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Abstract
Current study was carried out to evaluate the glycogen level and its influence on physical and
sensory characteristics of goat meat of different age groups such as A (6-12 m; age), B (13-18
m; age) and C (>18 m; age) slaughtered at Tando Jam market during the year 2012. Goat meat
of all three age groups were examined for glycogen level, physical characteristics such as pH
value, water holding capacity (WHC), cooking loss (CL), drip loss (DL). Average glycogen
level, CL, WHC, DL and pH value of goat meat of group A and B were statistically nonsignificant (P>0.05). But these characteristics of both groups (A and B) were significantly
different from that of group C goat meat. The relationship of glycogen v/s pH remained
negative in group A and B, while positive in group C. WHC of goat meat of group A and B
was inversely related with glycogen level but statistically not countable (P>0.05). The
influence of glycogen on CL of group A was found to be inverse and in group B and C, it was
positive. Further, significant (P<0.05) relationship between glycogen and CL was found to be
in group B. The DL was directly related with glycogen level, but their relationship was not
statistically countable (P>0.05). Despite, the goat meat of group A and B were found to be
statistically similar in physical characteristics, the results varied slightly, and group B goat meat
concluded to be better among all groups.
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in the hands of butchers with very little
Introduction
In Pakistan, goats are usually reared for
knowledge. The production and processing
meat and hair production, even though
conditions have significant impact on
some breeds are fairly good milk producers.
glycogen level that may play very
However, none of breeds seems to have
important role in the quality of meat.
been specially developed as a dairy or meat
Glycogen is principal storage form of
type, but served as multi-purpose animals
carbohydrate in animal species and it is
with low performance level [1]. It has been
more or less abundant in nearly all types of
found that goats of very young age (kids),
animal cells [2]. There are two largest
old, culled, diseased or injured are usually
deposit sites of glycogen storage i.e. the
used for the production of goat meat.
liver, that functions to maintain the blood
Moreover, its processing has always been
glucose levels within the required range [3]
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and the muscle that functions solely as a
fuel reserve for the generation of Adenosine
Triphosphate (ATP) needed in muscle
contraction [2].
Muscles that produce meat with a normal
pH contain about 10-20 mg (1-2%)
glycogen. However, acidification that
occurs in muscle post-mortem may
breakdown glycogen to lactic acid. If it is
depleted by chronic (long term) stress
before slaughter then less lactic acid can be
formed and the meat does not acidify
normally, resulting with high pH.
Reduction in the glycogen < 8 mg per gram
results in elevation of ultimate pH, and the
greater the reduction, the higher the pH [4].
Among these, the physical attributes like
water holding capacity, cooking loss, drip
loss and sensory properties like colour,
taste,
tenderness
are
important
characteristics affecting meat acceptability
[5, 6, 7, 8]. Ante-mortem depletion of
glycogen may cause meat quality defects
which are prime important for consumers
when it comes to making purchasing
decisions. Dark Firm Dry (DFD) condition
in meat is one of the major quality problems
facing the meat industry.
Firstly, the DFD condition may affect the
colour of meat which either became too
pale or too dark that is discriminated against
the preference to normal colour of meat [9].
Secondly, the DFD meat has poor
processing characteristics with slow or
uneven formation of cured meat pigments
resulting poor flavour development [10].
Thirdly, the DFD meat has a high spoilage
potential, so does not keep well and has a
short shelf life [11]. Another, major factor
that affect the eating quality of meat is the
nutritional status of goats with breed and
diet having an impact on flavour [12, 13].
While from growth to slaughter, there are
some other factors such as stress, ageing,
breed and age that may also affect the
quality of meat. Meat quality is
combination of physical, chemical and
sensory attributes which are important for
consumers. Goat meat has gained
popularity especially in the developed

countries and its quality is well studied.
However, in developing countries like
Pakistan, goat meat is still processed under
traditional systems, and needs lot of
attentions in term of its quality [14, 15].
Thus in regards to quality of meat, present
study has been conducted to observe the
influence of glycogen on physical
characteristics of goat meat.
Materials and methods
Experimental procedure
Experiment was conducted to observe the
level of glycogen and its influence on
physical characteristics of goat meat
slaughtered at Tando Jam market. Goat
meat was categorized into three age groups
and accredited with A (6 to 12 m; age), B
(13 to 18 m; age) and C (>18 m; age) codes.
A total of thirty (n=30) goat meat samples
i.e. 10 samples for each group were
examined
for
glycogen;
physical
characteristics like pH, water holding
capacity, cooking loss, drip loss at the dairy
and meat chemistry laboratory, Department
of Animal Products Technology, Faculty of
Animal Husbandry and Veterinary
Sciences, Sindh Agriculture University,
Tando Jam.
Glycogen level
The method reported by [16] was used to
determine the glycogen level in meat. Meat
sample was placed in a centrifuge tube
together with 5 ml of de-proteinizing
solution, Trichloroacetic acid (5g) and
Ag2SO4 (100mg) and make up to 100 ml
with distilled water. The tubes with samples
were placed in boiling water bath for 15
min and thereafter cooled in running water
and centrifuged at 3000 rmp (40C) for 5
min. One ml of clear supernatant and 3 ml
of H2SO4 was taken in a wide test tube and
mixed by vigorous shaking. The mixture
was heated in a boiling water-bath for
exactly 6 min and subsequently cooled in
running tap water. The intensity of color
was measured through spectrophotometer
at 520 mμ and the glycogen concentration
was recorded from a standard curve in term
of glucose equivalents.
Physical analysis of meat samples
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centrifuged (40C) at 10,000 rmp for 15 min,
and the supernatant was decanted and
measured. The difference between the
volume of NaCl (0.6 M) used and
supernatant will be recorded as WHC.
Cooking loss
Cooking loss of goat meat was measured
according to the method as reported by
[19]. Meat sample (20 g) was placed in a
polyethylene bag and heated for 1 hr in a
water bath at 80°C to achieve an internal
temperature of 72°C. Cook out was drained
and cooked mass was cooled and weighed
to determine the weight loss using the
following formula.

pH Value
pH values of goat meat samples were
examined according the method as reported
by [17]. Meat sample (10g) homogenized in
distilled water (90 ml) was transferred into
the beakers, and electrodes along with
temperature probe was inserted to sample.
The constant reading appeared on pH meter
base was noted and recorded as pH value of
goat meat.
Water-holding capacity (WHC)
The method reported by [18] was used to
determine the WHC of goat meat.
Approximately 8g meat sample was placed
in a centrifuge tube together with 0.6 M
NaCl solution (12ml). The tube was

Cooking loss %=

Actual weight-Cooked mass weight
Actual weight

24 hrs the sample was wiped and dried with
filter paper and weighed. The difference
among actual weight of sample and weight
after refrigeration was assumed as drip loss.

Drip loss
Drip loss was measured as described by
[20]. Goat meat sample (50 g) was placed
at 4°C for 24 hrs in a refrigerator under
polyethylene bag with sealed covers. After
Drip loss %=

x 100

Actual weight-Weight after refrigeration
Actual weight

x 100

group A (17.55 ± 0.75 mg/g). The
differences among them were statistically
non-significant (P>0.05). Whilst the
glycogen level in meat of older group i.e.
group C (9.56 ± 0.49 mg/g) was found to be
significantly (P<0.05) lower than that of
both groups A and B.
Influence of glycogen level on physical
characteristics of goat meat
pH value
pH value of goat meat was analyzed, and
results are presented in (Figure 2). The
results indicated that the minimum pH
value of goat meat was observed as 5.80,
5.82 and 5.96, whilst the maximum was
recorded as 6.64, 6.47 and 6.92 for group A,
B and C, respectively. However, the mean
pH value was found to be remarkably
(P<0.05) higher in group C (6.48 ± 0.08)
compared to that of both group A (6.05 ±

Statistical Analysis
The data was subjected to analysis of
variance (ANOVA) on different age groups
and in case of significant differences
appeared among the means, the least
significant differences were computed
using computer package i.e. Student
Edition of Statistics (SXW) (Copyright
2005, Analytical Software, USA).
Results
Glycogen level in goat meat
Goat meat samples were analyzed for
glycogen level, and the results are shown in
(Figure 1). The concentration of glycogen
varied between 14.57 to 21.95, 14.74 to
23.21 and 7.96 to 13.34 mg/g in meat of
goat with age group of A, B and C,
respectively. However, glycogen level was
found to be slightly higher in group B
(17.79 ± 0.85 mg/g) compared to that of
2411
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0.07) and B (6.12 ± 0.08). It was further
noted that the differences in pH values
between group A and B were statistically
non-significant (P>0.05).
Water holding capacity (WHC)
Water holding capacity of goat meat was
examined, and results are depicted in
(Figure 3). Water holding capacity of goat
meat was evaluated in a range of 17.92 and
26.25% for group A, 17.92 and 32.08% for
group B and 25.25 and 37.90% for group C.
The average WHC of meat was
comparatively higher in group C (30.81 ±
1.16%) than that of both groups i.e. B
(24.20 ± 1.29%) and A (22.02 ±0.77%).
However, the water holding capacity of
goat meat between group A and B was
found to be relatively similar (P>0.05).
Cooking loss
Cooking loss of goat meat of different age
groups was analyzed, and results are shown
in (Figure 4). Cooking loss in goat meat of
group A varied between 31.75 to 38.25%
and in group B in between 30.52 to 42.80%,
whilst it ranged between 22.50 to 32.00%
in group C. The average cooking loss in
goat meat of group A (34.82 ± 0.62%) and
B (35.46 ± 1.21%) was relatively similar
(P>0.05). However, in both of these groups
(i.e. A and B) the cooking loss was
remarkably higher (P<0.05) contrast to that
of group C (28.02 ± 0.83%).
Drip loss
Drip loss in goat meat of different age
groups was analyzed, and results are
illustrated in (Figure 5). A wide variation
was observed in drip loss of meat within
same age group. It was found that drip loss
in goat meat of group A ranged between
2.10 to 4.27%, and it varied between 1.36
to 4.70 in group B, whilst it was in between
1.70 to 3.70 in goat meat of group C. It was
further observed that although the average
drip loss in goat meat was found to be
slightly varied between group A (2.84 ±

0.19%), B (2.88 ±0.39%) and C (2.48 ±
0.19%), statistical analysis (ANOVA)
showed non-significant difference (P>0.05)
among them.
Pearson correlation between glycogen
and physical characteristics of goat meat
Influence of glycogen on physical
characteristics of goat meat was examined,
and results are presented in (Table 1). It was
observed that glycogen has no any
significant (P>0.05) influence on cooking
loss, drip loss, water holding capacity and
pH value of goat meat of age group 6-12 m,
13-18 m and >18 m except on cooking loss
of goat meat of age group 13-18 m, where
significant (P<0.05) relationship was found
to be among glycogen and cooking loss.
Further, it was noted that the glycogen was
positively correlated with cooking loss of
goat meat of age group 13-18 m and >18 m
but negatively correlated with age group 612 m. The relationship among them was
modest (r = 0.6407), weak (r = 0.2353) and
weak (r = -0.3658), respectively. Moreover,
positive correlation was observed between
the glycogen and drip loss of goat meat of
age group 6-12 m, 13-18 and >18 m. The
influence of glycogen on drip loss was
found to be very weak in goat meat of age
group 6-12 m (r = 0.0846) and >18 m (r =
0.0236), while it was noted weak (r =
0.2780) in case of age group 13-18 m. The
relationship was found to be negative
between glycogen and WHC of goat meat
of different age groups. However, this
relationship was weak in case of goat meat
of age group 6-12 m (r = -0.2915) and very
weak in age group of 13-18 m (r = -0.0542)
and >18 m (r = -0.0157). The influence of
glycogen on pH value of goat meat
remained negative in age group 6-12m (r =
-0.1135; weak) and 13-18 m (r = -0.1775;
weak), while it was positive incase of age
group >18 m (r = 0.0243; very weak).
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LSD (0.05) = 2.088, SE± = 1.016, Group A = Goat meat of age group 6-12 months, Group B = Goat meat of age
group 13-18 months, Group C = Goat meat of age group >18 months

Figure 1. Glycogen level (mg/g) of goat meat of different age groups

LSD (0.05) = 0.2317, SE± = 0.1129, Group A = Goat meat of age group 6-12 months, Group B = Goat meat of
age group 13-18 months, Group C = Goat meat of age group >18 months

Figure 2. pH value of goat meat of different age groups
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LSD (0.05) = 3.1889, SE± = 1.5542, Group A = Goat meat of age group 6-12 months, Group B = Goat meat of
age group 13-18 months, Group C = Goat meat of age group >18 months

Figure 3. Water holding capacity (%) of goat meat of different age groups

LSD (0.05) = 2.66, SE± = 1.30, Group A = Goat meat of age group 6-12 months, Group B = Goat meat of age
group 13-18 months, Group C = Goat meat of age group >18 months

Figure 4. Cooking loss (%) of goat meat of different age groups
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Group A = Goat meat of age group 6-12 months, Group B = Goat meat of age group 13-18 months, Group C =
Goat meat of age group >18 months

Figure 5. Drip loss (%) of goat meat of different age groups

Table 1. Correlation matrix (Pearson) between glycogen and physical characteristics of
goat meat
Attributes
Glycogen × Ph
Glycogen × Water holding capacity
Glycogen × Cooking Loss

6-12 m
-0.1135 ns
-0.2915 ns
-0.3658 ns

Glycogen × Drip Loss

0.0846 ns

*Significant =

Goat meat of age group
13-18 m
>18 m
ns
-0.1775
0.0243 ns
-0.0542 ns
-0.0157 ns
0.2353 ns
0.6407٭
ns
0.2780
0.0236 ns

P<0.05, ns Non-significant = P>0.05

group C (9.56 ± 0.40 mg/g). The results of
present study disagreed with the findings of
[21], who found higher (P< 0.01) muscle
glycogen in old (24 to 30 m of age) vs.
young (6 to 12 m of age) goats. While, [22]
supported the present results, they reported
that the old animals have lower reserve of
glycogen than that of younger. In another
study [23] observed that eight month old
lambs appeared to have greater glycogen
level than that of 22 month old sheep.
Nevertheless, the concentrations of
glycogen in goat meat observed in the
present study are in a range of findings

Discussion
The present study was carried out to
evaluate glycogen level and its influence on
physical characteristics of goat meat of
different age groups i.e. group A (6-12 m;
age), B (13-18 m; age) and C (>18 m; age).
The average glycogen level was found to be
slightly higher in group B (17.79 ± 0.77
mg/g) as compared to that of group A
(17.55 ± 0.66 mg/g). The differences
among them were non-significant (P>0.05).
However, goat meat of both of these groups
(A and B) appeared to have significantly
(P<0.05) greater glycogen level than that of
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reported by [4] that the muscles which
produce meat with normal pH contain about
10-20 mg/g glycogen. Moreover, any type
of pre-slaughter stress decreases the
glycogen reserves in the muscles [24].
Whilst, regular exercise was known to
increase the level of glycogen in the muscle
of a variety of animals [25, 26].
In the present study the average pH value of
goat meat was found to be higher (P< 0.05)
in group C (6.48 ± 0.08) as compared to
group A (6.05 ± 0.07) and B (6.12 ± 0.08).
These results are appeared to be similar in
trend as observed for glycogen level
observed in present study. However, the
relationship of glycogen v/s pH remained
negative in goat meat of age group A (6-12
months) and B (13-18 months) and positive
in group C (>18 months). Regardless,
glycogen level in goat meat of different age
groups
revealed
positive/negative
correlation with pH value, but it did not
show any significant influence on it. It is of
interest to note that after slaughter of
animal, there could be cessation of oxygen
supply to muscle cells due to failure of
blood circulatory system [4]. As a
consequence, aerobic glycolysis is no
longer possible and anaerobic glycolysis
takes over (Romans et al., 2001), resulting
in accumulation of lactic acid in muscle
[27, 28], which inturn may decline pH value
of meat. Moreover, the rate of muscle pH
decline and the time required to reach its
final ultimate pH (pHu) is highly variable
in goat meat and it based on breeds, but
averages at pH of 6.0 [29]. The
concentration of glycogen observed in the
present study indicates that process of
glycolysis occurred in goat meat was not
enough to decline the pH to its ultimate
level. However, present results are in line
with the work of [30] who observed pH
value of goat meat in between 6.02 to 6.62.
Similarly in another study the average pH
value of meat of 90 and 180 days kids was
observed as 6.0 ± 0.14 and 6.03 ± 0.11,
respectively [31]. The results of present
study are also in accordance with those
found by [32] who reported that the mean

pH value of goat meat of age < 7 m was
6.28, 8-10 m 6.30 and > 11 m 6.34.
The influence of glycogen on WHC of goat
meat of group A, B and C was found to be
inverse in the present study. But it was not
statistically countable (P>0.05). The
average WHC of goat meat appeared
comparatively higher (P< 0.05) in group C
(30.81 ± 0.75%) than that of group B (24.2
± 0.77%) and A (22.02 ±0.45%). It could be
noted that in the present study goat meat of
group C also indicated higher pH value and
the muscle that maintain a high pH could
exhibit a greater WHC due to water that
tightly bound to protein [27]. It has been
reported that WHC has significant
correlation with pH [33] which directly
depends upon depletion of glycogen.
Moreover, the glycogen level was not
found to be significantly affected in the
present study. However, present result of
WHC of group C goat meat is relatively
similar to that of observed by [7] in meat of
60 and 90 days old kids (30.5%). According
to another study conducted by [31], it was
recorded with an average of 24.34 ± 0.43
and 24.01 ± 0.95% of 90 and 180 days kids
meat, respectively which appeared to be
relatively similar to that of observed in
group B goat meat in the present study. The
findings of [30] Rodrigues et al., (2011)
supported the present study, they reported
the WHC of goat meat in between 22 to 30
%. Variable results of WHC could be
attributed with age of goat as it has
significant effect on the WHC of the meat
[34].
The influence of glycogen on cooking loss
of goat meat of group A was found to be
inverse and in group B and C, it was
positive in the present study. Further
significant (P<0.05) relationship between
glycogen and cooking loss was found to be
in goat meat of group B. The average
cooking loss in goat meat of group B (35.46
± 0.79%) was relatively similar (P>0.05) to
that of in group A (34.82 ± 0.61%) goat
meat. However, cooking loss in both of
these groups (A and B) were significantly
(P<0.05) higher than that of group C (28.02
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± 0.83%) goat meat. It could be argued that
cooking loss in meat is assumed to be a loss
of water that muscles originally contained
and
could
be
attributed
with
denaturation/coagulation of myofibrillar
and sarcoplasmic proteins, when meat is
applied heating temperature ≥ 650C. At
cooking temperature 650C, the cooking loss
was reported to be about 30% and at 800C
over 40% [4]. Moreover, the fall in pH
value could result in poor water holding
capacity of myofibrillar muscle protein and
in incline condition of pH, the vice versa.
Muscle with low water holding capacity
appeared to be with higher drip and cooking
losses and inverse in case of high WHC
[35]. In another study the increase in
cooking loss had been attributed with
decline in pH value [36]. Similarly, the
cooking loss in present study was found to
be in similar range of [4]. However, present
results more or less are in a similar range of
that of analyzed by [30] for cooking loss in
goat meat (33.34 to 35.85%). Whilst, [32]
also supported the results of presents study
who observed the cooking loss as 38.72 ±
0.60% of goat meat slaughtered at age of <
7 m, 35.77 ± 0.86 %, of 8-10 m and 33.40
± 1.13% of > 11 m of age.
In the present study the drip loss was
directly related with glycogen level of goat
meat of group A, B and C. However, their
relationship was found to be very
week/week and not statistically countable
(P>0.05). It is of interest to note that drip is
a dilute solution exude/purge of
sarcoplasmic protein attributed with
denaturation of muscle protein due to fall in
pH [4], sarcomere shortening [28] and
myosin degeneration, resulting shrinkage
of myofibrillar components which inturn
expels the resultant fluid into extracellular
space [4, 37]. Whilst, also supported the
results of presents study who observed the
lower ultimate pH results in a greater drip
loss. Further, [22] reported that the faster
rate of breakdown of ATP in muscle results
more rapid onset of rigor mortis and the
greater the release of fluid from the
muscles. However, the average drip loss

was found to be relatively similar (P> 0.05)
in goat meat of group A (2.84 ±0.19%), B
(2.88 ± 0.39%) and C (2.48 ± 0.19%) in the
present study. Moreover, the results are
found to be in line with that of reported by
[38] in goat meat (2.35± 0.11%). While in
another study the drip loss was recorded
higher with an average of 4.93 ± 0.16%,
4.02 ± 0.10% and 4.06± 0.14 in goat meat
of age group of ≤7 m, 8-10 m and ≥11m,
respectively [32] than that of observed in
present study.
Conclusion
On the basis of findings of present
investigation it could be concluded that the
glycogen level, cooking loss, drip loss, pH
value and WHC were resulted relatively
similar (P>0.05) in goat meat of age group
6-12 and 13-18 m, but of these groups, were
significantly (P<0.05) different from that of
age groups >18 m. Regardless physical
sensory characteristics of goat meat of age
6-12m and 13-18 m, were statistically nonsignificant, the later age group found to rich
than that of former age group, and
concluded to be better among all age groups
of goat meat under present study.
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