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This entry deals with the productive (breed, diet, stress) and technological (aging, cooking) factors that affect fresh
pork and elaborates the quality of products by using proteomic tools. These technologies are a relevant approach
in the meat science field to decipher the underlying mechanisms and post-mortem changes in the muscle and
biofluids proteome of pigs because their study will allow better management of the outcomes such as meat quality
variation and defects. In general, these new developments in molecular techniques can help researchers to control
and assess this quality through biomarkers. Additionally, as food safety and pork product
authentication/adulteration to avoid fraud can be evaluated with these high-throughput proteomic tools. Overall, this
review describes the current and emerging proteomics studies dealing with raw pork and pork products from the
farm to fork.

Proteomics Meat OMICS Biomarkers Pork Muscle Mass spectrometry

| 1. Introduction

The global demand and industrial production of pork and pork products are increasing. According to the Food and
Agriculture Organization of the United Nations (FAO) statistics, worldwide swine production has increased steadily
from 1961 to 2007, with Asia the continent with the highest production with around 50% of the total worldwide
production. Between 2007 and 2017, production increased significantly in Asia and remained as the highest swine
producers (almost 60% of the world total), since China assumed most of the production with more than 3700
million pigs produced during this time. Europe, with more than 25% of world production, is the second continent
with the highest production. Germany, Poland, and Spain are the major countries with a remarkable rate in swine
production (. Regarding pork consumption, the Asian continent is the area of the world with the greatest increase,
from 2.8 million tons in 1961 to 67.4 in 2013, mainly related to China. For example, in 2013, pork demand in this

country accounted for 80% of the Asian continent and around 50% worldwide [,

From the above, it seems that the swine industry has significant interest in becoming more efficient and
innovatively fitting with the consumer demand. Consumers are now demanding higher standards for the welfare of
pigs and pork quality. Factors affecting the production system (breed, age/slaughter weight, sex, castration, and
diet), pre-slaughter conditions (fasting, transport, lairage and stunning), and post-mortem interventions (electrical
stimulation of the carcasses, aging, and storage conditions in terms of time/temperature, cooking, etc.) have an
impact on pork eating quality, therefore, these factors should be carefully monitored during the whole continuum of
farm-to-fork, especially at the industrial level. The relationship between animal welfare and pork quality has been

detailed and rigorously researched from a proteomic point of view [&. During the processing of meat, tenderness,
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color, and water holding capacity (WHC) traits are strongly impacted. Indeed, tenderness, intramuscular fat,
cooking loss, and sensory traits are the main qualities of pork meat, which have been the most investigated and
improved during the last decades. Currently, the meat research is focusing on a deeper understanding of the
conversion of muscle into meat. This process results from myriad interconnected pathways including the enzymatic
action of endogenous proteolytic enzymes of the muscle such as calpains; afterward, the impact of pH decline and
that of lysosomal enzymes (cathepsins) that break the supramolecular structure of sarcomere as well as
weakening the Z-discs, hence reducing the strength of the anchoring of the actomyosin complex and myofibrillar
proteins [Bl. In these stages, protein degradation plays an important role in the development of the pork quality traits
(pH, color, WHC, and tenderness), causing when uncontrolled, serious technological defects and economic losses

to occur 4,

One of the main problems associated with poor pork quality is the PSE (pale, soft, exudative) meat defect. This
defect can be, for example, exacerbated by inadequate mixing with animals from different pens or batches raising
fights and aggressions, increasing their stress pre-slaughter, hence causing PSE meat . Stressed pigs are
associated with a higher concentration of lactate and rapid pH decline during rigor mortis, provoking PSE meat (€.
Moreover, long journeys could result in lower carcass pH at 45 min, leading to a high incidence of PSE meat .
Along the same line, an inadequate carcass cooling process could modify the metabolic processes and the extent
of pH decline, hence leading to PSE meat & In the case of PSE meat, changes in the sarcoplasmic and
myofibrillar proteins are observed, and specifically, a lower solubility and higher denaturation of the proteins are
evidenced 8. This phenomenon could be the result of several biological pathways such as fast post-mortem
glycolysis in the muscle, which are specifically targeted by activation of glycogen phosphorylase and
phosphofructokinase, reducing the pH and protein denaturation and therefore inducing the PSE defect [©I10],
Consequently, pig stress has adverse consequences on fresh pork due to the impact on the transformation of
muscle into meat. Considering the above, this is a major problem to the industry due to the economic losses, as
this type of meat cannot be used for the elaboration of high-value cured meat products and other products. In this
sense, a prediction of PSE through protein modifications would be a powerful strategy 11, among other emerging

chemometric methods 12,

In the framework of high-throughput omics technologies, proteomics offers insights about the complex network of
proteins and pathways underlying variation in pork quality. The study of the post-mortem muscle proteome together
with protein—protein interactions, and post-translational modifications of proteins become a challenging task to
deliver high-quality meat products (2. In particular, the proteome is the result of a gene expression influenced by
environmental and processing conditions related to the functional quality characteristics of the meat 12!, Gel-based
proteomics and analytical approaches based on mass spectrometry are increasingly being used. In the proteomic
workflow, often the initial step is a fraction of protein extracts separated using gel electrophoresis [one dimensional
Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) or two-dimensional gel electrophoresis
(2-DE)] coupled to liquid chromatography tools for identification. The large capacity and power of these
technologies to study plant and animal products has been demonstrated L41SI18IA7] - Afterward, the bottom-up
approach is the most common strategy resulting from the extraction of proteins and digestion by sequence-specific

enzymes for later analysis by mass spectrometry 28 |t should be highlighted that those post-translational
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modifications of the proteins and their interactions with other proteins or macromolecules have a strong impact on
pork tissues because of the change in the three-dimensional structure and consequently of the cellular functions
(291 |ndeed, solubility, thermal stability, gelation, emulsifying, foaming, fat binging, and water-binding are only a few
of parameters that directly depend on the protein structure, resulting in its great importance in food science 29, For
all these reasons, food proteomics, also known as foodomics 21, provide a great opportunity in the quality and

safety controls of pork and pork products (Figure 1).
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Figure 1. Proteomic workflow in the search for protein biomarkers regarding pork quality.

| 2. Proteomic Perspective of Breeding and Rearing Practices

For consumers, the perception of muscle color, texture, and marbling are the main aspects that drive their choice.
The consumer’s first impression is strongly associated with the pork color at the point of sale whereas muscle
firmness/texture and marbling are used to predict the final eating quality. This complex network of sensory
attributes defined by color, pH, texture, water holding capacity, and marbling can be, for example, impacted by
breed selection and rearing practices 221, In general, meat quality traits are the result of genetic and environmental
interactions. Therefore, livestock production systems including feeding, housing conditions, genotypes, behavioral,
and physiological responses are widely recognized as the key factors driving pork quality. In recent years, different

strategies aiming to improve the pork quality such as breed selection, animal management, and feeding, and other
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aspects of pork processing have been considered. Some recent studies in this context are briefly summarized in
Table 1. Proteomics has mainly been employed to evaluate the meat quality by searching protein biomarkers and
defining the molecular pathways as reviewed by Schilling et al. [4. The great majority of proteomic experimental
designs have been aimed to understand the underlying biological processes and identify biomarkers for meat

processing 23],

] Protein Proteomic o
Studied Factors Main Findings Ref
Source Approach

Genotypes The differential proteins belong to
two major categories: meat

) uality-associated proteins
Genotypes: Tibetan q y P
(calcium ion binding protein,
Calsarcin 1, CA1 and MYBPH),

and energy metabolism-

and Duroc x
(Landrace x
Yorkshire) (DLY).

L . Different associated proteins (CSRP3,
Feasibility of using 24]
) ] muscle LC-MS/MS GSTK1, COX6A, AMPD, and
differential
. . cuts TXNL1).
proteomic analysis
to discriminate
Regardless of pork cuts,
among pig breeds . .
comparative proteome analysis
and cuts
between Tibetan and DLY pork
identified 102 differentially
abundant proteins.
23 differentially expressed
proteins were identified and
] associated with fatty acid
Genotypes: Chinese ] )
o B 2-DE and metabolism, glycolytic pathway,
indigenous Shaziling (25]
) LD MALDI- and skeletal muscle growth.
and the Yorkshire ) ]
TOF/TOF These differentially expressed
breeds ) )
genes and proteins are candidate
genes for improving meat quality
in Shaziling pigs.
. . . . . [26]
Mechanisms of LD ITRAQ, TiO2 The HAL mutation contributes to
Halothane (HAL) enrichment the upregulation of
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and Rendement

Napole (RN) Genes

Feeding

Feed efficiency:

high-FE and low-FE

pigs were

compared.

Feed efficiency: Pigs

with low-RFI

(“efficient”) and high-

RFI (“inefficient”)

Dietary ractopamine

supplementation to
improve pork

leanness.

and LC-
MS/MS

iTRAQ

LC-MS/MS

2-DE and LC-
MS/MS

2-DE and
MALDI-
TOF/TOF

phosphorylation in proteins
related to calcium signaling,
muscle contraction, glycogen,
glucose and energy metabolism

and cellular stress.

124 proteins were differentially
expressed between the high- and
low-FE pigs. The glucose—
pyruvate—tricarboxylic acid—
oxidative phosphorylation energy
metabolism signaling pathway
was an important regulated
pathway. Enzymes involved in the
conversion of glucose to pyruvate

were upregulated in the high-FE
pigs.

11 proteins showed a differential
abundance between RFI lines.
However, the differentially
expressed proteins were not

affected by feed restriction.

Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) and
phosphoglucomutase-1 (PGM1)
were over-abundant in control
pigs, whereas serum albumin
(ALB), carbonic anhydrase 3
(CA3), L-lactate dehydrogenase A
chain (LDHA), fructose-
bisphosphate aldolase A
(ALDOA), and myosin light chain
1/3 (MYL1) were over-abundant
in pigs ingested with ractopamine.

Ractopamine suggested to
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Dietary L-arginine
supplementation to
reduce backfat
thickness and
increase
intramuscular fat
(IMF).

Immune and

surgical castrated

pigs

Castration

Surgical castration

against entire male

pigs

Muscle growth and

lipid deposition.

Comparison
Growth between two
Chinese mini-type
breeds and two

western breeds.

LD

LD

LD

2-DE and LC-
MS/MS

LC-MS/MS
and Western
blot validation

2-DE and
MALDI-
TOF/TOF

iTRAQ,

LC-MS/MS

influence the abundance of

enzymes involved in glycolysis.

The proteome changes in LD

muscle between the control and
supplemented pigs showed that
L-arginine significantly influenced &Y
the abundance of proteins

involved in energy metabolism,

fiber type, and muscle structure.

Fifty proteins were differentially
abundant between the two

groups. Proteins involved in
cytoskeleton and immunity were

more abundant in the immune [21]
castrated group. Several heat

shock proteins (HSPs) and

laminins were abundant in the

surgical castrated group.

Entire male pigs have a more

oxidative metabolic profile than
surgically castrated pigs. More
abundance of structural protein [22]
fragments suggests a higher

degree of proteolysis in entire

male pigs.

288 differentially abundant

proteins of which 169 were

upregulated and 119 were
downregulated between the two (23]
types of genotypes. Among them,

28 were related to muscle growth )20).
and 15 to lipid deposition.

0, M.
Froteomic appiicauon In preaicting 1o0a quality reiaung to animal weirare . A review. 1renas Food
Sci. Technol. 2020, 99, 520-530, doi:10.1016/j.tifs.2020.03.029.
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Animal Changes in two main homeostatic + affect
welfare mechanisms: the innate immune , 359-
2D-DIGE and and redox systems. The acute
Animal stress and MALDI- phase proteins haptoglobin, - Allen
welfare changes in Blood TOE/TOE apolipoprotein A-1 and al- (34] ;17 ’
the housing system antichymotrypsin 3 (SERPINA3), '
ITRAQ and the antioxidant enzyme
peroxiredoxin 2 were differentially of Pork
expressed. 186.
'S it
Forty-five hepatic proteins were
Heat stress. Effect differentially abundant among
of chronic heat groups. The proteins were T
stress, thermal involved in response to stress
] 2-DE and LC- ) o 35
neutral and Liver and immune defense, oxidative £
) MS/MS tlon to
restricted feed stress response, cellular
intake conditions on apoptosis, energy metabolism,
hepatic proteomes signal transduction, and > Palo,
cytoskeleton. deer
Changes in the expression of
Heat stress. Effect o )
] myofibrillar proteins, glucose and
of chronic heat _ (36]
] 2-DE and LC- energy metabolism-related .
stress against LD . . ics for
MS/MS proteins, heat shock proteins, and
thermal neutral on o ]
) antioxidant enzymes might be
meat quality )
affecting tenderness.
W.
) Several proteins were altered jve
Animal welfare (heat ) .
affecting metabolism, cell
stress) Effect of ST (red o
structure, chaperone, antioxidant, e
acute heat stress for  and 2-DE and R a5 1N
. . and proteolytic activity. The [27]
2,4 and 6 h against  white Western Blot
proteome data showed that the
thermal neutral on areas)
) muscle proteome was altered 0]
meat quality
from 2 h of heat stress.
. . . . . [38]
Animal stress (lysine LD Acetylpeptide The acetylation of proteins was slow,
acetylation) enrichment enriched in muscle contraction,

Underlying mechanisms based on integromics of protein biomarkers from multi-platform
proteomics studies. Meat Sci. 2020, 172, 108311, doi:10.1016/j.meatsci.2020.108311.
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1 and LC- carbohydrate metabolism, cell
MS/MS apoptosis and calcium signaling. seed
200—-

7208, doi:10.1021/jf502439u.
LD = Longissimus dorsi, ST = Semitendinosus.
16. Mato, A.; Rodriguez-Vazquez, R.; Lopez-Pedrouso, M.; Bravo, S.; Franco, D.; Zapata, C. The first

vidence of.global meat p s;ﬁopr teome changes in response to pre-slayghter stress, BMC
%@eﬁﬁﬁa i of Broteomics, to, A8sess "Bork  Quality and
uthentication

17. Gagaoua, M.; Hughes, J.; Terlouw, E.M.C.; Warner, R.D.; Purslow, P.P.; Lorenzo, J.M.; Picard, B.
3. Rrinfluen oo ofDiffevé ntd? ostxM drtens TraitisSon TlRorkoQeadityl101, 234-252,

doi:10.1016/j.tifs.2020.05.005.
Meat quality is generally determined by farm production factors as well as by post-mortem interventions techniques

18, OISRV il PSL D MRS SRGELQBIEMHNRARE LRIISP IHESA JOQdRBNES: Pl fRRGachand
anoaﬁﬁw&%cgo?& f88£it9uﬁgt%ﬁ§vﬂqsﬁfw.”ﬁﬁtﬁﬂ %&C&ugﬁ‘&h ﬂac?ldgrgégs 757 tlgeo%éﬁﬁnportant sensory
qua%@&gt]tﬂ&%mgﬁQ ?iﬁe%fleQ%%'connective tissue, intramuscular fat content, and myofibrillar structure, which

19aw/intalas. witakipiags: Wisiiiftaichs cRblsTRIPFREIIStruetisem Ry iiistizaie Sabilg)y I dpdriger.a
proigemiOriit HdigW201 ippraesss PISBIN dB8d3PAET7® the muscle enzymes, pH decline, and tissue

oxidation are key factors in developing tenderness, flavor, color, and juiciness. In the case of protein oxidation,

20, Foege,ding, A,; Davis, J.P, Food protein functionality: AcomOPre,henswe aPproach. Food ,
relevant biomarkers for the oxidative process are the group of peroxiredoxins that control the hydrogen peroxide

Hydrocoll. 2011, 25, 1853-1864, doi;10.1016/].foodhyd.2011.05.008. _
concéntration to protect cells. Indeed, peroxiredoxin-2 j(PRDX was found to be more abundant in tenderer pork

AdinHnuing . tHd g MEnguhevarag ARDX3nard. ; RATEXEG wereWewg to Dddidraseatyuaniidative with the
lighpresegmicaatakysie ©f Eoycitlemass|eapsanietediidgh msemoxieimveneatspuptieiroadreheind to be
rela2€2 WitB280rk 2061@3swhvi: 39 . AAGIsdaogicbasn. BRAREINL27ERRK?Y), playing a pivotal role in cell protection

FEUSH BRI F'EBRR"E. $lofiRlion syRHINS WSRIARGERRE BALIMRaPa b/ St EEhcPioteln gfacon
conér(iﬂ&e%? %gg@@arl&gﬁilaylﬁwﬁo% tebtjJl Srgr’:li%gﬂ&sécirgge technologies of pork were assessed to avoid

protein oxidation. For instance, in the case of high-oxygen atmospheres, the disulfide bonds among myosins are
23 rhagedd BreduRiEVESsink SREEMEniMRat 8RR feriigHallYiRRQYRmEBE BEh RAAESCABISs produces
diffERRlIGAHARG DM AR site sl SeprasRink A (Bhpikkity158.
24. Mi, S.; Li, X.; Zhang, C.H.; Liu, J.Q.; Huang, D.Q. Characterization and discrimination of Tibetan

' 8 G35 SO HAUYARE L B SET B8R e apL e slakRfii0R Yo lrsite Mg &gty of
drinaRs A 75U R P58 29%5 O S RIS B SIB 10 B 9ips Proteome 2\ This trend of prediction

was further confirmed by Kwasiborski and co-workers on these quality traits as well others such as color
29arX ARG 142X e - eh sHivad 1838 omni LRI ROEEN A RIS 04 LFARSSHIREMI G 80d BEKEQIRISS Rf intense
charige 83 BItSalew & Bisdringra Rdiaenoysaaal P d Panpases wuith, Reuraik SRR ntally
exp%@&ﬂ%ﬁng.%cﬁG%’ﬁﬁiﬁ% %ﬁ%@lg%@gfé&%‘cﬁ)@gﬁ% of Ca2*, lower contents of type Il fibers and

2605fUingY F99e5c MR decieagsd g ¢ XIS O AYSRIENINRIS IMESRIRIITR Nesakntieat VeePeBesles eid
mugsi,dpthoSienelRtiee ARiy SiPREvEaIBY BTEREHRIRCYIANEST Y RRSERANRNTEHRIPIRNN Sisakatism and
oly GRbIS AT NS AR POABBRS BN KR iRABYI RIS WIEAB IV BflISH I AIPReStE T areyenupter Tpldiagaapacity
traiggy;g’ Wf@ﬁg@ﬁg_w_ﬁm@dﬂé‘}gﬁog@ggﬁtood by the preliminary proteomic studies and further work is

needed 47, On the other hand, intramuscular fat content positively influences the taste and is both regulated by

https://encyclopedia.pub/entry/3509 8/16



Proteomic Technologies in Pork Products | Encyclopedia.pub

24dipagenesiuaid, hgogenesi, Xhidhoalangdsiuhé nimizer, ¥hdJihg, dize Miaadi¥acteaoarsl ; reyadytes 48 A
strfftrgyaoneiduan ahgsistiad icaigsr thainbiydoherayitlecnser gyoratdlzodisnhiith Seelatalohastlentissigtnisf the
enhaegaitieetyct ariselsiias with the Kedfisiendy ipapigaySais Rep.a20hodificdtietsdioi:hadb038dsite bR adtile

RO R T AT AR M BHSIYE TSR 1 SKBiert 1 SPSPSHR AR BroR SR RS eror
i BT Ec R S AR PRRGESEIRNRY ShaTaNLeRNd ANSRIKLCYRss Geéiend hisqusgies) s

2 KRNEEIE ) 5T FIEOSYSY i3z o3yt Bpgin complex (fas), myosin it chains, anc

metabolic enzymes are overexpressed in glycolytic fibers and myosin-2, myosin-7, and myoglobin; meanwhile,

2QitEcPFRMdMBi RtReCmeRbBIRMer2y el iwere B8FEHally- Mburdihfin dxfdamivilds B FrhSAigehfoMt of
oxidRRIRY fiBeR- JAigfed rackpnamine iBfuseas-aicaRiAaItoRFRIRAMAROFIsHef RRIUROSIIRRIMUS ular
fat.thoracis. Meat Sci. 2015, 103, 7-12, doi:10.1016/j.meatsci.2014.12.008.

30. Ma, X.; Zheng, C.; Hu, Y.; Wang, L.; Yang, X.; Jiang, Z. Dietar E—ar inine supplementation affects
32, Proteomics and Authentication/Adulieration of Bork Braduets' ",

In aféa(&jii{]oq)]'%ogzhgj%\r/@h%ﬂgnga,]'Zl%%flobjective of the pork industry is food authentication and the detection of
Adupiations. j ACIOTaYENsIV $UR MNP, @EWW@{W.EU@%%M@@%%@@%@ éh@%ig‘ ofable 2. The
rep|agRiTsSThOl § eedip Rt véte URdestAigA GPariESs GRital P eLastr aRSDAIE IO THbEr tecdistingis, of gon-

ecoigrca 9768 GRYdreeal aned cheph is@1schicgghallenge for proteomics. This is a complex issue because

proteins undergo chemical modifications such as Maillard reagtions in highly processed food products, hampering

BB BT Th Hhi A Sietis iBemaon. a1 G Heat 2ible pepias A& Hom ThioSin,

longissimus cles of entire male and castrated pigs as related to meat quality. Animals 2019, 9

myo Ipqiicr)\,sn:}gr?ﬁrgﬂo.jgéLa%ciase gehydjrogenase A, ancfj [?—gno%se aﬁows or the pﬂe"fiml ary aut ent%atlon of
01:10. I .

eleven types of wﬁﬂe and red meats from chicken, duck, goose, turkey, pork, beef, lamb, rabbit, buffalo, deer, and

3Borvded), Zesfiteag, Bct Ltha@imiangskay Gamibaesy (EX legaB . ofdrange dHio \Wian@y TBRAQ:Gapechds,
soneotianarangdySis o elikedistkeyeptiotelow affidting nauscteogsawtiaitg bpidakepepiuiss | nEgBgSciore
difiRépes2@bd, Aindeddy dderkBichk@384srEpd@Xample, the skeletal muscle protein troponin | detection was
oo N M A1 v A S S A < R T e A

ith,.Matrix-Assisted , L D tiop/lonization-Time-Qf-Flight (MALDI-TOF/TOF) B3l " In thi
W rfBloghr('eXmlég aerclid par% eomic ana %sogézg??ﬂe 'B‘h%,%o%'&can( respons% |/n uced by i |J|deg9?1rgUsrpnags °

P RS B SF IS R [SoREAaT SRR KLY, BRAUSREPHES LI Y. Szries pt could be proposed
as %lgmlff%gglw@lg\ﬁggpyﬁes from myosin were used to identify and quantify trace pork (up to 0.5%)

in meat mixtures by parallel reaction monitoring (PRM) B4, On the other hand, pork products and unprocessed

3Re&Wnduid RO pXekbd, HisBBOeW . ahd StorddaPpioplaiteny- Krt¥ioMedd RaatEegsiReIAERS HER RN meat
bedBESPONBE soBH R ISIESSIRSERANSH desrbiRRPIRRISRITIRISIRG Rifrki¥RE: DRI Tenature
the DRAEFRCRe R BRIy An3ims FORQBARy. By using meat exudates to search for protein biomarkers, it

EEDRRSTOIRQFNSEITNgte Bepyeen trshenpfieeeeha e iR SHiLiAdSRIEEA RiRiste were found
as cRetgASHR ERYBAR HBIMANRS UP g Ge G ASEN9ES, 98, 3315-3323, doi:10.1002/jsfa.8835.

Sfalftd UZaRe ! stRALUTIEGERi hoHeGARIGT o Nulffer EIRAEE 8- Roftent- @BREGAMINY: M. ISBROKAUPFAERABIGork

qudiRPRONRS 12 Bfiied1erkirRSR M HRBRIRNSMR A6t SAURARIRE Riod/AitdraRsh. 2017, 95, 3961,
doi:10.2527/jas2017.1375.

2 Studied Factors Protein Proteomic Main Findings Ref

Source Approach ment.
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(98]

Ageing

Pork
quality

Ageing pork. Effect

of protein lysine
acetylation in post- LD
mortem muscle

changes

Tenderness and

aging

LD

Protein oxidation
(oxidation of cysteine
and methionine

) LD
residues) Effect of
hydroxyl radicals on

the myosin

Effect of proteome

profiles on meat

quality (high-quality LD
samples against low-
quality)

Meat quality: drip LD
loss

Identification of

candidate genes

69682-9_12.

Acetilpeptide
enrichment
and LC-
MS/MS

2D-DIGE and
mass

spectrometry

SDS-PAGE,
cysteine and
methionine
labelling and
LC-MS/MS

Tandem mass
tag labelling
and mass

spectrometry

Isotope coded
protein
labelling
followed by
selected
reaction
monitoring

analysis

Acetylproteins involved in
apoptosis, calcium signaling,
and IMP synthesis were

identified in post-mortem

56]
porcine muscle. The lysine

acetylation of proteins regulate

the conversion of muscle into

meat.

Soluble desmin and

peroxiredoxin-2 could be used [40]

as biomarkers of tenderness in

aged pork products.

The cysteine at the head of the
myosin and that at the coiled tail

of myosin easily generated

disulfide. Further, the [44]
methionine at the coiled tail of

myosin was more easily

oxidized than that of the head.

Lower degree of glycolysis in
high-quality compared to low-

quality meat. The levels of [21]
oxidative stress and apoptosis

were low in high-quality meat.

The enrichment analysis
resulted in 10 pathways. The
most relevant pathways were
sphingolipid metabolism and
glycolysis/gluconeogenesis in
relation to drip loss. It allowed
proposing genetic markers and

candidate genes for drip loss.

Iscular

M.
2546,

lysis by
Vieat

at

s

te-
924,

lues by

olink,

O-

49. Pires, V.M.R.; Madeira, M.S.; Dowle, A.A.; Thomas, J.; Almeida, A.M.; Prates, J.A.M. Increased
intramuscular fat induced by reduced dietary protein in finishing pigs: Effects on the longissimus
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<

c
Meat quality: pH,
color traits, drip loss,

o water holding
capacity

E
Intramuscular
variation, neat

£ quality (color, drip
loss and tenderness)
and their relation to
proteome

£
Water holding

c capacity measured
as centrifugal
exudate (High drip
vs. Low drip) across

E post-mortem aging
on different
phenotypes

<
Intramuscular fat
content

<

2DE + MALDI-
TOF

Label-free
quantification
+ LC-MS/MS

2-D DIGE
followed by
MALDI-
TOF/TOF and
nano-ESI LC-
MS/MS.

Tandem mass
tag labelling
and parallel
reaction
monitoring

analysis

Microbiol. 2015, 5, doi:10.3389/fcimb.2015.00064.

60. Di Luccia, A.; la Gatta, B.; Rutigliano, M.; Rusco, G.; Gagliardi, R.; Picariello, G. Protein

Proteins associated with
ultimate pH, lightness, drip,
thawing and cooking loss were
related to the glycolytic pathway,
phosphate transfer, or fiber type
composition. In the case of
thawing loss, the proteins were
related to denaturation of
myofibrils or lipid content.
Redness involved proteins were
enriched in post-mortem

oxidative activity.

Glycolysis enzymes (enolase 3,
ALDOA, LDHA, PGM1, and

TPI1) were highly abundant in (57
the medial and posterior region.
GAPDH and myoglobin were
overexpressed in the medial

region

Discriminatory proteins identified
include metabolic enzymes,
stress response, transport and
structural proteins. Twenty-five

[ﬂ]
proteins were used to
discriminate between high drips
and lower drips with accuracy
higher than 72%.
58]

ALDH1B1, OTX2, ANXA6 and
Zfp512 were proposed as
candidate biomarkers
associated with intramuscular
fat deposition and fat

biosynthesis in Laiwu pigs.

Modifications in Cooked Pork Products; Elsevier Inc., 2017; ISBN 9780128040577.
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€
According to fiber type n. 2015,
Muscle fiber type SM, ST (oxidative vs. glycolytic)
distribution in separated distribution, differentially
€ semimembranosus into dark LC-MS/MS expressed muscle proteins was R G
and semitendinosus and light detected resulting in 3s. J.
muscles portion intramuscular variations of pork
uality.
€ E— Zapata,
1 with
) The categories “muscle
Effect of feeding )
) contraction” and “structural
regime on )
) constituents of cytoskeleton”
€ intramuscular fat o ‘enzo
) ) were the most significantly up- ’
increase. iTRAQ and o .
] LD regulated proteins in muscle [49]
Comparison LC-MS/MS o
from reduced protein diets and
between normal o )
o up-regulated proteins involved in
protein diet vs. - - :
e regulation of ener
€ reduced protein diet. ¢ _ » J. V,;
metabolism. )
sliced
o Parallel Five peptides from myosin were
Authentication of )
o . — reaction screened and then used for pork
ork in mea eal
€ P ) ) ) monitoring detection by PRM of Orbitrap s4 Cao,
mixtures (chicken, mixtures o ua ham
mass MS. The LOD in mixed meat :
sheep and beef)
spectrometry can be up to 0.5%.
€
] Troponin | (Tnl) has been
Adulteration. Search . _
) N characterized as a potential
] ] for species-specific )
Mislabeling _ 2-DE and thermally stable and species-
biomarker of Meat o 5y 1 0f
) ) MALDI- specific biomarker of 53]
mammalian muscle mixtures ) ) )
) ] TOF/TOF mammalian muscle tissues in
tissues in raw meat
raw meat (beef, pork, lamb, and
and meat products.
€ horse) and meat products. termine
1020, 88,
To discriminate fresh 2-DE and Twenty-two proteins were
y and freeze-thawed LD MALDI- discrimination markers for fresh [55] »Iogy of
pork TOF/TOF or and freeze-thawed pork.
8, 266,

71. Gallego, M.; Mora, L.; Aristoy, M.C.; Toldra, F. The use of label-free mass spectrometry for relative
quantification of sarcoplasmic proteins during the processing of dry-cured ham. FOOD Chem.
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Food

safety

Prevention and
control of Salmonella
typhimurium in pigs
along a time course
of 1, 2, and 6 days

post infection

Intestinal
sections )

i iTRAQ
(ileum and

colon)

The expression changes in
colon were found in proteins
involved in cell death and
survival, tissue morphology or
molecular transport at the early
stages and tissue regeneration
at 6 days post-infection. A higher
number of changes in protein
expression was quantified in

ileum at 2 days post-infection

SM = semimembranosus muscle ST = semitendinosus muscle.

| 4. Advances in Proteomics for Pork Products

Nowadays, pork is an important part of the diet of many cultures because of its great versatility and thee abundant

foods that can be manufactured from sausage to a dry-cured ham. Indeed, in recent years, most pork meat is sold

as ham, bacon, and sausages than fresh pork. Further processing of pork should be considered in great detail to

achieve high quality and palatability of products. The quality is associated, as evidenced above, with protein

structure and lipid and protein oxidative reactions occurring during industrial processing and storage. Therefore,

proteomics emerges as a relevant field, giving rise to new knowledge and understanding of the mechanisms. Table

3 displays the recent studies regarding the use of proteomics/peptidomics to evaluate the quality of pork products.

Table 3. Recent studies regarding the use of proteomics/peptidomics to evaluate the quality of pork products.

Product

Cooked pork
products

(cooked ham
and emulsion

sausages)

Parma dry-
cured ham

Objective

Effect of cooking
process on protein

modifications

Effect of pressure

treatment before

Proteomic

Technology

2-DE and
MALDI-
TOF/TOF

2D-PAGE and
LC-ESI-MS/MS

Main Findings

The protein aggregation systems of
cooked hams and emulsion sausages
reflect the heat processing conditions.
The disulfide bridges and additional
covalent interprotein links determine the

final product.

Specific proteins were found differentially

abundant in exudates from pressed

Ref

[60](61]

[62]
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Dry-Cured
Ham

Dry-cured

ham (Jinhua)

Dry-cured

ham

Cooked pork

salting stage

Effect of Proteolysis
indices and
adhesiveness on

teins d dati
proteins degradation 2-DE and

MALDI-
TOFR/TOF

Use of high
pressure and
ultrasound to correct
textural defect in

dry-cured ham

Sensory attributes
(formation
mechanisms of
bitterness and LC-MS/MS
adhesiveness) in

raw, normal and

defective hams

Peptide oxidation in
PDO Teruel dry-
cured ham

nESI-LC-
MS/MS

SDS-PAGE and
MALDI-
TOF/TOF

Effect of cooking on
peptidomic profile

and digestibility

versus unpressed hams. The pressure
caused a faster loosening of the
myofibrillar structure with the release of

specific groups of proteins

Myosin-1, a-actin and myosin-4 proteins
were the main changing due to

proteolysis.

The high-pressure conditions caused a
greater level of proteolysis displaying
that actin was differentially degraded,

unlike myosin.

Fragments of the major myofibrillar
protein were abundantly caused by

ultrasound heating.

Defective hams showed more proteolytic
index that normal ham. Creatine kinase,
myosin, a-actinin and troponin-T showed
the most intense response to bitterness
and adhesiveness of dry-cured ham.
Myosin was proposed as a suitable
biomarker to monitor bitterness and

adhesiveness

KDEAAKPKGPIKGVAKK,
KKLRPGSGGEK, KNTDKWSECAR and
ISIDEGKVL were proposed as peptide

biomarkers of processing conditions.

The cooking process led to a reduction in
digestibility. Peptides sequenced from
pepsin-digested samples under lower
degrees of doneness disappeared as the

temperature increased. The trypsin

[63][64]
[65]

[67]

[68]
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cleavages appeared more consistent
among different degrees of cooking

Protein o
Proteolytic index of salted samples was

5% higher than the control and 112

Pork soup presence of salt i-TRAQ ) ) ) [69]
differentially abundant proteins were
(treated 2%) and

) detected.
without salt (control)

modifications in

Antioxidant peptides  nano-LC-MS/MS  XHP showed higher antioxidant ability

Dry-cured from Xuanwei (XHP)  and quadrupole than JHP. The oligopeptides with less [70]
ham and Jinhua (JHP) ion trap Orbitrap  than 1000 Da and high antioxidant
ham spectrometer activity were detected.
Degradation of Twenty proteins were identified and
Dry-Cured ) nLC-MS/MS - o i
sarcoplasmic guantified suggesting intense (]
Ham ) and SDS-PAGE ) ) )
proteins degradation during processing.

| 5. Conclusions and Future Prospects

Proteomics is an emerging technology for the rapid and sensitive identification of biomarkers aiming to assess the
potential quality of pork products and the impact of food processing technologies. Genetic and rearing conditions
influencing technological and sensory meat quality provoke different biochemical and molecular reactions that are
regulated by several proteins and pathways including metabolic enzymes. Furthermore, pork quality determined by
tenderness, color, drip loss, and intramuscular fat is conducted by structural and sarcoplasmic proteins. In this
regard, proteins play a key role in the textural and sensory quality of pork fresh, showing the importance of the
study of muscle proteome in pork. The most relevant quality traits were assessed by gel and mass spectrometry
analysis. Gel-based proteomics are widely used for the search of protein biomarkers of these quality traits. Even
the most sensitive gel-based methods such as protein labeling with fluorescent dyes as fluorescence difference gel
electrophoresis (DIGE) were considered. However, gel-free alternatives such as Sequential Window Acquisition of
All Theoretical Mass Spectra (SWATH-MS), Liquid chromatography—mass spectrometry/mass spectrometry (LC-
MS/MS), or Isobaric tags for relative and absolute quantitation (iTRAQ) should be employed to enhance the
efficiency of our quest for protein biomarkers and further validate previous results. Other technical improvements in
pork processing were assessed from a proteomic perspective, providing an insight into protein modifications.
Peptidomic profiles could further offer an overall overview of the protein digestibility and bioavailability that

determine the effect of protein fraction on human health. In the framework of data analysis, we expect that statistics
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will play a great role in future proteomics, especially in handling the huge data produced by different proteomics
methods. Regarding this, we expect that there is great interest in combining different omics techniques in the
framework of multi-omics to study the interplay between different macromolecules in relation to the pork phenome.
Indeed, phenomics or high-throughput phenotyping is becoming a reality in livestock production systems including

pork, and we expect that this global approach will play an important role in the next years and decades.
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