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Abstract

The proteome is expressed from the genome, inXuenced by environmental and processing conditions, and can be seen as the molecular
link between the genome and the functional quality characteristics of the meat. In contrast to traditional biochemical methods where one
protein is studied at a time, several hundred proteins can be studied simultaneously. Proteomics is a promising and powerful tool in meat
science and this is reXected by the increasing number of studies emerging in the literature using proteomics as the key tool to unleash the
molecular mechanisms behind diVerent genetic backgrounds or processing techniques of meat. Thus understanding the variations and
diVerent components of the proteome with regard to a certain meat quality or process parameter will lead to knowledge that can be used
in optimising the conversion of muscles to meat. At present, there has been focus on development of techniques and mapping of proteo-
mes according to genotypes and muscle types. In the future, focus should be more towards understanding and Wnding markers for meat
quality traits. This review will focus on the methods used in the published proteome analyses of meat, with emphasis on the challenges
related to statistical analysis of proteome data, and on the diVerent topics of meat science that are investigated.
©  2007 Elsevier Ltd. All rights reserved.
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1. Introduction

In a situation with increased competition with other
foods, a predictable meat quality is essential to the meat
industry, with tenderness and juiciness being the most
important quality attributes as deWned by the consumers
(Hildrum & Tornberg, 1998; Miller, HuVman, Gilbert,
Hamman, & Ramsey, 1995). These traits are inXuenced
both by genetics, environmental factors and processing
conditions. However, the underlying molecular mecha-
nisms are far from understood. While the genes remain con-
stant during the lifetime of the animal, the expression of the
genes to mRNA and proteins is very dynamic and is regu-
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lated by a large number of factors such as environmental
and processing conditions. The proteins expressed from the
genome may thus be viewed as the mirror image of the gene
activity.

The proteome is the protein complement of the genome
and consists of the total amount of proteins expressed at a
certain time point (Wilkins et al., 1996). In contrast to the
genome, the proteome is continuously changing according
to factors inXuencing on either protein synthesis or degra-
dation. Thus, analysing the proteome can be viewed as
analysing snap-shots into a system in constant change. In
this regard, the proteome can be seen as the molecular link
between the genome and the functional quality characteris-
tics of the meat, being expressed from the genome under the
given environmental/processing conditions. While the
genome contains the information on which genes are
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available, the proteome contains information on which
genes are actually being expressed. Thus understanding the
variations and diVerent components of the proteome with
regard to a certain quality or processing parameter will lead
to knowledge that can be used in optimising the conversion
of muscles to meat (Bendixen, 2005; Bendixen et al., 2005).

2. Tools for proteomics

Proteomics are the tools used to analyse the proteomes.
Over the last decade there have been signiWcant improve-
ments of methods in this Weld, largely driven by medical sci-
ence, as a demand for understanding the functions of the
genomes following the large genome sequencing projects.
While the analytical tools for characterising the genomes
have reached a high satisfaction, the corresponding tech-
niques for proteome analyses still need much reWnements
and developments. Most of the proteomics tools are based
on protein separation in at least two dimensions, using
either chromatographic methods or electrophoresis, and is
usually followed by the use of mass spectrometry (MS).
Detailed descriptions of these methods are beyond the scope
of this paper and are reviewed elsewhere (Aebersold, 2003;
Aebersold & Mann, 2003; Bendixen, 2005; Gorg, Weiss, &
Dunn, 2004; Rabilloud, 2002; Reinders, Lewandrowski,
Moebius, Wagner, & Sickmann, 2004; Righetti, Castagna,
Antonioli, & Boschetti, 2005; Stasyk & Huber, 2004; Steen
& Mann, 2004). However, we will focus on the methods for
two-dimensional gel electrophoresis (2-DE) as this has so
far been the method most widely used in meat science, with
special emphasis on the sample preparation and analysis of
2-DE data. A schematic diagram of the work-Xow of a pro-
teome analysis is shown in Fig. 1. Usually, the Wrst step is to
set up an experiment with diVerent animals, treatments or
muscles with diVerent quality traits e.g. colour or tenderness
(Step 1). This is followed by protein extraction, 2-DE, image
analysis and statistical analysis (Step 2–6). Evaluation of the
data and selection of signiWcantly changed proteins are criti-
cal steps in the experiments (Step 7–8). Furthermore, identi-
Wcation of the proteins by MS and interpretation of the
results (Step 9–10) often lead to new hypotheses and new
cycles of proteome analyses to be performed.
Fig. 1. Schematic drawing of the diVerent steps in the work-Xow in proteome analysis using 2-DE and mass spectrometry. (1) Animal or sample chosen for
analysis, (2) sample extraction, (3) isoelectric focusing (IEF), (4) SDS-PAGE, 2-dimensional electrophoresis, (5) alignments and comparisons of 2-DE
images, (6) data analysis, (7) data interpretation and selection of signiWcantly changed proteins, (8) extraction of signiWcantly changed protein spots, (9)

identiWcation of protein spots by MALDI-TOF MS, (10) interpretation of the results.
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2.1. Muscle protein fractionation

Several authors have tried to estimate the total number
of diVerent proteins expressed from a genome including
splice variants and post-translational modiWcations in a
eukaryotic cell, with numbers ranging from 100–500,000
(Righetti et al., 2005; Stasyk & Huber, 2004). These proteins
are localised in diVerent compartments. Some are part of
large protein aggregates, like the myoWbrillar proteins,
some are localised in membranes and others are enzymes
localised in the cytoplasma. With the help of pre-fraction-
ation of the proteins based on solubilisation and extraction
procedures, the enrichment of soluble sarcoplasmic or myo-
Wbrillar proteins can be achieved. These proteins will have
very diVerent chemical properties which can be used to iso-
late the proteins in diVerent fractions. DiVerent strategies
for fractionation of proteins are reviewed in Righetti et al.
(2005). Several issues should be considered before develop-
ing a sample preparation strategy. It is advisable to keep
sample preparation as simple as possible to avoid protein
losses. However, if only a subset of the proteins in the tissue
or cells is of interest, pre-fractionation can be employed
during sample preparation. Depending on the project and
hypothesis diVerent strategies for extraction and pre-frac-
tionation of muscle proteins should be considered. Typi-
cally, approximately 1000 diVerent proteins, or 10% of the
total number of proteins, can be analysed on one 2-DE
image.

The presence of high-abundance proteins in a tissue or
cell often masks low-abundance proteins and thus generally
prevents their detection and identiWcation in proteome
studies. The use of pre-fractionation methods can assist in
the identiWcation and detection of low-abundance proteins
that may ultimately prove to be informative biomarkers.
For comprehensive proteome analysis by 2-DE, pre-frac-
tionation is essential for the following reasons. First, by
partitioning the proteome into compartments, the complex-
ity of each compartment is dramatically reduced facilitating
spot identiWcation and quantitative analysis. Secondly,
there is a pronounced bias inherent in 2-DE towards abun-
dant proteins. This has the eVect of masking low-abun-
dance proteins. Pre-fractionation enriches low-abundance
proteins. Thirdly, the amount of any given protein that can
be resolved on a 2-DE is limited. Pre-fractionation allows
the proteins present in a particular fraction to be loaded at
high levels, further increasing the representation of low-
abundance proteins. Finally, relative to whole cell prepara-
tions, the number of proteins that are solubilised during the
diVerential extraction procedures is greatly increased yield-
ing a more comprehensive representation of the proteome.

Several established protein and peptide fractionation
techniques include stepwise extractions of proteins, immun-
odepletion, reverse phase or ion-exchange chromatography
and gel Wltration (Righetti et al., 2005). The choice of tech-
nique is greatly dependent on which subset of proteins that
is of interest. In muscle cells, structure proteins, such as
actin and tubulin are high abundant proteins and will dom-
inate in 2-DE. Fig. 2 shows the representative 2-DE gels of
a bovine LD sample following a sequential fractionation:
water-soluble proteins, salt-soluble proteins and remaining
proteins. For comparison, a total protein extract from the
same animal is also included in the Wgure.

2.2. Separation by 2-DE

Separation of proteins by 2-DE has been done for
decades. However, major technical improvements such as
the introduction of immobilized pH gradients have been
important for the reproducibility of the method, for a
review see (Gorg et al., 2000; Gorg et al., 2004). The infor-
mation that can be extracted from 2-DE is very informative
and provides information on which proteins that are pres-
ent as well as information on modiWcations. In short, the
proteins are Wrst separated by charge using isoelectric
focusing, and then the focused proteins are separated by
mass using SDS-PAGE. After separation, diVerent tech-
niques are used to visualise the proteins, resulting in a large
number of spots on a 2-DE image of the gel which is subse-
quently digitalized. It is important to remember that both
choice of protein extraction method, pH gradient in the iso-
electric focusing step, and staining technology will deter-
mine which proteins can be observed and analysed.

2.3. Handling of 2-DE images and statistical analysis of 
proteome data from 2-DE

Although being very informative, the gel images are
complex consisting of a very high number of more or less
overlapping protein spots, where the position of the protein
spots may vary from one gel image to another. Further-
more, the staining intensity and background may be vari-
able throughout the gels and from one gel to another. Thus,
the process of analysing the gel images to search for the
information revealed by the proteins is a critical and com-
plex step of the process.

Several commercially available softwares are designed to
align and analyse the images from 2-DE experiments. How-
ever, due to the noisy appearance of the images this is not
an easy task, and improvements are still needed to get an
optimal analysis. In principle, there are two diVerent
approaches for matching data from one gel to another. One
approach is to detect spots in each gel and map the result-
ing spots from one gel to another. This approach is both
time consuming and it faces a number of challenges result-
ing in a signiWcant number of missing values in the data
analysis (Grove, Hollung, Uhlen, Martens, & Faergestad,
2006). An alternative approach is based on alignment of the
images instead of matching protein spots. When the images
are aligned, spots can be detected across all gels simulta-
neously using common boundaries around the spots for all
gel images (Luhn, Berth, Hecker, & Bernhardt, 2003).
Thereafter protein spot tables can be generated without
missing values. However, overlapping protein spots and
saturated protein spots are still major challenges for the
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data analysis. A useful approach to overcome these chal-
lenges is to analyse the aligned gel images pixel by pixel.
Variation from one gel to another even in strongly overlap-
ping protein spots and in saturated protein spots can then
be detected.

Proteome data need special attention in analysis and sta-
tistical validation of the outcome. In contrast to traditional
experiments with few measurements/variables in many
samples/animals, the opposite is true for proteomics data.
Here the number of samples is usually limiting because of
work-load, but the amount of data that is collected from
each animal exceeds several hundred observations. This is
also a challenge in other –omics data, such as transcripto-
mics and must be handled with care during the statistical
analysis.

Several statistical approaches have been used to analyse
proteomics data. Multivariate analyses such as principal
component analysis (PCA) (Martens & Martens, 2000;
Næs, Isaksson, Fearn, & Davies, 2002) is now included in
several softwares for analysis of 2-DE experiments. Multi-
variate approaches have also been used for selection of sig-
niWcant changes in the 2-DE data according to the design
parameters (Jessen, Lametsch, Bendixen, Kjaersgard, &
Jorgensen, 2002; Jia et al., 2006; Kjaersgard, Norrelykke, &
Jessen, 2006). Assessment of hierarchical clustering meth-
odologies, commonly used in transcriptomics studies, has
also been performed on proteomics data (Meunier et al.,
2007). The diVerent statistical methods will shed light on
diVerent aspects of the proteomics data as has been dis-
cussed in several papers (Jacobsen et al., 2007; Maurer,
Feldmann, Bromme, & Kalenka, 2005).

2.4. Limitations of proteomics

As with all advanced methods it is necessary to ensure
the experimental design is made such that it is possible to
analyze the results. Choice of extraction method for the
proteins is determining which proteins that can be studied,
and proteins that are not extracted will thus not be consid-
ered. Very hydrophobic proteins, membrane proteins and
high MW proteins are often diYcult to solubilise and to
analyse by 2-DE (Fey & Larsen, 2001; Gorg et al., 2004). It
is also important to keep in mind that whatever method is
chosen for proteome analysis there is no protocol yet pro-
viding an analysis of the complete proteome in one run.
Several groups have tried to compare diVerent strategies on
the same samples ending up with partly overlapping results
(Bodenmiller, Mueller, Mueller, Domon, & Aebersold,
2007; Frohlich et al., 2006; McDonald et al., 2006). Usually,
a few hundred to several thousand proteins can be analysed
in one experimental setup, but still this is only a small part
of the entire proteome. Thus it is important to draw conclu-
sions based on the proteins that are actually under investi-
gation and not extrapolate the results to the proteins that
Fig. 2. 2-DE images of proteins from bovine LD muscle separated by pH 4–7 and 12.5% SDS-PAGE. Fifty �g protein was loaded on each gel; (a) total
protein extract in urea-buVer (7 M Urea, 2 M Thiourea, 2% CHAPS, 1% DTT, 0.5% IPG 3–10 buVer); (b) proteins soluble in TES-buVer (10 mM Tris, pH
7.6, 1 mM EDTA, 0.25 M Sucrose); (c) remaining proteins from (b) soluble in NaCl-buVer (10 mM Tris, pH 7.6, 0.5 M NaCl); (d) remaining proteins from
(c) extracted in urea-buVer, as in (a).
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failed to be analysed. As discussed in the previous section
analysis of the data is not straightforward, and careful con-
sideration should be made to choose the most optimal
strategy.

3. Applications of proteomics in meat science

In meat science proteomics is a fairly new tool. However,
over the last years several studies are published where pro-
teomics shed light on diVerent aspects of meat, both during
the aging process and also in response to diVerent process-
ing conditions. Several species have been studied, such as
cattle, pork, lamb and chicken. In most of these studies 2-
DE has been used in combination with MS identiWcation of
speciWc proteins as the proteomics tool.

3.1. Proteome mapping

Several proteome studies have been performed aiming at
describing the diVerent proteins that are present in a meat
sample. This approach can be described as proteome map-
ping. A proteome mapping study of bovine semitendinosus
(ST) muscle using a combination of 2-DE and mass spec-
trometry allowed the detection of roughly 500 reproducible
protein spots (Bouley, Chambon, & Picard, 2004). Of these,
a total of 129 protein spots corresponding to 75 diVerent
gene products were identiWed by matrix-assisted laser
desorption ionisation-time of Xight (MALDI-TOF) MS.
Approximately 25% of the identiWed proteins were involved
in metabolic pathways, while 17%, 16%, and 14.5% were
involved in cell structure, cell defence, and the contractile
apparatus, respectively. However, how these proteins are
related to meat quality was not investigated in this study.

A mapping strategy has also been used to compare the
proteome expression of sarcoplasmic proteins between four
diVerent ovine muscles (Hamelin et al., 2006). Muscle sam-
ples were taken within 30 min after slaughter from longissi-
mus dorsi (LD), vastus medialis (VM), semimembranosus
(SM), and tensor fasciae latae (TL). After 2-DE and data
analysis, 77 protein spots were found to be diVerentially
expressed between the muscles, and 47 of these were identi-
Wed by MALDI-TOF MS. The VM muscle had a diVerent
protein expression than the other three muscles. This mus-
cle had the highest proportion of slow-twitch oxidative
Wbres and the highest abundance of enzymes involved in
oxidative metabolism and oxidative stress-related proteins.
The TL, on the contrary, had a reduced expression of most
of these proteins, which reXects that this muscle had the
highest rate of fast-twitch glycolytic Wbres.

3.2. Proteome changes due to genetic variations

Genetic variations may cause phenotypic diVerences that
can be studied using proteomics. Changes in expression of
bovine skeletal muscle proteins induced by hypertrophy
were studied by proteome analyses (Bouley et al., 2005).
The muscle hypertrophy was caused by a deletion in the
myostatin gene, and samples from the ST muscle were taken
from bulls that were heterozygote and homozygote for the
myostatin deletion and from control bulls. The 2-DE analy-
sis allowed the detection of 400 common protein spots, and
statistical analyses revealed 28 protein spots that diVered
between the control and the homozygote bulls, while only
one protein diVered between the control and the heterozyg-
otic bulls. Changes of proteins in the contractile apparatus
and metabolic enzymes indicate that the myostatin deletion
results in a shift towards a fast-twitch glycolytic muscle
type, which is in accordance with the results from the mus-
cle Wbre type analyses performed on the same animals. This
demonstrates that proteomics reXects the shifts in Wbre type
in the muscles.

In another study the eVect of a quantitative trait loci
(QTL) for muscle hypertrophy on sarcoplasmic proteins
expression in four ovine muscles was investigated (Hamelin
et al., 2006). Thirty minutes after slaughter, samples from
LM, VM, SM, and TL were taken for analyses by 2-DE.
Only three of the muscles (LM, SM, and TL) were hyper-
trophied due to the QTL, while the VM was normal. By use
of MALDI-TOF MS, 63 spots that were expressed diVeren-
tially between the genotypes were identiWed. These changes
included increased levels of enzymes involved in the glyco-
lytic metabolism, which indicates a switch towards a more
glycolytic muscle type. Moreover, several chaperon pro-
teins were also increased in abundance, which may indicate
a requirement for more building blocks to promote myoW-
bril assembly.

3.3. Post-mortem changes

Studying post-mortem changes in the proteome will lead
to an increased understanding of the biochemical mecha-
nisms behind meat quality traits, such as tenderness. A
number of studies have described how post-mortem degra-
dation of myoWbrillar protein may be involved in meat ten-
derness, and in particular, the degradation patterns of
contractile proteins have been described in detail (Geesink
& Koohmaraie, 1999; Hopkins & Taylor, 2002; Melody
et al., 2004; Taylor, Geesink, Thompson, Koohmaraie, &
Goll, 1995).

Lately, proteomics has been used to study changes
occurring in muscle during post-mortem storage. Total pro-
tein extracts from pork LD samples collected at 0, 4, 8, 24
and 48 h after slaughter revealed that 15 proteins were
changed, some increasing and some decreasing in abun-
dance after slaughter (Lametsch & Bendixen, 2001; Lame-
tsch, RoepstorV, & Bendixen, 2002). Several of these
proteins were identiWed as fragments of structural proteins
such as actin, myosin heavy chain and troponin T. Earlier
studies using one-dimensional SDS-PAGE have concluded
that actin is not degraded post-mortem (Bandman &
Zdanis, 1988; HuZonergan, Parrish, & Robson, 1995;
Koohmaraie, 1994). However, using 2-DE the resolution
allows for a better separation of the diVerent actin frag-
ments and demonstrates the potential of 2-DE. Some of the
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actin fragments observed in post-mortem pork muscle was
also signiWcantly correlated with tenderness. In addition,
several metabolic enzymes involved in energy metabolism
were altered in the pork muscle.

During post-mortem storage the calpain system is
believed to be important for degradation of myoWbrillar
proteins and development of tenderness (Goll, Taylor,
Christiansen, & Thompson, 1991; Koohmaraie, 1994,
1996). In a proteome study in pork LD muscle several of
the myoWbrillar substrates for �-calpain were identiWed
(Lametsch, RoepstorV, Moller, & Bendixen, 2004). Among
the substrates that were degraded by in vitro incubation
with �-calpain were desmin, actin, myosin heavy chain,
myosin light chain I, troponin T, tropomyosin �1, tropomy-
osin �4, thioredoxin and CapZ.

Changes in metabolic protein composition in biopsies
from live animals to post-mortem samples collected
shortly after slaughter in the cattle LD muscle revealed
that 24 protein spots were changed (Jia et al., 2006). This
reXects the contribution of several factors such as trans-
portation, lairage, stunning, exsanguination and dehiding
on the LD muscle proteome. IdentiWcation of the pro-
teins by MALDI-TOF/TOF MS revealed that a wide
range of metabolic enzymes and stress proteins increased
in abundance after slaughter. Several of these proteins
were glycolytic enzymes such as enolase, aldehyde dehy-
drogenase, phosphoglycerate kinase or enzymes involved
in oxidative metabolism such as ATP-speciWc succinyl-
CoA synthetase and isocitrate dehydrogenase. This sup-
ports an expected shift in energy metabolism in the mus-
cle post-mortem via the glycolytic pathway, and also an
increase in aerobic energy metabolism the Wrst hour after
slaughter.

Changes in the muscle proteome between slaughter and
24 h storage in bovine LD and ST muscles was observed
both between the sampling times and between the LD and
ST muscles (Jia, Hollung, Therkildsen, Hildrum, & Bend-
ixen, 2006). In this study 5 proteins were changed in both
muscles, namely coWlin, lactoylglutathione lyase, substrate
protein of mitochondrial ATP-dependent proteinase SP-22,
HSP27KDa and HSP20KDa. However, 15 proteins were
changed in either LD or ST muscles. These diVerences reX-
ect distinct metabolic and physiological functions of the
diVerent muscles.

3.4. Proteome changes due to pre-slaughter conditions

During the last few years, proteomics has also been
applied to investigate proteome changes induced by diVer-
ent pre-slaughter conditions. The Wrst example involves a
study of compensatory growth in pigs, which has been asso-
ciated with more tender meat (Kristensen, Therkildsen,
Aaslyng, Oksbjerg, & Ertbjerg, 2004). In a proteome study
of pigs at slaughter, seven proteins were changed according
to compensatory growth. Among them several stress pro-
teins and glycolytic proteins were decreased in abundance
(Lametsch et al., 2006). In the same study eight proteins
were aVected 48 h after slaughter including both structural
proteins and enzymes.

In another study, the eVect of post-mortem storage time (0,
12, and 72 h) and diVerent pre-slaughter treatments (trans-
ported immediately before slaughter vs. transported 12 h
before slaughter) of pigs on the LD muscle proteome were
analysed (Morzel et al., 2004). Most diVerences were found as
a result of post-mortem storage, and 37 spots varied with
storage time. Ten of these increased in abundance during the
storage period, such as fragments of actin, troponin T, and �-
crystallin resulting from proteolysis. The pre-slaughter treat-
ments aVected 8 protein spots, while they had no eVect on the
proteolytic events taking place during the storage period.

3.5. Proteome changes associated with meat quality traits

In a study of proteome changes related to tenderness
(Warner Bratzler shear force) in pork LD muscle 6 proteins
were aVected (Lametsch et al., 2003). A great increase of
fragments of actin during post-mortem storage was
observed. Three actin fragments as well as a myosin heavy
chain fragment were correlated to shear force. Moreover,
myosin light chain II and the glycolytic enzyme triose phos-
phate isomerase were correlated to tenderness. This has also
been conWrmed by Hwang (Hwang, Park, Kim, Cho, & Lee,
2005). In another study, proteome analysis of SM muscle
from normal hams and from PSE-zones of defective hams
demonstrated a reduced proteolysis of troponin T, MLC 1,
and �-crystallin in the defect muscles (Laville et al., 2005).

Recently, 2-DE and MS have also been used to investi-
gate the biochemical mechanisms behind variation in meat
colour (Hwang et al., 2005; Sayd et al., 2005). Comparison
of the sarcoplasmic proteome in pig SM muscle from two
groups of animals having a light or dark meat colour
revealed that 22 protein spots were diVerentially expressed
(Sayd et al., 2006). The animals, 12 animals in each group,
were selected from samples of 1000 pigs based on extreme
L¤-values. While the dark muscles had an increased abun-
dance of mitochondrial proteins, indicating a more oxida-
tive metabolism, the light muscles had an increased
abundance of cytosolic proteins involved in glycolysis.

Proteome analyses have also been used to study protein
changes in dry-cured hams. In one study, the myoWbrillar
proteins of raw meat and dry-cured hams after 6, 10 and 14
months of ripening were analysed by 2-DE (Di Luccia
et al., 2005). Both actin, tropomyosin and myosin light
chain disappeared during the ripening period, and were
almost completely hydrolysed after 12 months. In a pilot
study of Norwegian dry-cured hams we have earlier
observed a variation in the protein degradation pattern
between hams ripened for 6 months from diVerent produc-
ers (Sidhu, Hollung, & Berg, 2005).

3.6. MS-analysis of peptides

The majority of proteomics studies in meat science are
based on a combination of 2-DE and MS. However, recently
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the occurrence of low-molecular weight peptides in bovine
pectoralis profundus muscle during post-mortem storage and
cooking were analysed directly by MS (Bauchart et al.,
2006). Samples were taken approximately 30 min after
slaughter (T0) and after 14 days of ageing. On day 14 sam-
ples were taken from both cooked (T14c) and uncooked
(T14) muscle. These extracts were subsequently analysed for
amino acid composition, and a combination of MALDI-
TOF MS and nano-LC-ion trap MS/MS analyses were used
to determine peptide composition and identiWcation, respec-
tively. The peak patterns from the MALDI-TOF MS analy-
sis were very reproducible between animals, and 7, 18 and 92
peptides were detected at T0, T14, and T14c, respectively.
None of the peptides found at T0 and T14 were identiWed,
however seven peptides corresponding to 5 diVerent pro-
teins were identiWed from the T14c samples. Three of these
proteins are known targets of post-mortem proteolysis (tro-
ponin T, nebulin, cypher protein) (Geesink & Koohmaraie,
1999; Morzel et al., 2004), while the other two proteins were
the connective tissue proteins procollagen types I and IV.
These are known to be very stable during meat ageing, how-
ever prolonged heating above 70 °C can promote collagen
peptide bond breakage and explain the occurrence of these
peptides in the cooked samples.

4. Future prospects

Proteomics has turned out to be a promising and power-
ful tool in meat science over the last years yielding informa-
tion on diVerences between muscles in a carcass.
Furthermore, the combined approach of 2-DE and MS has
demonstrated a great strength in studying metabolic altera-
tions, post-mortem proteolysis, and changes induced by
environmental and processing conditions. As a result an
increasing number of studies are emerging in the literature
using proteomics as the key tool to unleash the molecular
mechanisms behind diVerent genetic backgrounds or pro-
cessing techniques of meat. Although the genetic back-
ground is important, the major contribution to meat
quality is caused by processing and environmental condi-
tions. Thus proteomics could be the tool to reXect the
important mechanisms and contributions to development
of a satisfactory meat quality. In contrast to traditional
methods where only one or a few proteins are studied at a
time, several hundred proteins can be studied simulta-
neously by proteome analysis. By manipulations with the
protein extraction, diVerent proteins are enriched and this
should be carefully considered before designing the experi-
ments. By proteomics it is possible to investigate proteins
that originally were not included in the hypothesis of the
experiment and may thereby provide answers leading to
new hypotheses according to a certain treatment or quality.
At present, there has been focus on development of tech-
niques and mapping of proteomes according to genotypes
and muscle types. In the future, focus should be directed
towards understanding variation and Wnding markers for
meat quality traits.
While proteomics yields important information by itself,
the potential in linking information generated by this tech-
nique with other –omics techniques is vast. An integrated
functional genomics approach can be used to monitor
quantitative and qualitative diVerences in the transcrip-
tome, proteome, and metabolome, creating a powerful tool
to study gene function and cellular responses to external
stimuli. In meat science, this approach will be of great
importance, since meat quality is highly inXuenced by exter-
nal stimuli such as environmental and processing condi-
tions. However, linking and extracting information from
such large data matrices is a formidable task, and will
require signiWcant research attention in the coming years.
This implies diligent coordination between scientists that
masters the techniques and analyses in the diVerent Welds. If
we are successful in this endeavour, the future for proteo-
mics in meat research is bright. Proteomics has the poten-
tial to shift the understanding of molecular mechanisms
underlying meat quality a great leap forward.
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