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AHHOMauus Abstract

Lenvio npomeomuxu sénsiemcs uoeHMuPuUKayus écex 6enKos,
ux 6uonozuUecKoll AKMUBHOCMU, NOCM-MPAHCTAUUOHHBIX MO-
Oupuxayuil u 83aUMOOMHOUEHUI 8 KlemKe, U UdeHmMupuKa-
UUSL USMeHeHULl 8 «HpomeoMe» 8 Omeem Ha usmeHenHvle 6uo-  and to identify (quantify?) changes in «proteome» in response to
n02ueckue ycnoeust. TunuuHas nocne0osamenvnocmy Onepanutl — gitered biological conditions. A typical proteomics work flow con-
8 NpomeomuKe BKIIOUAEM IKCMPAKUUIO U pasdesieHue 0enKos,
udeHmuguxayuro 6e1K0s uny nenmudos u aHanus oantvix. Ha-
u6oﬂeepacnpocmpaHeHHb1M Memooom, UCNONb3YeMbIM ons onpe- cation and data analysis. Mass spectrometry is the most common
OesieHusT 0enKos Uz nenmudoe 6 npomeomure, A6NALMCL MAcC  method used to detect proteins or peptides in proteomics. This
cnekmpomempus. Ima cmpamezust umeen MHOHECMBO NPUMe-
HeHUtl, BKI04AS UCCTIE008AHUS 8 HAYKe O MSICe, HO OHA 0ZPAHU-
ueHa 02POMHOIL BUOXUMUMECKOTE 2emepozeHHOCbI0 Genikos 1 we-  but it is limited by huge biochemical heterogeneity of the proteins
CNOCOGHOCMbI0 MOUHO20 ONnpedeneHus MAOPACPOCMPAHERHbIX  and an inability to detect accurately low-abundance proteins. The
6enkos. Llenvio danrozo 0630pa A6AAEMCS CYMMUPOBAHUE COBPe-
MEHHO020 3HAHUS U UOEHMUPUKAUUS OYOYULUX NOTEHUUATIDHBIX

The aim of proteomics is to identify all proteins, their biological

activity, post-translational modifications and interactions in a cell,

sists of protein extraction, separation, protein or peptide identifi-

strategy has many applications, including research in meat science,

aim of the present review is to summarize the current knowledge

npUMeHeHuTl nPOMeOMUKL 8 HAyKe U mexHonozuy micHoil npo-  and identify future potential application of proteomics in meat sci-
MbLULTIEHHOCTU. ence and technology.

BBenenue Introduction

B mocnensue pecATMIETS, HAYYHOE COOOLIECTBO In the last decades, the scientific community has faced

CTAJIKMBAETCSI C OBICTPBIM pPa3BUTMEM U COBEPIIEHCT-
BOBaHJEM OMMYECKMX METOJOB C BBICOKOJN NPOIYCKHOI
CIOCOOHOCTBIO. Pa3BuTME 3TUX METOLOB TaKXKe 3HAYU-
TeJIbHO U3MEHWJIO SKCIIEPUMMEHTa/IbHble TIOAXONbl B Hay-  experimental approaches in food-related sciences. Omics
KaxX O TMMIIEBBIX NPOAyKTaX. OMMKA, B LENOM, ABIACTCA  in general is a very dynamic area which advancing very
OYeHb IMHAMUYHOIT 00/1aCTbI0, KOTOpas OBICTPO Iporpec-
cupyet. Bce 607b1mii MHTepec BBI3bIBAET MCIIOIb30BAHIE
TeHOMUKU, IPOTEOMVKY ¥ METaO0JIOMMKI B HayKe O Msce
OIS TIONydeHUs IIO/Ie3HOM ]/[Hq)opMau]/[]/[ 0 PasMMYHBIX to extract useful information about various meat charac-

XapaKTEPUCTUKAX MsCa M OCBELIEHUA MOJIEKYISAPHOTO  teristics and elucidating molecular mechanism behind
MeXaHN3Ma, JIeKallero B OCHOBE Bapyaliiil B 9TUX Xapak-

a rapid development and maturation of high-throughput,

omics technologies. This has also dramatically changed the

rapidly. A growing interest is directed towards the use of

genomics, proteomics and metabolomics in meat science

variations in these characteristics.

TEPUCTUKAX. ™ ) ) din1995 to describ
e term «proteomics» was invented in to describe
TepMun «mmpoTeomuka» mosABwiaca B 1995 r. g onm- P
CaHMs KPYIHOMACIITAGHON XapaKTepUCTHKY Bcero Gen- @ large-scale characterization of the entire protein comple-
KOBOTO KOMIUIEKCA JIVHNUY K/IETOK, TKaHeil mny opranus-  ment of a cell line, tissue, or organism [1]. Proteomics is a
Mma [1]. IIporeommka — 3TO M3ydeHue OIpefeTeHHOTO

study of a specific proteome which is the entire comple-
IIPOTEOMa, TO eCThb IIOJTHOTO KOMIITIEKCa OeIKoB, BbIpaba-

ThIBa€MbIX OMOJIOTMYECKOI CHCTEMOIT IIPY OIpefie/leHHBIX
(U3NONIOTMYeCKNX YCIOBMAX U B OINpefe/leHHOEe BpeMs. specific physiological conditions and at a specific time.

JTro6pre Mopudukanuy, BO3HNUKAIOIMe B onpefeneHHOM  Any modifications occurred to a particular set of proteins,

ment of proteins produced by a biological system under

18



2017 | N91 TEOPUS1 U NPAKTUKA NEPEPAGOTKN MSICA

Animal production |
¥XuBoTHOBOACTBO
e

>

Processing and storage |
MNepepaboTka u xpaHeHue

b\

Final quality of meat product |
KoHeuyHoe KauecTBo MACONPOAYKTa

Species, breed, gender, age,

Thermal treatment

genetic background

Animal health ' Slaughter procedure | Use of preservatives
Management practises Npoueaypbl y6os Packaging |
Climate | TepmoobpaboTKa

Mechanical treatment

Bua, nopoga, non, Bo3pacr,
reHeTU4yeckmu GoH
380poBbe XKUBOTHOMO
MpaKTUKN meHeaKMeHTa
Knnmat

Figure 1. Factors determining final qualtiy of meat product
Puc. 1. ®akropsl, onpesenAmwolie KOHEYHOE Ka4eCTBO MACOIPORYKTa

Habope 0eIKOB, MOTYT ObITh M3y4eHBI C MCIIOIb30BAHN-
eM IPOTEOMUKN. B Haykax O >KM3HMU, BKIIIOYasl CEIbCKOE
XO3SI/ICTBO, HAYKN O NMINEBBIX IIPOAYKTAX ¥ XMBOTHBIX,
MICIIO/Ib30BaHNe POTEOMMKHA SIBTISIETCS GOBIINM IIATOM
BIIepef] /I OTydeHNs 6e30IacHOTrO MNIIEBOrO MPOAYK-
Ta IPeBOCXOIHOTO KayecTBa M I YIY4IIeHVs 9KOMIOTH-
4eCKOJl pallllOHa/IbHOCTY )XKMBOTHOBOJICTBA.

CocraB Msica, CEHCOPHO€ KadeCTBO ¥ IMTAaTe/lbHAs
LIEHHOCTD SIBJISIIOTCS BaXHBIMIU XapaKTePUCTUKAMM, KO-
TOpBIE OIPEe/II0T Ka9eCTBO MsICa 1 €0 IIPUEeM/IEMOCTD
i moTpeburerneii. Ha kauecTBO Msca OKasbIBAIOT BIIV-
HIIe IIpefy6oriHas 06paboTKa XMBBIX )XMBOTHBIX U CEPUS
HOC/IeYOOIHBIX COOBITMIL, @ TaKXKe IepepaboTKa 1 yCiIo-
Busix XpaHeHus (puc. 1). [Iporeomuka sIBIsieTCs IePCIIeK-
TVBHBIM IIO/IXOZJOM J/IsI Mi3yIeHNsI MEXaHN3MOB, JIEKAINX
B OCHOBE Pa3lMYHBIX Ka4eCTBEHHBIX IPM3HAKOB Msica
¥ BJIMSIHUSA MsCA Ha 3[J0pOBbe Ye/I0BeKa.

Ilenpio maHHOrO 0030pa SB/IAETCI CYMMMPOBaHNUe
COBpeMEeHHBIX 3HaHWIT U upeHTUUKauus Oyaylero mo-
TEHI[Ma/IbHOTO IIPYMEHEHVsI IPOTEOMUKY B HayKe I TeX-
HOJIOTMY MSICHOU IIPOMBIIITIEHHOCTH.

Ilomounas cxema npouecca
npomeomHoz2o uccne0osanus

[TocnenHme JOCTMKEHNUS B KOHTPOIBHO-U3MEPUTEITb-
HOM O0OpyHOBaHUYM U OMOMHPOPMATUKE IIO3BOJISAIOT
aHa/MsupoBath npoteoM (puc. 2). OpHuM 13 Haumbo-
Jlee IIMPOKO MCIIONb3YeMbIX METOROB IPOGUIMPOBAHIS
SABIIAETCS JIBYXMEpHBII reb-anekTpodopes (2DGE),
B KOTOpOM Oe/Ku pasfensioTcsi B COOTBETCTBUM C UX
M3097IEKTPUYECKVMI TOYKAaMJ B IIEPBOM HAlpaB/IeHUMN
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MexaHuyeckaa 06paboTKa
Mcnonb3oBaHMe KOHCEPBaAHTOB
YnaKkoBKa

can be studied using proteomics. In life sciences includ-
ing agriculture, food and animal sciences, the use of pro-
teomics is a great step towards to achieve safe product of
superior quality and to improve sustainability of animal

production.

Meat composition, sensory quality and nutritional
value are important characteristics which determine meat
quality and acceptability by consumers. Meat quality is
affected by pre-slaughter handlings of live animal and a
series of the postmortem events, as well as by processing
and storage conditions (Fig. 1). Proteomics is a promising
approach to study the underlying mechanisms of different
meat quality traits and the effect of meat on human health.

The aim of the present review is to summarize the cur-
rent knowledge and identify future potential application of

proteomics in meat science and technology.

Proteomics process flow chart

Recent advances in instrumentation and bioinformat-
ics have made it possible to analyze the proteome (Fig. 2).
One of the most widely used profiling approaches is two-
dimensional gel electrophoresis (2DGE), in which the
proteins are separated according to their isoelectric points

in the first dimension and according to their molecular
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Figure 2. A schematic representation of the proteomics workflow

ue
| sz1s Ag ¢

1. By charge |
1. Mo 3apagy

—

[ s

Data analysis |
- - AHaNn3 AaHHbIX

Spot
selection |
Bbibop
Digestion | naTeH
fmpponus —
NC)
Peptides |
MenTnabl

Puc. 2. Cxematnyeckoe IpencraBjieHne TIOTOYHON CXE€MBbI IIPOTEOMHOT0 MCCIIEJOBaHNA

U B COOTBETCTBMM C UX MOJIEKY/IAPHOI Maccoif BO BTOPOM
HaIIPaBJIeHN!, C IOCIEAYIOUVM IIPOTEOIM30M OIpefe-
JIEHHBIX COfiep>KallyX Oe/IKy IATEeH M Macc-CIeKTpoMe-
TPUYECKMM aHa/TN30M.

2DGE mmeeT 4yeTKoe IpeUMYIIECTBO IO CPAaBHEHMUIO
C OJHOMEPHBIM TIe/b-9IeKTPO(Ope3oM M13-3a ero CIo-
cobHOCTM ObecmeuyymBaTh XOpolllee paspelleHre 0eIKoB
B C/IOKHOI CMecU He TO/IbKO IO OTHOCUTEIbHON Mojle-
Ky/IApHOIT Macce 6e/lka, HO Tak>Ke U 110 €r0 M303/IeKTPH-
yecKoll Touke. JIpyTM Ba>KHBIM MOMEHTOM ABJIAETCA TO,
4yTo obopynoBanue A 2DGE xoMMepuecku HOCTYITHO
npu npuemnemoii reHe. OgHako HegocTtaTkoM 2DGE aB-
JISI€TCA TO, YTO C €r0 IIOMOIIbI0 HEBO3MOXKHO OIIpEefle/IUTD
MayIopacupoCTpaHeHHbIe OeTKN.

[Tocne paspenenua metopoM 2DGE, nATHa Ha rere
MOTYT ObITb MHAMBUAYATbHO U3B/IEYEHBI 1 [IO/{BEPTHY ThI
IocrefyolleMy MpOoTeonUTUYeCcKOMY ruaponusy. Cmech
HENTU/I0B, 00pa3oBaBIIAsCA B pe3y/IbTaTe TUAPONIN3a, MO-
JKeT ObITh MPOAHAMM3MPOBAHA C MOMOIIBIO MaCC-CIIEKT-
pometpun (MS). Beicokast 4yBCTBUTEIBHOCTD 1 TOYHOCTD
MS npuBOIUT K paclIMpeHNI0 MPOTEOMHOTO MCCIEN0Ba-
Hus. Benky i nentuipl MOryT ObITh MAeHTH(UIPOBa-
HbI, MCIIONIb3Ysl BPEeMANPONETHYI0 MACC-CIIEKTPOMETPUIO
C MaTpUYHO- aKTMBMPOBAHHOI J1a3epHON pecopOimert/
nounsaiueit (MALDI-ToF-MS) u snekTpopacbinTeNb-
HYI0 MIOHU3AIMI0 — MacC-CIEKTPOMETPUIO C KBaJIPYIIO/Ib-
Hout nonHoit nopyuikoi (ESI-Q-IT-MS). MALDI-ToF-MS
ABJIACTCA OBICTPBIM, TOYHBIM METOJOM, KOTOPBIN CIIOCO-
6eH ompepenuTb nenTup Ha yposHe f-monb. ESI-Q-IT-MS
OOBIYHO MCIIONIB3YeTCS [JIA IIONMY4eHVS IAaHHBIX O IIO-
crefoBaTeNnbHOCTY IenTuznoB. Hoselimmee mpoTeoMHOE
o6opynoBaHue Tak>Ke BKIIOYAeT TaH[eMHBIN BPeMSIIpO-
JIETHBIV MAacC-CIEKTPOMETP C MaTPUYHOI TasepHOIN Je-
copbueit/monnsauyern (MALDI-TOF/TOF), koTopsrit
obecrieunBaeT MHpOpMaLMel O MOC/IENOBATe/IbHOCTI
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weights in the second dimension, followed by proteolysis
of particular protein-containing spots and mass spectro-
metric analysis.

2DGE has a clear advantage over 1-dimensional electro-
phoresis because of its ability to provide good resolution of
proteins in a complex mixture not only on the relative mo-
lecular weight of a protein, but also on its isoelectric point.
Another important point is that equipment for 2DGE is
commercially available with reasonable price. However,
the drawback of 2DGE is that it is not possible to detect
low-abundance proteins.

Following 2DGE separation, the gel spots can be in-
dividually excised and subjected to subsequent proteo-
lytic digestion. The mixture of peptides produced upon
digestion can be analyzed with mas spectrometry (MS).
The high sensitivity and accuracy of MS led to an expan-
sion of proteomics research. Proteins or peptides can be
identified using matrix-assisted laser desorption/ioniza-
tion time-of-flight MS (MALDI-ToF-MS) and electro-
spray ionization-quadrupole ion trap MS (ESI-Q-IT-
MS). MALDI-ToF-MS is a fast, accurate method, which
is able to detect peptide at fmol levels. ESI-Q-IT-MS is
usually used to obtain peptide-sequence data. The newest
proteomics equipment also includes the MALDI tandem-
time-of-flight (MALDI-ToF/ToF) mass spectrometer,

which provide peptide-sequence information. It should
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nentusos. Heo6XoguMo OTMETUTDb, YTO He CYIIECTBYeT
UJieaIbHOTO IIPOTOKO/IA, KOTOPBIl MOXKET OBITh IPUMEHEH
IJ1A BCEX IIPOTEOMHBIX MICCTIEJOBAHMIA.

Hpomeomuka 8 UCcne008anusx buoxumuu MblidYy

BOMBIIMHCTBO MSICONPOAYKTOB HMPOMU3BOJAT U3 CKe-
JIETHBIX MBIIII; TAKMM 06pa3oM, He0OXOAMMO YeTKOe I0-
HYMaHMe OMOXMMMM CKeJIeTHBIX MBIIIL /IS TOHVIMAHMA
OMOXMMMNYECKOII OCHOBBI ITPOIiecca MpeBpalle N MBbIIII]
B MSICO.

KomyecTBO NPOTEOMHBIX MCCIEHOBAHMII C IIE/IbIO
XapaKTePUCTUKM OMOXVIMUYM MBI OBICTPO YBEIMYMBA-
ercd. bonpmmHcTBO MccnemoBanuii ucnonbsyor 2DGE
BBICOKOTO pa3pelleHNsi MIN >KUAKOCTHYI0 XpOMarorpa-
¢duro B koMbuHanuu ¢ mMacc cruekrpomerpueit (MS) mus
upeHTHdUKanym 6e1Ka ¢ BHICOKOI MPOITYCKHOM CIIOCO0-
HOCTBIO [2, 3, 4, 5, 6].

Bouley et al. [7] upentudunmposamum 129 6enkos
B Mbiuie Semitendinosus ot KPC nopogpsl uraporne, nc-
nonb3ya 2DGE n uMMo6unnsoBanHblii rpaguent pH 4-7
B IepBOM HampabneHuy u MS. IIpuMeHeHUe MOMTOCOK
pH 4-7 MoXeT OrpaHM4YMBaTh BU3Ya/NN3aLVI0 OCHOB-
HBIX 0€JIKOB, HO B LIeJIOM METOJ, II0Ka3a/l XOpOLIYI0 BOC-
npon3BoOAUMOCTh. VigeHTndunypoBanusle 6enky ObUIn
B OCHOBHOM BOBJIEYeHbI B KJIETOYHYIO CTPYKTYpY, 3a-
IUTY KJIETOK, MeTAa0OIM3M MBIIIL U COKPAaTUTETbHBIN
anmapat. Hanbonee kpynHbsIMu Genkamu, MieHTUDUIIN-
POBaHHBIMU B JAHHOM WCCIIEOBAHUM, OBIIM MUO3VH-
ceaspiBaromuit 6emok C 128,29 xJla, a HaUMEHbIINM ObIJT
annn-KoA-csaspiBaromuit 6enok 9,91 x/Ia.

HexxHoCTb cumMTaeTca OgHMM M3 Hambomee BaXKHbBIX
XapaKTepUCTUK KadecTBa Msica. He>XXKHOCTb B OCHOBHOM
OIIpefie/IAeTCs CTENEHbI0 IPOTEONM3a KIIIOUeBbIX MIHI-
OQUOPWIIAPHBIX M LIMTOCKEJIETHBIX O€/IKOB B MBIIIIe
Y IOC/IEAYIOLVIMIU V3MEHEHMSIMY CTPYKTYPbI MBIIIIT. DH-
JIOTeHHasl Ka/bLii-3aBUCUMasl KaJlauHOBas CUCTeMa
ABJIAICTCS BRXXHBIM PETYIATOPOM IIPOTEONN3a B IOC/Ie-
yOOIHBIX YCTOBMAX. AKTMBHOCTD Ka/IIaTHOB PEryIupy-
eTCsl MHIMOUTOPOM KanmacTaTuHoM. IIporeommka MH-
TEHCUBHO MCIIONb3yeTCsl AJISl M3y4deHMsI HOCTIeyOOHOTOo
npoTeonusa. [IpoTeoOMHBIN OXON TaKXe ObIT CHOCOOeH
upeHTUGUIPOBaTh APyrie OeIKy, a MMEHHO CyObenu-
Huny anbdpa ATO cunTass! 1 anbda aKTUHUH 3, KOTOPbIe
MOTYT OBbITb BOBJIEYEHBI B PETYIVPOBaHNe KaJIIalHOB
B Mblne [8]. IIporeomuka mokasana, yro 6omee 100 pas-
JIMYHBIX O€IKOBBIX ISITEH OBUIM M3MEeHEHbI mocne ybos,
BEPOSATHO, B pe3ynbTare nmporeonusa [2]. Morzel et al [9]
UieHTU(GUIPOBaIN U3MEHEHNUA B TPONIOHNHe T, aKTuHe,
Q-KpMCTA/UIVHE, MUOKIHA3€e, KpeaTMHMHKIHA3e ¥ MUTO-
xonapuanpHoi AT®ase, a Taxoke caitdep (cypher) — 6en-
KaX ¥ MMO3€eHMHE B CBMHMHE B TeueHue 72 4 CO3peBaHu.
Copep>kaHie CBA3aHHBIX CO CTPECCOM O€/TKOB CHIDKAIOCh
B CapKoOIUIa3MaTu4eckoy ¢ppakunm npu cospesannn [10].

pentndukauns 6GMOMapKepoB, CBSA3aHHBIX C HEX-
HOCTBIO Msca, MMeeT OOJIblIOe 3HA4eHMe I MACHOI
IPOMBIIIIEHHOCTY. B HacTosllee BpeMs CyIeCcTBYeT
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be noted that there is no ideal protocol which can be ap-

plied to all proteomics research.

Proteomics in research on muscle biochemistry

Most meat products are derived from skeletal muscles;
thus, clear understanding of biochemistry of skeletal mus-
cle is essential in understanding the biochemical basis of
a process of muscle to meat conversion.

Number of proteomic studies to characterize muscle
biochemistry is rapidly increasing. Most studies use high-
resolution 2DGE or liquid chromatography, in combina-
tion with mass spectrometry (MS) for high-throughput
protein identification [2, 3, 4, 5, 6].

Bouley et al. [7] identified 129 proteins in Semitendi-
nosus muscle of Charolais cattle using 2DGE using an im-
mobilized pH 4-7 gradient in the first dimension and MS.
The use of pH 4-7 strips might limit visualization of basic
proteins, but generally the method showed a good repro-
ducibility. The identified proteins were mainly involved in
cell structure, cell defense muscular metabolism and the
contractile apparatus. The largest protein identified in that
study was the 128.29 kDa myosin-binding protein C, and
the smallest was the 9.91 kDa acyl-coA-binding protein.

Tenderness is considered as one of the most important
feature for meat quality. Tenderness is mainly determined
by the degree of proteolysis of key myofibrillar and cyto-
skeletal proteins within muscle and subsequent alterations
of muscle structure. The endogenous calcium-dependent
calpain system is an important regulator of proteolysis
under postmortem conditions. Activity of calpains are
regulated by the inhibitor calpastatin. Proteomics was
intensively used to study postmortem proteolysis. Pro-
teomic approach was also able to identify other proteins,
namely ATP synthase subunit alpha and alpha actinin 3,
which may be involved in the regulation of the calpains in
muscle [8]. Proteomics revealed that more than 100 differ-
ent protein spots have been altered postmortem likely as
result of proteolysis [2]. Morzel et al [9] identified changes
in troponin T, actin, a-crystallin, myokinase, creatine ki-
nase and mitochondrial ATPase, as well as cypher proteins
and myozenin in pork during 72 hours ageing. Content of
stress-related proteins decreased in the sarcoplasmic frac-
tion with ageing [10].

Identification of biomarkers related to meat tender-
ness is of major importance for meat industry. Recently,

a wide range of data was to identify compounds related
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60/1bIII0E KOMMYECTBO MAaHHBIX ISl MOAeHTUUKALUU CO-
eIMHEHMN, CBA3AaHHBIX C HEXXHOCTBbIO Msgca. MHorue us
3TUX JJAHHBIX OBIIN MOTy4eHbI ¢ uctonb3oBanueM 2DGE
and MS [11]. Beito BbIckasaHO MPeNIIONOXKEHNeE, YTO Cpe-
mn 21 usydeHHOro 6enka, HeOOBIION OENTOK TEIIOBOTO
moka Hsp70-1B MoxeT cny>kuTb 610MapKkepoM HefoCTa-
TOYHOJ HeXKHOCTY roBsAAMHSI [12]. [Ipyrue 60mee panHue
UCCIEOBAHMS TOBOPAT O TOM, YTO TaKue OMOMapKepsl
KakK 130pOpMBI TSDKEION IierM MMUO3MHA WM Lienb B
JIAaKTATAETU/[POTeHa3bl, 110 BCeil BEPOATHOCTY, SB/IAIOTCS
crierpMIHBIMM JI/ISI MBILILBI MU TTOPOfBL. B 06111em, co-
KpaTuTe/lbHble ¥ MeTabo/I4ecKyie CBOVICTBA OT/eNbHOI
MBIIIIIBI UTPAIOT OCHOBHYIO POJIb B Pa3BUTHUU HEXKHOCTH.
B uenom, mocney6oriHas gecTpyKuys psAga 6enkoB Obiia
feTanbHO usydeHa. OHAKO HELOCTATOYHO SICHO, KaK 9TU
0e/IK/1 BOBJIEYEHBI B TEH/[EPU3ALINIO MICA.

Bomoynepxupatontas crioco6HocTs (BYC) Takxke sB-
JIIeTCA ONHON U3 HamOolee BaKHBIX KaYeCTBEHHBIX Xa-
PaKTEPUCTHK CBEXEro Msca, KOTOpas OKa3bIBaeT BIIMs-
HIMe Ha BHEIIHMI BUJ, U BBIXOJ] MsICa, U, B KOHEYHOM CUeTe,
Ha BOCIIPMHMMAEMYI0 COYHOCTb Msca MOCTIe TepMoobpa-
6otku. [IpoTeoMuka Obl1a IpyMeHeHa /I U3YYeHNS JU-
Hamuky BYC wmpiner longissimus lumborum sika mocie
y6os: [13]. B atom mccnemoBanum [yis MpeHTUUKALN
6enxoB ucnonbzoBamu MALDI TOF/TOF, u 6b110 moka-
3aHO, 4TO COfepKaHue 55 6e/IKOB, BKJIIOYas JIETKYIO L€Ilb
MIO3JHa, 0€/IOK TeIyIoBOro Ioka 27 u Tpuosodocdar
u3oMepasy pasnndanoch B 0, 1 1 7 gHM HOCTIEyOOITHOTO
cospeBaHus. [Ipumepom craboit BYC apnserca 6negHoe,
nps6noe n akccyparusHoe (PSE) msaco. dyHpameHTab-
HYIO OCHOBY 0J1efHOTO, Aps16710T0 1 9KCCcyatuBHoro (PSE)
Msica KYPUHBIX TPY/OK M3Y4asIyt, UCIIONb3Ys IIPOTEOMHBII
IIOIXO].

Bo Bpems co3peBaHus Msca TakXe IPOUCXORAT U3-
MeHEHUS B COENVHUTENbHOI TKaHM, KOTOPbIE, II0 MEHb-
eyl Mepe, YaCTUYHO CIIOCOOCTBYIOT PaCTBOPEHUIO
KO/UIareHa BO BpeMmsA TepMoobOpaboTku. ITporeoMHBIit
HOZIXOJ; OBIT MICIIONIb30BAH /IS M3y4YeHUs BIUAHUA Tep-
Moo6paboTky Ha MopuduKanyio Oenka B ATHATUHE [14].
Komnnaren tuna I u Tuna III  6bu1 onpepeneH nocre Tep-
Moo6paboTky B TedeHue 10 MMH., yKa3biBas Ha TO, YTO
9KCTPArupyeMoCTb TUX OeIKOB yBeIM4YMBAIach MOCIe
TEepMOOOPaABOTKIN.

CBsi3p MeXJy KadeCTBOM Msica U IPeRyOOitHbIMM
YCTIOBUSIMU Y KMBOTHBIX TaK)Ke OblIa OXapaKTepr30BaHa
¢ momo1ibio mporeomMuku. Morzel et al. [9] coobmmm, uto
mutoxouapuanbHas AT®P-asa Obma CBEpPXIKCIPECCUPO-
BaHa y CBMHEl, TPAaHCIOPTHPOBAHHBIX HENOCPEeJCTBEH-
HO TIepef; y6oeM [0 CPaBHEHMIO C TeMMU, KOTOpble ObUIN
TPAaHCIOPTUPOBAHBL 3a JieHb 0 y6os. Amid et al [15]
HIPUMEHIWIN TIPOTEOMUKY I U3ydeHus npodueit 6en-
KOB KYPUHBIX Cepfiel] U UeHTU(UIMPOBaIU TPOIOHUH
I u anpda akTUH 1 ceppieyHON MBI KaK IOTEeHIa/Ib-
Hble MapKepbl 97IeKTPOCTUMYIMPOBAHHBIX IITHL. [a30Boe
ornylieHne/y6oil o Iepepe3saHys IIeM AKTUBMPOBAJIO
9KCIIpeccuIo b6eTa-eHoMa3bl, MMPYBaTKMHA3BI Y KpeaTuH-
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to meat tenderness. Many of these data was produced
using 2DGE and MS [11]. It was suggested that small
heat shock protein Hsp70-1B among 21 studied proteins,
might serve as a biomarker of low tenderness in beef
[12]. Other earlier studies suggested biomarkers such as
myosin heavy chain isoforms or lactate dehydrogenase
chain B seemed to be muscle- or breed-specific. Overall,
contractile and metabolic properties of a single muscle
play a major role in the elaboration of tenderness. Gen-
erally, postmortem degradation of several proteins has
been studied in great detail. However, it is not well un-
derstood how these proteins are involved in the meat
tenderization.

Water-holding capacity (WHC) is also one most im-
portant quality of fresh meat, which affects the appear-
ance and yield of meat and ultimately the perceived
juiciness of meat after cooking. Proteomics was applied
to study dynamic of WHC of yak longissimus lumborum
during postmortem [13]. In that study, MALDI TOF/
TOF was used to identify proteins, and it was shown that
content of 55 proteins, including myosin light chain, heat
shock protein 27 and triosephosphate isomerase, differed
at days 0, 1 and 7 during postmortem aging. Poor WHC
is exemplified in pale, soft, and exudative (PSE) meat.
The fundamental basis of pale, soft, and exudative (PSE)
breast meat in chicken has been studied using the pro-
teomic approach.

Connective tissue also undergoes alterations during
meat ageing, which at least partly enables the solubiliza-
tion of collagen during cooking. Proteomic approach was
used to study the effect of heat treatment on protein modi-
fications in lamb meat [14]. The collagens type I and type
IIT were detectable after cooking for 10 min suggesting that
the extractability of these proteins increased after the heat
treatment.

Association between meat quality and pre-slaughter
conditions of animals was also characterized with help of
proteomics. Morzel et al. [9] reported that mitochondrial
ATPase was over-expressed in pig transported immedi-
ately before slaughter compared to these transported the
day before slaughter. Amid et al [15] applied proteomics to
study protein profiles of chicken hearts and identified tro-
ponin I and alpha cardiac muscle actin 1 as potential mark-
ers of electrically stimulated birds. Gas stun-to-kill prior
to neck cut up-regulated the expression of beta-enolase,

pyruvate kinase and creatine kinase in breast muscles in
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K/HAa3bl B MBIIILAX TPYAOK LBIIIIAT-OPOIIIEpPOB 1O CpaB-
HEHIO C Xa/IAIbHBIM y6oeM 6e3 ornmyuenus [16].

JIMMyHOKacTpanys (MMMyHM3anysi IPOTUB TOHa-
JOTPOIVH-PWIN3UHI TOPMOHA) CaMIIOB CBUHEI — 3TO
WafiAIas albTepHATUBA XUPYPIUYECKO KacTpalym [Is
CHIDKEHMA pUCKa IIPMBKyca XpsAKa. DbIIO IpoBefeHo
CpaBHeHMe HPOTEOMHBIX IHpOQuIelt MBI OT XUPYp-
TMYeCK) KaCTPUPOBAHHBIX CaMIIOB CBVHEH U MMMYHO-
KaCTpUpPOBaHHBIX CBMHell [17]. YcraHoBIeHO, 4TO 50 U3
610 MaeHTNPULMPOBAHHBIX O€/IKOB I0-Pa3HOMY 9KCIIpec-
CMPOBAJIUCD IIPU UMMYHO- M XMPYPIU4eCKOil KaCTpalyu.

Kpome toro, npoTreommka 6bl1a UCIIONb30BAHA JIIA 13-
y4eHVs BIVAHMA PallYiOHa Ha POCT OpOillepoB M KOHed-
HOe KayecTBO MsAca [3].

IIpomeomuka 6 uccnedosanuuy Kavecmea
nepepabomanHozo msaca

[TpoTeoMHBIIT aHAMN3 MOXXET OBITH MCIIOIB30BAH IS
U3y4eHMs1 KadeCTBa Msca U MAeHTUPMKALUM OuoMapKe-
POB KavecTBa Msica. ITO 0COOEHHO C/TOXKHO IIPK aHA/IM3e
6e/IKOB B IepepabOTaHHBIX MIPOAYKTAX, KOTOPbIE COCTOAT
U3 MsICa, XKMpa, Crlelnit, J06aBOK U T.J., U3-3a UX MHOTO-
KOMITOHEHTHOCTY U YaCTO reTepOreHHOCT.

HayuHble fjaHHBIE IO TPOTEOMHBIM METOLAM [I/IS M3-
yd4eHrs HpepabOTaHHBIX MSCOIPOAYKTOB OIPaHMYEHBL.
Sklerp et al. [18] ucronb3oBamM MPOTEOMUKY JIJI CPAB-
HEHVsI HepacTBOPMMOII 0enKoBOIl (pakLuy B MbIIIIe
biceps femoris cyxoro mocona B COOTBETCTBUM C ABYMs
pasnuunbiMu renotunamu (PRKAG3 n CAST), n nokasa-
nu, uTo PRKAG3 B OCHOBHOM BIMAI Ha MeTabonmn4IecKue
(depMeHTBI MBIIIL, YKa3blBasi Ha BJMsHME TEHOTHUIIA Ha
MeTabonusMm Mbimn. CAST BAMAT TONBKO Ha KOINYECT-
BO OofHOro ¢parmMeHTa akTMHA. TO )Xe camMoe MCCIeoBa-
HII€e IIPOJIEMOHCTPUPOBAJIO, YTO YPOBHM COM B IIPOAYKTE
CYXOro IOCOJIa OKa3bIBAIOT CYILIECTBEHHOE BIIMAHMIE Ha
ero MpOTEOMHBIIT Podub, 0COOEHHO MeTaboNMMIecKue
(depMeHTBI, 0KV I/Ias3MBbl, MIANEPOHBI U MUOGUOPNI-
nspHble 6enku [18]. Pioselli et al [19] upenTuduumposanm
TPOIOHWH, MUO3WH, aKTUH U (ParMeHT CHIBOPOTOIHOTO
ampOyMMHA KaK MapKepbl T€XHOJOTMYECKOTo Ipoliecca,
UCIIO/Ib3YEMOTO 151 TepMOOOPaOOTaHHBIX OKOPOKOB.

IIpomeomuxa 6 uccnedosanuu
panvcudpurxayuu maca

[Torpeburenn TpebylOT HafjeXHO! WHPOpPMALUK
0 Msice, KOTopoe oHM noTpeb/saoT. K coxanenuio, ¢ab-
cnpuKauyA NUIIEeBBIX IPOAYKTOB He ABJIACTCA eAVHUY-
HBIM crmy4aeM. B 2013 r. Bennko6putanus 6bi1a MOKMPO-
BaHa CKaH/AJIOM, KOI/]a B IIPOLYKTbI M3 TOBAAMHBI OblIa
HofiMeIlIaHa He JieKIapypoBaHHAsA KoHWHA. Vmentudm-
KallysA BUJIOB MsAcCa B MACOHNPOAYKTAaX, TAaKUM 0Opasom,
ABJISIETCS BXXHOI /IS BBIABIEHMs (anbcuduKanmm uim
MOILIEHHIYeCKOl1 3aMeHBI 1 /I IpUOOpeTeHNs JOBepUs
notpebuTesneil. BbUM NMpenIoskeHbl HeCKOIbKO METOOB,
B OCHOBHOM MeTOfibl, ocHoBaHHbIe Ha [JHK u TBeppodas-
HoM nMMyHodepmenTHOM aHanu3e (ELISA). B HacTosmee
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broiler chickens compared with Halal slaughtering without
stunning [16].

Immunocastration (immunization against gonado-
tropin releasing hormone) of male pigs is a friendly al-
ternative to surgical castration to reduce the risk of boar
taint. Proteomic profiles of muscles from surgically cas-
trated male pig and immunocastrated pigs were com-
pared [17]. It was shown that 50 of 610 identified proteins
were differentially expressed in immuno- and surgical
castration.

In addition, proteomics has been used to investigate

dietary effects on broiler growth and final meat qual-
ity [3].

Proteomics in research on processed meat quality

Proteomics analysis can be used to study meat quality
and to identify biomarkers for meat quality. It is particular-
ly challenging to analyze proteins in processed products,
which consist of meat, fat, spices, additives et cetera, due to
their complexity and often heterogeneity.

The scientific data on proteomics approach to study
processed meat products is limited. Sklerp et al. [18] used
proteomics to compare insoluble protein fraction of dry-
cured biceps femoris according to two different genotypes
(PRKAG3 and CAST), and showed that the PRKAGS3 af-
fected mainly muscle metabolic enzymes, indicating an
effect of genotypes on muscle metabolism. The CAST
only affected the quantity of one actin fragment. The
same study demonstrated that levels of salt in dry-cured
product significantly affected its proteomic profile, espe-
cially metabolic enzymes, plasma proteins, chaperones
and myofibrillar proteins [18]. Pioselli et al [19] identi-
fied tropomyosin, myosin, actin and a fragment of serum
albumin as markers of the technological procedure used

for cooked ham.

Proteomics in research on meat fraud

Consumers demand reliable information about meat
they consume. Unfortunately, food fraud is common.
In 2013, the United Kingdom was shocked by a scandal in
which beef products were adulterated with non-declared
meat from horse. The identification of meat products spe-
cies is therefore important to detect adulteration or fraud-
ulent substitution and gain consumer’s trust. Several meth-
ods have been suggested, mainly DNA-based methods and

enzyme-linked immunosorbent assay (ELISA). The possi-
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BpeMs M3y4aeTcsl BO3MOXKHOCTb IPUMEHEHNs IIPOTeOM-
HOTO NOAXOJa st obecredeHns UASHTU(PUKALUN BULOB
Msca, HO JaHHbIE BCe ellle OrpaHMYeHHble. Von Bargen et
al [20] paspaboTan YyBCTBUTENBHBIN Macc-CIEKTPOMe-
TPUYIECKUIT METOJ, C MOHUTOPMHIOM MHO>KEeCTBEHHBIX pe-
akuuit (MRM), KOTOpPBIi IO3BOIVII ONIPERENTNTh HU3KIE
KOHIIEHTpAIM/ CBYHNHBI ¥ KOHMHBI B 00pasiiax Xassib-
HOV TOBSITHBI.

boimn ycraHoBNeHbl MexxBUoBble pazmuuuA B 2DGE
npoduie 6e1KOB MeXAY CBUHBbsAMY, Kypamu, KPC, nupto-
KaMJ, YTKaMI 1 T'YCSIMU KaK B ChIpbe, TaK U B Iepepado-
TaHHBIX MACOIPOAYKTAX, TAKNX KaK (pepMeHTNpPOBaHHbBIE
Kombacsr [21, 22].

B mocnegHee BpeMms pacmpocTpaHeHO HobaBeHNe
coeBOro Oenka K MsACONPOAYKTaM M3-33 €r0 IMINEeBbIX
1 QYHKIMOHAIbHBIX CBOMCTB. KomryecTBo com B MsCO-
IPOAYKTaxX perymupyercs ¢efepaabHbIMU U TOCYAAPCT-
BEHHBIMM PeryIMpyoLUIYMU OpraHamu. [ KOHTPONA
KOMMYeCcTBa MOOABIEHHO! COM OOBIYHO VICHONMB3YETCS
ELISA. OpgHako 3TOT MeTOJ HEOCTATOYHO Y[ OBJIETBO-
PUTENIbHBIN U3-32 €r0 OTPAHMYEHHOM [OCTOBEPHOCTHU
" HU3KOI TouHOCTHU. Leitner et al [23] mpumennnu mep-
¢dysnonnymo KX B kombuHanum ¢ YO onpenenenueM s
YCTAQHOBJICHUS pas/Inuuii MexXy obpasuammu ¢ u 6e3 jo-
6aBJIEHHBIX COEBBIX O€IKOB.

Hpomeomurca 8 uccnedos8anu
6]’[(12071071}/1114}1 HUBOMHDLX

Braromnonyune >KMBOTHBIX — 9TO MHOTOI'PaHHBII Tep-
MUH, KOTOPBI/I BK/IIOYaeT, HO He OTpaHNMYeH 3[0POBbeM
JKMBOTHBIX ¥ X CHOCOOHOCTBIO NPOSB/IATH €CTECTBEH-
Hoe moBefieHne. [IporeomMuka MOKeT ObITh MCIOTb30BaHA
MPAaKTUIECKY BO BCeX 00/IACTSIX 3OPOBBSI, BHIPAIINBAHNS
Y OLIEHKY 0JIarOIO/Ty41si )KUBOTHOTO.

Marco-Ramell et al. [24] oieHun BanumHOCTH Tpa-
IMIVIOHHBIX OMOMapKepoOB CTpecca y CBMHEI, ComepKa-
IMXCST TIPY BBICOKOW IIOTHOCTY (IVIOTHOCTH HOTOJIOBBSI
0,25 M?/CBUHBIO), UCTIONB3Ys IPOTEOMHBIIT oAXO0x (myd-
dbepeHUMaTbHBIN renb-ameKTpodopes u MS) u mpenso-
JKWINM aKTVH KaK HOBBIV IIOTEHIMA/IbHBIV CBIBOPOTOYHDIN
61oMapkep cTpecca, 4TO SABJISETCS MHTEPECHBIM Pe3y/ib-
TaToM. PaHee OBIIO BBICKa3aHO MPENIONIOKEHNE, UTO aK-
TUH MOXXeT ObITh MCIIO/Ib30BaH KaK OOILINIT MapKep Io-
BpexzieHns KieTok [25]. Ognako Marco-Ramell et al. [24]
He YCTAQHOBWI KOPPE/ALMY MeXAY aKTMHOM ¥ KpeaTyuH-
KIHA3011, YKa3bIBasA Ha TO, YTO HOBBILIEHHbIE YPOBHY aK-
TUHA Y CBUHEMN, COJEPKALMXCA IIPYU BBICOKOM IVIOTHOCTH,
He ObUIM crienpuIecKyl aCCOLMMPOBAHBI C TOBPEXIEHN-
eM CKeJIeTHBIX MbIlil. CBMHBY, cOfepiKalyuecs B YC/IO-
BUSAX HU3KOM UM BBICOKOW IIJIOTHOCTU, TaKXKe ITOKa3anu
pasnu4uns B 00111eM X0mecTepuHe, X0leCTepuHe INIIOIpO-
TEMHOB HU3KOJI IVIOTHOCTY ¥ B YPOBHSX CBUHOTO OCHOB-
Horo 6enka octpoit ¢assl. [losxxe Marco-Ramell et al.
[26] npeHTMOUIMPOBAMM TTYTATNOH II€POKCUAA3Y, I/IN-
konporenH a2 Heremans Schmid, xonecrepun n dexans-
HBIIT KOPTUKOCTEPOH KaK MOTeHI[MAaTbHble OMOMapKephl
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bility to apply a proteomic approach to enable identifica-
tion of meat species is under investigations, but data is still
limited. Von Bargen et al [20] developed sensitive multiple
reaction monitoring (MRM) mass spectrometry method
which allowed to detect low concentrations of pork and
horse meat in halal beef samples.

Inter-species differences in 2DGE protein profile was
detected between pig, chicken, cattle, turkey, duck and
goose in both raw material and processed meat products
such as fermented sausage [21, 22].

Addition of soybean protein to meat products has
lately spread due to the nutritional and functional prop-
erties. The amount of soybean in meat product is regu-
lated by federal and state regulatory agencies. To control
the amount of added soybean, ELISA is commonly used.
However, this method is not fully satisfactory because of
its limited reliability and low accuracy. Leitner et al [23]
applied perfusion LC in combination with UV detection
to differentiate between samples with and without added

soybean proteins.

Proteomics in research on animal welfare

Animal welfare is a multifaceted term, which involves
but not limited to animal health and ability to display
natural behavior. Proteomics can be used in virtually all
areas of animal health, production and welfare assess-
ment.

Marco-Ramell et al. [24] evaluated the validity of tra-
ditional stress biomarkers in pigs housed at high density
(stocking rate of 0.25 m?*/pig) using proteomics approach
(differential gel electrophoresis and MS), suggested actin
as a novel potential serum stress biomarker, which is an in-
teresting finding. It was previously suggested that actin can
be used as a general marker for cell damage [25]. However,
Marco-Ramell et al. [24] found no correlation between
actin and creatine kinase, indicating that increased actin
levels in pigs housed at high density was not specifically as-
sociated to skeletal muscle damage. Pigs housed in low and
high density environment, also showed differences in total
cholesterol, low density lipoprotein-associated cholesterol
and in levels of the pig-major acute phase protein. Later,
Marco-Ramell et al. [26] identified glutathione peroxidase,
a2 Heremans Schmid glycoprotein, cholesterol, and fecal
corticosterone, as potential biomarkers of stress in Bruna

cows caused by hard living conditions. In this study, two-
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cTpecca y KOpoB Oypoii HOPOJibI, BBI3BAHHOTO TSXKETbIMU
YCTIOBMAMU COfep)XaHusA. B jaHHOM mccnenoBanny 6
VICTIONIb30BAHBI IBYMepPHbIi1 anekTpodopes 1 MALDI-MS
i MS ¢ MOHHOII TOBYIIKOJA.

Bwi3osuvi

IIpoTeomMuKa — 3TO CIOXHBIN METOJ, 13-3a OTPOMHOI
OMOXMMIYECKOII TeTepOreHHOCTI 6e/IKoB. [eHOM cetbcko-
XO3AJICTBEHHOTO )XMBOTHOTO (CBMHBM, KOPOBBI MU KYPBI),
KOTOPBIII cOCTOUT U3 NpubmantensHo 20000 reHos, 1o-
TEHLIMAIbHO MOYKeT IPOAYLMPOBaTh 1,8 MIIH. pasIM4HBIX
6enmkoB [27]. Kpome Toro, MHOTMe 6enky, Hanpumep, pax-
TOPBI TPAHCKPUIILNY, IPUCYTCTBYIOT B HEOOJIBIINX KOJIN-
4ecTBaxX M He MOTYT OBITb C JIETKOCTBIO MAEHTU(PUINPOBa-
Hbl. OfIHAKO 9TM GeNKM IPENCTAB/AIT MHTepeC, TaK Kak
OHU MOTYT OBITH 6UOMapKepaMu Wy (U3MOIOTNYECKOTO
COCTOSTHMSI JKVBOTHOTO, W/IM KadecTBa Msica. BpLiBieHnme
ruzipoOOHBIX ¥ MEMOPAaHHBIX O€/IKOB TaK>Ke IpefCTaBIs-
eT C/IOKHOCTU. BBIIO Ollpefie/ieH0 OTHOCUTENIbHO He6O0/Ib-
I0e KO/MNMYeCTBO TUAPO(OOHBIX U MeMOpPaHHBIX OeIKOB
u3-3a UX rupodoOHOCTY ¥ HUKOI PaCTBOPUMOCTH.

BreiBojbI

[Tporeomuka o6agaer GOIBIUINM TOTEHIINATIOM B Ha-
yKax o MscCe 1 >KMBOTHBIX. BO-TIepBbIX, IPOTEOMMKA MO-
KeT OBITh MCIONb30BaHA /IS XapaKTEPUCTUKM OMOXU-
MUYECKMX COOBITMII B OTHOLIEHNUM KadyecTBa Msca IpK
10CIey60iHOM co3peBaHMU. Bo-BTOPBIX, IPOTEOMMKA
MOXXET IPefOCTaBUTDb IOe3Hy0 MH(pOpManuio o ¢ab-
cudumkanuy Msca, a TaKXXe O BIVSAHNUM XpaHEeHNs Ha Kade-
CTBO U 6€30MacHOCTD Msca. B-TpeTbux, mpoTeoMuka Mo-
KeT BbISIBUTH B3aIMOOTHOLIEHVIE MEXX/Yy Ka4eCTBOM Msica
U 3[[0POBbEM U OIaronony4nem XMBOTHbIX. Kpome Toro,
IIPOTEOMMKA MOXKET OBITb MCIIO/Ib30BaHa /I OOHapyxKe-
HUS 6MIOMapKepOB, KOTOPbIe MOTYT ObITb IIPYMEHEHBI IS
yIydllleHMs KadecTBa MsCa, a TaKXKe CHIDKEHMs Bapya-
6e/IbHOCTY B Ka4ecTBe Msica.
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dimensional electrophoresis and MALDI-MS or ion trap

MS were used.

Challenges

Proteomics is a challenging approach because of huge
biochemical heterogeneity of the proteins. A genome of
livestock animal (swine, cow or chicken), which consists
of approximately 20000 genes, can potentially produce
1.8 million different proteins [27]. Additionally, many
proteins, for example transcription factors, occur in low
quantity and cannot be readily detected. However, these
proteins are of interest, because they can be biomarkers
of either physiological status of animal or meat quality.
Detection of hydrophobic and membrane proteins is also
challenging. Relatively low number of hydrophobic and
membrane proteins have been detected due to their low

solubility and hydrophobicity.

Conclusion

There is a huge potential for proteomics in meat and an-
imal-related sciences. First, proteomics can be used in char-
acterization of biochemical events in relation to meat quality
during postmortem aging. Second, proteomics may provide
useful information about meat adulteration and also the ef-
fect of storage on meat quality and safety. Third, proteomics
can reveal a relationship between meat quality and animal
health and welfare. Furthermore, proteomics can be used
for the discovery of biomarkers that can be used to improve

meat quality as well as reduce meat quality variability.
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