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ABSTRACT
The influence of extreme environmental conditions on biochemical parameters were studied in 36 healthy adult female (2-4
years of age) Beetal (n=18) and Toggenberg (n=18) goats in Jammu (J&K, India). Blood glucose, total cholesterol, total protein,
albumin and blood urea nitrogen (BUN) levels were studied during moderate (autumn), extreme hot (summer) and extreme
cold (winter) ambiences. Ambient temperature (0C) and relative humidity (%) were recorded and temperature-humidity index
(THI) was calculated. For the season and breed interaction, significantly higher (P<0.01) total protein and cholesterol levels
were found in Toggenberg goats in all the seasons. Significantly higher (P<0.01) levels of total protein, albumin and BUN
levels were found during summer as compared to autumn and winter seasons. The concentrations of glucose and cholesterol
were significantly higher (P<0.01) in winter season. Among the two breeds, all the values were significantly higher (P<0.01) in
Toggenberg. Biochemical parameters change in different seasons and THI values were found higher during summer season and
is considered as danger status.
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Environmental temperature of the Jammu region ranges
between 2°C in winter to 48°C at summer season and
this wide range of environmental temperature may alter
the physiological status of the animal which leads to
stress condition. There is great variation in biochemical
parameters as observed between breeds of goats and goats
reside at different climatic conditions (Azab and AbdelMaksoud 1999; Tambuwal et al., 2002). Among the
breeds of goats of Jammu and Kashmir, Beetal is one of
most important one owing to its contribution to the state
economy in terms of milk and meat production. Whereas,
Toggenberg is an exotic breed and is amongst the best dairy
goats found in this area. Despite their importance in the
economy of the state, no well established data on the effect
of various seasons on the basic physiological parameters
were available. Again, it is known that different animal
breeds show different degrees of heat tolerance because
of varied genetic make-up, which is a function of long
time interaction between gene and exposed environmental

condition. Therefore, the present investigation was
undertaken to study the effect of extreme season (heat
and cold) on metabolic profile of Beetal (local breed) and
Toggenberg (exotic) breeds of goat.
MATERIALS AND METHODS
Blood samples were collected from the goat flock
maintained at Government Dairy Goat Farm, Jammu and
the collected blood samples were analyzed in the division
of Division of Veterinary Physiology & Biochemistry,
Faculty of Veterinary Science and Animal Husbandry,
SKUAST-J, Jammu.
Animals and experimental design
A total of 36 healthy, female Beetal and Toggenberg
goats of 2-4 years of age were selected for the study. The
animals were divided into two groups, Beetal (n=18) and
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Toggenberg (n=18) breeds of goat. Blood samples were
collected from each animal in three seasons that is summer
(June-July), autumn (October-November) and winter
(January-February) at 10 days interval.
Climate parameters
Ambient temperature (°C) was recorded two times a day
(morning and evening) at 10 days interval using dry and
wet bulb thermometer. The psychromatric tables were used
to calculate relative humidity in percentage using dry and
wet bulb recording. A temperature-humidity index (THI)
is a single value representing the combined effects of air
temperature and humidity. The mean THI was calculated
as per U.S. Weather Bureau (Wiersma and Armstrong,
1989) using the following equation:
THI = 0.72 (Dry bulb temp.°C + Wet bulb temp. °C) + 40.6
(0C),

Mean climatological values of ambient temperature
relative humidity (%) and THI for the experimental periods
are shown in Table 3. A THI of 74 or less is considered
normal, 75-78 is alert status, 79-83 is danger status and a
THI equal to or above 84 is an emergency (Hernandez et
al., 2010).
Experimental procedure and analyses of different
parameters
About 10 ml of blood was collected from each animal
by venipuncture aseptically. 2 ml of blood was taken in
sodium flouride vials for estimation of blood glucose. The
rest of blood sample was allowed to clot and serum was
separated and collected in storage vials. The samples were
stored at -20°C and other biochemical parameters were
analyzed. Blood glucose, total protein, albumin, blood
urea nitrogen and cholesterol was analyzed as per GODPOD end point colorimetric method (Basak, 2007), direct

Biuret method (Doumasa et al., 1971), Bromocresol green
method (Doumasa et al., 1971), GLDH-Urease method
(Kaltwassar and Schlegal, 1966) and CHOD-PAP method
(Roeschlau et al., 1974), respectively using analytical kits.
For all the observed data in the present experiment, the
standard statistical procedures recommended by Snedecor
and Cochran (2004) were followed. The data were
presented by as mean and standard error and significant
differences in mean values were statistically analyzed by
Two Way ANOVA. Analysis of variance (ANOVA) was
done with the help of Duncan’s Multiple Range Test by
Statistical Software Sigma Stat.
RESULTS AND DISCUSSION
Climatic parameters
The environmental temperature, relative humidity and THI
levels on the experimental periods are presented in Table
1. From the data we observed that average temperature
(°C) values during summer were higher than the critical
temperature of 24-27°C for most species. In the study, THI
was higher during summer and is considered as danger
status.
Blood Glucose
Table 2 represented the glucose level (mg/dl) between
different seasons within Beetal and Toggenberg breeds.
Significantly higher (P<0.01) glucose concentrations were
recorded in winter as compared to summer and autumn
when comparing the values between different seasons in
both the breeds. When comparing the glucose level in
between breeds within seasons (Table 2), significantly
higher (P<0.01) concentration was found only in summer
season in Toggenberg goats as compared to Beetal. The
reason might be due to more feed intake by the exotic

Table 1: Mean ambient temperature (°C), relative humidity (%) and temperature-humidity index (THI) during different
seasons
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Period of study

Average temperature (0C)

Relative humidity (%)

THI

Summer

37.75

46.48

80.17

Autumn

21.21

60.58

67.49

Winter

11.43

79.50

53.16
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Table 2: Biochemical parameters (Mean ± S.E.) of Beetal and Toggenberg goats in different seasons
Parameters

Beetal

Toggenberg

Seasons

Summer
(n=36)

Autumn
(n=36)

Winter
(n=36)

Summer
(n=36)

Autumn
(n=36)

Winter
(n=36)

Summer
(n=72)

Autumn
(n=72)

Winter
(n=72)

Glucose
(mg/dl)

55.28ap
±0.45

56.22a
±0.45

60.56b
±0.45

56.50aq
±0.45

56.86a
±0.45

60.97b
±0.45

55.89x
± 0.32

56.54x
± 0.32

60.76y
± 0.32

Cholesterol
(mg/dl)

81.69ap
±0.41

83.11bp
±0.41

86.19cp
±0.41

83.64aq
±0.41

84.64aq
±0.41

87.83bq
±0.41

82.67x
± 0.29

83.88y
± 0.29

87.01z
±0.29

Total Protein
(g/dl)

6.64bp
±0.04

6.56bp
±0.04

6.27ap
±0.04

7.01cq
±0.04

6.86bq
±0.04

6.50aq
±0.04

6.82z
± 0.03

6.71y
± 0.03

6.39x
± 0.03

Albumin
(g/dl)

2.70b
±0.15

2.40b
±0.15

1.73a
±0.15

3.03b
±0.18

2.50b
±0.15

1.83a
±0.16

2.87z
±0.12

2.54y
±0.11

1.78x
±0.11

BUN
(mg/dl)

22.50b
±1.759

19.50b
±1.759

14.00a
±1.759

27.25b
±1.759

22.50b
±1.759

15.50a
±1.759

24.88z
±1.24

21.00y
±1.24

14.75x
±1.24

Figures with parenthesis indicates number of observations
*a, b, c describe significant differences between seasons within breed
* p,q describe significant differences between breeds within season
*x, y, z describe significant differences between seasons

breeds (Gupta et al., 1992; Singh and Singh and Upadhaya,
1997) as compared to the local breed.
When considering variations between three different
seasons irrespective of breed (Table 2), glucose
concentration was found significantly higher (P<0.01)
in winter as compared to other two seasons. Cold stress
induces gluconeogenesis through glucocorticoid secretion
with maintenance of blood glucose in stressed animals
(Weber et al., 1965). During heat stress feed consumption
decreases, which comparatively lowers the blood glucose
level (Kataria et al., 2002) or it might be due to increased
glucose oxidation (Collier et al., 2008) during summer
stress. Decreased gluconeogenesis and glycogenolysis
were observed in cows during heat stress (Itoh et al.,
1998). The finding was similar to the observations of
Kataria et al. (1993) in Marwari goats and Rasooli et al.
(2004) in heifers. On the other hand, Sejian and Srivastava
(2009) reported that glucose level increased significantly
(P<0.05) after thermal exposure. Shrikhande et al. (2008)
also reported that in summer season the average blood
glucose level was higher whereas, lowest level was
recorded during rainy season in cattle.
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Cholesterol
Table 2 represented the cholesterol level (mg/dl) between
different seasons within Beetal and Toggenberg breeds. In
Beetal, significantly higher (P<0.01) values recorded in
winter followed by autumn than that of summer season.
In Toggenberg breed, significantly higher (P<0.01) values
were found in winter season than those of the other two.
When comparing the cholesterol level in between Beetal
and Toggenberg within different seasons (Table 2),
significantly higher (P<0.01) concentration was found in
Toggenberg goat in all seasons.
When considering variations between three different
seasons irrespective of breed (Table 2), cholesterol level
was found significantly higher (P<0.01) in winter followed
by autumn season. Decrease cholesterol concentration
with high ambient temperature might be due to the
decrease in acetate concentration, which is the primary
precursor for the synthesis of cholesterol (Darcan, 2000;
O’cak et al., 2009). Plasma cholesterol concentrations
would also be reduced during stress (Peinado et al., 1993).
Marai et al. (1995) and Habeeb et al. (1996) reported that
total cholesterol decreased significantly with prolonged
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exposure to high environmental temperature. Such
phenomenon may be due to the increase in utilization of
fatty acids for energy production as a consequence of the
decrease in glucose level.
Total Protein
Table 2 represented the protein level (g/dl) between
different seasons within two breeds of goat. Significant
variation at 1% level was observed in between all the
seasons in Toggenberg goats, significantly lower values
found in winter followed by autumn and summer; whereas
in Beetal, the values were significantly lower in winter
as compared to other two seasons. In Beetal goats, no
significant difference was observed in between autumn
and summer seasons. When comparing the protein level in
between Beetal and Toggenberg within seasons (Table 2),
significantly higher (P<0.01) total protein concentrations
were found in Toggenberg than those of Beetal goats in
all seasons.
When considering variations between three different
seasons irrespective of breed (Table 2), total protein
concentration in winter was significantly lower (P<0.01)
than those of other two seasons. El-Nouty et al. (1989)
found that the rise in ambient temperature during summer
was associated with a significant increase in albumin and
the slight rise in globulin concentrations in goat. El-Nouty
et al. (1980) reported that plasma total protein content
decreased by 11.9% in buffaloes and increased by 4.4%
in Baladi cattle when exposed to direct solar radiations.
Similar observation was also recorded in other species
(Rasooli et al. 2004; Shrikhande et al. 2008). In the other
studies (Hooda and Naqvi, 1990; Abdelatif et al., 2009),
it was found that season had no significant effect on the
concentration of total protein in goat and sheep.
Between three different seasons, irrespective of breeds
(Table 3), significantly higher (P< 0.01) total protein
concentration was recorded in summer than autumn
followed by winter season.
Albumin
Table 2 represented the albumin level (g/dl) between
different seasons within two breeds of goat. Significantly
lower (P<0.01) value found in winter as compared to
other two seasons in both the breeds. When comparing the
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albumin level in between Beetal and Toggenberg within
seasons (Table 2), no significant variation in albumin
concentrations were observed between Beetal and
Toggenberg goats.
Considering variations between three different seasons
irrespective of breed (Table 2), albumin level was found
significantly higher (P<0.01) in summer followed by
autumn when compared to winter season. Higher albumin
level in summer might be due to the loss of extracellular
fluid due to heat exposure. Rasooli et al. (2004) also
reported that the increase in plasma albumin concentrations
in summer compared to winter in non-pregnant Holstein
heifers. Higher concentration of albumin during summer
season was also recorded by Ganaie et al. (2013) in cows
and buffalo calves, in which they described that albumin
is the major extracellular source of thiols, which are
scavengers of free radicals allowing albumin to function
as an antioxidant (Rasooli et al., 2004). Similar finding
was also reported by Koubkova et al. (2002) in bovines.
On the contrary, other workers reported heat stress
induced reduction in plasma albumin concentrations in
other breeds of goat (Al-Eissa et al., 2012) and sheep
(Abdoum et al., 2012). Shrikhande et al. (2008) reported
higher serum albumin level during winter and summer as
compared to rainy season in cattle.
Blood Urea Nitrogen (BUN)
Table 2 represented the blood urea nitrogen level (mg/
dl) between different seasons within two breeds of goat.
Significantly lower (P<0.01) value found in winter
as compared to other two seasons in both the breeds.
When comparing the BUN level in between Beetal and
Toggenberg within seasons (Table 2), no significant
variation in BUN concentration was observed between
Beetal and Toggenberg goats.
Considering variations between three different seasons
irrespective of breed (Table 2), BUN level was found
significantly higher (P<0.01) in summer followed by
autumn when compared to winter season. The high
concentration of blood urea in summer months probably as
a result of loss of extra-cellular fluid due to heat exposure
(Rasooli et al. 2004). Again, increased level of BUN
during heat exposure might be due to increased utilization
of amino acids through mobilization of protein from
muscle (Sreedhar et al., 2013). This finding corroborate
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the studies in dairy cows being carried out by different
workers (Rowlands et al., 1979). Shrikhande et al. (2008)
found that BUN level did not differ significantly during
summer and winter, but was significantly low during rainy
season.
CONCLUSION

Chand, D. and Georgie, G.C. 1989. Influence of season and
genetic group on the blood plasma cholesterol in neonate
calves. Indian J. Anim. Sci., 59: 149-153.
Christi, W.W. 1981. Lipid metabolism in ruminant animals.
Pergamon press New York., 20-150.
Collier, R.J., Collier, J.L., Rhoads, R.P., and Baumgard, L.H.
2008. Genes involved in the bovine heat stress response a
invited review. J. Dairy Sci., 91: 445-454.

The influence of environmental stress (heat and cold
stress) on biochemical parameters were studied in Beetal
and Toggenberg goats in Jammu region in different
seasons. The biochemical parameters were changed with
environmental stress. THI was higher during summer
and was considered as danger status. Among the two
breeds, all the values were found to be significantly higher
(P<0.01) in Toggenberg than those of Beetal goats. Being
the original habitats, the local breeds of animals are highly
adapted to the climatic condition and can withstand the
extreme hot and cold climate of Jammu region.

Darcan, N. 2000. A study on adaptation mechanism of crossbred
goat types in Cukurova sub-tropical climate conditions.
M.Sc. Thesis, Cukurova University Adana, Turky.
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