
 

~ 745 ~ 

The Pharma Innovation Journal 2023; SP-12(7): 745-748 
  

 
 
 
 
 
 
 
 
 
ISSN (E): 2277-7695 
ISSN (P): 2349-8242 
NAAS Rating: 5.23 
TPI 2023; SP-12(7): 745-748 
© 2023 TPI 
www.thepharmajournal.com 
Received: 10-04-2023 
Accepted: 16-05-2023 
 
Krishna Bansal 
Accuvance Dairy Genetics and 
Research Centre Kheri, Patauda, 
Haryana, India 
 
Madhu Meena 
Department of Veterinary 
Gynaecology and Obstetrics, 
College of Veterinary and Animal 
Science Navania, Rajasthan 
University of Veterinary and 
Animal Sciences, Bikaner, 
Rajasthan, India 
 
Amrit Maurya 
Accuvance Dairy Genetics and 
Research Centre Kheri, Patauda, 
Haryana, India 
 
Aman Gupta 
Accuvance Dairy Genetics and 
Research Centre Kheri, Patauda, 
Haryana, India 
 
Saurabh Rajbansi  
Accuvance Dairy Genetics and 
Research Centre Kheri, Patauda, 
Haryana, India 
 
Nidhi Rawat 
Accuvance Dairy Genetics and 
Research Centre Kheri, Patauda, 
Haryana, India 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Corresponding Author: 
Krishna Bansal 
Accuvance Dairy Genetics and 
Research Centre Kheri, Patauda, 
Haryana, India 

 
 
 
 
 
 
 
 
 
 

 
Centrifugation: A step towards the improving Murrah 

semen quality parameters 
 

Krishna Bansal, Madhu Meena, Amrit Maurya, Aman Gupta, Saurabh 
Rajbansi and Nidhi Rawat 
 
Abstract 
For buffalo bulls, the ejaculate having a sperm motility of 70% is only processed for sperm 
cryopreservation. But we can utilize the ejaculates which have lower motility by centrifugation. 
Therefore, in our study, we assessed the effect of single-layer centrifugation (SLC) and double-layer 
centrifugation (DLC) on before-freezing motility and quality of frozen semen. We selected 7 ejaculates 
of low sperm motility and divided them into three categories Cat-I without centrifugation (WC), Cat-II 
SLC, and Cat-III DLC. After that, we checked before freezing motility and cryopreserved them. After 24 
hours of cryopreservation analyzed the post-thaw motility, sperm morphology, sperm plasma membrane 
integrity, and sperm acrosome integrity. On the basis of the results of these parameters DLC and SLC 
was better in semen quality than without centrifugation of lower motility ejaculates. 
 
Keywords: Buffalo, ejaculate, sperm, acrosome integrity semen 
 
1. Introduction 
The maximum buffalo population of the world is found in India, 56.5% (109.9 million. India is 
the world's largest milk producer, accounting for approximately 221.06 MT (22% of global 
production), (DAHD, and annual report 2021-22). To increase milk production of the buffalo, 
there is a continuous breeding program ongoing through artificial insemination using 
cryopreserved semen of elite buffalo bulls. But there is only 2093 breeding buffalo bulls in our 
country, NDDB 2020-21 Report. Artificial Insemination (AI) is the most affordable and 
convenient biotechnological tool for the dissemination of improved genetics at farmers’ 
doorstep (Singh et al., 2013) [16]. However, AI coverage of bovines in the country is about 30 
percent ranging from 71 percent to even less than 1 percent for different states. That means 65 
percent of animals are still bred through natural services either because the services are not 
available at farmers’ doorstep or they are not convinced with the efficacy of the existing 
services. About 80 million inseminations are carried out in the country annually with the 
estimated overall conception rate of 35 percent as against 60 percent plus AI success rate in 
dairy-developed countries (NDDB, 2022) [11]. Benefits of AI can be doubled by improving the 
quality of AI services. So, due to less number of breeding bulls, we need to develop some 
techniques or strategies to increase semen production. Therefore, the study has been designed 
to evaluate fresh ejaculates motility and those ejaculates were below the prescribed guideline 
(below 70% motile) were divided into three categories CAT- I (WC) without centrifuged, 
CAT-II (SLC) single-layer centrifuged at 1500 rpm for 5 minutes and CAT-III (DLC) Double 
layer centrifugation and analyzed again total motility and impact of SLC and DLC on frozen 
semen quality. 
 
2. Materials and Methods 
2.1 Ethics statement 
This article does not contain any studies with human or animal subjects. 
 
2.2 Experimental Location and Design. 
The proposed work was carried out in the Semen Freezing Laboratory of the Accuvance Dairy 
Genetics and Research Centre, Patauda Jhajjar Haryana.
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2.3 Semen collection  
 The semen was collected by artificial vagina in the early 
hours of the morning before feeding, and from each buffalo 
bull, two ejaculates were taken on the day of collection, and 
the interval between two collections was 30 minutes. 
 
2.4 Estimation of sperm concentration 
The sperm concentration in the freshly collected semen was 
determined by using an Accu Cell bovine photometer (IMV, 
LAigla, and France) at 530 nm wavelength Semen dilution 
and individual sperm motility. Initial semen dilution was 
performed with an equal quantity of diluent and kept in the 
same water bath at 32 °C (Kumar et al., 2013) [9]. After the 
estimation of sperm concentration, the dilutor was added to 
pre-diluted semen, so that the final concentration became 80 
million sperm/mL. After final dilution, sperm motility was 
assessed by placing a small drop of diluted on a clean, grease-
free warm slide (37 °C) with a cover slip over the drop and 
examining it under 200x magnification by a phase contrast 
microscope (Yadav et al., 2023) [20]. The ejaculates had a 
minimum of 70% sperm motility when considered for 
cryopreservation. 
 
2.5 Centrifugation  
Those fresh ejaculates having sperm motility below the 70% 
were considered for single-layer and double-layer 
centrifugation at 1500 rpm for 5 minutes and seminal plasma 
was removed gently and then diluted with Tris-Egg Yolk 
Citrate (TECY) dilutor. After dilution so that the final 
concentration became 80 million sperm/mL (Yadav et al., 
2023) [20]. 
 
2.6 Post-thaw sperm motility 
After 24 h of cryopreservation, the semen straws were thawed 
at 37 °C for 30 s, and sperm motility was estimated 
immediately. The ejaculates that had a minimum of 50% 
sperm motility were selected for an artificial insemination 
program. 
 
2.7 Sperm morphology 
To evaluate the sperm morphology, eosin-nigrosin staining 
was performed in cryopreserved semen samples (Kumar et 
al., 2016) [8]. A semen straw was thawed at 37 °C, and one 
small drop of thawed semen was placed on prewarmed slide. 
After that, one small drop of each eosin and nigrosin stain was 
placed over the semen drop. A thin smear was prepared by 
spreader slide at a 30-degree angle to disperse the semen 
suspension over the slide length and fixed with air drying. A 
total of 200 spermatozoa were evaluated for each sample in 
different fields at 100X objective under a phase-contrast 
microscope and percentage of abnormal spermatozoa (bent 
tail, coiling of tail over mid piece, proximal protoplasmic 
effect, and eccentric thickening of acrosome) was determined. 
 
2.9 Sperm plasma membrane integrity 
To assess the functional integrity of the sperm plasma 
membrane, a hypo-osmotic swelling test was performed 
(Jeyendran et al., 1984; Dalal et al., 2020) [7, 4]. For the test, 
500 µL hypo-osmotic solution (0.735g sodium citrate 
dihydrate and 1.351g fructose in 100 mL of double distilled 
water, 100mOsm/L) was mixed with 50µL of frozen-thawed 
semen, and for the control group, 500µL PBS mixed with 
50µL frozen-thawed semen and incubated for 60 min at 37 
ºC. After incubation, 40µL of 2% eosin solution was added to 

increase visibility. Semen drop was added on slide and 
covered with a coverslip and 200 spermatozoa were counted 
further coiled tails (HOST positive) were identified. A drop of 
diluted semen was placed on a clean sterilized dry glass slide 
and covered with a coverslip. A total of 200 spermatozoa 
were counted in different fields at 100x objective under a 
phase-contrast microscope and the percentage of spermatozoa 
positive to HOST (having coiled tails) was determined. The 
percentage of coiled-tail spermatozoa in PBS were subtracted 
from that of the HOST to get the true HOST-reactive sperm.  
 
2.10 Acrosome integrity 
Intactness of the acrosome of spermatozoa was assessed by 
using Giemsa staining method (Almadaly et al., 2014) [1]. A 
rewarmed slide was used and a drop of semen was added to 
prepare a smear. Fixation was done by using methanol for 
about 10 minutes further slide was rinsed with the help of 
running distilled water. Geimsa solution was prepared (3 mL 
Giemsa, 2 mL PBS and 35 mL distilled water) used for 
staining followed by rinsing and drying. At 1000x 
magnification about two hundred cells were assessed, 
spermatozoa having intact acrosome had purple heads 
whereas spermatozoa with damaged acrosome have pale 
lavender heads. Acrosome integrity was determined by a total 
number of spermatozoa with intact acrosomes out of the total 
number of spermatozoa multiplied by 100. 
 
3. Results  
3.1 Effect of SLC and DLC before freezing motility 
As per Minimum standard protocol for Bovine frozen semen 
the fresh ejaculate must have 70% motility for further 
processing (MSP, 2022 GOI). Our target was to find out the 
effect of centrifugation on lower motility ejaculates (number 
of samples in each category 7), and we found the total 
motility (Mean±S.E) in fresh ejaculates of SLC and DLC 
categories were significantly higher (p<0.05) than WC 
(Figure 1A).  
 
3.2 Effect of SLC and DLC Post thaw motility 
After 24 hours of cryopreservation, we checked the post-thaw 
motility (Figure 3) in different categories of ejaculates 
(number of samples in each category – 7) and found the post-
thaw motility (Mean±S.E) in frozen ejaculates of SLC and 
SLC categories were significantly higher (p<0.05) than WC 
(Figure 1 B). 
 

 
(A) 
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(B) 

 

Fig 1 A & B: Showing graphical results of before-freezing and post-
thaw motility 

 
3.3 Sperm plasma membrane integrity 
We assessed the plasma membrane integrity in all three 
categories (Figure 2A) and found maximum (p<0.05) plasma 
membrane intactness was in category DLC than WC and SLC 
was between WC & DLC.  
 
3.4 Effect of SLC and DLC on sperm morphology  
The sperm morphology in cryopreserved samples of all three 
categories (7 samples in each category) were evaluated by 
eosin nigrosin staining. The sperm abnormalities of category 
WC were higher (p<0.05) than the DLC and IN SLC category 
it was between DLC & WC. (Figure 2B). 
 

 
(A) 

 

 
(B) 

 

Fig 2 A & B: Showing graphical results of sperm plasma membrane 
integrity and percentage of abnormal sperm 

3.5 Effect of SLC and DLC on acrosome intactness 
The live intactness of the acrosome is essential step for 
realising of acrosomal enzyme like acrosin, and hyaluronidase 
for binding ZP3 receptors of zona pellucida for successful 
fertilization (Sun et al., 2021) [17]. The sperm acrosome 
intactness in cryopreserved samples of all three categories (7 
samples in each category) were evaluated by Giema staining. 
The sperm acrosome intactness of category DLC were higher 
(p<0.05) than the WC while in the SLC category, it was 
between DLC & WC (Figure 3). 
 

 
 

Fig 3: Showing the graphical result of acrosome integrity 
 
4. Discussion  
Perm motility is an essential parameter for achieving 
successful conception because, sperm motility is only way to 
reach ejaculated spermatozoa up to the female reproductive 
tract and at the site of fertilization (Vijayaraghavan et al., 
2003) [19]. We found the SLC and DLC ejaculates were have 
high motility than without centrifugation and same result 
found by Ortiz et al., 2014 in donkeys. The buffalo sperm is 
more vulnerable for cryopreservation due to high amount of 
polyunsaturated fatty acid (Mittal et al., 2019) [10]. After 
cryopreservation we found that post-thaw motility were 
significantly higher in DLC and SLC ejaculates than WC 
ejaculates and it was agreed by Gloria et al., 2016[6]. The 
functional integrity of the plasma membrane is of primary 
importance for the fertilizing abilities of a spermatozoon 
(Dalal et al., 2020) [4]. The plasma membrane intactness of 
sperm of all three categories were evaluated by HOST 
because many times sperm those have weak plasma 
membrane but under normal physiological condition show 
normal sperm motility but hypo-osmotic condition make them 
vulnerable (Correa and Zavos, 1994; Rasul et al., 2001) [2, 14]. 
Comparatively, higher number of sperm with intact plasma 
membranes was in categories DLC than in the category WC 
and SLC. The reported percentage of buffalo frozen-thawed 
spermatozoa with intact sperm membranes is 32.63% (Rasul 
et al., 2001) [14]. The recommended minimum number of 
frozen-thawed sperm with intact sperm membranes is 40% 
(MSP, 2022). Considering the recommendation of a minimum 
of 40%, the ejaculates of categories WC are not suitable for 
the use of AI. The present study also indicates that 
spermatozoa of category WC possess a weaker plasma 
membrane morphologically abnormal sperm can reduce rates 
of fertilization and embryonic development (Thundathil et al., 
2001) [18]. In our finding the maximum abnormal sperm were 
in categories of WC and SLC than DLC and same result were 
found BY Gloria et al., 2016 [6] in their experiment. Acrosome 
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integrity is essential for penetration of zona pellucid of ovum. 
we revealed first time that DLC and SLC ejaculates is having 
more acrosome integrity than WC ejaculates. 
 
5. Conclusion 
We indicated single layer centrifugation and DLC can be 
useful techniques to enhance the semen quality of bulls. These 
techniques can be further used in field practice to get good 
semen quality. 
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