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Abstract. This study was designed to evaluate a DMSO (Dimethyl 
Sulfoxide) and sucrose combination as a cryoprotectant for 
cryopreservation of Najawa carp (Cyprinus carpio L.) sperm. The 
experiment was conducted according to the Completely Randomized 
Design (CRD) with four treatments 10% DMSO + 0.2 M sucrose, 10% 
DMSO + 0.1 M sucrose, 5% DMSO + 0.2 M sucrose, 5% DMSO + 0.1 M 
sucrose. Each treatment consisted of three replications. The parameter 
observed were sperm progressive motility of fresh sperm, diluted sperm 
before freezing, and diluted sperm after freezing 1 day; 7 days; 14 days; 21 
days; 28 days. The data were analyzed by ANOVA. The result showed that 
there was no significant difference between treatments (Sig. > 0.05). The 
highest relative protection was 89.51% carried out by 5% DMSO + 0.1 M 
sucrose. 

1 Introduction 

Najawa carp is developed by Balai Pengembangan Teknologi Perikanan Budidaya 
(BPTPB) Cangkringan, Yogyakarta with red color characteristics on their body [1]. Carp 
generally spawns optimally in the early rainy season, but in some cases, sperm and eggs do 
not mature at the same time. Sperm preservation during the peak of sperm maturity season 
can be addressed to overcome this problem. The carp sperm can be stored for a long time 
and can be used anytime the eggs are ready.  

Cryopreservation is a method to preserve cell and tissue for a long time at a very low 
temperature. Cryopreservation requires an important solution, an extender solution and a 
cryoprotectant. The extender has a function as nutrients, pH regulators and sperm osmotic 
pressure, and cryoprotectant is essential to protect the cell from very low-temperature 
damage [2].  

Cryoprotectant has two types, permeating cryoprotectant and non-permeating 
cryoprotectant. Permeating cryoprotectant will give protection from inside the cell such as 
DMSO, glycerol, DMF, etc. On the other hand, non-permeating will protect the cell from 
outside such as BSA, skim milk, egg yolk, sucrose, glucose, fructose, etc [3, 4, 5, 6, 7, 8]. A 
combination of permeating and non-permeating cryoprotectants was expected to provide 
double protection for the cell during cryopreservation. 
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Our previous study [9] compared double protection (DMSO and sucrose), inside single 
protection (DMSO), outside single protection (sucrose), and without protection (without 
cryoprotectant) for carp sperm cryopreservation. 
Although gave protection during cryopreservation, the double protection did not give 
higher protection compared with the single protection. In this case, we assumed that the 
concentration of the preservation solution was still too high. In this study, we tried to find 
out the best concentration of DMSO and sucrose combination as a cryoprotectant for 
cryopreservation of Najawa carp (Cyprinus carpio L.) sperm. 
 

2 Method 
2.1 Treatments: 

1. 10% DMSO + 0.2 M sucrose  
2. 10% DMSO + 0.1 M sucrose 
3. 5% DMSO + 0.2 M sucrose  
4. 5% DMSO + 0.1 M sucrose 
Each treatment consists of 3 replications. 
 

2.2 Extender solution and cryoprotectants: 
Extender solution: Iwamatsu BSS [10] with pH modification (same as an internal 
environment of carp sperm pH (6.8)) 
Cryoprotectant: DMSO (permeating cryoprotectant) and sucrose (non permeating 
cryoprotectant) 
 

2.3 Sperm collection: 
Sperm was collected from Najawa carp broodstock by squeezing method and diluted 
in the treatment solution in a ratio of 1:9. 
 

2.4 Fresh sperm evaluation: 
Fresh sperm was checked for color, pH, consistency, individual motility, mass 
movement, and sperm concentration.  The standard motility used in the study was > 
50%, the sperm motility ≤ 50% was not used for cryopreservation. 
 

2.5 Cryopreservation: 
Diluted sperm in the treatment solution was put in a 0.25 ml straw in the filling-
sealing process and stored in a cool box (4ºC). And then, the temperature was 
decreased gradually by putting the sample as high as 5 cm above the liquid nitrogen 
for 10 minutes (exposed the sample in liquid nitrogen vapor). Finally, the sample was 
dipped into liquid nitrogen (-196ºC) and stored for 28 days.  
 

2.6 Sperm function evaluation: 
Sperm motility was observed before and after freezing (1 day, 7 days, 14 days, 21 
days, and 28 days). The frozen sperm was thawed at 30oC for 10 seconds before 
checking the sperm motility after cryopreservation. 

 
2.7 Data analysis: 

The data were analyzed by using ANOVA with p < 0.05 level of significance. 
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3 Result 

3.1 Fresh sperm  

Fresh sperm of Najawa carp directly observed after squeezing to evaluate the quality of the 
sperm before cryopreservation. The data (Table 1) showed that Najawa fresh sperm had a 
milky white color, thick consistency, 76.67% motility, 3 (+++) mass movement, and 4.88 x 
109 cells/ml. Based on the data, the fresh sperm had a very good quality [11] for further 
cryopreservation processing.  
 

Table 1. Fresh sperm characteristics of Najawa carp 

Sperm parameters Characteristics 
Color Milky white 
pH 6.8 
Consistency Thick 
Motility 76.67 % 
Mass movement 3 (+++) 
Consentration 4.88 x 109 cells/ml 

 

a. Sperm motility before and after cryopreservation 

Sperm motility is the parameter most commonly used to evaluate sperm function in fish. 
Figure 1 showed that there were significant differences in sperm motility between fresh 
sperm and diluted sperm after freezing, but no significant differences between treatments. 
The highest sperm motility until 28 days cryopreservation, 50.56%, was carried out by 5% 
DMSO + 0.1M sucrose.  
 
 

 
Figure 1. Sperm motility before and after cryopreservation. Fresh sperm and Diluted sperm#  were 
the sperm motility before cryopreservation. Numbers (time days 1, 7, 14, 21, 28) were sperm motility 
after cryopreservation period. Data were presented as mean ± SD. Different letters indicate 
statistically significant differences in sperm motility before the cryopreservation period in the same 
treatment (P < 0.05). 
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3.2 Relative percent protection of the cryoprotectants 

Relative motility of sperm was obtained by comparing motility of the sperm at 28 days 
cryopreservation with motility before freezing. Figure 2 showed that although there were no 
significant differences between the treatments, relative protection of the cryoprotectant 
increased gradually by reducing the concentration of the cryoprotectant combinations. The 
highest relative percent protection was carried out by 5% DMSO + 0.1M sucrose (89.51%). 
 

                   
Figure 2. Relative percent protection of the cryoprotectants. Data were presented as mean ± SD. The 
same letter indicate statistically no significant differences between treatments in the 28 days 
cryopreservation period (P < 0.05). 
 

4 Discussion 
Although there was no significant difference between the treatments, the combination of 

5% DMSO and 0,1 M sucrose had better protection for Najawa carp sperm than other 
higher dose combinations (Figure 1 and Figure 2) during cryopreservation. A high 
concentration of cryoprotectant can cause cell damage due to osmotic stress or toxic effects 
[12].  

In an appropriate concentration, sucrose can improve the cell dehydration and 
effectively reduce intracellular ice formation in a shorter period, but high sucrose 
concentration can reduced sperm motility because high viscosity of the medium might 
inhibit normal sperm motility [13]. 

Najawa carp sperm motility decreased significantly before freezing. But after freezing at 
very low temperature (~196oC), sperm motility was stable until 28 days experiment (Fig. 
1). Sperm cells protected by appropriate cryoprotectants will survive from low-temperature 
damage. In this case, the cryoprotectant combinations in all treatments were suitable 
enough to protect the sperm cells. Protected sperm cells were stable until the end of the 
cryopreservation period and it could be longer since the metabolism of the sperm was 
stopped and the sperm well protected. Between all of the treatments, the highest protection 
achieved by 5% DMSO and 0,1 M sucrose with 89.51% relative percent protection.  
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Contrast with the constant sperm motility after freezing, there were significant decline 
of fresh sperm and diluted sperm motility before freezing. The percentage of the declining 
sperm motility reached 30% -50% ((Fig. 1, [9, 14]). Pre-conditioning of the sperm became 
the critical point of sperm cryopreservation. Further pre-conditioning study is needed to 
overcome this problem. 
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