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Objective: Present study explores the effect of hot summer period on the glycolytic rate of
early post-mortem meat quality of Ghungroo and Large White Yorkshire (LWY) pig and
comparative adaptability to high temperature between above breeds by shifting the expression
of stress related genes like mono-carboxylate transporters (MCTs) and heat shock proteins
(HSPs).

Methods: Healthy pigs of two different breeds, viz., LYW and Ghungroo (20 from each)
were maintained during hot summer period (May to June) with a mean temperature of
about 38°C. The pigs were slaughtered and meat samples from the longissimus dorsi (LD)
muscles were analyzed for pH, glycogen and lactate content and mRNA expression.
Following 24 h of chilling, LD muscle was also taken from the carcasses to evaluate
protein solubility and different meat quality measurements.

Results: LWY exhibited significantly (p<0.01) higher plasma cortisol and lactate dehydro-
genase concentration than Ghungroo indicating their higher sensitivity to high temperature.
LD muscle from LWY pigs revealed lower initial and ultimate pH values and higher drip
loss compared to Ghungroo, indicating a faster rate of pH fall. LD muscle of Ghungroo
had significantly lower lactate content at 45 min postmortem indicating normal
postmortem glycolysis and much slower glycolytic rate at early postmortem. LD muscle of
LWY showed rapid postmortem glycolysis, higher drip loss and higher degrees of protein
denaturation. Ghungroo exhibited slightly better water holding capacity, lower cooking
loss and higher protein solubility. All HSPs (HSP27, HSP70, and HSP90) and MCTs
(MCT1, MCT2, and MCT4) in the LD muscle of pigs inclined to increase more in
Ghungroo than LWY when exposed to high temperature.

Conclusion: Effect of high temperature on the variation of HSPs and MCTs may play a crucial
role in thermal tolerance and adaptation to different climatic conditions, pH regulation, muscle
acidification, drip loss, protein denaturation and also in postmortem meat quality develop-
ment.

Keywords: Ghungroo Pig, Glycolytic Rate, Heat Shock Proteins (HSPs), Meat Quality,
Mono-carboxylate Transporters (MCTs), Large White Yorkshire, Summer Stress

INTRODUCTION

Pigs are quite sensitive to high temperatures and in a tropical country like India this could
cause stress and adversely influence the performance of growing pigs and quality of meat.
Heat stress reduces growth, alters carcass quality, and compromises efficiency, thus diminishing
chances for production of high quality protein for human consumption [1,2]. Pigs synthesize
a select group of proteins, called heat shock proteins (HSPs) to cope up with the sudden adverse
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environmental changes such as heat shock or stress response.
The resultant increase and accumulation of the HSPs now gives
the stressed cell added protection, thereby allowing for con-
tinued cell survival. There is now emerging evidence that HSPs,
produced in response to heat stress or other type of cellular
stress, may play important role in regulating rate and efficiency
of muscle growth and meat quality [3]. There are limited studies
available on HSPs in relation to different meat quality parameters.
The higher abundance of HSP70 is known to be associated with
lower drip loss in pork [4]. Report is also available in abating
HSP expression (HSP70 and HSP90) due to transportation
stress lowering muscle pH and higher drip loss [5]. Again, HSP90
is significantly associated with initial pH, lightness, yellowness,
cooking loss and drip loss which implies that it is recruited in
the extreme pH conditions and potentially contribute to the
water holding capacity (WHC) and postmortem meat quality
[3].

In stressful situations, pigs easily switch their energy metab-
olism to anaerobic glycolysis and produce lactate. Lactate formed
in glycolytic (white) muscle fibers is transported to the liver
or to oxidative (red) fibers to be used as a fuel. Moreover, in pigs,
the transport of lactate out of muscles is limited by poor capil-
larization [6] and its utilization as a fuel is limited by the small
number of oxidative fibers [7]. So, lactate must be transferred
out of the cells to avoid a critical drop in pH. Mono-carboxylate
transporters (MCTs) are important membrane proteins facili-
tating efflux of these lactate and protons from muscles. MCTs
transport a monocarboxylate anion and a proton together
through the cell membrane according to the electrochemical
gradients of substrates [8]. Lactate is quantitatively the most
abundant monocarboxylate transported by MCTs, apart from
other monocarboxylates, such as butyrate, acetate, propionate
and ketone bodies. [9]. MCTs are essential for pH regulation
in tissues that rely on glycolysis in their energy metabolism.
Their role is also important from meat quality point of view
because carcasses that exhibit rapid pH decline after slaughter
have been shown to be of poorer meat quality than carcasses
with a slow decrease in pH.

This lactate accumulation causes a rapid decline in muscle
pH at the early postmortem period [10]. Both the rate and extent
of postmortem pH decline significantly influence the protein
characteristics, and thus, critically affect ultimate pork quality
[11]. Changes in both glycogen and lactate content, which are
results of postmortem metabolism, can be very important factors
in meat quality. There are no reports of hot summer period on
early postmortem glycolysis rate, functional property and meat
quality in Ghungroo pig. Therefore, the primary objective of
this study was to evaluate the effect of high temperature on the
glycolytic rate at early post-mortem, meat quality of Ghungroo
breed and Large White Yorkshire (LWY), and to assess their
comparative adaptability to summer stress by altering the ex-
pression of stress related genes like HSPs and MCTs.
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MATERIALS AND METHODS

Animals and muscle samples

Healthy pigs of two different breeds, viz., LWY and Ghungroo,
were selected and 20 male animals from each breed were used
in this study. The animals were maintained at Haringhata Pig
Farm, Nadia, India following routine farm management prac-
tices. The study was conducted during hot summer period
(May to June) with a mean temperature about 38°C (Supple-
mentary data). The treatment conditions for the animals were
same in both the breeds. To know the effect of summer stress
on gene expression and meat quality of our native Ghungroo
pig in comparison to LWY, no control animal has been used
in this study. The pigs were slaughtered in Haringhata Meat
Processing Plant, Nadia, India by electrical stunning during
the summer period. The transportation of animals, slaughter-
ing procedures and other methods applied during this study
were followed as per the approved guidelines of Institute Ethi-
cal Committee and animal welfare committee of Haringhata
meat processing plant. At 45 min postmortem, samples were
taken from the longissimus dorsi (LD) muscles at the 8th-9th
thoracic vertebra [12] for estimation of pH, glycogen, lactate
and mRNA extraction study. Following 24 h of chilling, LD
muscle was also taken to evaluate pH, glycogen, lactate con-
tent, protein solubility and meat quality measurements. For
RNA extraction, muscle samples were snap frozen in liquid
nitrogen and preserved at -80°C.

Serum cortisol and lactate dehydrogenase

Immediately after the onset of bleeding, blood samples were
collected from each animal and brought to laboratory to measure
the levels of cortisol. Estimation of plasma cortisol was done
by Cortisol RIA kit (Immunotech, Beckman Coulter, Prague,
Czech Republic). The activity of lactate dehydrogenase (LDH)
was assessed using a commercial kit (Span Diagnostic Ltd, Gujrat,
India).

Glycogen and lactate content

For muscle glycogen content, approximately 1.5 g of tissue was
minced, suspended in 10 mL of 9% cold perchloric acid (PCA),
and thoroughly homogenized for 30 to 45 s with a mechanical
tissue disrupter [13]. After centrifugation (15,000 g at 4°C), the
supernatants were decanted and saved for glycogen determi-
nation. Iodine color reagent, 2.6 mL, prepared by combining
1.3 mL of a solution containing 0.26 g of iodine and 2.6 g of
potassium iodide (in 10 mL of distilled water; refreshed daily)
with 100 mL of saturated CaCl,, was added to a glycogen standard
or to the tissue extracts (0.4 mL). Glycogen standard curves
were developed for each set of samples. Linear regression equa-
tions were used to determine the glycogen concentrations in
the corresponding samples. Glycogen change values were cal-
culated by the difference between glycogen content at 45 min
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and 24 h postmortem.

Lactate content was determined spectrophotometrically (340
nm) using a commercial kit. Approximately 500 mg of muscle
was homogenized for 30 s in 2 mL of 1 M PCA. KOH (2 M)
was added to neutralize the solution, and the final volume was
made to 10 mL with distilled water. Following 20 min of re-
frigeration and centrifugation, the lactate concentration was
measured [12]. Lactate change values were obtained by the
difference between lactate content at 24 h and 45 min post-
mortem.

mRNA extraction and real-time quantitative polymerase
chain reaction for gene expression

Total RNA from tissue was extracted using TRIZOL reagent
(Sigma-Aldrich, St. Louis, MO, USA) as per the manufactur-
er’s instructions. The extracted RNA was dissolved in 30 uL
nuclease-free water and the concentration was measured using
Nanodrop (Thermo Scientific, Wilmington, NC, USA).

Total mRNA was extracted from muscle using TRI reagent
(Sigma, St. Louis, MO, USA) and reverse transcribed into cDNA
using an iScriptTM ¢DNA synthesis kit (Bio-Rad, Hercules,
CA, USA). Real-time quantitative polymerase chain reaction
(RT-PCR) was performed by qPCR in Strategene real time
qPCR (Mx3005P, Agilent Technology, Foster City, CA, USA)
using SsoFastTM Eva green qPCR kit (Bio-Rad, USA). The
primer sets used are shown in Table 1. The thermal profile was
an initial 30 s denaturation step at 95°C followed by 40 cycles
including denaturation at 95°C for 5 s, gene specific annealing
temperature for 10 to 12 s and elongation at 72°C for 10 s fol-
lowed by a final elongation step at 72°C for 10 min and last cycle
at 95°C for 1 min with a gradual increase from 60°C to 65°C for
10 s to 95°C for 15 and 30 s at 0.58°C per sec and continuous
fluorescence measurement and a finally cooling down to 40°C.
After the end of the run, a cycle threshold (Ct) values and am-
plification plot for all determined factors were assimilated. Real
time PCR efficiencies were determined by amplification of a

Table 1. List of porcine primers

Gene Sequence of nucleotide (5" - 3') NCBI/Reference
MCT1 F: ATGGGCATCAACTACCGACTTC EU404088.1
R: CTCTTTGGGGCTTCCTTCTATG
MCT2 F: CAAGCCTGGTGGTATATGC EU650275.1
R: CAAGAAGAACTGGGCAACAC
MCT4 F: CCCGTGTTCGTGGTGAGCTA EU650276.1

R: TGAAGAGGTAGACGGAGTAA
HSP27 F: AGGAGCGGCAGGATGAG

R: GGACAGGGAGGAGGAGAC
HSP70 F: GTGGCTCTACCCGCATCCC

R: GCACAGCAGCACCATAGGC
HSP90 F: CGCTGAGAAAGTGACCGTTATC

R:ACCTTTGTTCCACGACCCATAG
RPS15a  F:AATGGTGCGCATGAATGTC

R: GACTTTGGAGCACGGCCTAA

Parkunan et al., 2015
Parkunan et al., 2015
Parkunan et al., 2015

XM_005679050.1
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standardized dilution series and slopes were obtained. The
specificity of the desired products was documented using an
analysis of the melting temperature, which was product-specific.
The amplified PCR products were resolved in 1.5% electro-
phoresis through agarose gel containing Lab Safe nucleic acid
stain (G Biosciences, Santa Clara, CA,USA) and visualized in
gel documentation system (GELDOC, Richmond, CA, USA).
The relative expression of PCR products was determined [14].
RPS15a was used as housekeeping gene for this experiment.

Meat quality measurements

In order to evaluate the difference in postmortem glycolytic
rate of LD muscle; pH, glycogen and lactate were measured at
45 min (pH45 min) and 24 h (pH24 h). Muscle pH was mea-
sured at 45 min and 24 h post mortem using a spear type
portable pH-meter. Following 24 h of chilling, the LD was taken
to evaluate the protein solubility and meat quality traits. Every
effort was made to maintain consistency in using the same
anatomical location for each procedure. The muscle pH change
values were calculated as the difference between the pH mea-
surements at 45 min and 24 h postmortem.

To determine the drip loss, fresh muscle samples that were
standardized for surface area and weight were suspended in
an inflated bag using small hooks. After a 48 h storage period
at 4°C, the muscle samples were weighed again [15]. For cooking
loss determination, the samples were placed in vacuum closed
plastic bags. After a 20 min cooking period in a temperature
controlled bath maintained at 80°C, the bags were cooled with
tap water and the samples were taken from the bag, blotted dry
and weighed. The drip and cooking loss were expressed as per-
centage of the initial sample weight. At 24 h post-mortem LD,
muscle was used for WHC according to a modified method
of Grau and Hamm described by Sierra [16].

In order to determine the solubility of the sarcoplasmic, myo-
fibrillar and total proteins, two extractions were conducted [10].
Briefly, sarcoplasmic proteins were extracted from 1 g of muscle
using 10 mL of ice-cold 0.025 M potassium phosphate bufter
(pH 7.2). Total proteins were extracted from 1 g of muscle, using
20 mL of ice-cold 1.1 M potassium iodide in a 0.1 M phosphate
buffer (pH 7.2). The samples were minced, homogenized on
ice and then left on a shaker at 4°C overnight. The samples were
then centrifuged at 1,500 g for 20 min. The extracted proteins
were determined by biuret method and expressed as mg/g meat
sample. Salt soluble protein concentrations were obtained by
the difference between total and sarcoplasmic protein solubility.

Statistical analysis

Data related with the effect of heat stress between breeds were
analyzed with the help of Fisher’s test (independent sample t
test) using SPSS (10.0) software. Statistical significance was
identified at the 95% confidence level (p<0.05) and 99% con-
fidence level (p<0.01).
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RESULTS AND DISCUSSION

Serum cortisol and lactate dehydrogenase

Serum cortisol, corticotrophin, creatinine kinase, LDH, triio-
dothyronine (T3) and thyroxine (T4) have been widely used
to assess the level of stress in farm animals as well as during
pre-slaughter handling [5,17]. The concentrations of cortisol
and LDH in blood plasma are shown in Figure 1. In this study,
LWY exhibited significantly (p<0.05) higher concentration of
serum cortisol than Ghungroo. The reason behind the low
cortisol concentration in Gungroo breed might be due to better
adaptability to hot and humid climatic condition in India than
the cross breed. Shaw and Tume [18] suggested that, while
comparing two treatments in terms of stress, the group with
the lowest level of cortisol should be considered as least stressed.
Therefore, we can conclude that Ghungroo breed is more adap-
tive and capable enough to cope up the high temperature over
LWY. This study also demonstrates that the activity of plasma
LDH increased significantly in IWY than Ghungroo due to
summer stress. The increased LDH activity indicates that dur-
ing summer stress, there is intense conversion of pyruvate to
lactate (aerobic to anaerobic glycolysis) in LWY than Ghungroo,
explaining higher lactate content in postmortem muscle. As
the enzyme LDH plays an important role in glycolysis and in-
duction of plasma LDH activity in the present study may
indicate the switch from aerobic to anaerobic glycolysis in
transported pigs [5,19].

Glycogen and lactate content

Results revealed that there were no significant differences for
glycogen content at 45 min postmortem among the breeds
(Table 2) but the Ghungroo breed had slightly higher glycogen
content than LWY (1.37 vs 1.21 mg/g). On the contrary, lactate
content at 45 min postmortem was significantly different be-
tween the breeds. The muscle from Gunghroo breed had a
lower lactate level than the LWY (4.52 vs 6.37 mg/g, p<0.01).
All the animals were maintained under same treatment con-

r 500
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100
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Figure 1. Effect of summer stress on plasma cortisol and lactate dehydrogenase
(LDH) in pigs. (** p<0.01, Mean=standard error). LWY, Large White Yorkshire.
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Table 2. Effect of summer stress on pH, muscle glycogen and lactate content in pig
breeds

Parameters Large White Yorkshire Ghungroo
Glycogen content (mg/g)
45 min postmortem 1.21+£0.45 1.37+£0.37
24 h postmortem 0.26+0.28 0.33+0.24
Glycogen change value 0.95+0.15 1.04+0.16
Lactate content (mg/g)
45 min postmortem 6.38+0.51° 5.52+0.49"
24 h postmortem 8.73+0.44 8.56+0.56
Lactate change value 2.35£0.21 3.04+0.22
pH
45 min postmortem 6.21+0.01° 6.43+0.02°
24 h postmortem 5.59+0.01 5.64+0.01
pH change value 0.62+0.03 0.79+0.01

Means bearing different superscripts indicate significant difference, p<0.05.
Mean +standard error; n = 20.

dition before and after the slaughter and sampling done at the
same site from each pig. However, Hambrecht et al [20] reported
that glycogen content can also vary both between and within
muscles. There were no significant differences in both the glyco-
gen and lactate contents among the breeds at 24 h postmortem.
Other workers also reported no significant differences in por-
cine muscle glycogen content 3 h after slaughter [21] and even
after completion of rigor mortis [22]. Choe et al [12] also re-
ported that there were no significant differences in glycogen
and lactate contents after 24 h postmortem in pigs. Our study
also corroborates with the above findings indicating no differ-
ence in glycogen and lactate contents between the breeds at 24
h postmortem.

Postmortem glycolytic rate

Level of muscle glycogen at the time of slaughter is one of the
most important factors contributing pH fall due to production
of lactic acid which consequently affect meat quality. Further,
the rate and extent of postmortem glycolysis at 45 m and 24 h
are indicative of meat quality [11]. There are no data available
on early postmortem glycolytic rate especially for Indian Ghun-
groo breed. To evaluate the early postmortem glycolytic rate;
changes in muscle pH, glycogen and lactate content were mea-
sured at 45 min and at 24 h postmortem (Table 2). It was found
that, there was significant difference in pH value at 45 min be-
tween the breeds. LWY under high environmental temperature
showed significantly lower pH value at 45 min than Ghungroo
(6.21 vs 6.43) indicating faster rate of pH fall in early postmortem.
Intensity of pH decrease in LWY, particularly at 45 min post-
mortem was correlated with significantly higher lactic acid
production at 45 min postmortem. Considering the metabolic
changes that occur in stressed animals, the initial pH will be
lowered when compared with non-stressed animals and the
rate of pH drop may increase by two to four times and some-
times reaching values below 6.0 in the following hour [23].
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But at 24 h postmortem, there was no significance difference
in pH values among breeds. Sellier and Monin [24] reported
that muscle pH and the R-value are useful parameters for ex-
amining the glycolytic rate in the early postmortem at 45 min
period. Ryu and Kim [25] classified the muscle samples based
on muscle pH45 min and R values in normal (pH>5.80, R-value
<1.05) and fast glycolytic (pH45 min<5.80, R-value>1.05) groups.
In this study, the muscle pH45 min of the Ghungroo breed was
significantly higher than that of the LYW breed (6.43 vs 6.21,
p<0.05).

There were differences in both the glycogen and lactate change
values among the breeds. The Ghungroo breed had the highest
values for both glycogen (1.04 vs 0.95) and lactate change (3.04
vs 2.35); however, they were not significantly different. Ruusunen
and Puolanne [6] reported that glycogen content declines as
time goes by, and lactate content shows an opposite tendency
due to the metabolism of glycogen via postmortem glycolysis.
The relationship between decreased pH and high levels of gly-
cogen is not, however, linear [26] and pH may stabilize in
presence of residual glycogen [27], probably because of the
disappearance and inactivation at lower pH values of certain
co-factors and enzymes [28]. In the present study, muscle
from Ghungroo breed had higher glycogen but had low lactate
content indicating much slower glycolytic rate at the early post-
mortem whereas muscle from LWY at 45min postmortem
indicated reverse trend. Thus, muscles with lower glycogen
and higher lactate content indicate a much faster glycolytic
rate at the early postmortem period than muscles with higher
glycogen and lower lactate content [12]. The Ghungroo breed
under summer stress showed the slower glycolytic rate at the
early postmortem period; whereas, under the same environ-
mental conditions, the LWY breed showed the opposite tendency.

Meat quality

The meat quality characteristics for the LD muscle of the both
the breeds are presented in Table 3. There were no significant
difference in WHC and cooking loss between Ghungroo and
LWY. But Ghungroo breed showed slightly better WHC and
lower cooking loss than LWY. This could be due to high ultimate
pH of meat from Ghungroo. Meat with high pH value has better

Table 3. Effect of summer stress on meat quality in pig breeds

Parameters Li:)grf(l,l\::lge Ghungroo
Drip loss (%) 3.97+0.64° 2.38+0.72°
Cooking loss (%) 29.32+0.43 26.43+0.36
Water holding capacity (%) 65.39+0.25 70.18+0.22
Protein solubility (mg/g)
Sarcoplasmic protein 62.37+1.04 69.21+£1.09
Myofibrillar protein 115.63+1.16 119.41+1.11
Total protein 177.99+£0.96 188.62+1.01

Means bearing different superscripts indicate significant difference, p<0.05.
Mean + standard error; n = 20.
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WHC than meat with low ultimate pH [11]. Incidence of high
drip loss represents an economic problem for the swine indus-
try because drip loss leads to significant weight loss in raw,
cooked and processed meat [29]. In this study, Gunghroo breed
showed significantly lower drip loss than LWY. Higher HSP70
expression and lower drip loss in Ghungroo pig is in agreement
with Luca et al [4], who reported a higher abundance of HSP70
which is known to be associated with lower drip loss in pork
muscles.

Higher drip loss in case of LWY could be due to high sensi-
tivity to summer stress, high lactate content and faster rate of
pH decline during postmortem phase. High drip loss is thought
to be influenced by a combination of genetics, variability in
energy reserves at time of slaughter, rate of post mortem pH
decline and stress [30]. Immonen et al. [31] reported that high
concentrations of lactate in hot carcass due to pre-slaughter
stress cause a sharp drop in pH and induce protein denaturation,
resulting in loss of the water-retention thus causing higher
drip loss. Nollet and Toldra [32] noted that drip is the fluid
that accumulates between fiber bundles due to denaturation
of proteins and changes occurred during pre-rigor pH fall.
Down-regulation of HSP27 can actually accelerate actin dis-
organization or degradation [33]. The present study also
confirmed that due to summer stress, LWY had significantly
lower relative mRNA expression of HSP27 than Ghungroo
breed. Therefore, it appears that the loss of myofibrillar-relat-
ed protein function and the subsequent reduction of myofibril
integrity could have increased the drip loss in LWY.

The LWY breed showed the slightly lower level of protein
solubility, whereas the Ghungroo showed the higher values
for protein solubility, but there were no significant differences
between the breeds (Table 3). Muscle pH reflects the rate of
postmortem metabolism and influences the degree of protein
denaturation [24]. Ryu et al [10] reported that initial metabo-
lite levels are closely related to muscle pH, and fast-glycolyzing
pigs exhibited much protein denaturation during the early
postmortem period. These results could be explained by gly-
cogen and lactate content where, LWY muscles (fast-glycolyzing)
showed significantly higher lactate content at 45 min postmor-
tem and higher drip loss, and extent of protein denaturation
than muscles from Ghungroo (normal-glycolyzing). In this
study, although glycogen content was low at 45 min postmortem,
muscles with low levels of lactate showed higher protein solu-
bility and less lightness and drip loss than muscles with high
lactate content.

HSPs expression

Heat shock proteins play an important role in protein assem-
bly and disassembly, protein folding and unfolding, and
refolding of damaged proteins and in the protection of cells and
structures [34]. During stress, these proteins have been shown
to prevent inappropriate protein aggregation, mediate the
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transport of proteins for degradation, help proteins to main-
tain their conformation and even to assist in their repair [35].
The differences in HSPs expression in Ghungroo and LIWY
pigs may reflect the variations in animal adaptability to sud-
den environmental changes and various stresses. In this study,
the mRNA expression of HSP27 and HSP90 gene was higher
in LD muscle of Ghungroo compared to LWY (Figure 2). The
results of the present study are in agreement with the findings of
Parkunan et al [36] who also reported significant increase in
the relative expression of mRNA of HSP27 in the thigh mus-
cle in Ghungroo compared to LWY during summer. Further,
HSP27 has been reported to be triggered by a variety of physio-
logically stressful stimuli such as elevated temperature,
ischemia, and oxidative stress [37]. The decrease in HSP90 ex-
pression in LWY than Ghungroo has been implied to be
disadvantageous as far as recovery of cell membrane function
and repairing denatured proteins is concerned, which subse-
quently lead to reduced WHC and higher drip loss [4,5].
Zhang et al [3] also reported that muscles with a high initial
pH (pHi) group (pH>6.4) possessing the higher WHC and
lightness, contained the highest HSP90 level, followed by in-
termediate (6.0 to 6.4) and low pHi groups (pH<6.0). We
found similar results where muscle from Ghungroo pig had
higher pHi and HSP90 expression and WHC.

Similarly, the relative expression of HSP70 was significantly
higher (p<0.01) in Ghungroo compared to LWY. This finding
is in accordance with our previous studies in which LWY was
found to have lower HSP70 expression than Ghungroo during
summer season [36] and in the goat peripheral blood mono-
nuclear cells [38]. The increased expression during the
summer season could provoke its transcription to protect cells
from the damaging effects of heat stress such as the denatur-
ation of proteins, helps in protein refolding, and thereby
prevents aggregation of denatured proteins [38]. Various

@ Ghungroo LWY

ok

Relative expression

Hsp27 Hsp70 Hsp20

Figure 2. Effect of summer stress on the expression of HSP27, HSP70, and HSP90 in
pigs. (* p<0.05,** p<0.01, Meanzstandard error, n = 20). HSP, heat shock proteins;
LWY, Large White Yorkshire.
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stresses, such as heat stress, oxidative stress, bacterial infection
and calorie restriction have been shown to cause abnormal
pH and induce the expression of HSPs in skeletal muscle [3].
However, the response to stress can vary considerably be-
tween breeds or lines. The difference in mRNA expression of
HSPs is breed-specific and may reflect variation in thermal tol-
erance and adaptability to different environmental stressors.

Mono-carboxylate transporter expression

Poor oxidative capacity, higher percentage of white glycolytic
fiber, sparse capillarization and a small number of mitochondria
make pigs particularly susceptible to anaerobic stress, which
may cause both welfare and meat quality problems. When
pigs experience stress, glycogen is converted to lactate through
glycolysis. If not transported out of the muscle, lactate and
protons may accumulate in muscles, causing pain in living
muscle thus affecting meat quality. Lactic acid and other mono-
carboxylate compounds such as butyrate, acetate, propionate,
etc cannot cross the plasma membrane by free diffusion due
to dissociation to its respective anion at physiological pH [8]
and therefore, require a specific transport mechanism called
MCTs [9]. MCTs are important membrane proteins facilitat-
ing efflux of lactate and protons from muscles. In this study,
relative expression of MCT1 mRNA was found to be non-sig-
nificantly increased in Ghungroo compared to LWY (Figure
3). Parkunan et al [36] Found a similar MCT1 mRNA expres-
sion during summer in pigs. But Sepponen [39] recorded
contrasting findings where MCT1 was almost undetectable or
insignificant in pig muscles.

The expression of MCT2 and MCT4 in LZWY was found to
be significantly lower than Ghungroo pigs. This is in agreement
with other studies reporting higher expression of MCT?2 as well
as MCT4 in thigh muscle of Ghungroo pig during summer
season [36]. MCT4 has been suggested to be the main lactate

= Ghungroo ZLWY

Relative expression

MCT1 MCT2 MCT4

Figure 3. Effect of summer stress on the expression of MCT1, MCT2, and MCT4 in
pigs. (* p<0.05, ** p<0.01, Meanzstandard error, n = 20). MCT, mono-carboxylate
transporters; LWY, Large White Yorkshire.
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transporter at high lactate concentrations, which are seen, for
example, during intense exercise [40]. Interestingly, Sepponen
[39] also reported that the amount of MCT4 was significantly
greater in the muscles of wild boar than in the same muscles
of domestic pigs. It is suggested that at rest, acidification is pre-
vented by MCT2, but because the capacity of MCT2 is saturable
due to its low V,,, value [41], MCT4 with its high V,,, [40,42]
is required to prevent acidification during stress, when the ca-
pacity of MCT2 is exceeded. The variation in relative mRNA
expression of different MCT isoforms of LWY and Ghungroo
breed indicate the difference in capability of facilitating lactate
efflux during stressful situations. Therefore, the increase in MCTs
in the LD muscle of summer stressed Ghungroo pigs, as ob-
served in the present study, may be advantageous for main-
taining pH regulation and muscle acidification by efficient eftlux
of mono-carboxylates out of muscle, such as lactate, which
could have subsequently led to reduced drip loss and protein
denaturation.

CONCLUSION

Our results indicate that LWY exhibited significantly higher
plasma cortisol concentration and LDH activity than Ghungroo
indicating higher sensitivity to heat stress. The LD muscle from
Ghungroo pigs showed higher initial glycogen and lower lac-
tate content at 45min postmortem, indicating a slower post-
mortem glycolysis and rate of pH fall compared to LWY. On
the other hand, LD muscle of LWY with minimal change in
both glycogen and lactate change and with high lactate content
at 45 min postmortem showed rapid postmortem glycolysis,
higher drip loss, and higher extents of protein denaturation.
All three HSPs (HSP27, HSP70, and HSP90) and MCTs (MCT1,
MCT?2, and MCT4) by real time PCR in the LD muscle of pigs
showed an increasing trend in Ghungroo than IWY after sum-
mer stress. The results suggested that effect of summer stress
on the variation of HSPs and MCTs may play a crucial role in
thermal tolerance and adaptation to different climatic condi-
tions, pH regulation, muscle acidification, drip loss, protein
denaturation and also in postmortem meat quality development
in pig. The current results imply that a possible mechanism for
producing relatively poor meat quality in the LD muscle of
LYW than Ghungroo pig after summer stress may be due to
the decline of different HSPs and MCTs expression. Higher
levels of HSPs and MCTs transcripts indicated that Ghungroo
pigs are more adaptive towards thermal stress in comparison
to the exotic breed, LWY.
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