR
4 57.2 5.92 5.45 PSE
9 77.6 5.31 5.49 PSE
10 53.4 5.42 5.53 PSE
19 66.2 6.15 5.52 NOR
20 74.2 6.07 5.63 NOR
21 74.4 6.30 5.48 with signs of PSE
25 68.8 6.22 5.75 NOR
26 88.4 6.05 5.62 NOR
28 61.0 6.38 5.60 NOR
31 53.2 6.44 5.68 NOR

Mean value 67.05£10.97 6.05+£0.38 5.57+0.09

There is an opinion regarding pork that CO,-stunning
does not provoke glycogen breakdown and consequently
pH drop [9]. Other studies allowed making a opposite
conclusions. For instance, it was shown by the example of
turkey that CO,- stunning can lead to meat with lower pH
compared to electrical stunning [10].

Mota-Rojas D. et al. rightly indicate that when CO, is
respired, it combines with water with the development of
H,CO, (carbonic acid), which generates high concentra-
tions of H+ ions resulting in the state of acidosis on the
cellular level. Inhalation of high CO, concentrations can
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cause distress in animals (a negative form of stress) before
they become unconscious. Pigs exposed to CO, experience
respiratory and metabolic acidosis. The blood level of lac-
tate, which is an indicator of stress, increases. An increase
in the lactate level can be linked with stress factors before
slaughter (for example, aggressive handling immediately
before stunning) and negatively affect pork quality [11].

In our experiment, animal death upon stunning can
be explained by their individual characteristics and higher
susceptibility to stress. This, in turn, can provoke an ap-
pearance of a higher number of PSE carcasses from ani-
mals with cessation of cardiac activity.

A result of pig stunning can depend on their weight. In
our experiment, there was no possibility to measure the
animal live weight and/or weight after stunning; there-
fore, we compared two animal groups by the hot carcass
weight. The mean value of the hot carcass weight from
dead animals was slightly higher than those from nor-
mally stunned animals (67.05 kg and 64.68 kg, respec-
tively). However, the result of Student’s t-test calculation
showed that differences of the mean values of the carcass
weight were not statistically significant (t=0.17, p=0.853,
the critical value of Student’s t-test=2.035 at the signifi-
cance level a=0.05).

There were only two animals in the experiment that
retained sensibility. An average weight of hot carcasses
of these animals was 79.5£2.4 kg. A test of the hypothesis
about the difference in the carcass weight between these
animals and animals that were normally stunned showed
that the differences were statistically significant (t=2.14,
p=0.043, the critical value of Student’s t-test=2.064, at
the significance level a=0.05). However, due to insignifi-
cance of sampling (n=2), conclusions about an effect of
increased weight of Large White pigs on retention of sensi-
bility upon gas stunning would be premature and require a
set of larger volumes of experimental data.

Statistical data analysis did not reveal correlation be-
tween the hot carcass weight and pH values.

Functional-technological indicators of meat quality
and color characteristics (Table 4) were investigated ran-
domly on the samples from ten carcasses selected in a ran-
dom manner. Statistical analysis using Student’s t-test did
not reveal significant differences between pork obtained
from normally stunned and dead animals. The mean val-
ues of moisture holding capacity (MHC) were 74.75% and
74.71%, drip losses were 6.50% and 6.19%, respectively, for
the samples from the carcasses of normally stunned and
dead animals. The samples also did not differ by the mean
values of moisture mass fraction (74.75% and 74.71%, re-
spectively).

By color characteristics, pork from Large White pigs
was characterized by quite high values of lightness (L*)
and low values of redness (a*); although when using CO,-
stunning, pork usually has darker color [9]. The differences
in color between pork samples from normally stunned and
dead animals were also not established.
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Table 4. Pork functional-technological indicators and color

No. of animals Drip losses, % MHC, % Moisture, % - Color chal:cteristics b
Carcasses from normally stunned animals
1 4.77 55.64 73.29 48.19 3.72 8.34
3 5.95 55.77 74.51 55.17 2.41 8.35
5 5.66 53.06 75.37 55.75 3.94 8.60
18 8.34 54.01 75.4 53.10 4.00 7.57
22 7.80 49.38 75.2 59.05 2.45 8.50
Mean value 6.50+1.51 53.57+2.60 74.75+0.89 54.25+4.01 3.30+0.80 8.27+0.41
Carcasses of animals, in which death was observed after gas stunni
5.50 55.00 74.37 55.20 2.75 8.13
5.80 55.96 74.47 53.90 2.86 8.45
19 5.21 50.10 73.42 55.14 2.81 7.84
20 7.27 54.83 75.48 58.23 1.95 7.52
21 7.15 53.48 75.81 56.71 1.80 8.00
Mean value 6.19+0.96 53.87+2.29 74.71+0.95 55.84+1.67 2.43%0.51 7.99£0.34
Conclusion Detection of presence/ absence of cardiac activity using

By the results of the performed work, the further
study on an effect of CO,-stunning on quality of pork
from Russian pig breeds is considered an important
task, including the aspects of animal welfare monitor-
ing in national enterprises. The results of the research
show that regarding Large White pigs, up to 5% of ani-
mals (especially larger animals) can retain signs of sen-
sibility at 90% gas concentration and exposure duration
of 115 sec. Five percent of animals is a good result. For
example, studies carried out in different German en-
terprises demonstrated that 6.2-17.1% of pigs retained
corneal reflex [12].

1. COUNCIL REGULATION (EC) No 1099/2009 of 24 September
2009 on the protection of animals at the time of killing [Elec-
tronic resource: https://eur-lex.europa.eu/LexUriServ/Lex-
UriServ.do?uri=0J: L:2009:303:0001:0030: EN: PDF Access date
20.03.2020]

2. EFSA Panel on Animal Health and Welfare (AHAW) (2013).
Scientific Opinion on monitoring procedures at slaughterhous-
es for pigs. EFSA Journal, 11(12). https://doi.org/10.2903/j.
efsa.2013.3523

3. European Food Safety Authority (EFSA) (2004). Opinion of
the Scientific Panel on Animal Health and Welfare (AHAW) on a
request from the Commission related to welfare aspects of the
main systems of stunning and killing the main commercial spe-
cies of animals. EFSA Journal, 2(7), 45. (2004), 45. https://doi.
org/10.2903/j.efsa.2004.45

4. Lisitsyn, A.B., Lipatov, N.N., Kudryashov, L.S., Aleksakhina,
V.A., Chernukha, I.M. (2004). Theory and Practice of Meat Pro-
cessing. Moscow: VNIIMP. —378 p. ISBN: 5-901768-14-0
(In Russian)

5. Semenova A. A., Mittelshtein T. M., Kozyrev I. V. (2016). Con-
ditions of livestock transportation and pre-slaughter handling as
factors forming meat quality. Vsyo myase, 2,42-47. (In Russian)
6. Chistyakov, V.T. (2018). Modern development of breeding and
genetics in the Russian pig breeding. Vestnik of Voronezh State
Agrarian University, 4(59), 71-78. https://doi.org/10.17238/
issn2071-2243.2018.4.71 (In Russian)

7. Hartung, J., Nowak, B., Waldmann, K.H., Ellerbrock, S. (2002).
CO,-stunning of slaughter pigs: effects on EEG, catecholamines

43

a pulse oximeter is a convenient method for controlling an
animal condition upon unloading from a stunning cham-
ber, which is feasible for using in the work of a production
line. Using a pulse oximeter, cessation of cardiac activity
was recorded in 30% of animals. However, cardiac arrest
practically did not influence either a degree of the internal
organ bleeding or meat quality including meat color char-
acteristics. Obviously, it is necessary to control presence/
absence of the pulse and signs of sensibility immediately
before bleeding to obtain more objective picture of physi-
ological conditions of animals.

and clinical reflexes. Deutsche tierarztliche Wochenschrift,
109(3),135-139. PMID: 11963365

8. Verhoeven, M., Gerritzen, M., Velarde, A., Hellebrekers, L.,
Kemp B. (2016). Time to Loss of Consciousness and Its Relation
to Behavior in Slaughter Pigs during Stunning with 80 or 95% Car-
bon Dioxide. Frontiers in Veterinary Science, 3, 38. https://doi.
org/10.3389/fvets.2016.00038

9. Marcon, A.V,, Caldara, F.R., de Oliveira, G. F., Goncalves,
L.M.P., Garcia R. G., Paz, I.C.L.A., Crone, C., Marcon, A. (2019).
Pork quality after electrical or carbon dioxide stunning at slaugh-
ter. Meat Science, 156, 93-97. https://doi.org/10.1016/j.meat-
s¢i.2019.04.022

10. Fleming, B.K., Froning, G.W., Beck, M.M., Sosnicki, A.A.
(1991). The Effect of Carbon Dioxide as a Preslaughter Stun-
ning Method for Turkeys. Poultry Science, 70(10), 2201-2206.
https://doi.org/10.3382/ps.0702201

11. Mota-Rojas, D., Bolainos-L6, D., Concepcion, M., Ramirez-
Te, J., Roldan-San, P., Flores-Pei, S., Mora-Medin, P. (2012).
Stunning Swine with CO, Gas: Controversies Related to Animal
Welfare. International Journal of Pharmacology, 8(3), 141-151.
https://doi.org/10.3923/ijp.2012.141.151

12. Fries, R., Rindermann, G., Siegling-Vlitakis, C., Bandick,
N., Brautigam, L., Buschulte, A., Irsigler, H., Wolf, K., H. Hart-
mann, H. (2013). Blood parameters and corneal-reflex of fin-
ishing pigs with and without lung affections observed post
mortem in two abattoirs stunning with CO_. Research in Vet-
erinary Science, 94(1), 186-190. https://aoi.org/10.1016/j.
rvsc.2012.07.022


https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:303:0001:0030:EN:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:303:0001:0030:EN:PDF
https://doi.org/10.17238/issn2071-2243.2018.4.71
https://doi.org/10.17238/issn2071-2243.2018.4.71
https://doi.org/10.3923/ijp.2012.141.151

THEORY AND PRACTICE OF MEAT PROCESSING, 2020, vol. S, no. 2

AUTHOR INFORMATION

Anastasia A. Semenova — doctor of technical sciences, professor, Deputy Director, V. M. Gorbatov Federal Research Center for Food Systems
of Russian Academy of Sciences. 109316, Moscow, Talalikhina str., 26. Tel: +7-903-016-76-70. E-mail: a.semenova@fncps.ru
ORCID: http://orcid.org/0000-0002-4372-6448

Alena I. Sinichkina — junior research scientist, Department of applied scientific and technological development, V. M. Gorbatov Feder-
al Research Center for Food Systems of Russian Academy of Sciences. 109316, Moscow, Talalikhina str., 26. Tel: +7-495-676-97-71. E-mail:
a.sinichkina@fncps.ru

ORCID: https://orcid.org/0000-0002-0410-0012

Ilya V. Kozyrev — candidat of technical sciences, leading research scientist, Department of applied scientific and technological development,
V. M. Gorbatov Federal Research Center for Food Systems of Russian Academy of Sciences. 109316, Moscow, Talalikhina str., 26. Tel: +7-495-
676-97-71. E-mail: i kozyrev@fncps.ru

ORCID: https://orcid.org/0000-0001-8135-7869

Tatyana M. Mittelstein — senior research scientist, Department of applied scientific and technological development, V. M. Gorbatov Fed-
eral Research Center for Food Systems of Russian Academy of Sciences. 109316, Moscow, Talalikhina str., 26. Tel: +7-495-676-97-71. E-mail:
t.mittelshtein@fncps.ru

ORCID: https://orcid.org/0000-0001-8053-2848

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear the equal responsibility for plagiarism.
The authors declare no conflict of interest.

Received 19.04.2020 Accepted in revised 18.06. 2020 Accepted for publication 25.06.2020

44


mailto:a.semenova@fncps.ru
http://orcid.org/0000-0002-4372-6448%A0

THEORY AND PRACTICE OF MEAT PROCESSING, 2020, vol. 5, no. 2

DOI: https://doi.org/10.21323/2414-438X-2020-5-2-45-49

@creative
commons

Available online at https://www.meatjournal.ru/jour
Original scientific paper

THE ELECTROHYDRAULIC METHOD
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Abstract

The paper examines the problem of meat raw material curing in production of whole-piece meat products. The intensification
methods for the process of penetration and distribution of curing ingredients throughout a product are described. Design of the
equipment for meat tenderization URM-1 and URMP-1 is proposed, which ensure electrohydraulic tenderization of the structure
of whole-piece (1500-2000 g) and portioned (80-120 g) meat semi-finished products and accelerate a process of brine distribu-
tion, which will allow reducing product strength characteristics by 51-53 kg/cm, reducing raw material losses, increasing labor
productivity by 8-11%, shortening the duration of the technological process and reducing energy expenditure upon heat treatment
by 18-20%. As a result of the experimental investigations, it was established that an electrohydraulic impact (frequency of pulses
v=0.5-1.0 pulse/sec., number of pulses from 150 to 200) can be used for tenderization of muscle connective tissue and tendons both
of chilled (core temperature of 0 °C to 4 °C) and subfrozen (-2 °C to 3 °C) meat.

Introduction

Due to their palatability and nutritional quality, whole-
piece semi-finished products are in great demand among
the population. Prime cost reduction and assurance of re-
quired quality are important requirements for producers
and consumers of such products. The development of new
technologies will allow increasing output and broadening
an assortment of semi-finished products.

Taking this into consideration, the authors developed a
technology of meat semi-finished products in pieces treat-
ed in brine by the electrohydraulic method. Raw material
curing is one of the most complex and durable techno-
logical processes when producing whole-piece products.
During curing, mass exchange takes place in the system
brine-meat between curing ingredients and meat compo-
nents. To accelerate mass transfer and improve functional-
technological properties of meat raw materials, different
intensification methods for the curing process are used:
biochemical, physical, mechanical and acoustic [1,2,3,4,5].
Analysis of publications on this question also indicates the
use of electrophysical and physico-mechanical methods of
meat treatment [6,7,8]. Methods based on pulsed energy
impacts can be promising for accelerating the process of
meat raw material curing [9,10].

The aim of the work was to create equipment for elec-
trohydraulic tenderization and curing of whole-piece prod-
ucts and develop technological parameters of processing.

Materials and methods

Meat from pork, beef and mutton shoulder and rein-
deer loin was used as objects of research. To process por-
tioned pieces with a weight of 0.08-0.12 kg, we used the

URM-0.1 unit (Figure 1) [11,12,13,14,15,16,17,18,19], which
works as follows. Samples are placed into the body 7 of the
unit; the electrodes 9 located at its bottom penetrate the
tissue structure at a depth of 3-5 mm. Then, the cover 3 is
closed up to the tight contact with the skirt 6, which allows
electrodes 4 to penetrate the structure of a semi-finished
product from the top to the depth of 3-5 mm. Using the
switch 2, electric energy is supplied and the source of pulse
voltage is made operational. Discharge pulse comes to the
electrodes by the pulse buses 10. A spark occurs inside a
semi-finished product and discharge pulsed treatment
takes place.

Figure 1. A scheme of the unit for meat tenderization URM-1: 1 —
grounding; 2 — switch; 3 — cover; 4, 9 — electrodes; 5 — handle;
6 — skirt; 7 — body; 8 — base; 10 — pulse buses

The URMP-1 unit (Figure 2) was used to process large
pieces (1-1.5 kg). Semi-finished products were placed on
the grid 3, which was put into the container 1 and covered
with brine. High voltage pulses that created discharges in
brine were applied to discharge contacts, which resulted in
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their distribution from the cavity to the grid and a prod-
uct, where they lost their energy. This ensured appearance
of a mechanical impact, which tenderized tissue and sig-
nificantly accelerated penetration and distribution of brine
throughout a meat piece.

Figure 2. A scheme of the unit URMP-1 for tenderization of whole-
piece meat semi-finished products: 1 — container; 2 — discharge
contacts; 3 — grid; 4 — hinges; 5 — brine; 6 — whole-piece meat
semi-finished products; 7 — high-voltage transformer; 8 — timer;
9 — switch; 10 — surge current generator; 11 — storage place for
wires; 12 — door; 13 — electric wires; 14 — conductor; 15 — fastener

Technical characteristics of the URM-1 unit for
meat electrohydraulic tenderization and curing: voltage
220-230 V, current 1 A, power 450 W, current frequen-
cy 50 Hz. Technical characteristics of the URMP-1 unit:
VWCh=0.1 m? voltage 15 kV, current 1 A, power 1 kW,
current frequency 50 Hz.

URM-1 is used for portioned semi-finished products
with treatment duration of 5-7 sec. and discharge interval
of 20-30 ps.

For a large piece, URMP-1 is used with treatment dura-
tion of 2-3 min., discharge interval 30-50 ps, spark speed
4300 m/s.

Results and discussion

The proposed method for tenderization of intramuscu-
lar and intermuscular connective tissues and muscle fibers
uses the impact of electrical discharges (an electrohydrau-
lic impact — EHI), that occur in the inner layers of a prod-
uct with a frequency of =50 Hz and duration of 20-30 ps.
This facilitates sharp expansion of liquid in a semi-finished
product and development of a gas channel that ensures the
first hydraulic impact. The channel is closed under an ef-
fect of elasticity of water and meat muscles, then the sec-
ond EHI takes placed and so on. With that, the pressure in
the discharge area and at a distance of 1.5-2 cm reaches a
few tens of kgf/cm?” and more.

Each following electrical discharge increases tissue
destruction. With that, there is an increase in a number
of free surfaces (concentrates of energy), where breaking
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strain and rupture of the tissue structure occur upon re-
flection of falling shockwaves. At constant generation of
a series of electrical discharges, each preceding discharge
creates additional free planes as a result of tissue rupture
creating new slots. As a result, a degree of using the energy
of voltage waves increases more and more, and resistance
of connective tissue inclusions decreases. Muscles of the
internal structure of a semi-finished product are dislocated
to a distance of 3-8 mm. Strength characteristics of a meat
semi-finished products are reduced.

It is necessary to note that released energy from EHI is
selective to the places with increased strength of meat tis-
sues, which ensures meat tenderization [21,22,23,24,25,26,
27,28,29].

The developed method realizes the effect of the elec-
trohydraulic impact that ensure accelerated penetration
and distribution of curing ingredients throughout a prod-
uct due to loosening the structure of meat tissues [17,18,19,
29,30,31,32,33,34].

As publications [21,22,23] show, the proposed method
reduces drip losses, increases assimilability of meat prod-
ucts due to disruption of protein bonds and extension of
intercellular space, improves structural-mechanical prop-
erties of products with a simultaneous increase in product
stability to the development of microorganisms (in raw
materials and finished products).

Figure 3 presents the parameters and technological
scheme of producing cured meat semi-finished products
using URM-1 and URMP-1.

The technological process includes the following opera-
tions: preparation of initial meat raw materials and brine.
Thawed or chilled half-carcasses are trimmed, divided into
cuts and deboned; large piece semi-finished products and
portioned semi-finished products are separated. When
processing bone-in products, a cut is divided into pieces
with a weight of 1-1.5 kg.

The proposed technology includes three stages: elec-
trohydraulic action on the meat structure; separation of
whole-piece semi-finished products into portions and
storage.

Figure 4 presents the microstructure of a meat semi-
finished product after processing using EHI (200 pulses
during 100-120 sec.) with penetration of electrodes into a
product to a depth of 3-5 mm. As a result of the action
of electrical discharges, the connective tissue layers and
muscle structure are destructed. Due to brine penetration
into meat, muscle fibers swell and their volume increases.

The results of the experimental study on the mechanical
processing of semi-finished products from pork, beef and
mutton using the electrohydraulic impact are presented in
Table 1 and Table 2.

The obtained data indicate that the electrohydraulic im-
pact on meat raw materials increases volumes of samples
compared to initial by 47-61%, the thickness of connective
tissue layers increases by 3.3-7.5 times and the weight of
semi-finished products increases by 5-10%.
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Figure 3. Technological scheme for production of cured meat semi-finished products
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Figure 4. Microstructure of the cured semi-finished product after mechanical action of the electrohydraulic impact

Table 1. Changes in the product characteristics as a result of the electrohydraulic impact

Indicators

Beef, 1st category

Thickness of meat semi-finished product, mm

Meat type
Pork, 1st category

initial raw material 17-18 16-18
after EHI 25-28 26-29
i[h.lfkness of soft?ned collagen layers, mm About 0.7 mm About 0.8 mm
initial raw material 24 mm 4-6 mm
after EHI

Weight of semi-finished products, g

initial raw material 101+2 102+2
after EHI 106-109 109-112
Increase in portion weight,% 5-8 7-10

Color of semi-finished products

Insignificantly decolorized
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Mutton, 1st category

17-19
24-25

About 0,6 mm
2-4 mm

104+2
109-110

5-7
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Table 2. Comparative characteristics of the nutritional value
of portioned semi-finished products processed by the traditional
and proposed methods

Content in portion

Indicators  TInitial raw Traditional Ten(.ie- Magni-
materials method rization fication
in URM-1
Caloricity, kcal 168 96 163 +67
Proteins, g 20 12 194 +7.4
Fats, g 9.8 6 9.7 +3/7
Water, g 69.2 45.2 68.8 +23.6

Table 2 presents the nutritional value of experimental
semi-finished products and those produced by the existing
technology.

After corresponding treatment, meat semi-finished
products can be used both for storage (freezing) and for
cooking (heat treatment).

Experimental studies on electrohydraulic tenderization
and simultaneous curing of portioned meat semi-finished
products from the inner part of reindeer loin with a weight
of 80-120 g and whole-piece meat semi-finished products
with a weight of 1000-1500 g that were not subjected to
trimming are presented in Figure 5.

The obtained data show that as a result of reindeer loin
treatment using EHI, shear force decreased by 27-32% and
breaking force by 18-23%.

Conclusion

Electrohydraulic treatment of meat using the URM-1
unit or URMP-1 unit allows decreasing product losses, in-
creasing tenderness and reducing curing process duration
compared to curing in the mechanical equipment.

For practical implementation, it is recommended to use
the proposed equipment to process semi-finished prod-
ucts in large pieces with a weight of 1-1.5 kg and portioned
semi-finished products with a weight of 0.08-0.120 kg.
This will allow reducing product strength characteristics
by 51-53 kg/cm, decreasing raw material losses, increas-
ing labor productivity by 8-11%, shortening technological
process duration and decreasing energy expenditure upon
heat treatment by 18-20%.

The electrohydraulic impact (frequency v=0.5-1.0 pulse/
sec., number of pulses from 150 to 200) can be used for
muscle and connective tissue tenderization of both chilled
(core temperature of 0°C to 4°C), and sub-frozen (-2°C
to 3°C) meat.

Time of mechanical impact (tenderization) on meat structure (traditional method)
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Figure 5. An effect of electrohydraulic treatment on strength properties of muscle and connective tissues of reindeer loin
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