N

N

Relationships between DNAJA1 expression and beef
tenderness: effects of electrical stimulation and
post-mortem aging in two muscles
Ahmed Sami, Edwards Mills, Jean-Francois J.-F. Hocquette

» To cite this version:

Ahmed Sami, Edwards Mills, Jean-Francois J.-F. Hocquette. Relationships between DNAJA1 ex-
pression and beef tenderness: effects of electrical stimulation and post-mortem aging in two muscles.
International Journal of Agriculture and Biology, 2015, 17, pp.815-820. hal-01171501

HAL Id: hal-01171501
https://hal.science/hal-01171501
Submitted on 27 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License


https://hal.science/hal-01171501
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

INTERNATIONAL JOURNAL OF AGRICULTURE & BIOLOGY
ISSN Print: 1560-8530; ISSN Online: 1814-9596
14-997/2015/17-4-815-820

DOI: 10.17957/1JAB/14.0024

http://www fspublishers.org

ull Length Article

Relationships between DNAJA 1 Expression and Beef Tenderness: Effects
of Electrical Stimulation and Post-mortem Aging in two Muscles

Ahmed Sami"*', Edward Mills® and Jean-Francois Hocquette®”

'Department of Animal Production, Faculty of Agriculture, Cairo University, 12613, Giza, Egypt

*Graduate Studies Deanship, King Saud University, Saudi Arabia

3The Pennsylvania State University, Department of Animal Science, University Park, PA 16802, USA

4INRA, UMRI213, Recherches sur les Herbivores, F-63122 Saint Genés Champanelle, France

3Clermont Université, Vet Agro Sup, UMRI1213, Recherches sur les Herbivores, F-63122 Saint Genés Champanelle, France
“For correspondence: assami70@yahoo.com

Abstract

This study aimed to check if if relationships between DNAJA1 expression and beef tenderness is valid in two muscles, which
differ in toughness from Angus steers with or without electric stimulation at different times of post-mortem ageing. Electric
stimulation did not significantly affect DNAJA 1 expression at the time of slaughter. But, RNA degradation soon after slaughter
was a major factor, which affected the assessment of DNAJAI expression, even at 3 h post-mortem. Correlation of DNAJAI
expression at slaughter with shear force values varied according to ageing time (24 h, 3, 7, 14 or 21 days post-mortem) or
according to the use of electric stimulation and was not significantly correlated with any of these shear force peak values
despite a few high correlation values (-0.60 or +0.34). In conclusion, DNAJAI is not an omnipotent marker of beef toughness
with this particular data set since the correlation of its expression level with shear force values varies according to slaughtering
conditions and ageing time. © 2015 Friends Science Publishers
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Introduction

Tenderness, juiciness and flavor affect beef palatability,
with tenderness being the most economically important trait
(Boleman et al., 1997). Due to advances in genomics,
researchers have identified previously unrecognized genes
associated with meat quality. Gene expression controls the
biological characteristics of muscles. Knowledge of gene
expression profiles has identified the gene DNAJAI, which
is strongly and negatively related to tenderness, explaining
up to 63% of variation in tenderness (Bernard et al., 2007).
Study of gene expression in cattle may lead to improved
understanding of post-mortem effects on beef quality
(Eggen and Hocquette, 2004; Mullen et al., 2006).

The DNAJAI gene encodes a member of the 40 kDa
heat shock protein family (Hsp40), which is a co-chaperone
of the 70 kDa heat shock protein family (Hsp70) which
affects protein folding and mitochondrial protein import.
The DNAJA1/Hsp70 complex inhibits ordered cellular
death, or apoptosis (Bernard et al., 2007). After animal
bleeding, cells enter anoxia and receive no more nutrients,
thus initiating apoptosis. It has been hypothesized that
apoptosis is the first stage of meat aging (Ouali et al., 2013),
and a delay or inhibition of apoptosis by the DNAJAI/Hsp
70 complex could reduce meat tenderization.

To achieve desirable organoleptic properties, meat is
typically aged before consumption. Post-mortem
tenderization of meat is a complicated process consisting of
a series of biochemical pathways (Herrera-Mendez et al.,
2006). However, high quality RNA is essential for gene
expression studies and aging of meat may cause concern
about RNA quality or integrity (Bojlul et al., 2007). Some
studies have shown that a delay in tissue processing may not
decrease RNA integrity as reflected by the abundance of
messenger RNA (mRNA) (Marchuk et al., 1998; Seyboldt
et al., 2003).

A common post-mortem treatment at large
commercial beef abattoirs is electrical stimulation (ES) of
carcasses, in which an electrical current passed through the
carcass to accelerate anaerobic glycolysis and subsequent
pH decline such that carcasses can be chilled more quickly
without risk of cold-shortening (Bendall er al., 1976).
Electrical stimulation has been shown to reduce Warner-
Bratzler Shear Force (WBSF) values, improve tenderness,
in beef, lamb and goat (Savell et al., 1977). As well, ES of
beef carcasses has been shown to accelerate post-mortem
tenderization (George et al., 1980).

The objective of this study was to relate DNAJAI
expression to beef toughness in muscles that may differ in
tenderness and to evaluate RNA integrity and expression of
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the DNAJAI gene during meat ageing in non-electrically
and electrically stimulated muscles.

Materials and Methods
Animals and Harvesting Procedure

Five Angus steers were fed total mixed ration of corn
silage, cracked corn, roasted soybeans, and feedlot
vitamin and mineral mix for 258 days to a final average
body weight 615+27 kg and approximately 15 months of
age. Animals were slaughtered at the meat laboratory
facility of the Department of Animal Science, College of
Agriculture Sciences, Penn State University, PA, USA, in
accordance of the USDA approved humane slaughter
guidelines. After carcass dressing (ca. 20 min post-
mortem), the right side of the carcass was electrically
stimulated (ES, 350 V, 3 cycles, 30s per each cycle), the
left side was non-stimulated (NES). Carcasses were
weighed and average hot carcass weight was 369+15 kg,
and then chilled directly at 4°C for 24 h.

Muscles Samples and Storage

After 25 min post-mortem (zero time, 0 h) 300 mg muscle
samples were collected from Longissimus thoracis (LT) and
Bicepes femoris (BF) from ES and NES sides then
homogenized in 3 mL TRIzol reagent using power
homogenizer. Samples were directly kept at -80°C until the
next steps of RNA extraction. Further samples of the LD
and BF muscles from ES and NES sides were taken at 1, 3,
6, 9 and 24 h post-mortem. After 24 h LD and BF muscles
were dissected from each side and cut into steaks (2.5 cm
thickness) that were vacuum packed, stored at 4°C and
sampled for RNA extraction following the same procedure
at 3,7, 14 and 21 d post-mortem. Steaks were kept frozen at
-20°C after completing their respective aging period for
further analysis.

Extraction, Quantification and Purity of RNA

Total RNA was extracted from muscles samples (n=200)
with TRIzol Reagent® (Molecular Research Centre, Inc.
USA) according to the manufacturer's instructions. Re-
extraction of RNA was carried out using chloroform-
isopropryl alcohol. Extracted RNA pellet was washed once
with 75% ethanol. The RNA pellet was finally dissolved in
50 pL of nuclease-free water. RNA sample concentration
and purity were determined using a NanoDrop
spectrophotometer. RNA concentrations were adjusted to be
within the quantitative range of an Agilent RNA 6000 Nano
Chip. Each RNA sample was analyzed on an Agilent
Bioanalyzer with an RNA 6000 Nano Chip according to the
manufacturer’s instructions (Agilent Technologies, Santa
Clara, CA).
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Relative Level of DNAJA1 Gene Expression

Primers and probes for DNAJAI gene (the genetic marker
for beef tenderness) were designed by the Nucleic Acid
Facility of the Pennsylvania State University using sequence
data from Genbank and the real-time PCR probe/primer
design software Primer Express (v2.0, Applied Biosystems).
For real-time qPCR analysis performed by the Nucleic Acid
Facility of the Pennsylvania State University, DNAse-
treated RNA was reverse-transcribed using the High
Capacity cDNA Reverse Transcription kit (Applied
Biosystems, Foster City CA) and the protocol provided with
the kit. Quantitation by real-time PCR was done by adding
10 or 20 ng of cDNA in a reaction with 2X TagMan
Universal PCR Master Mix (Applied Biosystems, Foster
City CA) in a volume of 20 pL. Primer was added at a
concentration of 400 nM and a probe at 200 nM which was
labeled with a 5' FAM and a 3' Black Hole Quencher
(Biosearch Tech, Novato, CA). The amplification protocol
consisted of 10 min at 95°C, followed by 40 cycles of 15
sec at 95°C and one min at 60°C in the 7300 Real-Time
PCR System (Foster City CA). Ct values of the DNAJAI
gene and the reference gene 18S were used with the delta Ct
method (Livak and Schmittgen, 2001) to determine relative
levels of DNAJAI gene expression.

Warner-Bratzler Shear Force (WSF)

The 1, 3, 7, 14 and 21 day steaks were evaluated for WBSF.
Steaks were thawed at 4°C for 24 h, packages were opened,
and steaks were lightly blotted and then weighed. Steaks
were wrapped in aluminum foil and cooked to 70°C in a
standard conventional oven set at 177°C. Internal
temperature at the approximate geometric center of each
steak was monitored intermittently with a digital
thermocouple thermometer (Electro-therm, Model HT
680A, Geraberg, Germany). Steaks were cooled to room
temperature (24°C) over a 4 h period. Three 1.3 cm diameter
steak cores parallel to muscle fiber direction were removed
from each steak by hand. Cores were sheared
perpendicularly to muscle fiber direction using a Warner-
Bratzler shear cell attached to a shear force instrument
(Model TMS-90, Meat Shear Cell Model CW-2, Food
Technology Corporation, Virginia, USA) with a crosshead
speed of 250 mm/min. Peak shear force (kg force) and shear
work (joules) were recorded then averaged by steak.

Statistical analyses

Comparisons between muscles with and without electric
stimulation or between muscles from the same animals were
achieved by the paired Student’s ¢ test. Pearson correlation
coefficients between gene expression levels and shear force
values were calculated for the combined data from both
muscles using the statistical software (StatSoft Inc., Tulsa,
OK, USA).
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Results
Toughness of Beef

Shear force (either peak force or work) did not significantly
differ between the two muscle types without electric
stimulation. However, with electrical stimulation, a
significant difference not only was observed in shear force
(peak force and work) after 21 days of ageing, but also after
14 days of ageing for shear work values only (Table 1).
Thus, for electrically stimulated beef, BF muscle was
tougher than LT muscle at 14 and 21 days of ageing. The
effect of electric stimulation was significant for peak shear
force at 21 days of ageing for the LT muscle only (Table 1).

DNAJA1 Expression

DNAJAI expression relative to that of 18S RNA did not
significantly differ between muscle type and treatment (with
or without electrical stimulation) at the time of slaughter. It
is also highly variable except for Longissimus thoracis
muscle without electrical stimulation (Table 2). Correlation
between DNA expression values across muscles was 0.794
between the two treatments (with or without electrical
stimulation) (Table 3). From 2 h onwards, total RNA from
at least one sample was degraded and all of them were
degraded at 21 days post-mortem (Fig. 1). DNAJAI
expression was very low in samples with a high RNA
degradation (data not shown). We therefore considered that
the assessment of DNAJAI expression was not reliable
except at the time of slaughter.

Correlations between DNAJA1 Expression and Shear
Force Value

On average, shear force peak values were poorly correlated
across ageing times with or without electric stimulation
(Table 3) except a few of them (PF24 h with PF14d, PF3d
with PF7d, PF3d with PF3dES, PF7d with PF14dES).
Correlations between shear force peak values and DNAJAI
expression in the two muscles (n=10 values) varied
according to time of ageing or to the use of electric
stimulation (Table 3). Furthermore, DNAJAI expression
values were not significantly correlated with shear force
peak value at any time. However, because it was much
higher than any other correlation, the correlation with PF14d
(r = -0.60) with no electric stimulation is worth being
mentioned even if it was not significant, as well the
correlation of 0.34 between DNAJAI expression values with
shear force values at 7 days of ageing after electric
stimulation (Table 3).

Discussion

The biological mechanisms which determine meat
tenderness have been studied for decades in order to find
good biomarkers of tenderness which can be used as
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Fig. 1: Stability of total RNA in (A) Non-ES Longissimus
thoracis, (B) ES Longissimus thoracis, (C) Non-ES Biceps
femoris and (D) ES Biceps femoris muscles during post-
mortem storage by Agilent Bio-analyzer assay

predictors in order to optimize livestock practices and
slaughtering conditions with the ultimate goal to produce
beef of the best palatability. Nevertheless, this research
strategy was not productive despite some important
discoveries: (i) meat ageing is a very important process for
the ultimate beef tenderness, (ii) this process involves
several proteolytic systems involved in the degradation of
muscle proteins during ageing (calpain/calpastatin,
cathepsin, proteasome and more recently described caspases
and serpins) and (iii) more recently, it was discovered that
the onset of apoptosis is among the first steps involved in
the conversion of muscle into meat just after slaughtering
(reviewed by Ouali et al., 2013). Therefore, looking for
biological markers involved in the process of apoptosis
became a recent active area of research. Furthermore, this
approach became easier thanks to the development of
genomic tools (transcriptomics, proteomics) through the
examination of associated molecular signatures of all genes
or proteins, which means that no working hypothesis
regarding the underlying mechanisms is required (reviewed
by Cassar-Malek et al., 2008).

So far, different research teams have identified
markers of beef tenderness involved in the energy
metabolism pathway, in cell detoxification, or which belong
to the heat shock protein family or to the annexin family
(reviewed by Ouali et al., 2013). Within the heat shock
family, several markers were identified so far among, which
we can cite the Hsp27 protein (Morzel et al., 2008) or the
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Table 1: Shear force** of LT and BF muscles at 24 hours, 3, 7, 14 or 21 days of ageing

Variables PF24h SW24h PF3d SW3d PF7d SW7d PF 14d SW 14d PF21d Sw2ld
LTNES Mean 43.10 46.30 41.90 44.70 37.10 41.90 38.30 43.80 32.90a 38.40
SD 13.04 9.28 8.52 8.62 8.17 7.64 6.34 5.61 3.41 3.69
BFNES Mean 37.90 46.70 41.90 48.40 48.40 50.10 38.30 48.70 32.90 41.90
SD 14.55 17.82 12.32 17.30 9.90 17.68 6.98 9.52 6.59 8.99
LTES Mean 39.90 42.00 40.80 43.30 39.60 42.90 34.10 37.10A 28.6Ab 346 A
SD 8.95 7.31 441 5.63 4.38 4.85 6.49 5.96 1.82 247
BFES Mean 39.40 46.80 40.80 46.80 35.40 46.80 39.50 43.00B 37.30B 458 B
SD 4.10 4.58 6.02 8.03 4.22 7.43 3.71 4.87 3.62 5.20

AA Shear Force measured as Peak Force (PF, newtons) and Shear Work (SW, N cm)
A, B indicate differences of shear force values between LD and BF muscles for electrically stimulated muscles
a, b indicate differences of shear force values due to electrical stimulation for LT muscle

Means with different letters are significantly different (P<0.05)
LT: Longissimus thoracis, BF: Biceps femoris
NES: non-electrical stimulation. ES: electrical stimulation

Table 2: DNAJAI expression at the time of slaughter

Variables Mean SD CV (%)
LT NES 1.02 0.01 1.40
BF NES 0.90 0.85 94.20
LTES 0.54 043 79.40
BFES 0.92 0.88 96.50

LT:Longissimus thoracis, BF: Biceps femoris
NES: non-electrical stimulation. ES: electrical stimulation
DNAJAI expression levels are expressed in arbitrary units

DNAJAI gene (Bernard et al., 2007). The DNAJ proteins
(also known as heat shock protein 40) act as ascochaperones
to the molecular chaperone DnaK (Hsp70), which is
responsible for several cellular processes such as rescuing
misfolded proteins, folding polypeptide chains, transport of
polypeptides  through  membranes, assembly and
disassembly of protein complexes and control of regulatory
proteins (Qui et al., 2006; Jiang et al., 2007). In general, J-
domain proteins modulate protein assembly, disassembly,
and translocation (Walsh er al., 2004). DNAJ/Hsp40
proteins are indeed important for protein translation,
folding, unfolding, translocation and degradation, primarily
by stimulating the ATPase activity of chaperone proteins,
Hsp70 (Qui et al., 2006). DNAJAI has been studied in
biomedicine and has been shown to be a biomarker for
pancreatic cancer (Stark et al., 2014).

In cattle, initial work has shown a strong negative
relationship between DNAJAI expression in Longissimus
thoracis muscle and tenderness score assessed by a sensory
panel (Bernard et al., 2007). However, further work showed
that DNAJAI was not the only gene belonging to the heat
shock protein family related to tenderness and that the genes
individually correlated with tenderness are not consistent
across genders and slaughtering years in Longissimus
thoracis muscle from the Charolais breed indicating the
strong influence of rearing conditions on the relationships
between DNAJAI expression and beef palatability
(Hocquette et al., 2012). This may be explained by the fact
that developmental age and management factors influence
DNAJAI expression at the mRNA (Cassar-Malek et al.,
2011) or protein levels (Guillemin et al., 2011). DNAJAI
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expression also differs between muscle types (Cassar-Malek
et al., 2011). All together, the absence of consistency of
relationship between DNAJAI expression with tenderness
(across cattle population, age and muscle type) are likely to
explain the absence of any association in the current study
with Angus animals.

According to Fontanesi et al. (2011), transcriptomic
studies can be performed in porcine skeletal muscle up to 24
h post-mortem. Therefore, we could conclude that
microarray data obtained from specimens collected in the
processing plant, over a relatively long period, have the
potential to assess mRNA biomarkers of beef quality, with
no potential bias from RNA degradation. In one way, our
study confirmed this observation since most of the RNA
degradation occurs after 1 or 3 days of ageing. However,
careful examination of individual samples indicated that at
least one sample RNA was degraded from two hours post-
mortem onwards with a concomitant fall in DNAJAI
expression. When performing correlation studies between
two sets of data, any change in one point may affect the
correlation dramatically, especially with a low number of
samples. Therefore, the quality of RNA samples is surely a
crucial factor determining the association between any
potential biomarkers of tenderness and the real tenderness
score.

Toughness (the opposite of tenderness) is routinely
assessed by shear force on cooked meat. A first crucial
parameter is cooking temperature which may be to an
internal temperature of 55°C (rare cooking) as in France
(Allais et al., 2011) or at 74°C in UK (Farag et al., 2008) or
China (Hou et al., 2014). Shear force can also be measured
after different days of ageing with poor correlations between
shear force values depending on ageing time (Hou et al.,
2014) as in this study (where correlations varies up to 0.69
maximum). Therefore, depending on the set of shear force
values used to be correlated with potential biomarkers of
beef quality, different results will be obtained. For instance,
Tizioto et al. (2013) reported that KCNJI11 SNPs were
markers for tenderness using shear force values at 0 and 7
days post-mortem whereas KCNJ11 expression level was a
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Table 3: Correlations” between shear force® values and DNAJAI expression

Variables NES PF24h  PF3d PF7d PF14d PF21d ES PF24hES  PF3dES PF7dES PFl4dES  PF21dES
DNAJALI DNAJALI
NES DNAJALI 1.00 -0.10 -0.05 -0.19 -0.60 -0.14 0.79 0.22 -0.27 0.15 -0.07 -0.08
PF24h -0.10 1.00 0.16 -0.25 0.69 0.61 -0.22 0.11 0.55 -0.23 0.02 -0.39
PF3d -0.05 0.16 1.00 0.64 0.17 0.46 0.16 0.30 0.77 0.04 0.46 -0.30
PF7d -0.19 -0.25 0.64 1.00 0.17 -0.01 0.34 0.01 0.33 -0.18 0.65 0.39
PF14d -0.60 0.69 0.17 0.17 1.00 0.46 -0.48 -0.16 0.43 -0.26 0.14 -0.13
PF21d -0.14 0.61 0.46 -0.01 0.46 1.00 -0.21 0.04 0.75 -0.23 0.00 -0.30
ES DNAJALI 0.79 -0.22 0.16 0.34 -0.48 -0.21 1.00 0.05 -0.07 -0.08 0.21 0.24
PF24hES 0.22 0.11 0.30 0.01 -0.16 0.04 0.05 1.00 0.17 0.69 0.66 0.07
PF3dES -0.27 0.55 0.77 0.33 0.43 0.75 -0.07 0.17 1.00 -0.14 0.25 -0.34
PF7dES 0.15 -0.23 0.04 -0.18 -0.26 -0.23 -0.08 0.69 -0.14 1.00 0.28 -0.12
PF14dES -0.07 0.02 0.46 0.65 0.14 0.00 0.21 0.66 0.25 0.28 1.00 0.54
PF21dES -0.08 -0.39 -0.30 0.39 -0.13 -0.30 0.24 0.07 -0.34 -0.12 0.54 1.00

ACorrelations were calculated for the combined data from both muscles. Correlations in bold are significant at P < 0.10

BWarner-Bratzler Shear Force measured as Peak Force (PF)
NES: non-electrical stimulation. ES: electrical stimulation

negative marker of tenderness at 7 days of ageing only, but
not at 0 or 14 days of ageing.

In our study, we found no significant relationships
between DNAJAI expression levels and shear force values
despite the highest negative correlation of -0.60 at 14 days
of ageing. However, the major observation of this study is
the high variability of this relationship between DNAJAI
expression levels and shear force values which ranged from
-0.60 to 0.34.

Many factors previously discussed are likely to
explain at least in part this variability. Some technical
factors related to the experiment itself are important such as
any potential RNA degradation in at least one sample. The
methodology used to generate reference values of toughness
(in this case shear force) is also crucial since shear values
vary with or without electric stimulation (this study),
according to ageing time (this study, Tizioto ef al., 2013;
Hou et al., 2014) as well as according to other factors not
studied here such as, for instance, suspension method of
carcasses (Hou et al., 2014). In the case of ageing,
biomarkers of tenderness (in this case protein expression
levels because mRNA levels are not considered as reliable)
vary according to ageing time (Laville et al., 2009).

Other authors argue that the reference values should
not be shear force but sensory scores from expert panels.
Indeed, phenotypic correlations between tenderness scores
and shear force values were approximately -0.35 or -0.40 for
French young bulls indicating that shear force is a poor
indicator of the real tenderness assessed by real people
eating beef (Van Wezemael et al., 2014). This problem,
however, is not so important for genetic studies because the
genetic correlations are much higher between these two
parameters (around -0.90) (Allais et al., 2011). For both
approaches, cooking method and cooking temperature in
addition to muscle type affect shear force and tenderness
values (Modzelewska-Kapitula et al., 2012). Generally
speaking, consumers prefer the appearance, aroma and
flavor of beef strip loin samples cooked at the highest
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temperatures and the tenderness and juiciness of samples
cooked at the lowest temperatures (Gomes et al., 2014).

Other authors even think that the best descriptor of
tenderness is the assessment by untrained consumers and
not expert panels. Trained panels have generally a smaller
variance due to a controlled methodology thanks to
training, but the training procedure can lead to biased
results. By comparison, a consumer panel is unbiased, but
has a larger variance. The decision in Australia was to use
untrained consumer taste panels and this decision was
based on the need to have a reliable, transparent, system of
testing samples that would engender confidence with both
the beef industry and consumer sectors. In this country, the
final assessment of palatability of beef is often done by the
target consumer from the street eating beef (Thompson,
2002). Experiments relating biomarkers of beef quality to
sensory scores determined by untrained consumers are still
lacking, but results are likely to differ from those obtained
so far with trained expert panels or with shear force as in
this study. In contrast to previous results with one muscle
type from young Charolais bulls, we observed that
DNAJAI expression level was not a marker of beef
tenderness with this particular data set made from two
muscle types sampled from Angus steers. Besides animal
differences (breed, gender, age, rearing practices), other
technical factors related to the methodology (RNA
degradation and storage), to the overall experimental design
(muscle type, slaughtering conditions with or without
electric stimulation) or to the assessment of tenderness
(shear force vs score from expert panels) as well as
temperature and cooking method of beef are likely to
explain discrepancies between studies.

References

Allais, S., L. Journaux, H. Levéziel, N. Payet-Duprat, P. Raynaud, J.F.
Hocquette, J. Lepetit, S. Rousset, C. Denoyelle, C. Bernard-Capel
and G. Renand, 2011. Effects of polymorphisms in the calpastatin
and p-calpain genes on meat tenderness in three French beef breeds.
J. Anim. Sci., 89: 1-11



Sami et al. / Int. J. Agric. Biol., Vol. 17, No. 4, 2015

Bojlul, B., F.J. Monahan, A.P. Moloney, O. Schmidt, D.E. MacHugh and T.
Sweeney, 2007. Long-term stability of RNA in post-mortem bovine
skeletal muscle, liver and subcutaneous adipose tissues. BMC Mol.
Biol., 8: 108-119

Bendall, JR.,, C.C. Ketteridge and A.R. George, 1976. The electrical
stimulation of beef carcasses. J. Sci. Food Agric., 27: 1123-1131

Bernard, C., I. Cassar-Malek, M. Le Cunff, H. Dubroeucq, G. Renand and
J.F. Hocquette, 2007. New indicators of beef sensory quality
revealed by expression of specific genes. J. Agric. Food Chem., 55:
5229-5237

Boleman, S.J., S.L. Boleman, R.K. Miller, J.F. Taylor, H.R. Cross, T.L.
‘Wheeler, M. Koohmaraie, S.D. Shackelford, M.F. Miller, R.L. West,
D.D. Johnson and J.W. Savell, 1997. Consumer evaluation of beef of
known categories of tenderness. J. Anim. Sci., 75: 1521-1524

Cassar-Malek, 1., N. Guillemin, J.F. Hocquette, D. Micol, D. Bauchart, B.
Picard and C. Jurie, 2011. Expression of DNAJA! in bovine muscles
according to developmental age and management factors. Animal, 6:
867-874

Cassar-Malek, 1, B. Picard, C. Bernard and J.F. Hocquette, 2008.
Application of gene expression studies in livestock production
systems: a European perspective. Aust. J. Exp. Agric.,48: 701-710

Eggen, A. and J.F. Hocquette, 2004. Genomic approaches to economic trait
loci and tissue expression profiling: application to muscle
biochemistry and beef quality. Meat Sci., 66: 1-9

Farag, K.W., J.G. Lyng, D.J. Morgan and D.A. Cronin, 2008. A comparison
of conventional and radio frequency tempering of beef meats: Effects
on product temperature distribution. Meat Sci., 80: 488—495

Fontanesi, L., G. Galimberti, D.G. Calo, M. Colombo, A. Astolfi, S.
Formica and V. Russo, 2011. Microarray gene expression analysis of
porcine skeletal muscle sampled at several post mortem time points.
Meat Sci., 88: 604—609

George, A.R., J.R. Bendall and R.C.D. Jones, 1980. The tenderizing effect
of electrical stimulation of beef carcasses. Meat Sci., 4: 51-68

Gomes, C.L., S.B. Pflanzer, A.G. Cruz, P.E. de Felicio, HM.A. Bolini,
2014. Sensory descriptive profiling and consumer preferences of beef
strip loin steaks. Food Res. Int., 59: 76-84

Guillemin, N., C. Jurie, 1. Cassar-Malek, J.F. Hocquette, G. Renand and B.
Picard, 2011. Variations in the abundance of 24 proteins biomarkers
of beef tenderness according to muscle and animal type. Animal, 6:
885-894

Herrera-Mendez, C.H., S. Becila, A. Boudjellal and A. Ouali, 2006. Meat
Aging: Reconsideration of the current concept. Trends Food Sci.
Technol., 17: 394-405

Hocquette, J.F., C. Bernard-Capel, V. Vidal, B. Jesson, H. Levéziel and 1.
Cassar-Malek, 2012. The GENOTEND chip: a new tool to analyses
gene expression in muscles of beef cattle for beef quality prediction.
BMC Vet. Res., 8: 135

Hou, X., L. Rongrong, M. Yanwei, Z. Yimin, N. Lebao, W. Renhuan, L.
Chenglong, L. Yuging and L. Xin, 2014. Effect of suspension
method and aging time on meat quality of Chinese fattened cattle M.
Longissimus dorsi. Meat Sci., 96: 640645

Jiang, J., E.G. Maes, A.B. Taylor, L. Wang, A.P. Hinck, EMM. Lafer and R.
Sousa, 2007. Structural basis of J cochaperone binding and
regulation of Hsp70. Mol. Cell, 28: 422433

820

Laville, E., T. Sayd, M. Morzel, S. Blinet, C. Chambon, J. Lepetit, G.
Renand and J.F. Hocquette, 2009. Proteome changes during meat
ageing in tough and tender beef suggest the importance of apoptosis
and chaperone proteins for beef ageing and tenderisation. J Agric.
Food Chem., 57: 1075510764

Livak, K.J. and T.D. Schmittgen, 2001. Analysis of Relative Gene
Expression Data Using Real Time Quantitative PCR and the 2"
method. Methods, 25: 402-408

Marchuk, L., P. Sciore, C. Reno, C.B. Frank and D.A. Hart, 1998. Post-
mortem stability of total RNA isolated from rabbit ligament, tendon
and cartilage. Biochim. Biophys. Acta., 1379: 171-177

Modzelewska-Kapituta, M., E. Dabrowska, B. Jankowska, A. Kwiatkowska
and M. Cierach, 2012. The effect of muscle, cooking method and
final internal temperature on quality parameters of beef roast. Meat
Sci., 91: 195202

Morzel, M., C. Terlouw, C. Chambon, D. Micol and B. Picard, 2008.
Muscle proteome and meat eating qualities of Longissimus thoracis
of “Blonde d’Aquitaine” young bulls: a central role of HSP27
isoforms. Meat Sci., 78: 297-304

Mullen, AM., P.C. Stapleton, D. Corcoran, R.M. Hamill and A. White,
2006. Understanding meat quality through the application of
genomic and proteomic approaches. Meat Sci., 74: 13-16

Ouali, A., M. Gagaoua, Y. Boudida, S. Becila, A. Boudjellal, C.H. Herrera-
Mendez and M. A. Sentandreu, 2013. Biomarkers of meat tenderness:
Present knowledge and perspectives in regards to our current
understanding of the mechanisms involved. Meat Sci., 95: 854-870

Qui, X.B., Y.M. Shao, S. Miao and L. Wang, 2006. The diversity of the
DNAJ/Hsp40 family, the crucial partners for Hsp70 chaperones.
Cell. Mol. Life Sci., 63: 2560-2570

Stark, J.L., K. Mehla, N. Chaika, T.B. Acton, R. Xiao, P.K. Singh, G.T.
Montelione and R. Powers, 2014. Structure and function of human
DnaJ homologue subfamily a member 1 (DNAJAI) and its
relationship to pancreatic cancer. Biochemistry, 53: 1360-1372

Savell, J.W., G.C. Smith, T.R. Dutson, Z.L.. Carpente and D.A. Suter, 1977.
Effect of electrical stimulation of palatability of beef, lamb and goat
meat. J. Food Sci., 42: 702-706

Seyboldt, C., A. John, T. Mueffling, B. Nowak and S. Wenzel, 2003.
Reverse transcription-polymerase chain reaction assay for species-
specific detection of bovine central nervous system tissue in meat
and meat products. J. Food Prot., 66: 644651

Tizioto, P.C., G. Gasparin, M.M. Souza, M.A. Mudadu, L.L.. Coutinho, G.B.
Mourdo, P. Tholon, S.L. Meirelles, R.R. Tullio, A.N. Rosa, M.M.
Alencar, S.R. Medeiros, F. Siqueira, G.L. Feij6, R.T. Nassu and
L.C.A. Regitano, 2013. Identification of KCNJ11 as a functional
candidate gene for bovine meat tenderness. Physiol. Genomics, 45:
1215-1221

Thompson, J., 2002. Managing meat tenderness. Meat Sci: 62: 295-308

VanWezemael, L., S. De Smet, @. Uelandand W. Verbeke, 2014. Relationships
between sensory evaluations of beef tenderness, shear force
measurements and consumer characteristics. Meat Sci., 97: 310-315

Walsh, P., D. Bursac, Y.C. Law, D. Cyr and T. Lithgow. 2004. The J-
protein family: Modulating protein assembly, disassembly and
translocation. EMBO Rep., 5: 567-571

(Received 10 December 2014; Accepted 29 December 2014)



