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Abstract
Background and Objective: Goats are assuming a greater importance under small household system in India. Season affects the fertility
of semen and thereafter is an important factor limiting the large scale application of artificial insemination with frozen semen. Limited
literature underlying the correlation of climatic parameters with seminal quality. Hence, the present study was designed to find out the
correlation of temperature (EC) and sunshine (h) on processed semen quality in Gaddi and Chegu goats. Materials and Methods: A total
of 286 ejaculates (Gaddi, n = 106; Chegu, n = 180) were collected using artificial vagina and selected on basis of standard quality
parameters. The ejaculates were extended in Tris citrate egg yolk extender containing 10% EY and 6% glycerol to maintain a concentration
of 150×106 spermatozoa/straws. The representative straws from each ejaculates were thawed at 37EC for 30 sec, 24 h post incubation
to compare seminal parameters between fresh and post thaw semen along with percent change due to the processing. Results: The data
was analyzed using package R version 3.4.3. In Gaddi goats, HOST reactivity was negatively and significantly correlated (r = -0.471,
r = -0.527, p<0.01) to temperature in both fresh diluted and post thaw semen. Whereas, temperature was negatively significantly
correlated (r = -0.745, r = -0.768, p<0.01), with post thaw progressive motility and viability in Chegu goats. Conclusion: In conclusions,
present study delineates temperature rather than sunshine (h) affecting semen quality in both Gaddi and Chegu bucks during breeding
season.
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of breeding history, breeding soundness evaluation and

INTRODUCTION

testicular diameters. All the bucks were maintained under
identical conditions and were screened for diseases,

Goats are important livestock species of India. Gaddi and
Chegu breeds of goats are the mainstay of a large portion of

Brucellosis8,

nomadic and hilly tribes of Himachal Pradesh (H.P.), India.

transmission of infection.

Chlamydiosis9

to

eliminate

the

possible

Gaddi and Chegu goats are contributing towards income and

Average light:dark h (h) and temperature (EC) during the

employment generation, capital storage and improvement in

period of study comprised the average of the values

household nutrition1. Chegu is pashmina yielding breed of

considered on the day of semen collection and the preceding

goats found usually at altitude of more than 8000 feet above

days. The average light:dark h (h) and temperature (EC)

mean sea level in cold desert areas and produce valuable

ranged from 7.07±0.41:16.93±0.41 to 12.29±0.13:

textile fibre pashmina hence called as “Pashmina goats”1. A

11.71±0.13 and 9.88±0.51 to 21.94±0.18EC, respectively.

progressively declining cattle population in H.P. accentuates

Similar group of bucks from both the breeds were utilized for

goat rearing

semen analysis during the period under study.

under

small household system. Unabated

decline in males of superior genetic merit due to rampant
slaughtering

and

inadvertent

breeding

All bucks were subjected to grazing for 5 h and remained

(inbreeding)

under confinement in a shed where they were fed as per the

underscores the importance to conserve superior males and

standards of Indian Council of Agricultural Research (ICAR)10.

their use for AI. Several socio-economic reasons along with

All males had round the clock access to the clean drinking

lack of developmental policies for breed conservation and

water.

improvement leading to loss of breed utility and

A total of 286 ejaculates (Gaddi, n = 106, Chegu, n = 180)

marginalization of goat population1, Chegu being worstly

from adult healthy bucks were collected using an estrus

affected and therefore have been put under “Endangered

doe. The collections were made twice weekly in artificial

species” (19th livestock census, 2012).

vagina (AV) maintained at 42-43EC. The fresh ejaculates were

Goats, considered as seasonal breeder2, have been used

evaluated for any gross abnormality including color as well as

for semen related studies during short days3,4, though out of

volume and concentration (Caprine Photometer, IMV 1409®)

season studies per se have also been undertaken5,6. Season

followed by microscopic examination for mass motility. The

affects the fertility of semen and thereafter is an important

suitability of ejaculates for further processing was done using

factor limiting the large scale application of artificial

the standard criterion11. Absence of any gross abnormality,

insemination with frozen semen7. Several studies across

milky to creamy semen color, mass motility of >3 and initial

different geographical locations using different breeds of

progressive motility of >70% were the criteria for selection of

bucks have investigated effect of season on quality and
cryosensitivity of semen . Meagre studies available in

semen. The post- thaw cryopreserved semen samples were

literature underlying the correlation of climatic parameters

evaluated for progressive motility12, viablility13, morphological

with seminal quality. Hence, the present study was designed

abnormalities14 and HOST reactivity15. Percent change in

to find out the correlation of temperature (EC) and sunshine

the

(h) on processed semen quality in Gaddi and Chegu goats.

semen was also calculated to determine the effect of

5,6

aforesaid parameters

between freshand post-thaw

cryopreservation.
The seminal plasma was removed as described

MATERIALS AND METHODS

previously16,17. The semen pellet thus obtained was extended
Study area: Study was conducted at University Livestock

with 2 equal fractions of tris citrate egg yolk extender, TEY

Farm of CSK Himachal Pradesh Krishi Vishvavidyalaya,
Palampur (32.6EN, 76.3EE,
altitude
1290.8 m) from
September-December, 2017, January and March, 2018 and
September-December, 2018, respectively.

(TRIS 1.21 g, Citric acid 0.685 g, D-fructose 0.5 g, benzyl
penicillin 1000 IU mLG1, streptomycin sulphate 1 mg mLG1),
EY (10%) and glycerol (6%). The TEY was added to semen
at a gap of 2-3 min to yield a final concentration 150×106
spermatozoa/straw. The pH of the buffer was adjusted to
6.7-6.9.

Research procedure: The study was conducted on apparently

Extended semen was filled in 0.25 mL French mini straws

healthy Gaddi bucks (n = 11, aged 2.16±0.36 years, weighing
39.1±2.82 kg), Chegu bucks (n = 8, aged 1.98±0.34 years,
weighing 28.1±1.96 kg). These bucks were selected on basis

(IMV Technologies, LʼAigle, Cedex, France), by aspiration using
micropipette (Minitube, Germany) and subsequently sealed at
33
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free end with the help of polyvinyl alcohol (PVA) (IMV

equations and their significance was tested again by using

Technologies, LʼAigle, Cedex, France) powder. All the

ANOVA. Results were presented as Mean±SEM and

aforementioned steps of semen handling were undertaken at

differences were considered significant when p<0.05.

controlled air temperature of 30EC. The straws were laid on a
stainless steel rack and placed in cooling cabinet 4EC (Macro

RESULTS AND DISCUSSION

Scientific works Pvt. Ltd. India) for 4 h and thereafter exposed
to liquid nitrogen vapors for 7 min. Finally the straws were

Correlations

between

the

climatic

conditions

plunged into liquid nitrogen for storage. The inventory of

(Temperature (EC), sunshine (h)) and seminal parameters

semen storage was also maintained. Thawing of semen straws

(progressive motility, live and dead, morphological

was done at 37EC for 30 sec in a water bath18.

abnormalities and HOST reactivity) are presented in Table 1.

Proper ethical considerations related to animal handling

Amongst the progressive motility, viability, morphological

and semen collections were observed and ensuring not to

abnormalities and HOST reactivity, it was only the HOST

cause any injury during sampling.

reactivity that was negatively and significantly correlated
(r = -0.471, r = -0.527, p<0.01) to temperature in both fresh

Statistical analysis: The data obtained were analyzed using

diluted and post thaw semen in Gaddi goats (Table 1). It can

package19 R version 3.4.3. Multivariate analysis was used to

be inferred that with reduction in temperature there is

determine

improvement in HOST reactive sperms in Gaddi buck semen.

correlations

between

climatic

condition

(Temperature (EC) and Sunshine (h) with the fresh and

Whereas,

temperature

was

negatively

significantly

post-thaw semen quality parameters and to frame regression

correlated (r = -0.745, r = -0.768, p<0.01), with post thaw

Table 1: Inter-relationship between climatic conditions (Temperature (EC), sunshine (h)) and semen parameters in Gaddi and Chegu bucks
Relationship between parameters

Breed

PM fresh vs. temperature

Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu
Gaddi
Chegu

LD fresh vs. temperature
MA fresh vs. temperature
HOST fresh vs. temperature
PM post thaw vs. temperature
LD post thaw vs. temperature
MA post thaw vs. temperature
HOST post thaw vs. temperature
PM fresh diluted vs. light hours
LD fresh diluted vs. light hours
MA fresh diluted vs. light hours
HOST fresh diluted vs. light hours
PM post thaw vs. light hours
LD post thaw vs. light hours
MA post thaw vs. light hours
HOST post thaw vs. light hours

Correlation coefficient

Regression estimate

0.0002
-0.355
-0.101
-0.270
-0.232
0.088
-0.471**
0.165
0.141
-0.745**
0.226
-0.768**
-0.150
0.116
-0.527**
-0.362
-0.198
0.044
-0.040
-0.139
0.253
-0.222
-0.055
-0.018
0.106
0.001
0.272
0.110
0.012
-0.223
-0.251
0.362

-0.286±0.17
-0.107±0.17
-0.297±0.24
-0.147±0.09
0.029±0.07
-0.880±0.26
0.492±0.69
0.190±0.22
-0.870±0.18
0.506±0.35
-1.375±0.26
-0.112±0.12
0.038±0.07
-1.362±0.35
-0.678±0.41
-0.281±0.22
0.064±0.34
-0.077±0.31
-0.280±0.46
0.288±0.17
-0.134±0.17
-0.187±0.54
-0.098±1.27
0.265±0.40
1.097±0.62
0.360±0.76
0.016±0.21
-0.134±0.13
-1.166±0.72
1.237±0.75

Regression equation

p-value

Adjusted R2 value

y = 79.143-0.28x
y = 76.031-0.10x
y = 79.805-0.29x
y = 10.137-0.14x
y = 5.767+0.08x
y = 83.75-0.88x
y = 53.939+0.49x
y = 28.953+0.19x
y = 45.932-0.87x
y = 35.410+0.56x
y = 66.925-1.37x
y = 11.732-0.11x
y = 7.205+0.03x
y = 70.310-1.36x
y = 48.925-0.67x
y = 75.569-0.28x
y = 73.490+0.06x
y = 75.061-0.07x
y = 76.657-0.28x
y = 5.701+0.28x
y = 7.361-0.13x
y = 72.276-0.18
y = 63.578-0.09x
y = 29.72+0.26x
y = 34.19+1.09x
y = 39.308+0.36x
y = 9.945+0.01x
y = 8.961-0.13x
y = 59.509-1.16x
y = 26.952+1.23x

0.12
0.53
0.24
0.14
0.70
0.002
0.48
0.38
0.000
0.16
0.000
0.35
0.62
0.000
0.11
0.21
0.85
0.80
0.55
0.11
0.34
0.73
0.93
0.51
0.08
0.64
0.94
0.34
0.11
0.11

0.077
0.015
0.021
0.020
0.047
0.200
0.026
0.005
0.531
0.026
0.568
-0.003
0.041
0.259
0.082
0.014
0.053
0.024
0.034
0.039
0.003
0.023
0.055
0.014
0.049
0.042
0.026
0.002
0.030
0.082

PM: Progressive motility, LD: Viability, MA: Morphological abnormalities, HOST: Hypo osmotic swelling test, **Values with different superscripts within same row differs
(p<0.01)
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progressive motility and viability in Chegu goats (Table 1)
which suggests better post thaw semen quality during the
winter months.
Present study evaluated relationship of fresh diluted
and post thaw semen parameters to change in climatic
conditions within the short days of breeding season, which
however is not available in the literature. Irrespective of the
lack of literature for direct comparison, the present study
delineates temperature rather than sunshine (h) affects
semen quality. During low temperature of breeding season
there was an improvement in HOST reactivity in fresh and
post thaw semen in Gaddi bucks. Similarly, during a period
of low temperature the post thaw progressive motility and
viability were higher in Chegu buck semen. Murase and
coworkers reported that post thaw motility was significantly
higher in winters while HOST reactivity did not differ between
season20. Moreover the relation to temperature to post thaw
betterment of motility and viability in Chegu bucks could also
be due to the reason that Chegu goat is native of temperate
reason and may therefore perform better under low
temperature.
Spring and summer have been generally accepted by
various researchersʼ to reduce the seminal quality with
increased percentage of dead and abnormal sperms along
with reduced motility21-22. Extreme temperature affects the
function of the epididymis, alters the semen pH towards
alkalinity23 and increases the percentages of abnormal and
dead sperms24 and could also lead to testicular degeneration
and even complete sterility23,24.
On the other hand, the aforesaid trend on semen quality
revealed, autumn to be the best season resulting in better
motility, viability and morphology of sperms, along with
enhanced ability to withstand cryo-injuries25,26. Kumar and
coworkers observed better ability of sperms to withstand
freezing and thawing during autumn than winter 27.
Winters have been equivocal in affecting the semen
quality. Researchers observed better semen quality during
winters5. Similarly, Gallego-Calvo6 and coworkers reported
increased post thaw quality but reduced percentage of motile
sperms during winter. Other studies corroborated winter to
favour semen quality28,29. Reduced percent of dead sperms
were observed during winters24,26. Researchers observed no
effect on seasonal variability on HOST reactivity, while the post
thaw motility, acrosomal integrity and abnormalities were
severely affected in autumn compared to winter20. To the
contrary, the desired semen quality could not be achieved in
winters30,31.
Delgadillo and coworkers suggested photoperiod as main

Short days and decreasing day length stimulate the secretion
of luteinizing hormone (LH), which intern, induces testicular
growth and the release of testosterone, resulting in
quantitative

and

production along

qualitative
with

improvements in semen

increased

sexual

behavior32.

Contrastingly, long days and increasing day length reduce LH
secretions and testicular growth, leading to a fall in the plasma
testosterone concentrations, reduced sperm quality and
diminished sexual behavior21,22.
However other workers also propose that it is not only
photoperiod that solely regulates but several other factors
which may also influence semen. Hence there is a consensus
among researchers interested in breeding of goats, that the
quality of bucksʼ semen is affected by various factors including
but not limited to breed3, season6,26,30,32,33 and source of protein
supplemented in ration34. Whereas, another group of
researchers argued that season effects on semen quality were
minor and the semen quality remained in the range of good
semen in all seasons35. Some studies have shown that the
sperm motility of pubertal bucks was high in autumn and low
in summer season24.
In addition to effect of photoperiods on the LH release as
listed wide supra, a favorable season for semen production
could be attributed to changes in total protein and protein
composition of seminal plasma36. Seminal plasma protein
may influence seasonal resistance of the spermatozoa to
freeze thaw damage. Smith
higher

and

coworkers

recorded

total protein concentration of seminal plasma

(36.9 vs. 23.0 mg mLG1) during breeding than non-breeding
season

suggesting

its

role

in

protection

against

36

cryopreservation effects . Researchers observed that sperm
samples supplemented with proteins from the buck seminal
plasma obtained during non-breeding season led to
deterioration of sperm quality37, while other studies have
demonstrated the positive effects on sperm quality after
thawing when the semen was supplemented with proteins or
seminal plasma collected during breeding season38. There
were alterations in total protein composition of seminal
plasma that influenced seasonal resistance of semen to freeze
thaw process.
CONCLUSION
It was concluded that temperature rather than sunshine
(h) is the main factor affecting the seminal quality parameters
in both Gaddi and Chegu breed of goat during breeding

factor responsible for seasonality in buck reproductive activity.

season.
35
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7.

SIGNIFICANCE STATEMENT
This study discovered the correlation of climatic
parameters with seminal quality in Gaddi and Chegu goats of
Himachal Pradesh, India. In Gaddi goats, HOST reactivity was
negatively and significantly correlated to temperature in both
fresh diluted and post thaw semen. Whereas, temperature was
negatively significantly correlated with post thaw progressive
motility and viability in Chegu goats. In brief, study suggests
temperature as the main factor affecting the seminal quality
parameters in both Gaddi and Chegu breed of goat during
breeding season. The study will help the researchers to
uncover the relationship of climatic factors with seminal
quality in different breeds reared in different geographical
locations and
strengthen our finding of impact of
temperature rather than sunshine (h) on the seminal
parameters in goats.
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