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INTRODUCTION

Artificial insemination (AI) is the most important 
reproductive biotechnology that can be applied widely 
for dissemination of superior genetic material of males 
(Singh & Balhara, 2016). The quality of frozen semen is 
a major determinant to the successful of AI program. 
However, the use of frozen semen for AI in buffalo does 
not produce the same success as in cattle (Gordon, 1996). 
The successful of AI program in buffalo is approxi-
mately 25%-40% (Paul & Prakash, 2005; Baruselli et al., 
2007; Hoque et al., 2014; Rossi et al., 2014). Therefore, a 
suitable semen freezing and handling technique needs 
to be developed. Using cauda epididymal spermatozoa, 
Yulnawati et al. (2013) reported that tris-based and 
citrate-based extenders had similar ability to maintain 
the epididymal sperm quality and its fertilizing capacity 
in spotted buffalo. The addition of taurine or trehalose 
to the freezing extender was reported to reduce cryo-
damage in the buffalo spermatozoa (Reddy et al., 2010). 
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ABSTRACT

The successful of artificial insemination (AI) in buffalo is still low. The quality of frozen semen 
determines the successful of AI program. Glycerol is widely used for cryopreservation of buffalo se-
men with unsatisfactory results due to its toxicity and antifertility properties. This study aimed to in-
vestigate the effect of glycerol and dimethylformamide (DMF) concentrations in skim milk egg yolk 
(SMEY)–based diluent on the quality of frozen-thawed swamp buffalo bull semen. Fresh semen was 
divided into eight aliquots. Each aliquot was diluted in SMEY containing 4%, 5%, 6%, and 7% glyc-
erol and 4%, 5%, 6%, and 7% DMF. Diluted semen was packed into mini straw (0.25 mL), equilibrated 
at 4 °C for 4 hours, frozen in liquid nitrogen vapor for 10 minutes, and stored at liquid nitrogen 
container. The straws were thawed after 24 hours at 37 °C for 30 seconds for evaluation. The results 
showed that the post thawed sperm motility and recovery rate in SMEY extender containing 7% glyc-
erol and 5% DMF were higher than the other glycerol or DMF concentrations. Post thawed sperm vi-
ability and plasma membrane integrity in SMEY containing 4%-6% DMF did not differ significantly, 
however both values were higher than those in 7% DMF. Post thawed sperm viability and plasma 
membrane integrity did not differ between SMEY containing 6% and 7% glycerol. However, both 
values were higher than those in 4% and 5% glycerol. It is concluded that 7% glycerol or 5% DMF is 
considered to be the most suitable cryoprotective agent for swamp buffalo semen cryopreservation.
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Akther et al. (2010) also report that the commercially 
available Bioxcell® can be used for the cryopreservation 
of buffalo semen with an equal efficiency to tris-citric 
egg yolk extender. 

The quality of frozen semen is determined by the 
freezing technique, extender, as well as the type and 
concentration of cryoprotective agent. Glycerol is a 
widely used cryoprotective agent (CPAs) for buffalo se-
men cryopreservation (Sianturi et al., 2012; Shahverdi et 
al., 2014; Kumar et al., 2016). Razul et al. (2007) reported 
that 6% glycerol added at 37 ºC provided a better cryo-
protection to the motility apparatus and plasma mem-
brane integrity of buffalo sperm. Glycerol as an intracel-
lular CPAs permeates into the cells to prevent ice crystal 
formation. Despite its benefits, some studies reported 
that glycerol induced physicochemical alteration that 
led to plasma membrane rupture, removal of membrane 
protein, and acrosome damage which would reduce the 
sperm fertility (Macias-Garcia et al., 2012).

Amide was suggested as an alternative CPAs for 
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semen cryopreservation especially for those which sen-
sitive to glycerol due to its lower toxicity and lower mo-
lecular weight (Bezerra et al., 2011). Dimethylformamide 
(DMF) is one of amide that widely utilized as an 
intracellular CPAs for semen cryopreservation in several 
domestic animals such as equine (Arifiantini et al., 2007; 
Gibb et al., 2013), caprine (Bezerra et al., 2011; Ariantie et 
al., 2013), and cattle (Oh et al., 2012). The objective of this 
study was to determine the most suitable CPAs and its 
best concentration in skim milk egg yolk extender on the 
quality of post thawed swamp buffalo semen.

MATERIALS AND METHODS

Animals

Two sexually matured, healthy, and with normal 
libido swamp buffalo bulls of about 7 and 10 years 
of age were used in this study. The bulls were kept at 
Indonesian Research Institute for Animal Production 
(Ciawi, West Jawa, Indonesia) under the optimum 
nutritional and housing conditions.  Each bull was fed 
with forages at the level of 10% of body weight and 4 
kg concentrate on the daily basis. Water was provided 
ad libitum. 

Preparation of Extender

Skim milk egg yolk extender (SMEY) was prepared 
by dissolving 10 g of skim milk powder (Tropicana 
Slim) and 1 g of fructose (Merck, KgaA, Darmstadt 
Germany) in 100 mL of distilled water. The mixture was 
then heated at 92 °C for 10 minutes and then cooled to 
32 °C. Fresh hen yolk at the concentration of 5%, 1000 
IU/mL of penicillin (Meiji, Japan), and 1 mg/mL of strep-
tomycin (Meiji, Japan) were added to the SMEY extend-
er. The SMEY extender was then distributed into eight 
plastic tubes with the same volume. The first four tubes 
were added with 4%, 5%, 6%, and 7% glycerol (Merck, 
KgaA, Darmstadt Germany) and designed as SMEY-G4, 
SMEY-G5, SMEY-G6, and SMEY-G7 respectively. The 
other four tubes were added with 4%, 5%, 6%, and 7% 
DMF (AppliChem, GmbH, Darmstadt Germany), and 
designed as SMEY-DMF4, SMEY-DMF5, SMEY-DMF6, 
and SMEY-DMF7, respectively. 

Semen Collection and Evaluation

The semen was collected once a week from two buf-
falo bulls with artificial vagina (42-44 °C) in the morning 
(at 08.00 am). Immediately after collection, the semen 
samples were evaluated macro- and microscopically as 
described by Arifiantini (2012). Macroscopic evaluation 
included volume, color, pH, and consistency. Semen 
volume was determined from the graded collection tube 
soon after collection. Color and consistency were deter-
mined visually, and pH was measured with indicator 
paper (Merck, scale 6.4–8). 

Microscopic evaluation included mass activity, 
sperm progressive motility, sperm viability, sperm mor-
phology, sperm plasma membrane integrity, and sperm 
concentration. Mass activity was evaluated by placing a 

small drop of raw semen on a pre-warmed object glass 
and evaluated under light microscope at 100×. The 
sperm progressive motility was estimated by mixing 
one drop of semen with four drops of saline solution 
and put on the clean glass slide then covered with cover 
glass and evaluated subjectively under light microscope 
at 400×. 

The sperm viability and morphology were evalu-
ated at the same slide using eosin-nigrosin staining. 
One drop of semen and 4 drops of eosin-nigrosin were 
put on a clean object glass, homogenized, smeared, and 
dried above heating plate. The smear was then evalu-
ated under light microscope at 400×. The functional 
integrity of the sperm membrane (PIM) was evaluated 
using hypo-osmotic swelling (HOS) test. The HOS test 
was performed by incubating 10 µL of semen with 1 
mL of HOS solution (7.35 g of sodium citrate, 13.52 g of 
fructose, and 1000 mL of distilled water, with osmolality 
of 150 mOsm) at 37 °C for 30 minutes. One drop of the 
mixture was then evaluated under a light microscope 
at 400×. The swelled and coiled sperm was identified as 
an intact sperm, while the sperm showing no response 
was identified as a non-intact sperm.  The value of PMI 
was shown as a percentage of intact sperm (total 200 
sperms counted). The sperm concentration was counted 
subjectively with haemocytometer Neubauer Chamber. 
All microscopic evaluation was performed by binoculer 
Microscope (Olympus CH 21, Japan). 

Dilution, Freezing, and Post Thawed Evaluation of 
Frozen Semen

The raw semen of buffalo bull showing >60% sperm 
motility and >800 x 106 sperm/mL sperm concentration 
was selected for further processing. The semen sample 
was then divided into eight aliquots and each aliquot 
was diluted with SMEY-G4, SMEY-G5, SMEY-G6, 
SMEY-G7, SMEY-DMF4, SMEY-DMF5, SMEY-DMF6, 
and SMEY-DMF7 resulted in a final sperm concentra-
tion of 100 x 106 sperm/mL for each treatment. The ex-
tended semen was loaded into 0.25 mL straw (Minitüb, 
Tiefenbach, Germany) and cooled at 4 °C for 4-hr 
equilibration. 

After the equilibration, the straws were then frozen 
8 cm above liquid nitrogen (LN2) vapor for 10 minutes 
and plunged into LN2 (-196 °C). Following 24 h of stor-
age in LN2 tank, the semen straws were thawed by im-
mersion in a water bath at 37 °C for 30 s, transferred into 
1.5 mL micro tube, and kept at 37 °C during evaluation. 
All semen quality evaluations were performed at pre-
freezing and post-thawing conditions which included 
sperm progressive motility, sperm plasma membrane 
integrity, sperm viability, and recovery rate. These as-
says were conducted using the same method as initial 
raw semen evaluation. 

Statistical Analysis

All data were expressed as mean value ± SEM. 
Values of post thawed evaluation were analyzed with 
ANOVA and compared with Duncan’s multiple range 
test if F-value was significant (P<0.05). All statistical 
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analyses were performed with SPSS 16 package pro-
gram for Windows.

RESULTS

Characteristics of Buffalo Fresh Semen

The raw-semen characteristics of swamp-buffalo 
bull are presented in Table 1. The characteristics of daily 
ejaculates varied. The average volume was 2.25 mL, 
pH=6.4, with a cream color and watery consistency. The 
average mass activity was ++, sperm progressive motil-
ity of 70.33%, sperm viability of 83.25%, sperm plasma 
membrane integrity of 85.50%, sperm abnormality of 
16.80%, and concentration of 1070×106 sperm/mL. 

Post Equilibration Motility

There was no difference in the post-equilibration 
sperm progressive motility of buffalo bull in SMEY 
diluents containing different concentrations of glycerol. 
However, the post-equilibration sperm progressive mo-
tilities of buffalo bull in SMEY diluents containing 4 and 
5% DMF were significantly higher (P<0.05) than in those 
containing 6 and 7% DMF (Table 2).

Frozen Semen Quality

The post-thaw semen qualities of swam buffalo 
cryopreserved either in extender with glycerol or DMF 
are shown in Table 3. When the semen was frozen in 

extender with DMF, the highest motility was observed 
in 5% of concentration of DMF. The motility decreased 
significantly when the concentration of DMF in the 
extender increased to 7%. On the other hand, among 
glycerol groups, the greatest motility was found when 
the sperms were frozen in the extender with 7% glycerol 
(P<0.05) and the lowest motility was found when the 
concentrations of glycerol in the extender decreased 
to 4% and 5% (P<0.05).  However, the motility of post-
thawed semen in the extender with 6% or 7% glycerol 
were similar to those with 5% DMF. Similar pattern of 
results was found in the recovery rate parameter. 

The viability and membrane plasma integrity of 
sperm could be seen in Table 3. The viability of sperm 
ranged from 49% to 61%. Plasma membrane integrity of 
sperm ranged from 51% to 60 %. The highest viability 
and plasma membrane integrity of sperm was obtained 
in the extender added with glycerol with the concentra-
tions of 6% and 7% (P<0.05) and the lowest was obtained 
in the extender added with DMF at a concentration of 
7% (P<0.05). 

DISCUSSION

The ejaculates of swamp buffalo which were col-
lected in this experiment had normal characteristics and 
appropriate for cryopreservation. Our results support 
the previous findings by Koonjaenak et al. (2007) and 
Kaka et al. (2016). Freezing process induces the reduc-
tion on the percentages of live sperm. In this study, 
the percentage of sperm motility, viability, and plasma 
membrane integrity were significantly (P<0.05) decrease 
during equilibration and freezing–thawing processes. 
During equilibration, cold shock leads to the change 
of membrane structure and its permeability (Sieme et 
al., 2015). The functional change of protein membrane 

Table 1. Fresh semen characteristics of swamp buffalo

Variables Mean ± SEM
Volume (mL) 2.25 ± 0.09
Color Cream
Consistency Watery
pH 6.40 ± 0.00
Mass activity ++
Sperm motility (%) 70.33 ± 1.71
Sperm viability (%) 83.25 ± 0.89
Sperm plasma membrane integrity (%) 85.50 ± 0.41
Sperm abnormality (%) 16.80 ± 1.14
Sperm concentration (×10⁶ sperm/mL) 1070 ± 61.99

Cryoprotectant
Concentration (%)

4 5 6 7
Glycerol 64.67±0.78 64.67±0.78 67.00±0.82 67.00±0.82

DMF 64.67±1.22ᵃ 64.67±0.78ᵃ 56.33±0.78ᵇ 57.00±0.82ᵇ

Note: 	Means in the same rows with different supersripts differ signifi-
cantly (P<0.05). DMF: dimethylformamide.

Table 2. 	Post equilibration sperm motility of swamp buffalo bull semen 
in SMEY extender with different concentrations of glycerol and 
DMF (Mean±SEM, n=18)

Note: Means in the same columns with different supersripts differ significantly (P<0.05). DMF: dimethylformamide, PMI: plasma membrane integrity.

Cryoprotectant Level (%)
Variables of spermatozoa (%)

Motility Viability PMI Recovery rate 
DMF 4 32.89±1.19ᵇ 52.10±1.40ab 54.49±1.27abc 46.76±1.47ᵇ

5 40.44±1.01de 55.95±1.04bc 57.41±1.09bc 57.50±1.24de

6 34.89±0.89bc 53.99±1.10ᵇ 54.79±1.09abc 49.61±1.09bc

7 27.78±0.79ᵃ 49.08±0.79ᵃ 51.38±1.02ᵃ 39.49±0.97ᵃ
Glycerol 4 31.61±1.20ᵇ 51.78±1.75ab 53.49±1.17ab 44.94±1.48ᵇ

5 34.33±0.96ᵇ 55.15±1.54bc 55.18±0.92abc 48.82±1.19ᵇ
6 37.78±1.35cd 58.55±1.33cd 58.73±1.16cd 53.71±1.66cd

7 42.33±1.36ᵉ 61.52±1.42ᵈ 62.41±1.47ᵈ 60.19±1.67ᵉ

Table 3. 	 Frozen-thawed swamp buffalo semen in SMEY extender with different levels of DMF and glycerol (Mean±SEM; n=18)
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induces the dysfunction of ion channel regulation that 
leads to the disruption of sperm motility, viability, and 
fertility. Membrane leakage was also occurred during 
cooling process due to the structural change of bilayer 
membrane into a hexagonal form. Membrane leakage 
induces change of membrane permeability that leads to 
the disruption of intracellular activities. Cold shock is 
occurred at 5–15 °C (Oldenhof et al., 2013).

Freezing is a major factor causing the sperm dam-
age during cryopreservation. The presence of CPAS is 
essential to prevent ice crystal formation and maintains 
the balance of osmotic pressure during freezing. The 
effects of two cryoprotectants on post-thaw qualities 
of swamp buffalo semen were examined in the pres-
ent study. The results clearly demonstrated that even 
though the semen frozen with 7% glycerol yielded the 
highest values of post-thaw sperm viability and plasma 
membrane integrity compared to the other treatments 
(P<0.05), the semen sample with the extender contain-
ing 5% DMF had similar motility compare to those with 
the extender containing 7% glycerol (P<0.05).  These 
results indicate that different cryoprotectant concentra-
tions affect the quality of swamp buffalo after freezing. 
Blanco et al. (2000) reported that the penetrating cryo-
protectants had unique structures and characteristics 
that could influence the mechanism of interaction with 
cellular structures, ultimately affecting the sperm cryo-
survival. The utilization of glycerol is restricted by its 
osmotic effect (Macias-Garcia et al., 2012). Glycerol is 
considered to be not fast enough to replace intracellular 
water which is push out from cell and leads to the cell 
shrinkage during freezing. Conversely, during thawing, 
the cells will swell due to the delay of glycerol excretion 
from the cell while the extracellular water goes back into 
the cell (Pegg, 2007). Osmotic pressure of buffalo semen 
is 289.4 mOsm/kg and the extender that have osmotic 
pressure close to that number produce frozen semen 
with a better quality (Mughal et al., 2013). The lower 
molecular weight of DMF makes it easily permeates into 
the cell and prevents osmotic stress (Bezerra et al., 2011). 
On the other hand, DMF also highly soluble in water 
and easy to bind with the other molecule, therefore 
water accumulation which leads to ice crystal formation 
can be avoided. The presence of DMF in the extender 
also decreases the concentration of sodium to prevent 
solution effect (Meryman, 2007). However, the usage 
of more than 5% DMF in the extender showed a lower 
quality of equilibrated and frozen semen. 

The results show that DMF has a toxic effect on 
the sperm with distinct mechanism from glycerol. 
Fahy (1984) reported that reducing exposure time to 
higher concentrations of CPAs could contribute to the 
improved viability. Meanwhile, osmotic stress had 
no significant effect on the viability of cells exposed to 
hypertonic medium. It showed that in case of DMF 
utilization, biochemical toxicity was a major factor of 
cell damage than osmotic stress. DMF can be toxic after 
being converted into methyl-isocyanate (MIC) that re-
duces cellular glutathione (Hantson et al., 2010). During 
cooling and freezing, DMF will be oxidized by CYP2E1 
enzyme into N-methylformamide (NMF) and produce 

free radicals. These free radicals can induce changes in 
mitochondrial DNA that are related to sperm motility 
(Shieh et al., 2007). NMFs are then oxidized into MIC 
which can reduce cellular glutathione. The reduc-
tion of cellular glutathione is induced by its binding 
with MIC to form S-(N-methylcarbamoyl) gluthatione 
(SMG). Furthermore, SMG will form N-acetyl-S-(N-
methylcarbamoyl) cysteine (AMCC) which also toxic to 
the cells (Kim et al., 2007). 

The increase in free radical production and the 
decrease in cellular glutathione production promote 
oxidative damages especially to the mitochondria. 
Mitochondrial dysfunction causes the disruption of ATP 
production that leads to the decrease in energy avail-
ability for motility. The exposure to DMF will induce 
abnormality in the mice embryos cultured in vitro (Klug 
et al., 1998). Aspartate transaminase (AST) and alanine 
transaminase (ALT) also increase in the blood serum 
of the workers exposed to DMF from synthetic leather 
factory (Zhang et al., 2015). The damaged sperm will 
release AST from the mitochondria that indicate mito-
chondrial damages which disrupt ATP production that 
eventually leads to the loss of sperm energy for motility 
(Arifiantini & Purwantara, 2010). 

Ferero-Gonzalez et al. (2012) reported that the 
use of 3% DMF for cryopreservation of bulls semen 
produced frozen-thawed sperms with lower motilities 
than the use of 7% glycerol. These results are thought 
to be due to the lower concentration of DMF to prevent 
ice crystal formation during freezing. The use of DMF 
for canine semen cryopreservation is not recomended 
(Mota-Filho et al. 2011) due to the sperm intolerance to 
DMF either biochemically or due to osmotic imbalance. 
The use of 6% DMF produced a better frozen-thawed 
semen than 6% glycerol for ram semen cryopreserva-
tion in soya milk-based extender; however 6% DMF 
produced negative effects on acrosome integrity after 
thawing (Jerez et al. 2016). This finding is in agreement 
with Moustacas et al. (2011) which reported that DMF is 
not an effective cryoprotectant for ram sperm as it is for 
equine (Arifiantini & Supriatna 2007), caprine (Ariantie 
et al. 2013), and swine (Bianchi et al. 2008). The different 
structures of sperm membrane among species are more 
likely to be the reason for the poor result. 

CONCLUSION

The type of cryoprotectans (glycerol or DMF) and 
its different concentrations used in this study affect the 
quality of frozen-thawed swamp buffalo semen. The 
concentration of either 7% glycerol or 5% DMF was 
optimum for supporting the sperm motility of swamp 
buffalo after freezing. 
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