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ABSTRACT
Aim: To evaluate the suitable Semen extender for a long dura-
tion of cryopreservation among Tris citric acid fructose egg yolk 
glycerol extender and Tris-egg yolk-glucose extender,. Materi-
als and Methods: The sample size has been calculated by the 
clinCalc with an alpha error-threshold at 0.05, 95 % confidence 
interval (CI), G power at 80%, and enrolment ratio 1. Our study 
has been repeated 14 times which is (N=14) and it was mea-
sured using statistical Independent Samples Test. The study in-
volved 28 sample sizes with 2 different groups with each group 
containing 14 samples. The collected semen samples are diluted 
with the Tris-citric acid-fructose egg yolk glycerol extender and 
Tris-egg yolk-glucose extender, based novel semen extenders. 
A small quantity of the diluted semen sample was taken to a 
counting device known as makler counting chamber used for 
analyzing the sperm count and motility of the semen samples. 
Results: The Tris-citric acid-fructose egg yolk glycerol extend-
ers were better than Tris-egg yolk-glucose extender. So the es-
timated sperm count and sperm motility were found to be P 
<0.05, revealing the statistical insignificance. The characteristics 
after cryopreservation were decreased than the characteristics 
before cryopreservation. Conclusion: The sperm parameters 
were preserved well in Tris-citric acid-fructose egg yolk glycer-
ol semen extender when compared with Tris-egg yolk-glucose 
based semen extender with respect to sperm count and sperm 
motility.
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INTRODUCTION
Cryopreservation is a technique where a dehydrate 

the semen and concentrate the cytosol to cause minor 
injuries so as to reduce ice crystallization during nitro-
gen immersion of samples as they are lethal because 
they damage the semen membrane structure and it also 
stops the enzyme activity, metabolic activity and gene 
expression under ultra low temperature (Z. 1970). TRIS 
citric acid fructose egg yolk glycerol based semen ex-
tender dilutes the sperm and obtains a large quantity of 
sperm for infertility treatment known as Artificial in-
semination (Paudel et al. 2010). Tris-egg yolk-glucose 
extender is used for improving the trait of the buffalo 
semen for post cryopreservation (Ezz et al. 2017). As-
sisted Reproductive Technology (ART) for the evalua-
tion of fertility and infertility in male for estimation of 
sperm count and motility (Kasman et al. 2021). Assist-
ed Reproductive Technology mainly involves removing 
ovum and sperm and fusing them in the laboratory for 
fertilization. Cryopreservation is a very important pro-
cess to safeguard the biological samples and save them 
for future use. Currently either the donors or the part-
ner’s spermatozoa for later stored for usage (Ugur et al. 
2019). It is also used for embryo cryopreservation and 
ovarian tissue cryopreservation of human (Rivas Leo-
nel, Lucci, and Amorim 2019) 

There were 574 papers in pubmed and 91 and 50 
papers in academia. The post thawed sperm count in 
three different buffalo bulls is 53.29 ±1.56 for Gir, 58.33 
±1.43 for Surti and 59.58 ± 1.20 for Murrah (Pathak, 
Dhami, and Chaudhari 2018). Regucalcin (RGN) at 
three different concentration for sperm motility%, 
when the semen sample is diluted with TRIS citric 
acid fructose egg yolk glycerol extender at 0 μg/ml is 
40.6 ± 2.6b, 20 μg/ml is 41.1 ± 2.6b, 40 μg/ml is 50.6 ± 
3.5c and 60 μg/ml is 18.9 ± 2.6a (Pillai et al. 2017). The 
sperm motility diluted in the TRIS egg yolk glucose of 
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the post thawed semen sample is 63.33 ± 7.27% (Ezz et 
al. 2017). Before cryopreservation Tris citrate fructose 
egg yolk glycerol motility is 72.62 ± 7.26 and Tris-citric 
acid-fructose-glycerol added to 1.0% soybean lecithin 
is 80.72 ± 7.91 and for the post thawed cryopreserva-
tion, the Tris-citrate-fructose-egg yolk glycerol motili-
ty is 46.36 ± 4.82 and Tris-citric acid-fructose-glycerol 
added to 1.0% soybean lecithin is 58.24 ± 6.00. Thus 
the semen extender of tris citrate-fructose-egg yolk 
glycerol gives higher motility rate before cryopreser-
vation and also after cryopreservation due to the pres-
ence of egg yolk in the novel semen extender (Shah-
ba et al. 2018). After one hour of thawing the semen 
samples of two different bulls of holstein friesian and 
murrah extended in tris-citric acid-fructose egg yolk 
glycerol extender it shows more sperm count and mo-
tility % of about 86.444% in holstein friesian bull and 
218.375% in murrah bull (Dhami, Sahni, and Mohan 
1992). TFYG (Tris-citric acid-fructose egg yolk glycerol 
extender) extender and Bioxcell extender were diluted 
individually in the bovine spermatozoa and after cry-
opreserving it shows that Tris-citric acid-fructose egg 
yolk glycerol extender has been effective with a sperm 
motility of 47.71 ± 0.79% and sperm count of 57.19% 
± 0.79% when compared with Bioxcell extender with 
sperm motility and count of about 44.38 ± 0.85% and 
53.85 ± 0.84% (Chaudhari et al. 2015). Our team has 
extensive knowledge and research experience that has 
translate into high quality publications (Chellapa et 
al. 2020; Lavanya, Kannan, and Arivalagan 2021; Raj 
R, D, and S 2020; Shilpa-Jain et al. 2021; S, R, and P 
2021; Ramadoss, Padmanaban, and Subramanian 2022; 
Wu et al. 2020; Kalidoss, Umapathy, and Rani Thirun-
avukkarasu 2021; Kaja et al. 2020; Antink et al. 2020; 
Paul et al. 2020; Malaikolundhan et al. 2020) 

In the current article cryopreservation with con-
ventional semen extenders is not suitable and does not 
show good results for post thaw cryopreservation. So 
emphasis on the extenders to provide good quality of 
semen after cryopreservation. There is no well known 
cooling technique to cope up with the cryopreserva-
tion for more days. Authors are expertised in the field 
of male infertility treatment and cryopreservation in 
the last decade. Our study’s target is to produce a good 
quality semen extender for longer cryopreservation

MATERIALS AND METHODS
The study was conducted in the Biochemistry lab-

oratory at Saveetha School of Engineering, Chennai. 

Authors have received ethical clearance for handling 
human semen samples. Two different groups of novel 
semen extenders were used in the study, group 1 was 
Tris-citric acid-fructose egg yolk glycerol extender 
and group 2 was Tris-egg yolk-glucose extender. The 
sample size was 14 human male semen samples for 
group 1 TRIS citric acid fructose egg yolk glycerol and 
14 samples in group 2 TRIS egg yolk glucose, so total-
ly 28 semen samples were used. The sample size has 
been calculated by ClinCalc with Alpha error thresh-
old of 0.05, 95% confidence interval, g power was 
80%,standard deviation – 1 and and enrolment ratio 
of 1 (Hajian-Tilaki 2014) 

The first study group was Tris-citric acid-fructose 
egg yolk glycerol extender and the samples are collect-
ed with respect to the protocol of World Health Or-
ganization (2010). Computer Assisted Semen Analysis 
(CASA) was used for analyzing male infertility param-
eters such as sperm count, sperm motility, physical 
characteristics, etc (Ariagno et al. 2017). Cryoprotect-
ants do not contain toxicity and they can go through 
the cell membranes to attach with the electrolytes and 
with the water particles to postpone the freezing peri-
od (Chao and Chiu Liao 2001).

The second group was by the usage of Tris-egg 
yolk-glucose extender and the samples were col-
lected by the code of World Health Organization 
(2010). Computer Assisted Semen Analysis (CASA) 
was to estimate the efficiency for the calculation of 
the sperm count and sperm motility (Bulkeley et al. 
2021). Cryoprotectants have a major role in cell pro-
cessing for cryopreservation, moreover contain low 
melting point and protect the semen samples. Major-
ly dimethyl sulfoxide (DMSO) is used as a cryopro-
tectant (Kar et al. 2019) 

Computer Assisted Semen Analysis (CASA) has 
been used for analyzing semen samples for measuring 
sperm count and sperm motility. Novel semen extend-
er is a type of a medium were diluted and preserved 
while the semen sample was contained in the cryocan. 
The cryocan is a stainless steel container which was 
used for cryopreservation. The semen samples were 
collected from plastic containers. The pH, volume, 
sperm motility concentration, sperm survivability and 
sperm count were analyzed using the software CASA. 
Tris-citric acid-fructose egg yolk glycerol extender 
and Tris-egg yolk-glucose extender were mixed sepa-
rately to dilute the semen samples and a small quantity 
of the diluted semen sample was placed onto the mak-
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ler counting chamber for analyzing the concentration, 
sperm motility and progression of the semen samples. 

Data collection has been done in accordance with 
pH, volume in ml, sperm concentration in millions/
ml, sperm motility in percentage (%) and dependent 
variables were not to be found in the study. 

Statistical analysis
SPSS version 26 software was used for the statis-

tical analysis of the sperm count and sperm motility 
in TRIS citric acid fructose egg yolk glycerol extend-
er and Tris egg yolk glucose extender. Independent 
variables were volume, sperm motility, sperm count 
and sperm concentration. Group statistics for mean, 
standard deviation, standard error mean, independ-
ent sample T- test. No dependent variables were to be 
found ((Hajian-Tilaki 2014).

RESULTS
According to our study, the Tris citric acid fructose 

egg yolk glycerol novel semen extenders gave high-
er results than the Tris egg yolk glucose novel semen 
extenders. The sperm count and sperm motility were 
found to be higher than the P (<0.05) and thus it shows 
the statistical insignificance.

Table 1 shows the comparison of TRIS citric acid 
fructose egg yolk glycerol and Tris egg yolk glucose 
based semen extenders. The maximum value found in 
Tris in Tris egg yolk glucose was 7.85gm in concentra-
tion per liter and egg yolk was 20ml in concentration, 
Tris in TRIS citric acid fructose egg yolk glycerol was 
2.55gm concentration per liter. 

Table 2 shows the sperm count in millions /ml and 
sperm motility in percentage (%) of the semen sam-
ples before cryopreservation. The maximum value 
found in sperm count was 99.4 millions/ml and in 
sperm motility was 50.6%. 

Table 3 shows the sperm count in millions /ml and 
sperm motility in percentage (%) of the semen sam-
ples. It shows the comparison of TRIS citric acid fruc-
tose egg yolk glycerol and Tris egg yolk glucose based 
semen extenders for after cryopreservation. The high-
est value was found in sperm count for TRIS citric acid 
fructose egg yolk glycerol semen extender was 74.4 
millions/ml and in soya milk it was 51.56 millions/
ml. The highest value found in sperm motility for tris 
citric acid fructose egg yolk glycerol based semen ex-
tender was 44.5% and in tris egg yolk glucose based 
semen extender was 27.8%. 

Table 1
Components of tris citric acid fructose egg yolk glycerol extend-
er for concentration per liter and tris egg yolk glucose extender 
for concentration per liter.
Tris-citric acid-fruc-

tose egg yolk 
glycerol

Concen-
tration 

per Liter

Tris-Egg Yolk-Glu-
cose based

Concen-
tration 

per Liter
Tris 2.55 gm Tris 7.85 gm
Glycerol 7% Glycerol 7%
Monohydrate 
Citric-Acid

1.34 gm Monohydrate 
Citric-Acid

1.34 gm

Glucose - Glucose 0.71 gm
Egg Yolk - Egg Yolk 20 ml
Sodium Citrate - Sodium Citrate -
Ethylene diamine 
tetraacetic acid

0.07 gm Ethylene diamine 
tetraacetic acid

0.07 gm

Trehalose 0.21 gm Trehalose 0.21 gm
Cystine 0.1 gm Cystine 0.1 gm
Citrate - Citrate -
HEPES 0.15 gm HEPES 0.15 gm
Sodium Bicarbon-
ate

1.45 gm Sodium Bicarbon-
ate

1.45 gm

Potassium Chloride 0.32 gm Potassium Chlo-
ride

0.32 gm

Catalase 0.1 gm Catalase 0.1 gm
Vitamin E - Vitamin E 0.25 gm
Gentamicin - Gentamicin -
Penicillin 45000 IU Penicillin 45000 IU
Vitamin C - Vitamin C -
Taurine 0.05 gm Taurine 0.05 gm
Potassium Acetate 0.21 gm Potassium Acetate 0.21 gm
pH 7.2 pH 7.2
Fructose 0.5 gm Fructose -
Citric Acid 0.21 gm Citric Acid -

Table 2
The sperm count in millions/ml and sperm motility in % before 
cryopreservation.

Samples Sperm count (Millions/ml) Sperm Motility (%) 
1 98.4 44.5
2 77.6 49.6
3 99.4 50.6
4 69.6 39.5
5 77.8 40.5
6 88.9 40.8
7 78.5 49.5
8 77.5 52.5
9 80.9 56.4
10 69.8 37.5
11 80.5 47.8
12 40.5 45.6
13 43.5 49.7
14 45.6 45.7
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Table 3. The comparison of sperm count and sperm motility 
for tris citric acid fructose egg yolk glycerol and tris egg yolk 
glucose which gives its mean value, standard deviation and 
standard error mean value. 

S.N0 Tris-citric acid-fructose 
egg yolk glycerol

Tris-Egg Yolk-Glucose 
based

Samples Sperm 
count (Mil-
lions/ml) 

Sperm Mo-
tility (%) 

Sperm 
count (Mil-
lions/ml) 

Sperm Mo-
tility (%) 

1 74.4 32.4 51.56 24.4
2 60.6 36.5 50.1 22
3 55 40 46.4 16
4 51.5 33 41.5 15
5 66 22 44 16.6
6 64.67 16 51.5 14
7 57 44.5 50.5 27.8
8 67 23.5 61 15.4
9 67.4 34.4 51.78 16.6
10 42.3 33 41.45 15.7
11 44 43.5 37.7 27.8
12 53.7 18.7 47.5 14.5
13 53.6 27.8 51.4 16.6
14 52 25.5 42.5 20.5

Table 4 shows the values for the mean, standard de-
viation and standard mean error of the sperm count 
and sperm motility. And for the comparison of the 
two different groups of Tris citric acid fructose egg 
yolk glycerol and Tris egg yolk glucose based semen 
extenders. Tris citric acid fructose egg yolk glycerol 
mean value for sperm count was found to be 57.7979 
and for sperm motility was 30.714. Tris egg yolk glu-
cose has a mean value of 47.7779 for sperm count and 
18.7786 for sperm motility. 

Table 5 represents the independent sample T- test 
where the significance of the study is noted. Here the 
independent sample T – test shows the insignificance 
of sperm motility due to the values being higher than 
0.05 with the value of P = 0.086 which is insignificant 
for sperm count and significant for sperm motility 
with the value P = 0.028. 

The bar chart portraying the comparison of tris 
citric acid fructose egg yolk glycerol and Tris egg yolk 
glucose based semen extenders in sperm count which 
has been shown in Fig. 1 and the sperm motility of tris 

Table 4
Shows a comparison between the group statistics of sperm count and sperm motility for tris egg yolk extender and soya milk 
extender and gives its mean value, standard deviation and standard error mean value. Tris citric acid fructose egg yolk glycerol 
based semen extender was comparatively greater than tris egg yolk glucose based extender for its mean value after post thaw 
cryopreservation for sperm count as well as sperm motility.

Group Statistics
 GROUP N Mean Std. Deviation Std. Error Mean

SPERM_
COUNT

Tris-citric acid-fructose egg yolk glycerol 14 57.7979 9.28848 2.48245
Tris-Egg Yolk-Glucose 14 47.7779 6.01309 1.60706

SPERM_
MOTILITY

Tris-citric acid-fructose egg yolk glycerol 14 30.7714 8.87767 2.37266
Tris-Egg Yolk-Glucose 14 18.7786 4.85152 1.29662

Table 5
Depicts the independent samples test for analysis of sperm count which was found to be insignificant (p=0.086) and sperm motility 
to be insignificant (p=0.028) 

Independent Samples Test
 Levene’s Test for Equality of Variances t-test for equality of 

Means 
 F Sig. t df Sig. 

(2-tailed) 
Mean 

Difference
Std.Error-
Difference

95% Confidence In-
terval of the Differnce 

Lower Upper
SPERM_
COUNT

Equal variances 
assumed

3.181 .086 3.388 26 .002 10.02000 2.95723 3.94132 16.09868

Equal variances not 
assumed

  3.388 22.268 .003 10.02000 2.95723 3.89136 16.14864

SPERM_
MOTIL-
ITY

Equal variances 
assumed

5.385 .028 4.435 26 .000 11.99286 2.70384 6.43504 17.55067

Equal variances not 
assumed

  4.435 20.129 .000 11.99286 2.70384 6.35507 17.63064
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citric acid fructose egg yolk glycerol and Tris egg yolk 
glucose based semen extenders was seen in Fig. 2. It 
shows that the sperm count and sperm motility in TRIS 
citric acid fructose egg yolk glycero semenl extender is 
higher than the Tris egg yolk glucose semen extender.

DISCUSSION
In this study, tris citric acid fructose egg yolk glyc-

erol based semen extenders was better than Tris egg 

yolk glucose based semen extenders in sperm count 
and sperm motility using the Computer Assisted Se-
men Analysis (CASA). The outcome of sperm count 
was found to be 0.086, thus it is insignificant. Sperm 
motility was found to be significant with a value of 
0.028.

As found existing literatures with the similar find-
ings, according to Dhami et al, total sperm is increased 
by using tris citric acid fructose egg yolk glycerol semen 

Fig. 1. Bar chart for tris citric acid fructose egg yolk glycerol and tris egg yolk glucose for mean sperm count for identifying the 
efficient semen extender. The parameters of sperm in tris citric acid fructose egg yolk glycerol was seen to be better than soya milk 
for effective extender by a margin of 5 millions/ml approximately. The study was found to be insignificant with a value of P=0.086 
for sperm count. X axis: Comparison between TRIS citric acid fructose egg yolk glycerol and Tris egg yolk glucose, Y axis: Mean 
value for sperm count ± 1 SD. 

Fig. 2. Bar chart for tris citric acid fructose egg yolk glycerol and tris egg yolk glucose for mean sperm motility for identifying the 
efficient semen extender. The tris citric acid fructose egg yolk glycerol shows better results than Tris egg yolk glucose for effective 
extender by a margin of 10% approximately. The value was found to be significant with a value of P = 0.028 for sperm motility. X axis: 
comparison between tris citric acid fructose egg yolk glycerol and tris egg yolk glucose. Y axis: Mean value for Sperm motility ± 1 SD.
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extender for gir is 84.30x ±1.46%, surti is 86.55xy±1.12% 
and for murrah is 88.20y ±1.08%, it shows that murrah 
bull has more sperm motility percentage (Dhami et al. 
2018). As specified by Raheja et al, the buffalo semen 
along with tris-citric acid-fructose egg yolk glycerol ex-
tender and regucalcin additive (40 μg/ml) there was in-
crease in the motility of 75.6 ± 6.8% after thawing when 
compared with tris-egg yolk-glucose extender with 
63.33% of motility (Raheja et al. 2018). On the basis of 
Paudel et al, study tris-citric acid-fructose egg yolk glyc-
erol extender was divided into six equal parts such as 
control, ascorbic acid, chlorpromazine, catalase, ascorbic 
acid along with chlorpromazine and catalase along with 
chlorpromazine and shows increase in motility about 
60% and 75% viability was recorded (Paudel et al. 2010). 
Based on Pathak et al, literature tris-citric acid-fructose 
egg yolk glycerol extender was diluted with the the bull 
semen samples and they were contained in a biofreezer 
for 30 second 37°C and evaluated the post thaw motility 
percentage separately for gir, surti and murrah bull with 
58.22 ± 1.71, 64.44 ± 1.58 and 67.84y ± 1.54 respectively 
(Pathak et al. 2019). No articles in accordance with the 
study were found in the existing literature.

According to the findings, analyzed different pa-
rameters for cryopreserving the semen samples, were 
found that the levels of tris citric acid fructose egg yolk 
glycerol based semen extender is found to be greater 
in sperm count and sperm motility than the levels of 
Tris egg yolk glucose based semen extender. 

The decrease in stability during the post thaw peri-
od limits the study. The instability of sperms after cry-
opreservation is presented as a major drawback in spite 
of the retainment of characteristics. The optimization 
of parameters in order to increase the the stability post 
cryopreservation may be worked upon in the future

CONCLUSION
The parameters were found to be retained better 

in Tris-citric acid-fructose egg yolk glycerol extender 
when compared with Tris-egg yolk-glucose extender 
in sperm count and sperm motility. The outcome of 
sperm count was found to be 0.086, thus it is insignif-
icant. Sperm motility was found to be significant with 
a value of 0.028.
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