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ABSTRACT 
Demand for quality fish seeds is prevailing worldwide for cultivable species. Preservation of quality 
spermatozoa and use of them for artificial fertilization of eggs are advancement in the selective breeding of 
fishes. The advantages of cryopreservation over the short term preservation were studied with Cyprinus 
carpio spermatozoa. Spermatological parameters (motility duration, motility score and percentage of live 
cells) were indices for comparison. The results revealed that cryopreservation offered advantages like long 
term viability of the sperm cells in addition to maintenance of motility. There was a negative correlation 
between length of storage period and motility duration which was upto 47% in the short term preserved 
spermatozoa and 17% in the cryopreserved spermatozoa. The cryopreserved spermatozoa had their 
performance not much reduced, that might be due to the arresting of metabolic activity of the spermatozoa. 
Spermatological parameters were in favour of cryopreserved spermatozoa indicating the advantages of the 
cryopreservation method. 
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1. Introduction 
World aquaculture production shows an increasing trend with an increment of 2.6 million 
tonnes during 2011 from that of the production reported for 2010 [1]. According to FAO, nearly 
600 aquatic species are cultured worldwide1. Carps accounted for 40.5 percent of production in 
aquaculture. Selective breeding and hybridization are considered useful in enhancing the quality 
of seeds and therefore many attempts have been made in aquatic animals for the production of 
better seeds for stocking. Knowledge on gametes and application of artificial fertilization has 
gained attention when there was difficulty in the natural breeding of the fishes such as 
Ctenopharyngodon idella and Hypophthalmichthys molitrix. In order to overcome the troubles 
in breeding and for successful hybridization of fishes, in vitro fertilization of eggs with the 
spermatozoa artificially collected from the male donors is considered useful. Preservation of 
spermatozoa and use in the in vitro fertilization attempts has become necessary in the event of 
delayed maturation of the females and non-synchronous maturation of both the sexes. 
Spermatozoa collected from the quality male fishes could be used even after 2 to 3 days by 
keeping them in 4 0C. This has led to the concept of short term preservation at 4 0C [2]. In 
preserving spermatozoa by short term preservation, spermatozoa are stored under refrigerated 
condition maintaining the viability for the maximum of 3 weeks [3].  
Better survival rates were observed in rainbow trout sperm until day 16 when kept undisturbed 
[4]. Thus it is clear that the maintenance at low temperature regime of 2 to 6 0C might be useful 
for the milt of fishes if they have to be maintained for a short term of 3 to 6 days. In carp semen 
preserved at 4 0C the percentages of motile spermatozoa and the fertilizing capacity were high 
for 2 days and then rapidly decreased to zero after 6-8 days [5]. 
The spermatozoa of L. fimbriatus, when stored at 4 0C and also at room temperature retained 
motility up to 84 and 24 h, respectively [6]. On the same line, in undiluted Schizothoraichthys 
progastus semen, 50% of sperm remain motile up to 3 days of storage [7].  
An advanced biotechnological approach in the preservation of spermatozoa is cryopreservation 
wherein spermatozoa are stored by immersing in LN2 (Liquid nitrogen) for long term [8]. This 
has been very successful in the long term storage of animal spermatozoa.    
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There are many successful cryopreservation attempts in fish 
spermatozoa and artificial fertilization also [9-15]. In all these 
studies, spermatological parameters are considered as indices 
for fixing the quality of the spermatozoa [16] and motility is the 
commonly used parameter to evaluate the sperm quality [17, 18]. 
Cyprinus carpio was one of the principle cultured species and 
its production during the year 2005 was 2.6 million 
tonneswhich rose to 3.4 million tonnes in 2010 [1]. Being an 
omnivore and more tolerant to different water quality, it has 
been considered as a successful cultivable species in 
freshwater aquaculture worldwide. Evaluation of preservation 
methods with the spermatozoa of C. carpio is believed to help 
in the perfection of the technology for field level adoption for 
many fish species. 
The present study was conducted for comparing the viability 
of C. carpio spermatozoa preserved under short term 
preservation with that of the spermatozoa preserved under 
cryopreservation in order to find out the advantages of the 
method that can be effectively followed. 
 
2. Materials and Methods 
Adult male brooders of C. carpio (ABW of 218±34 g) were 
maintained in ponds. Matured brooders with oozing milt for a  
 

gentle massage in the abdomen were selected. The abdominal 
region was wiped and cleaned with tissue paper to remove 
water, mucus and urine [19]. The oozing milt for the second 
massage onwards was collected in 1.5 ml vials. Care was 
taken to prevent contamination of milt with urine and blood. 
The vials containing milt was labelled and kept in between gel 
ice packs. Then it was transferred to cold handling unit (Gilgal 
Instruments, Bangalore) which was maintained at 6-10 °C. 
The collected milt was analysed under NIKON E360 
microscope under phase contrast at 200X magnification for its 
initial spermatological parameters such as sperm density, 
motility duration and percentage of live and dead cells. 
Suitable motility scores were also awarded based on the 
observation. Sperm density was estimated using 
hemocytometer (NAUBAEUR, Germany) [20]. Motility 
duration was evaluated under microscope by placing 1 µl of 
diluted milt sample and 1 µl of tap water on a grease free glass 
slide. Duration of motility was estimated as the time elapsing 
from water addition to the decrease of motility to about half of 
the original value [21] and the duration was determined in 
seconds using stopwatch. Motility score was assigned to each 
sample [22] (Table 1).Percentage of live and dead cells was 
estimated using Eosin-Nigrosin stain [23-25]. 
 

Table 1: Motility score [22] 

Criteria 
Motility 

score 
All spermatozoa progressively motile with various flagella movements. 5 

Most spermatozoa progressively motile with various flagella movements. All other spermatozoa 
exhibiting strong vibrations in loco. 

4 

Most spermatozoa progressively motile, all others vibrating in loco. 3 
Most spermatozoa vibrating in loco. All others exhibit progressive motion. 2 

Most spermatozoa vibrating in loco. A few progressively motile. 1 
Most spermatozoa immotile, a few slightly vibrating and very few with progressive motion. 0.75 

Most spermatozoa immotile with very few slightly vibrating and an occasional one in 
progressive motion. 

0.5 

Most spermatozoa immotile with an occasional one slightly vibrating. 0.25 
All spermatozoa immotile. 0 

 
The total volume of milt collected was 2 ml and it was divided 
into two parts. The milt was diluted with 0.85% physiological 
saline solution and 15% DMSO (85:15) at a ratio of 1:100. 
One part of diluted milt was kept in the refrigerator at 4 0C and 
observations on their spermatological parameters were done at 
24 h interval upto 120 h. The remaining part of milt was 
equilibrated for 10 mins [26] and the diluted milt was loaded 
into 0.5 ml straws (IMV French Straws). The filled straws 
were sealed with polymer powder (IMV, France) and were 
dipped in cold water for proper sealing. The sealed straws 
were rapidly frozen in LN2 vapour for 5 mins [27] by keeping 
the straws above LN2 at 5 cm. Then the frozen straws were 
stored in SS canisters in a BA11 cryocan (IBP, India)  
 

containing LN2. Observations on their spermatological 
parameters were made after 5 days of cryopreservation and it 
was compared with the observations of the short term 
preserved spermatozoa. Data were subjected to statistical 
analysis (paired “t” test) to find out the level of significance. 
 

3. Results and Discussion 
The density of the spermatozoa was found to be 2.8×10 [9] 
sperm cells/ml. The initial mean motility duration of the milt 
was 151.2 ± 9.67 s. There was a steady decrease in the motility 
duration and motility score which was preserved in 
refrigerator as it can be seen in Table 2&3 respectively. The 
motility duration dropped to 80±7.96 s on 5th day.  
 

Table 2: Mean motility duration of Cyprinus carpio spermatozoa preserved under different conditions 

S. No. Type of preservation 
Mean motility duration (secs) 

0 h 24 h 48 h 96 h 120 h 
1 Short term preservation 151.2 ± 9.67 126 ± 22.74 109.8 ±14.20 101.6 ±10.06 80±7.96 
2 Cryopreservation 151.2 ± 9.67 - - - 125±4 

 
Similar reduction in motility duration and score were observed 
in the spermatozoa of Tor khudree stored at 4 °C. They also 
stated that the motile state of spermatozoa can be maintained 
only for 4-5 days at 4 °C [28]. Therefore the observation in the 
present study is falling in line with the observations done 

earlier. 
The motility duration of the cryopreserved spermatozoa was 
found to be 125±4 s on the 5th day of cryopreservation.The 
decline in the motility duration from the initial value is 
generally an accepted phenomenon for all the fish 
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spermatozoa under cryopreservation [29-33]. There was 47% 
reduction in the motility duration in short term preserved 
spermatozoa while the cryopreserved spermatozoa suffered 
only 17% reduction in their motility duration. Comparatively 
there was less injuries and more spermatozoa are viable at the 
end of 5th day under cryopreservation than under short term 
preserved as it is evident from Fig 1. The difference in the 
motility duration after 120 h of cryopreservation was 
significantly different from that of short term preservation at  
 

0.5 level when they were statistically analysed with paired “t” 
test. 
 

Table 3: Mean motility score of C. carpio spermatozoa preserved under 
different conditions 

S. No 
Type of 

preservation 
Mean motility score 

0 h 24 h 48 h 96 h 120 h 
1 Short term preservation 5 4 1 1 0.25 
2 Cryopreservation 5 - - - 3 

 
 

 
Fig 1: Percentage of live and dead spermatozoa of C. carpio during short term preservation and cryopreservation 

 

4. Conclusion 
In general, there has been widespread support for the short 
term preservation i.e. at chilled temperature of 4 °C as it was 
less cumbersome and economical [5-7, 28]. But the viability of 
the spermatozoa after a period of 5 days is a limiting factor in 
the case of short term preserved spermatozoa as it is evident 
from the present experiment. Although cryopreservation is 
cumbersome and little expensive, the longevity of the 
spermatozoa or long term preservation of the spermatozoa is 
possible only through cryopreservation. 
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