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          7.1   Introduction 

 During the post-mortem (PM) conversion of muscle into meat, a signi fi cant series 
of events occurs in response to the stoppage of the respiratory system and blood 
circulation; the metabolism in the muscle is known to be changed substantially 
(Schef fl er and Gerrard  2007  ) . The rate and extent of post-mortem metabolic pro-
cesses could greatly in fl uence many important meat quality properties such as ten-
derness, water-holding capacity, and color. Underlying these processes, muscle 
proteins are the fundamental targets and factors contributing to the above-mentioned 
changes and properties. In PM muscle, proteins are subjected to a series of protein 
modi fi cations, such as reversible phosphorylation, oxidation, degradation, and 
denaturation, and all these modi fi cations are critical for the formation of different 
meat quality traits. Protein modi fi cations could fundamentally affect the biological 
and chemical properties of proteins, and thereby they can be involved in all aspects 
of meat quality development. 

 In recent years, protein modi fi cations have been studied by several research 
groups that have looked at the potential effects on muscle foods. They revealed that 
muscle protein modi fi cations could signi fi cantly affect meat quality development. 
Oxidation of proteins in processed meat products leads to poor meat quality and 
lesser nutritional value (Lund et al.  2007 ; Morzel et al.  2006 ; Rowe et al.  2004  ) . 
Protein phosphorylation in PM meat was supposed to regulate the activity of 
enzymes and rigor mortis development, consequently affecting pH decline rate and 
meat quality development (Huang et al.  2011 ; Lametsch et al.  2011 ; Muroya et al. 
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 2007  ) . It is generally accepted that degradation and denaturation of proteins in PM 
meat are responsible for the tenderness development of meat (Koohmaraie  1996  ) . 
Oxidation, phosphorylation, and degradation are the three protein modi fi cations 
mostly studied in muscle foods, and proteomics are the key tool for analysis of these 
muscle protein modi fi cations. 

 Proteomics are the systematically unbiased study of entire protein complements 
expressed by the genome of an organism (proteome) for the high-throughput dis-
covery of protein alterations. Mass spectrometry (MS) -based proteomics are dedi-
cated to the global analysis of protein composition, modi fi cations (PTMs), and the 
dynamic range of expression levels (Aebersold and Mann  2003 ; Yates et al.  2009  ) . 
In the meat science area, proteomics were con fi rmed to be a powerful tool for stud-
ies with regard to different qualities or processing parameters, as described in sev-
eral reviews (Bendixen  2005 ; Bendixen et al.  2011 ; Hollung et al.  2007  ) . Proteomics 
can provide valuable information for a better understanding of the mechanisms 
in fl uencing the different quality traits. This information can be used to optimize 
meat production and improve meat quality. Advanced MS-based proteomics are 
also a central tool for detection, site mapping, and quanti fi cation of modi fi cations 
on proteins (Witze et al.  2007  ) . Both gel-based and gel-free proteomic approaches 
were developed for the analysis of different protein modi fi cations in biological sam-
ples, and these approaches were also employed for studying the protein modi fi cations 
in muscle food, mainly focusing on protein oxidation, phosphorylation, and 
degradation. 

 This chapter outlines current achievements in the study of protein modi fi cations 
in muscle food using proteomic approaches. First we describe the general knowl-
edge of protein modi fi cations and then the development of gel-based and gel-free 
proteomic approaches for the characterization of such modi fi cations. Finally, we 
elucidate the effects of protein modi fi cations on muscle foods and devote our main 
attention to the application of proteomic approaches for the analysis of these 
modi fi cations.  

    7.2   Protein Modi fi cations 

 Most proteins are subjected to some form of protein modi fi cations that can occur on 
protein both in vivo as post-translational modi fi cations and in response to different 
environmental factors. Protein modi fi cations increase the diversity of proteins 
because many types of modi fi cations are usually covalently present at different 
amino acid residues of the protein. The heterogeneous modi fi cations at distinct 
amino acid residues lead to further complexity at the protein level (Jensen  2006  ) . 
Protein modi fi cations can be divided into two categories according to their 
modi fi cation forms: covalent modi fi cation of a nucleophilic amino acid side chain 
by an electrophilic fragment of a cosubstrate, and cleavage of a protein backbone at 
a speci fi c peptide bond (Walsh et al.  2005  ) . 
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 The most widely studied protein modi fi cations in biological science include pro-
tein phosphorylation, acylation, glycosylation, ubiquitination, acetylation, oxida-
tion, and so on. One protein is often subjected to several modi fi cations at a time. 
However, PTMs are usually present at substoichiometric levels, because a protein 
modi fi cation at a given site is often present in a small fraction of the protein. PTMs 
can affect the activity, structure, location, and lifetime of proteins, thereby playing 
essential roles in most cellular processes such as the maintenance of protein struc-
ture and integrity, regulation of metabolism and defense processes, cell signaling 
pathways, and protein spatial–temporal distribution (Jensen  2006  ) . 

 Protein modi fi cations can affect many food properties such as shelf-life, nutritional 
value, digestibility, health bene fi ts, and consumer appeal (Kerwin and Remmele 
 2007  ) . For instance, thermal treatment is widely used in processing and manufactur-
ing steps for many foods and ingredients, including dairy, meat, and cereal products. 
However, thermal treatment can lead to protein oxidation, the Maillard reaction, pro-
tein aggregates, and cross-linking modi fi cations that have been implicated in quality 
deterioration, nutritional damage, and adverse health effects (Promeyrat et al.  2010 ; 
Silvestre et al.  2006  ) .  

    7.3   Proteomic Approaches for Detection 
of Protein Modi fi cations 

 Compared to the total proteins, the proteins with site-speci fi c modi fi cations are only 
present at substoichiometric levels, and it is therefore a great analytical challenge in 
proteomics to analyze the speci fi c modi fi cations. In the past two decades, many 
proteomic strategies were developed for the analysis of protein modi fi cation in 
complex samples ranging from the traditional gel-based Western-blot to the high-
throughput advanced MS-based proteomic strategies. Typically, the identi fi cation 
and characterization of protein modi fi cation are achieved by combining protein-
extraction methods, af fi nity enrichment, and chromatographic and/or electropho-
retic separation with peptide-mass determination and amino acid sequencing by 
high-performance MS (Jensen  2006 ; Witze et al.  2007  ) . 

    7.3.1   Gel-Based Proteomic Approaches 

 Western-blot analysis is a widespread and traditional method for analyzing protein 
modi fi cations. Western-blot can be speci fi c and relatively quantitative, and speci fi c 
antibodies can be utilized to study the modi fi ed forms of proteins, such as protein 
cleavage and post-translational modi fi cations. However, Western-blot analysis relies 
heavily on prior knowledge of the type and position of speci fi c modi fi cations in 
proteins and is limited by the availability and speci fi city of antibodies. 
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 One- and two-dimensional gel electrophoresis (1DE and 2DE) -based proteomic 
strategies are widely used for the detection of variation in protein modi fi cation, 
because such modi fi cations can result in the shift of the isoelectric point or molecu-
lar weight of protein. Protein phosphorylation could affect the isoelectric point, as 
neutral hydroxyl groups on serines, threonines, or tyrosines are replaced with nega-
tively charged phosphates, and cause the protein to shift towards the acid end of the 
2-D gel creating the “beads-on-a-string” look for multiple phosphates. If the pro-
teins are modi fi ed by degradation and/or glycolyzation, the molecular weight of the 
resulting fragments will change and migrate differently in the second dimension. 
Therefore, the proteins with modi fi cations would show a different mobility pattern 
on a 2-D gel, and different isoforms of the same protein can be visible as different 
spots on the 2DE gel. 

 Different types of nonradioactive  fl uorescence staining dyes have been devel-
oped for the in-gel detection of proteins with speci fi c modi fi cations. The  fl uorescent 
dyes have a good dynamic range of quanti fi cation and good compatibility with sub-
sequent protein characterization and identi fi cation (Patton  2002  ) . Pro-Q Diamond 
phosphoprotein stain (Molecular Probes) was developed for the detection of phos-
phoserine-, phosphothreonine-, and phosphotyrosine-containing proteins on 1D and 
2-D gels, electroblots, and protein microarrays (Steinberg et al.  2003  ) . Recently, it 
was shown that a combination of one- and two-dimensional gel electrophoresis 
stained with Pro-Q Diamond could be used to detect changes in protein phosphory-
lation in PM porcine meat samples (Huang et al.  2011,   2012  ) . This strategy can be 
applied for semi-quantitative analysis of protein phosphorylation changes in multi-
ple samples (Fig.  7.1 ). Protein oxidation can be analyzed by detection of carbonyl 
derivatives which involves a pre-derivatization of the carbonyl groups with 
 dinitrophenylhydrazine (DNPH) prior to electrophoresis, followed by immunoblotting 
with an anti-DNP antibody (Nakamura and Goto  1996  ) . Many protein oxidation 
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  Fig. 7.1    The scheme for gel-based phosphoproteomic analysis of postmortem porcine muscle       
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assay kits are commercially available, such as the OxyBlot Protein Oxidation 
Detection Kit. After modi fi cation-speci fi c staining and imaging, the same gel will 
be subjected to total-protein stains, such as SYPRO Ruby Fluorescent dye; the 
images from both modi fi cation staining and total protein staining can be obtained 
with gel scanners with multiple laser excitation sources and analyzed with pro-
teomic image software. Changes at the protein modi fi cation level can be semi-
quanti fi ed by comparing the intensity of the protein in the modi fi cation staining 
image and its intensity in the total protein image.  

 After gel separation, the proteins will usually be cut off from the gel and sub-
jected to ingel digestion and MS identi fi cation. From the MS data it is possible to 
identify the protein modi fi cation sites and type (Jensen  2004  ) . It is also possible to 
predict the cleavage site using tandem MS if the protein is degraded (Lametsch et al. 
 2002 ; Larsen et al.  2001  ) .  

    7.3.2   Gel-Free Proteomic Approaches 

 Compared to gel-based approaches, gel-free liquid chromatography coupled with 
tandem mass spectrometry (LC-MS/MS) approaches seems to be much more power-
ful for high-throughput modi fi cation-speci fi c proteomics, inasmuch as many speci fi c 
techniques for modi fi ed proteins or peptides can be incorporated prior to LC-MS/MS 
analysis, and it is also possible for quantitative study by introducing different isoto-
pic labelings into the protein or peptides. For noncomplicated samples, it is possible 
to detect the protein modi fi cation with shotgun sequencing. The protein samples are 
treated with multiple proteases to generate complementary and redundant sets of 
overlapping peptides, and then subjected to shotgun sequencing by LC-MS/MS; 
 fi nally extensive data analysis is needed. This strategy is suitable for subproteomes 
(Wu et al.  2003  ) , simple protein mixtures, and protein complexes. However, for most 
of the complicated biological samples, it is dif fi cult to detect and characterize protein 
modi fi cation using common global proteomics strategies. A key to protein 
modi fi cation-speci fi c proteomics approaches is to enrich and purify protein or pep-
tide species with speci fi c modi fi cation prior to characterization by MS/MS. 

 Different enrichment methods for speci fi c modi fi cation in combination with LC/
MS/MS approaches are the most popular strategy for high-throughput protein 
modi fi cation-speci fi c proteomics. The enrichment of modi fi ed proteins or peptides is 
often achieved by using af fi nity chromatographic techniques. Immunoprecipitation 
with modi fi cation-speci fi c antibodies is highly helpful for enriching the correspond-
ing modi fi ed proteins. Commercially available phosphotyrosine (pTyr)-speci fi c anti-
bodies are widely used for cell-signaling study (Rush et al.  2005  ) . Phosphopeptides 
can also be enriched by immobilized metal af fi nity chromatography (IMAC) (Ficarro 
et al.  2002 ; Posewitz and Tempst  1999  ) , or by titanium dioxide (TiO 

2
 )  columns 

(Larsen et al.  2005 ; Thingholm et al.  2006  )  prior to MS/MS analysis. Strong cation 
exchange and anion exchange chromatography can be used to reduce peptide com-
plexity (Beausoleil et al.  2004 ; Nuhse et al.  2003  ) . Glycoproteins can be enriched by 
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using sugar-speci fi c antibody lectins (Gabius et al.  2002 ; Yang and Hancock  2004  )  
and TiO 

2
  columns (Larsen et al.  2007  ) . Glycosidase D/H treatment and MS/MS 

facilitated protein identi fi cation and assignment of glycosylation sites (Hagglund 
et al.  2004  ) . Acetylated peptides can be enriched by using resin-coupled antibodies 
to acetyllysine (Kim et al.  2006  ) . Chemistry-based methods for modi fi cation-speci fi c 
covalent capture of proteins and/or peptides are another choice for characterization 
of protein modi fi cation. These methods are often based on  b -elimination/Michael 
addition chemistry, phosphoramidate chemistry, or other PTM-speci fi c chemistries. 
The targeted PTMs can be converted to stable and manageable status and then 
identi fi ed by MS/MS sequencing (Oda et al.  2001 ; Wells et al.  2002  ) . 

 Most modi fi cations can result in a mass increment or a mass de fi cit relative to the 
nascent unmodi fi ed protein, as summarized by Jensen (Jensen  2006  ) . For example, 
the phosphorylation of a Tyr residue can increase its mass from 163 Da to 243 Da 
by the addition of an HPO 

3
  group (80 Da). After enrichment and pre-fractionation, 

the modi fi cation site can be assigned through the observation of a discrete mass 
change of the peptide in MS or of the residue in MS/MS (Larsen et al.  2006  ) . The 
data acquisition software can then be programmed to monitor and sequence all of 
the pre-de fi ned candidate modi fi ed peptides. Huge amounts of data are normally 
generated from LC-MS/MS; how to extract the useful information and interpret the 
data is also a great challenge. The integration of computational tools into 
modi fi cation-speci fi c proteomics studies is a prerequisite for the interpretation of 
large-scale datasets into meaningful biological information; the explosive accumu-
lation of large-scale data and development of a PTM database will strongly acceler-
ate this step (Jensen  2006 ; Witze et al.  2007  ) .   

    7.4   Impacts of Protein Modi fi cations on Muscle Food Quality 

 During the conversion of muscle into meat, the occurrence of distinct protein 
modi fi cations is also involved in the whole process of meat quality development. 
Protein modi fi cations in meat are in fl uenced by conditions prior to and after animal 
slaughter. Prior to slaughter, physiological reactions to stress may in fl uence the rate 
and extent of PM pH decline and alter the protein modi fi cation pattern, thereby 
affecting meat quality traits (Ferguson and Warner  2008  ) . Shortly after slaughter, 
drastic metabolic changes can result in the activation of different protein modi fi cation 
mechanisms (mainly PTMs) to regulate the activity of enzymes and structural pro-
teins in response to the shortage of ATP and the development of rigor mortis. For 
example, the phosphorylation levels of many muscle proteins were known to change 
signi fi cantly during PM 1–24 h, and the reversible phosphorylation can indirectly 
affect the pH decline rate and the development of rigor mortis (Huang et al.  2011,   2012 ; 
Lametsch et al.  2011  ) . Protein oxidation occurs during meat processing and has 
numerous negative effects on meat quality and it is therefore important to control 
this oxidation (Lund et al.  2011  ) . The Maillard reaction occurring during the cook-
ing of meat is important for the development of meat  fl avor and color.  
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    7.5   Proteomic Analysis of Protein Modi fi cations 
in Muscle Food 

 In muscle, intensive studies were performed using proteomic approaches for 
studying protein modi fi cations of muscle protein, such as oxidation (Feng et al. 
 2008  ) , phosphorylation (Hojlund et al.  2009  ) , nitration (Kanski et al.  2005  ) , and 
glycosylation (Martin-Rendon and Blake  2003  ) . These modi fi cations were found 
to play essential roles in metabolism regulation and muscle contraction. Whereas 
until recently protein modi fi cations were largely unexplored in muscle food sys-
tems, more attention was drawn to characterizing protein modi fi cations in meat 
during intensive exploration of the mechanisms of regulating meat quality devel-
opment and storage. Speci fi cally, researchers focus much more on oxidation and 
phosphorylation. Meanwhile, protein degradation has also been intensively stud-
ied in the meat science area, as it plays a key role in regulating the development of 
meat tenderness. 

    7.5.1   Protein Phosphorylation 

 Reversible protein phosphorylation is one of the most widespread regulatory 
mechanisms in nature. Phosphorylation and dephosphorylation of proteins regu-
late critical biological processes including metabolism, signaling transduction, 
proliferation, and differentiation (Graves and Krebs  1999 ; Hunter  2000  ) . In recent 
years, with the development of phosphoproteomic methods, protein phosphoryla-
tion has been comprehensively studied in various muscle samples (Gannon et al. 
 2008 ; Hojlund et al.  2009 ; Hou et al.  2010  ) . Many sarcoplasmic and myo fi brillar 
proteins were identi fi ed to be phosphorylated, and the phosphorylation could 
affect the metabolism and contraction of muscle. In PM muscle, enzymes catalyz-
ing the glycolysis reactions affect the rate and extent of pH decline (Schef fl er and 
Gerrard  2007  ) . Most of the glycolytic enzymes are phosphoproteins; several stud-
ies that focused on individual or few glycolytic enzymes indicated that protein 
phosphorylation plays critical roles in several key steps of glycolysis in PM mus-
cle. Phosphorylase kinase can phosphorylate glycogen phosphorylase b on serine 
14, change the structure, and transform it into the active form (Johnson  1992 ; 
Sprang et al.  1988  ) . Phosphorylation of pyruvate kinase could result in an addi-
tional, more acid stable enzyme isoform and maintain high activity in PSE meat 
(Schwagele et al.  1996  ) . The phosphorylation status of AMP-activated protein 
kinase (AMPK) could indirectly in fl uence the  glycolysis and pH decline in PM 
muscle (Shen and Du  2005  ) . It has also been reported that myosin regulatory light 
chain 2 (MyLC2) became doubly  phosphorylated during rigor formation in bovine 
longissimus (Muroya et al.  2007  ) . Studying the dynamic changes of protein phos-
phorylation in PM meat can lead to the identi fi cation of candidate regulatory pro-
teins from a new perspective. 
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 A combination of one- and two-dimensional gel electrophoresis (1DE and 
2DE) coupled with Pro-Q Diamond-SYPRO Ruby staining and tandem MS 
strategy was employed to semi-quantitatively analyze the protein phosphoryla-
tion changes of sarcoplasmic proteins (Fig.  7.1 ) (Huang et al.  2011,   2012  ) . The 
staining method showed high speci fi city for both phosphoprotein and total pro-
tein in 1DE and 2DE (Fig.  7.2 ). The results revealed that the fast pH decline 
group had the highest global phosphorylation level at PM 1 h, but lowest at 
24 h, whereas the slow pH decline group showed the reverse case. The phospho-
rylation levels of many proteins were signi fi cantly affected by the synergy 
effects of pH and time ( p  < 0.05). Most of the phosphoproteins were identi fi ed 
as glycometabolism-related enzymes. The phosphorylation of pyruvate kinase 
and triosephosphate isomerase-1 were shown to be related to the PM muscle pH 
decline rate. It was suggested that the phosphorylation level might indicate the 
activity of corresponding proteins in PM muscle. A similar study was also per-
formed for the myo fi brillar proteins, MyLC2, troponin T, and tropomyosin, and 
several other structural proteins were identi fi ed as highly phosphorylated and 
changed with PM time. Interestingly, unlike the sarcoplasmic proteins, the 
phosphorylation pattern of myo fi brillar proteins in PM muscle is mainly changed 
with PM time, but only to a minor extent in fl uenced by the rate of pH decline, 
suggesting the phosphorylation of myo fi brillar proteins may be related to the 
meat rigor mortis and quality development (Huang et al.  2012  ) .  

 PM changes in porcine muscle protein phosphorylation in relation to the RN −  
and normal genotypes have also been investigated (Lametsch et al.  2011  ) . 
Glycogen phosphorylase, phosphofructokinase, and pyruvate kinase were found 
in protein bands affected by the RN -  genotype, the protein phosphorylation level 
of the muscle proteins could be interpreted as a global metabolic  fi ngerprint 
containing information about the activity status of the enzymes in the PM 
metabolism. Another related study used this approach to analyze the response of 
sarcoplasmic proteins in PM bovine longissimus muscle to electrical stimula-
tion and its effects on meat tenderization; the proteomic analysis showed that 
ES resulted in lower ( p  < 0.05) phosphorylation levels of creatine kinase M 
chain, fructose bisphosphate aldolase C-A,  b -enolase, and pyruvate kinase at 
PM 3 h (Li et al.  2011  ) .  

    7.5.2   Protein Oxidation 

 Protein oxidation in muscle foods results in the loss of meat product quality, such 
as reduced water-holding capacity (WHC), tenderness, and juiciness (Lund et al. 
 2007 ; Rowe et al.  2004  ) . Oxidation of proteins may affect the susceptibility of pro-
tein substrates to proteolytic enzymes and result in low digestibility and poor nutri-
tional value (Morzel et al.  2006  ) . Oxidation of numerous amino acids leads to the 
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formation of carbonyl groups and other derivatives, and causes a depletion of essen-
tial amino acids in muscle foods. 

 Direct oxidation of the side chains from lysine, threonine, arginine, and proline 
has been highlighted as the main route for protein carbonylation and the main 
mechanism that has been proved to yield carbonyls from meat proteins (Estevez 
 2011  ) . The 2,4- dinitrophenylhydrazine (DNPH)-method (Oliver et al.  1987  )  com-
bined with proteomic approaches has been widely used for evaluating protein car-
bonylation in multiple muscle foods. A combined immunologic and 1D and 2-D 
proteomic approach was employed to address protein oxidation in chicken muscles 
(Stagsted et al.  2004  ) . Speci fi c proteins containing carbonyls and/or 3-nitroty-
rosine (3-NT) were detected by the DNPH method and antibody against 3-NT. It 
was found that enolase was the predominant carbonyl-reactive species among the 
water-soluble muscle proteins, and several other proteins (actin, heat shock protein 
70, and creatine kinase) also contained carbonyls and/or 3-nitrotyrosine. 
Additionally, the effect of feed on protein oxidation was checked as well. A similar 
study used DNPH and anti-DNP antibody to detect oxidized myo fi brillar proteins 
from PM porcine muscle on 2-D gel and identi fi ed about 70 oxidatively modi fi ed 
proteins (Bernevic et al.  2011  ) . Another study employed 2DE combined with 
DNPH and  fl uorescent thiosemicarbazide (FTSC) staining and MS/MS to detect 
the protein carbonyls from bonito muscle during storage; the oxidation status of 
enolase, aldolase, and L-lactate dehydrogenase A chain (LDH-A) were identi fi ed 
as changing during storage (Kinoshita et al.  2007  ) . Signi fi cant correlations 
( p  < 0.05) were observed between the level of carbonyl groups and the intensities 
of 52 proteins on the 2-D electrophoresis of PM porcine sarcoplasmic proteins 
(Promeyrat et al.  2011  ) . 

 In addition to the gel-based approaches, some recent studies started to perform 
LC-MS/MS-based proteomics to analyze oxidation in meat. Researchers used 
LC-MS/MS to characterize the interesting protein spots cut from 2-D gel, which led to 
the identi fi cation of several unique oxidation sites on creatine kinase, actin, and tri-
osephosphate isomerise (Bernevic et al.  2011  ) . Myoglobin (Mb) redox status affects 
meat color and is destabilized by lipid oxidation products. Researchers utilized 
LC-ESI-MS/MS and other proteomic methods to investigate oxymyoglobin (OxyMb) 
oxidation in Mb from pork and beef; they identi fi ed several adducted histidine (HIS) 
residues (more in beef), and revealed that HNE-induced HIS residues adduction 
occurred in a species-speci fi c preferential manner, Preferential HNE adduction at HIS 
93 was exclusively observed in bovine OxyMb (Suman et al.  2007  ) .  

    7.5.3   Protein Degradation 

 Tenderness has been considered as the most important quality attribute of meat; it is 
well established that PM proteolysis is mainly responsible for meat tenderization 
(Koohmaraie and Geesink  2006  ) . Proteomics has been widely used to investigate PM 
protein degradation and has provided global insight into the process of proteolysis. 
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 Using the classic 2-D method, many proteins were found to be fragmented as a 
consequence of protein degradation in PM pork; identi fi ed proteins included struc-
tural proteins (such as actin, myosin heavy chain, troponin T, etc.) and sarcoplas-
mic proteins (such as creatine kinase, carbonate dehydratase, triosephosphate 
isomerase, pyruvate kinase, etc.) (Hwang et al.  2005 ; Lametsch et al.  2002  ) . 
Moreover, the actin and the myosin heavy chain fragments have been found to cor-
relate signi fi cantly with meat tenderness (Hwang et al.  2005 ; Lametsch et al.  2003  ) , 
indicating that the PM degradation of structural proteins contributes to meat ten-
derization. It is speculated that myosin heavy chain degradation leads to disruption 
of the myosin–actin interaction, and has an effect on the integrity of the thin 
 fl ament, which results in meat tenderization. Recently, the combination of 2DE and 
FTICR-MS was utilized for the identi fi cation of muscle protein degradation prod-
ucts in pork (Bernevic et al.  2011  ) , and several truncation forms of creatine kinase 
and troponin T were identi fi ed and con fi rmed the former results. PM proteolysis in 
muscle has also been analyzed using proteomics in beef. In  M. longissimus dorsi  
(LD) and  M. semitendinosis  (ST) muscle from 0 to 24 h, the intact form of co fi lin, 
lactoylglutathione lyase, and substrate protein of mitochondrial ATP-dependent 
proteinase SP-22, HSP27, and HSP20 were detected as decreasing (Jia et al.  2006  ) . 
It was also found that the abundance of fragments of actin, creatine kinase, HSP27, 
and crystallin increased, whereas the amount of intact molecules decreased over 14 
days of cold storage (Morzel et al.  2008  ) . The fragmentation of creatine kinase and 
other proteins was also observed in a proteomic study of  fi sh (carp) during cold 
acclimation (McLean et al.  2007  ) .   

    7.6   Conclusion 

 Even though it is still a very challenging task to characterize the protein modi fi cations 
in complex food and biological systems, over the past 10 years development in the 
areas of  fl uorescent detection, af fi nity-enrichment techniques, and quantitative pro-
tein and advanced MS greatly accelerate the application of modi fi cation-speci fi c 
proteomics (mainly PTMs) to reveal the molecular features and functions of pro-
teins in life science. The global and systematic characterization and interpretation 
of protein modi fi cations can be performed through the integration of computational 
tools into large-scale high-throughput modi fi cation-speci fi c proteomics studies, and 
will offer meaningful information of biological events. Compared to the life science 
area, protein modi fi cations in food science are rarely explored. The application of 
proteomic approaches to analyze food protein modi fi cation is predicted to become 
increasingly important in the area of general food science, quality assurance, and 
product differentiation. The knowledge and approaches of modi fi cation-speci fi c 
proteomics developed in the life sciences area can be referenced and will contribute 
to the knowledge development of protein modi fi cations in food sciences. 

 The proteins in PM muscle are subjected to both post-translational modi fi cations 
and extracellular modi fi cations. Importantly, these protein modi fi cations mainly 
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determine the biochemical and physical properties of meat proteins and thereby 
affect  fi nal meat quality. Until now, protein modi fi cation studies in meat science are 
mainly limited to phosphorylation, oxidation, and degradation, and to some extent, 
knowledge of these modi fi cations in meat is still at the preliminary level. We can 
expect that high-throughput modi fi cation-speci fi c proteomics will be employed to 
systematically analyze the qualitative and quantitative differences of these protein 
modi fi cations in meat concerning the development, genetic background, process-
ing, and storage, which will greatly contribute to our understanding of the mecha-
nisms underlying meat quality difference. In addition, it is also of great interest to 
explore the potential roles of other important protein modi fi cations in meat systems 
using modi fi cation-speci fi c proteomics.      
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