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Abstract: The aim of this research was to investigate the potency of guava filtrate (GF) in synthetics cauda 

epididymal plasma (CEP-2) based diluent to maintaining the quality of Bali bull spermatozoa during chilled 

storage (5º C). Ten ejaculates from Bali bulls were collected using an artificial vagina once a week. Each 

ejaculate was divided into seven aliquots, each aliquot diluted with CEP-2 diluents containing 0%, 4%, 6%, 8%, 

10%, 12% and 14% GF (v/v), respectively, to replace 20% egg yolk (EY) in the diluent. All samples were placed 

in the refrigerator and cooled gradually to 5º C. Once reached 5º C, they were kept at this temperature and 

stored for 8 days. The mean percentages of progressive motility and viability of spermatozoa stored for 8 days 
in diluent containing 10% GF was significantly higher (p<0.05) than other six diluents containing different 

levels of GF. Conversely, the percentage of abnormal spermatozoa was significantly lower (p<0.05) in the 

previous diluent compared with the latter ones. In conclution, guava filtrate is potential when included in CEP-

2 diluent for maintaining the quality of Bali bull spermatozoa at 5º C. It seems that 10% GF is the best level for 

substituting 20% EY.  
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I. Introduction 
Bali cattle as one of the indigenous cattle breeds raised in many villages of Indonesia have good 

adaptability and high fertility. However, the genetic performance of Bali cattle is still low, so that their 
productivity have not maximum yet. Utilization of reproductive technologies such as artificial insemination (AI) 

is important for improving genetic and productivity of Bali cattle rapidly 1. In order AI to be successful, this 
technology should be supported by the use of good quality sperm after being preserved in appropriate time of 

storage and proper extender 2. Preservation of semen in chilled conditions (5° C) is an alternative method to 

maintain the quality of sperm 3 because it might reduced metabolic activity of sperm, so their viability and 

motility can be prolonged 4. The type of extender have to appropriate, as the source of nutrients, energy, 

buffers and antioxidants for spermatozoa during storage 5. 

Egg yolk (EY) is an extracellular protectant in the extender 6, it contains protein, lipids, vitamins and 

minerals, phospholipids (lecithin) and low-density lipoprotein (LDL) to prevent cold shock and protects sperm 

plasma membrane 7. Addition of 10% EY in CEP-2 can preserve bovine semen for 6 days at 5° C 8 and 

CEP-2 with 20% EY may preserve motility and membrane integrity of sperm for 8 days 9. However, EY 

extender is often contaminated with bacteria and mycoplasma that harmful to sperm 10; 11. Several substances 

in EY may inhibit respiration, reduce motility and disrupt biochemical testing and metabolic examination 12. 
Therefore, the use of EY in the extender should be reduce or substituted by non-animal materials. 

Synthetic CEP-2 is an extender containing fructose and citric acid as the energy and buffer sources, 
sorbitol to increase osmolarity and bovine serum albumin (BSA) as macro-molecular. This extender does not 

contain an antioxidant to protect sperm from free radicals or reactive oxygen species (ROS) that may damage 

DNA, carbohydrate, lipid, nucleic acid and protein in the nucleus and cell membrane 13. Antioxidants are 

need to break the chain of oxidative reactions during formation of radicals 14, inhibit oxidative damage of 

proteins, nucleic acid and lipid 15. The level of antioxidant in both seminal plasma and sperm can be reduced 
by diluting semen with extender that can generate excessive ROS molecules. Addition of exogenous 

antioxidants could reduce the impact of ROS during storage, defense functioning mechanism against lipid 

peroxydation (LPO) and thus improve the quality of chilled semen 16.  
Non-enzymatic antioxidants such as vitamin E, C and A can be found abundantly in various fruits and 

efficient in combating against free radicals 17. Guava (Psidium guajava Linn) is one of the fruits that having 
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very rich antioxidants, such as carotene, lycopene, zeaxanthine, vitamin B1and B2 and vitamin C (ascorbic acid) 

18. However, the use of guava as an alternative natural antioxidant in semen extender has not been 
investigated yet. Therefore, the present study was undertaken to examine the potency of guava filtrate (GF) in 

maintaining quality of Bali bull sperm during chilled storage in synthetic CEP-2 based extender. 
 

II. Material And Methods 
2.1. Preparation of extenders 

Synthetic CEP-2 base extender was made of 0.88 g NaCl; 0.52 g KCl; 0.44 g CaCl2(H2O)2; 0.81 g 

MgCl; 1.00 g NaHCO3; 1,10 g NaH2PO4; 2.72 g KH2PO4; 9.91 g fructose; 8.20 g citric acid; 1.0 g sorbitol; 0.05 

g gentamycin (all : Merck, Germany); 16.2 g tris and 2 g BSA (Sigma, USA), mixed in 1.000 ml of destilated 

water with pH 6.6 and osmolarity of 320 mOsm. The solution was filtered and sterilized with millipore 

membrane 0.20 m 19. 
The EY was prepared from chicken egg one day laid by removing the eggshell and poured out the 

albumin, then the yolk was centrifuged at 300 rpm for 10 minutes. The GF was prepared by dissolving guava 

juice in aquabidest (1:2 ratio), then centrifuged twice at 3500 rpm for 10 minutes. Once finished, the GF 

solution was filtered using millipore membrane (Sartorius stedim Minisart ®) 0.42 m and continued with 0.20 

m. The liquid filtrate was pasteurized in warmth water at 60° C for 3 minutes. The level of GF to be used was 

formulated based on vitamin C requirement, 0.5 mM/mL (v/v) 20; 1.  
The study was performed using complete randomized design (CRD), comprised 7 extenders as 

treatments and replicated 10 times. Experimental extenders were prepared in seven glass tubes (1 to 7) volume 

10 ml, each contain of 8 ml CEP-2 based extender. Thereafter, into each glass tube of CEP-2 was added 

consecutively with 2 ml EY without GF (control), 0.4 ml, 0.6 ml, 0.8 ml, 1.0 ml, 1.2 ml and 1.4 ml of GF (v/v), 

respectively, for substituting 20% EY in the extender. All the treatment extenders then stored at 5o C until used. 

 

2.2. Semen collection and evaluation 

Ten ejaculates were collected from four Bali bulls at Regional Artificial Insemination that belongs to 

Livestock and Animal Health Office West Nusa Tenggara Province, using an artificial vagina. The fresh 

ejaculated semen was immediately brought to laboratory for macroscopic and microscopic evaluation to 

determination of its quality. The semen to be used had a minimum mass motility of +2, individual motility and 

viability ≥ 70%, and abnormality  20% 5; 21; 22. 

 

2.3. Semen dilution and preservation 
Approximately 1.4 ml ejaculate from each bull with about 2000 x 106 progressive motile sperm was 

divided into 7 aliquots (0.2 ml/aliquot). Each aliquot was mixed slowly with 0.2 ml treatment extenders, then 

homogenized. The remaining treatment extenders was added gradually to semen solution until the volume 

attained 10 ml/treatment. Thereafter, all seven treated diluted semen were placed in a 15 x 20 x 7 cm plastic box 

contain of 300 ml water, and cooled gradually from 32 to 5º C within 1.5 - 2 hours in refrigerator. Having 

reached this temperature, all diluted semen samples stored for 8 days for further evaluation as modification of 

Menchaca methods 23.  
 

2.4. Sperm evaluation 

Evaluation of all diluted semen was performed daily in samples stored for 8 days. A drop of diluted 

sample was placed on the object glass, covered with a cover glass and then placed on heat stage at 37O C for 10 

– 15 seconds. Progressive motilility of sperm was examined under a light microscope at 400x magnification. 

The percentages was assessed by comparing sperm which has straight forward movement with those inmotile 

sperm, vibrates, backwards and rotates 24. Sperm viability and abnormality were observed by putting a drop of 

diluted semen on object glass using a micro-pipette, then solution of eosin-negrosin was pipetted and dropped 
near diluted semen and homogenized. Smear was made with the tip edge of cover glass at 30° slope along the 

surface of object glass, then dried over a bunsen flame lights or air-dried. Minimum of 100 sperms were 

observed using light microscope at 400x magnification. The sperm cells that absorbed color was defined as 

dead, while disordered or damaged head or tail was considerd as abnormal sperm 25; 22.  
Fluorescein isothiocyanate (FITC-con A) staining was performed to examine the intact acrosome (IA) 

as well as sperm capacitation and acrosome reaction (CAR). Sperm samples were fixed in 4% formaldehyde, 

then washed by adding 3 ml PBS and centrifugated at 4000 G for 30 minutes. The supernatant was discarded 

and put into 0.1 ml of FITC-con A that contain 10 l/ml in PBS Dulbecco’s. Staining was kept for 25 minutes at 
room temperature, then washed twice by centrifugation at 4000 G for 10 minutes. Supernatant were discarded 

and a drop of the sediment was placed on a clean glass slide, put a drop of 90% glycerol on the sediment and 

homogenized, then examined using fluorescent microscope at 400x magnification. Every speciment was 

examined using epifluorescence ellumination with excitation B (490 nm excitation and 525 nm emission) to 
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observe the fluorescent on the sperm as FITC-con A staining result (Nishikima, 1997) adapted by Susilawati 

25. The FITC staining was conducted in Biology Laboratory, University of Brawijaya, Malang.  
Scanning clectrone microscopy (SEM) analysis was performed to identify ultrastructure damage of 

sperm. This analysis was conducted in Bioscience Laboratory, University of Brawijaya, Malang, according to 
standard operational procedure of the laboratory. 

 

2.5. Extencder alteration 

Alteration of the extender during chilled preservation of semen is important to evaluate. For this 

purpose, superoxide dismutase (SOD) and malondialdehide (MDA) level of extender herewith the semen on the 

D-1 and D-8 of storage were measured to know the antioxidant activity for sperm protection. All analysis 

process was done in Faali Laboratory, Faculty of Medicine, University of Brawijaya, Malang, according to 

standard operational procedure of the laboratory. 

 

2.5. Statistical analysis 

Data for sperm quality were analyzed by one way analysis of variance (ANOVA) and least significant 

difference (LSD) test was further done for comparation of each means using SPSS for windows statistics 

software (Version 20 – 32 bits). All data were presented as Mean  SEM. Significantly different among the 
treatments was decided at P<0.05. 

 

III. Results And Discussion 
The semen samples from Bali bulls used in this study were evaluated both macroscopic and 

microscopically. The mean characteristics of ten ejaculates with regard to volume, color, pH, consistency, sperm 

mass motility, progressive motility, live, abnormal and concentration were 5.94  1,22 ml, milky white, 6.2  

0.85, thick, 2+ to 3+,  70  0%, 93.9  2.42, 5.1  1.91% and 1.89  0.3 x 109/ml, respectively. The effects of 
substitution of EY with GF in CEP-2 based extender during 8 days chilled storage for progressive motility, 

viability and abnormality of sperm are shown in Tabel 1.  

The mean percentages of both progressive motility and viability of sperm were significantly highest 

(P<0.05) in extender which substituted 10% EY with GF as compared to 0, 4, 6, 8, 12 and 14% GF. Conversely, 

the mean percentage of abnormality was significantly lowest (P<0.05) in the previous diluent compared with the 
latter ones. The mean of intact acrosome (IA) was higher on sperm diluted with 10% GF as compared to control 

(0% GF) either for D-4 or D-8, whereas the mean of CAR was higher for D-4 and lower for D-8 on sperm 

diluted with 10% GF as compared to control (0% GF). However, no significant differences (P>0.05) was 

observed for overall mean percentages of semen characteristics (see Table 2). The effect on alteration of SOD 

and MDA levels in extender treated with 0% and 10% GF were also measured. It was found that the mean of 

MDA level in 10% GF to be decrease at D-1 to D-8, whereas in 0% GF, it was found to be increase.  

There is an effect of substitution or replacement of EY with GF in CEP-2 based extender for sperm 

motility, viability, abnormality and membrane integrity. The mean percentages of motility for D-1 to D-5 

preservation were not significantly different among all treatments, however, 10% GF and 4% GF showed the 

highest and the lowest of means for all samples treated (Tabel 1). During D-6 to D-8, the use of 10% GF was 

significantly different (P<0.05) with the use of 12 and 14% GF, and very significantly different with that of 8, 6, 

0 and 4% GF (P<0.01). 
Using of 10% GF and 10% EY in CEP-2 based extender may support vitamin C and various enzymes 

as an antioxidant and nutrient source. Egg yolk is a macro-protectant or extracellular protectant agent, which 

contain protein, lipid, vitamins and minerals that can prevent cold shock and maintain sperm motility 7. These 

results are not much different with the research of Ducha et al. 9, that CEP-2 with 20% egg yolk was able to 
maintain sperm motility up to 41% after D-8 storage. Previous studies explained that CEP-2 with 10% egg yolk 

may prolong the preservation of fresh bovine semen up to 6 days at 5° C 8; 19. In Awassi ram semen, 
spermatozoa motility declined gradually in vitamins C Tris containing diluents when preserved at 5˚C up to 120 

hr (54.7 ± 1.0%), compared with Tris diluent without vitamins (35.9 ± 1.9%) 27. 
The results of the study indicated that the formulation of extender containing 80% CEP-2 + 10% EY + 

10% GF is the most effective in maintaining quality of Bali bull sperm during storage, as compared with all 

other formulations. It could be that the extender containing sufficient substances that are required by sperm such 

as nutrients, energy, buffer, macro-molecular and antioxidant. The CEP-2 extender containing the same 

biochemical and ionic components as liquid epididymis, so it may comply with the energy and buffers required 

for sperm. Fructose and citric acid in CEP-2 are source of energy, sorbitol to increase osmolarity and bovine 

serum albumin (BSA) as a macro-molecular. Thereby, the CEP-2 is a good alternative extender to preserve 

bovine semen in the chilled form, as stated by Verberckmoes et al. 19, and capable in maintaining motility and 

membrane integrity of bovine sperm during chilled or liquid storage 11.  
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Table 1. Mean±SEM of sperm progressive motility, viability and abnormal sperm during chilled storage in 

CEP-2 based extender containing GF (n=10) 

Semen  

characteritics 

GF 

(%) 

Day of preservation at 5° C Overall 

Mean 

 SEM 
D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8 

Progressive 

motile sperm 

0 
70.0 ± 

0.0 

68.7 ± 

1.2 

66.0 ± 

2.7 

62.6 ± 

3.6 

59.4 ± 

4.2 

53.2 ± 

3.1
c
 

47.6 ± 

4.9
c
 

37.7 ± 

3.5
ce

 

58.2 ± 

2.9
c
 

4 
69.5 ± 

1.0 

67.6 ± 

1.9 

64.2 ± 

3.6 

60.3 ± 

4.3 

57.5 ± 

4.7 

49.8 ± 

3.6
c
 

43.8 ± 

5.6
c
 

34.1 ± 

4.1
c
 

55.9 ± 

3.6
d
 

6 
70.0 ± 

0.0 

68.1 ± 

1.2 

65.8 ± 

2.4 

63.0 ± 

3.3 

59.8 ± 

4.1 

52.9 ± 

4.1
c
 

47.4 ± 

5.3
c
 

39.4 ± 

3.5
c
 

58.3 ± 

3.0
c
 

8 
70.0 ± 

0.0 

69.0 ± 

1.3 

66.7 ± 

1.5 

63.4 ± 

3.6 

61.0 ± 

3.9 

55.1 ± 

2.4
ce

 

49.4 ± 

4.7 

42.1 ± 

3.4
ce

 

59.6 ± 

2.6
b
 

10 
70.0 ± 

0.0 

69.6 ± 

1.7 

67.9 ± 

1.8 

65.7 ± 

2.1 

63.2 ± 

3.2 

58.3 ± 

3.4
a
 

52.8 ± 

4.6
a
 

45.7 ± 

1.7
a
 

61.7 ± 

2.3
a
 

12 
69.9 ± 

0.2 

68.6 ± 

1.7 

66.4 ± 

2.2 

63.6 ± 

3.3 

61.9 ± 

3.5 

55.5 ± 

4.2
e
 

50.7 ± 

4.9
e
 

42.6 ± 

3.1
a
 

59.9 ± 

2.9
b
 

14 
69.9 ± 

0.3 

68.6 ± 

2.0 

66.3 ± 

2.5 

63.6 ± 

3.8 

61.5 ± 

4.1 

55.3 ± 

3.5
e
 

50.1 ± 

5.0
e
 

42.4 ± 

4.4
e
 

59.7 ± 

3.2
b
 

Sperm 

viability  

0 
91.1 ± 

1.9
c
 

86.9 ± 

1.7
c
 

82.9 ± 

1.7
c
 

71.9 ± 

2.1
c
 

66.1 ± 

4.0
c
 

61.6 ± 

2.1
c
 

53.6 ± 

3.7
c
 

44.0 ± 

3.2
c
 

69.8 ± 

2.6
c
 

4 
89.4 ± 

2.4
a
 

84.6 ± 

2.2
a
 

79.7 ± 

2.6
a
 

68.2 ± 

1.8
b
 

62.7 ± 

4.5
a
 

53.6 ± 

2.7
a
 

48.4 ± 

4.6
a
 

37.5 ± 

4.7
a
 

65.5 ± 

3.2
a
 

6 
90.9 ± 

2.3
c
 

86.5 ± 

2.1
cd

 

81.5 ± 

1.7
cb

 

74.1 ± 

3.8
ad

 

65.4 ± 

3.3
c
 

59.7 ± 

2.0
be

 

52.2 ± 

3.7
c
 

42.6 ± 

2.8
c
 

69.1 ± 

2.7
c
 

8 
91.5 ± 

2.1
c
 

87.8 ± 

2.3
c
 

83.3 ± 

1.4
c
 

76.6 ± 

3.3
ad

 

69.8 ± 

2.3
ae

 

62.5 ± 

1.7
ce

 

55.8 ± 

4.0a
a
 

45.3 ± 

1.9
cb

 

71.6 ± 

2.4
c
 

10 
93.4 ± 

1.8
ae

 

90.6 ± 

1.7
ae

 

86.0 ± 

1.8
ae

 

82.2 ± 

2.4
ae

 

76.6 ± 

2.8
ae

 

73.6 ± 

2.6
ae

 

66.6 ± 

3.0
ae

 

60.8 ± 

6.0
ad

 

78.7 ± 

2.8
ad

 

12 
89.7 ± 

2.3
ba

 

86.9 ± 

1.9
ce

 

81.9 ± 

2.9
c
 

77.3 ± 

2.5
ae

 

68.3 ± 

2.5
cc

 

64.5 ± 

1.8
ae

 

53.5 ± 

4.1
ce

 

46.3 ± 

1.8
ca

 

71.1 ± 

2.5
c
 

14 
91.2 ± 

2.3
c
 

88.3 ± 

2.0
be

 

83.2 ± 

1.6
cd

 

76.8 ± 

5.3
ad

 

68.0 ± 

3.2
cc

 

66.6 ± 

2.5
ae

 

55.5 ± 

3.4
be

 

47.6 ± 

3.4
ac

 

72.2 ± 

3.0
a
 

Sperm 

abnormality  

0 1.2 ± 0.6 1.5 ± 0.5 2.0 ± 0.7
b
 2.5 ± 0.9

b
 3.3 ± 0.7

b
 4.3 ± 1.0

a
 5.3 ± 1.4

d
 6.6 ± 1.4

b
 

3.4 ± 

0.9
b
 

4 1.8 ± 1.1 2.1 ± 0.7 3.0 ± 1.2
c
 3.7 ± 1.0

d
 4.8 ± 1.0

d
 5.9 ± 1.6

c
 7.2 ± 1.9

c
 9.1 ± 1.0

c
 

4.7 ± 

1.2
c
 

6 1.3 ± 0.8 1.9 ± 1.0 3.0 ± 1.2
c
 3.8 ± 1.0

d
 4.5 ± 1.0

c
 5.7 ± 1.6

c
 6.8 ± 1.7

c
 8.2 ± 1.7

c
 

4.4 ± 

1.3
c
 

8 1. 0 ± 0.7 1.8 ± 0.9 2.8 ± 0.8
c
 3.8 ± 1.0

b
 4.4 ± 1.0

c
 5.6 ± 1.0

c
 6.5 ± 1.6

d
 7.7 ± 1.5

c
 

4.2 ± 

1.1
c
 

10 1.0 ± 0.8 1.1 ± 0.7 1.5 ± 0.7
a
 2.1 ± 0.7

a
 2.8 ± 0.9

a
 3.6 ± 0.8

a
 4.4 ±1.0

a
 5.3 ± 1.0

a
 

2.8 ± 

0.7
a
 

12 1.5 ± 0.7 1.8 ± 0.6 2.3 ± 0.7 2.8 ± 0.8
c
 3.7 ± 1.1

b
 4.8 ± 1.2

b
 6.0 ± 1.3

c
 7.3 ± 1.3

b
 

3.8 ± 

1.0
d
 

14 1.3 ± 0.7 1.7 ± 0.7 2.2 ± 0.6 2.7 ± 0.8
c
 3.4 ± 1.0

b
 4.2 ± 1.2

a
 5.0 ± 1.6

a
 6.1 ± 1.0

a
 

3.3 ± 

1.0
b
 

Values in the same column with different superscripts are differ significantly (P<0.05) 

 
Table 2.  Mean±SD of sperm with intact acrosome and capacitation or acrosome reaction during chilled storage 

in CEP-2 based extender containing GF (n=10). 

Variables Day of storage (D) 
GF concentrations (%) 

Mean  SD 
0 10 

Intact acrosome (%) 
D4 28.8  4.9 

31.3  2.8 
30.0  3.8 

D8 27.5  2.7 29.5  4.2 28.5  3.4 

   

 

 

Capacitation and acrosome 

reaction (%) 

D4 84.0  5.4 85.3  3.2 84.6  8.6 

D8 86.8  4.2 85.8  3.3 86.3  3.8 

The values among treatments are not significantly different (P>0.05) 

 

Based on scanning electron microscopy (SEM) analysis, the ultrastructure of sperm in 10% GF are 

found to be normal during storage for 8 days at 5° C as shown in Figure 1. This might indicate that the 

protective mechanism for sperm diluted in extender containing vitamin C directly suppress the generation of 

ROS and inhibit capacitation 26. 
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Figure 1. Left (0% GF) : A. membrane damaged, B. Brocken neck, C. Tailed loose. Right (10% GF.) :          

A. loose of midpiece, B. normal structures. 
 

 

In the present study, the highest mean percentages of viability of Bali bull sperm stored for 8 days was 
found when 10% EY was replaced with 10% GF, while the lowest was found in 4% GF (Tabel 1). The lowest 

abnormal sperm was also observed in 10% GF, conversely, the highest was observed in 4% GF, which are very 

significantly different with the other treatments (P<0.01). In addition, sperm abnormality was recorded less than 

20%. This is in agreement with Ax et al. 28, who reported that abnormality is one of the establish factors that 
affected sperm quality, when its value above 20%, this indicates poor semen quality and may influence the 

fertilizing spermatozoa. Duration of preservation decreased the mean percentage of abnormal spermatozoa from 

5.88% on day 0 to 10.24% on day 4 29. Sperm abnormality may occurred at every parts of sperm and the 

largest amount was in the tail compared with mid-piece and head 1. This result indicated, vitamin C conten of 
10% GF in CEP-2 base extender is the effective formulation in preserving viability and morphology of sperm. A 

significant (P<0.05) higher sperm abnormalities values (37.6 ± 1.3%) was found after 120 hr incubation in 

vitamin C free Tris (Control) at 5 ˚C compared with those obtained in Tris diluent containing vitamin C (18.8 ± 

1.8%) 27. 

Previous study 2 stated that in-vitro viability and normal sperm both are affected by type of extender, 
their interaction with extender, method and duration of storage. Substitution of 10% EY with GF in CEP-2 

based extender was the most ideal extender composition to preserve and protect bovine sperm for cool 

temperature storages. The equilibrium concentration of three ingredients mentioned are estimated capable of 

providing energy intake, nutrients and antioxidants needed by sperm, thereby maintaining the motility, viability, 

normal sperm and intact acrosome during chilled storage. Results of the study are parallel with that of Azawi 

and Hussein 27, who reported that viability sperm stored at 5 ˚C for 120 hr with Tris diluent containing 
vitamins C was 59.7 ± 1.3% which is significantly different (P<0.05) as compared with control (40.9 ± 1.8%).    

Enzymatic antioxidant may provide protection action of sperm from CAR, so that the viability of 
sperm can be prolonged. Fluorescein isothiocyanate (FITC) test indicates that Bali bulls sperm with IA was 

higher (P<0.05) in 10% GF than that of 0% GF for D-4 to D-8 semen samples, and the sperm with CAR is lower 

in 10% GF at D-8 samples. The effect of treated extender on alteration of SOD and MDA levels were also 

showed that the antioxidan activity of SOD was found to be higher in 10% GF than in 0% GF as well as higher 

at D-8 than D-1 (35.1 u/mL at D-8 vs 31.7 u/mL at D-1 in 10% GF; 27.1  12.5 u/mL at D-8 vs 23.7  10.3 
u/mL at D-1  in 0% GF).  

The mean of MDA level in 10% GF was found to be decrease from 201.5  83.5 ng/mL at D-1 to 183.2 

 90.7 ng/mL at D-8. Conversely in 0% GF, the mean of MDA level was found to be increase from 207.3  69.1 

ng/mL at D-1 to 229.8  90.2 ng/mL at D-8. The high SOD level measured in 10% GF at the present study 
might indicate that the activity of an antioxidant in extenders is existed. This is indicated that substitution of 

10% GF may increased the antioxidant activity of SOD which blocked the MDA to generate reactive oxygen 

species (ROS) and prevented oxidative stress (OS) that finally prolonged the preserveability of sperm in the 

extenders. Previous study 30 explained that antioxidant may pressure MDA level, prevent the oxygen activity 
to promote free radical and ROS generation, that resulted in prolonged the preserveability of extenders. 

Radical scavenging activity of antioxidant could reduce the ferrous-ascorbate mediated lipid 

peroxidation and increase the SOD level, so may protect the sperm 30. Oxidative damage of sperm is resulted 
from an improper balance between ROS generation and scavenging activities of antioxidant. Glutathione 

peroxidase, catalase, superoxide dismutase, vitamin C and E are among the major antioxidants naturally present 

in mammalian semen. They might be functioning against ROS to protect the sperm from lipid peroxidation and 

to maintain its integrity. Antioxidant level of seminal plasma and sperm decreased during the preservation by 
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dilution with extender and excessive generation of ROS molecules. Antioxidants vitamin and intracellular 

enzymes are possible to prevent MDA production and protect sperm parameters during preservation 16. 
Damaged of sperm in diluent with 0% GF occurs mostly on the head region, whereas in 10% GF the 

damages only a few, especially on the tail. This can be explained that extender containing GF and EY may 

preserve and protect sperm from damages caused by free radical or ROS. Previous studies 6; 10 demonstrated 

that phospholipid (lecithin) and low-density lipoprotein (LDL) in the extenders are considered as protective 
components that attached on sperm membrane to formed interfacial layer during cooling processes. Thereby 

they enhance the binding of phospholipids and cholesterol in the membranes. In addition, formation of a 

complex with seminal plasma proteins might cause the lipids had no function in the cell membrane, as a result 

the occurrence of cold shock can be prevented. The LDL component is also able to stabilize the membrane, 

reduce the loss of sperm membrane phospholipids and grab toxins from proteins of seminal plasma 31. 
Aerobic organisms have developed complex antioxidant systems that can counteract ROS and free radicals. This 

system can prevent and/or reduce ROS and free radical-induced oxidative damage to tissues and cells and is 

composed of different antioxidant substances, including enzymes, non enzymatic antioxidants, and an array of 

small molecules 32.  
The present study shows that substitution of 10% EY with GF in CEP-2 based extender may protect 

sperm from free radicals and ROS disruption, thus prolonging survival and motility during chilled storage. This 

was supported by previous study which indicated that fruits and vegetables are major sources of dietary 

antioxidants 33. Their benefits as a source of tocopherols, carotenoids and ascorbic acid are well known as 

described in the literatures 34. Guava is one of the fruits that seems to be useful as a source of exogenous 
antioxidants to protect sperm during chilled storage. Guava is very rich in antioxidants, vitamins and enzymes. 

There is a 151.4 mg or about 50-300 mg of vitamin C (ascorbic acid) in 100 grams of fresh fruit beside lutein, 

lycopene, zeaxanthine and high polyphenols 18; 35; 36. The content of ascorbic acid in the skin, pulp and 

middle part of pulp reaches 350-450 mg (50-600 mg) in nearly ripe fruits 37. 
Vitamin C is the critical biological antioxidant in cells, plays a role in the redox response tagging. Its 

main function is as a co-factor in enzymatic reactions and as an antioxidant to scavenge free radicals or capture. 
Vitamin C is transported into the cell in the oxidized form, i.e. dehydroascorbic acid (DHA) through the 

facilitative glucose transporters (gluts), then rapidly reduced in the cell and accumulate as AA 38. Vitamin C 

or ascorbic acid (AA) indirectly regulate and maintain antioxidant -tocopherol in the active state to reduce the 

sensitivity of sperm against lipid peroxidation. This mechanism has been sustained by high dehydroascorbate 

reductase. If lack of vitamin C or E, it will cause oxidative stress 26. 
 

IV. Conclusion 
Guava filtrate is potential when included in the extender for preservation of Bali bull spermatozoa. 

Substitution of 10% egg yolk with guava filtrate in CEP-2 based extender seems to be very effective in 

maintaining motility, viability, normality and intact acrosome of Bali bull spermatozoa during chilled storage 

for 8 days. 

 

Acknowledgements 
The authors would like to sincere grateful Prof. Ir. Chairussyuhur Arman, M.Sc., Ph.D. for carefulness 

reading and valuable correction of this manuscript. Sincere thanks are also addressing to Regional Artificial 

Insemination, Livestock and Animal Health Office West Nusa Tenggara Province, and Directorate General of 

Higher Education, Ministry of Research, Technology and Higher Eduacation, Jakarta for financial support in 

this doctoral study.  

 

References 
[1]. S.M.H. Andrabi, M.S. Ansari, N. Ullah and M. Afzal, Effect of non-enzymatic antioxidants in extender on post-thaw quality of 

buffalo (Bubalus-bubalis) bull spermatozoa. Pakistan Veterinary Journal, 28(4), 2008, 159 - 162 . 

[2]. Y. Hayashi and N. Isobe, Characteristics of Cryopreserved Spermatozoa from a Holstein-Friesian Bull Thawed at Different 

Temperature. Journal of International Development and Cooperation, 12(1), 2005, 107 – 110. 

[3]. S. Ponglowhapana, B. Esse’n-Gustavssonb and C.L. Forsberga, Influence of glucose and fructose in the extender during long-term 

storage of chilled canine semen. Theriogenology, (62), 2004, 1498 – 1517.  

[4]. D. Boonkusol, K. Saikhun and P. Ratanaphumma, Effects of Extender and Storage Time on Motility and Ultrastructure of Cooled-

Preserved Boar Spermatozoa. Kasetsart Journal (Natural Science), (44), 2010, 582 – 589.  

[5]. K. Kaeoket, P. Chanapai, P. Junchiyaphoom nad P. Chanapiwat, The effect of using long term and short term extenders during 

cooling process on the quality of frozen boar semen. Thai J Vet Med. 41(3), 2011,  283 – 288.  

[6]. S.W. Trout, Evaluation of Different Concentrations of Egg Yolk in Canine Frozen Semen Extender. Thesis. Biomedical and 

Veterinary Sciences, Faculty of the Virginia Polytechnic, Institute and State University, 2012, 1 – 50.  

[7]. M. Anton, F. Nau and Y. Nys, Bioactive egg components and their potential uses. The XI
th

  European symposium on the quality of 

eggs and egg products, Doorwerth, The Netherlands. http://www.researchgate.net/.../228641260, 2005. 

[8]. S. Verberckmoes, A.V. Soom, J. Dewulf, I. De Pauw and A. De Kruif, Storage of fresh bovine semen in a diluent based on the ionic 

composition of cauda epididymal plasma. Reproductive Domestics Animal,    39( 6) 2004, 410 - 6. 

http://www.pvj.com.pk/pdf-files/28_4/159-162
http://www.researchgate.net/.../228641260
http://pubget.com/search?q=authors%3A%22S%20S%20Verberckmoes%22
http://pubget.com/search?q=authors%3A%22J%20J%20Dewulf%22
http://pubget.com/search?q=authors%3A%22I%20I%20De%20Pauw%22
http://pubget.com/search?q=authors%3A%22A%20A%20de%20Kruif%22
http://pubget.com/search?q=latest%3AReproduction+in+Domestic+Animals&from=15598230
http://pubget.com/search?q=issn%3A0936-6768+vol%3A39+issue%3A6&from=15598230


The potency of guava filtrate (Psidium guajava Linn) for preservation of Bali bull spermatozoa 

DOI: 10.9790/2380-08515157                                        www.iosrjournals.org                                          57 | Page 

[9]. N. Ducha, T. Susilawati, Aulanni’am, S. Wahyuningsih and M. Pangestu, Ultrastructure and fertilizing ability of Limosin Bull 

sperm after wstorage in extender CEP-2 with or without egg yolk. Pakistan Journal of Biological Sciences 15(20), 2012, 979 – 985.   

[10]. P. Chanapiwat, K. Kaeoket and P. Tummaruk, Cryopreservation of Boar Semen by Egg Yolk-Based Extenders Containing Lactose 

or Fructose is Better Than Sorbitol. Theriogenology. Journal of Veterinary and Medicine Science, 74(3), 2011, 351–354. 

[11]. P.A. Delgado, T.D. Lester and R.W. Rorie, Effect of low-sodium, choline-based diluents on viability of bovine sperm storred at 

refrigerator temperatures. Arkansas Animal Science Department Report, (574), 2009, 77 – 79.  

[12]. L. Briand-Amirat, D. Tainturier and M. Anton, Use of Egg Compounds for Cryoprotection of Spermatozoa. Bioactive Egg 

Compounds. Chapter 30, 2007, 259 – 264.  

[13]. V. Lobo, A. Patil, A. Phatak and N. Chandra, Free radicals, antioxidants and functional foods: Impact on human health. 

Pharmacogn Review, 4(Issue 8), 2010, 118–126.  

[14]. A.K. Bansal and G.S. Bilaspuri, Impacts of oxidative stress and antioxidants on semen functions : Review Article. SAGE-Hindawi 

Access to Research. Veterinary Medicine International, (2011), 2011, 1 – 7.  

[15]. S. Norshazila, I.S. Zahir, K.M. Suleiman, M.R. Aisyah and K.K. Rahim, Antioxidant Levels and Activities of Selected Seeds of 

Malaysian Tropical Fruits. Malaysian Journal of Nutrition,  16(1), 2010, 149-159. 

[16]. P. Perumal, K. Vupru and K. Khate, Effect of Addition of Melatonin on the Liquid Storage (5
O
C) of Mithun (Bos frontalis) Semen. 

International Journal of Zoology, (2013), 2013, 1 – 10.  

[17]. S.F. Ibrahim, K. Osman S. Das, A.M. Othman, N.A. Majid and M.P.A. Rahman, A Study of the Antioxidant Effect of Alpha Lipoic 

Acids on Sperm Quality. Clinics (Sao Paulo), 63(4), 2008, 545 – 550.  

[18]. A. Rahmat, M.F.A. Bakar and Z. Hambali, The effeccts of guava (Psidium guajava) consumption on total antioxidant and lipid 

profile in normal male youth. African Journal of Food Agriculture Nutrition and Development, 6(2), 2006, 1 – 12.  

[19]. S. Verberckmous, A.V. Soom, J. Dewulf, A. de Kruif,  Comparison of three diluents for the storage of fresh bovine semen. 

Theriogenology, 63(3), 2005, 912 – 22.  

[20]. P. Blondin, K. Coenen and M.A. Sirard, The impact of reactive oxygen species on bovine sperm fertilizing ability and oocyte 

maturation. Journal of Andrology 18(Issue 4), 1997, 454 – 60. 

[21]. R. Asadpur, R. Jafari and H. Tayefi-Nasrabadi, Original Article, Effect of various levels of catalase antioxidant in semen extenders 

on lipid peroxidation and semen quality after the freeze-thawing bull semen. Veterinary Research Forum, 2(4), 2011, 218 – 221.  

[22]. T. Susilawati,  Spermatology. Cetakan Pertama, ISBN : 978-602-8960-04-5.  UB Press,  Malang, 2011,    93 – 103. 

[23]. A. Menchaca, A. Pincak and D. Queirolo, Storage of ram semen at 5
o
C : effects of preservation period and timed artificial 

insemination on pregnancy rate in ewes. Anim. Reprod. 2(3), 2005, 195 – 198. 

[24]. D.L. Garner and E.S.E. Hafez, Spermatozoa and seminal plasma. In : Reproduction in farm animals. Edited by B. Hafez / E.S.E. 

Hafez, 7
th
 edition. Blackwell Publishing, 2008, 97 – 109. 

[25]. R. Asadpur, Relationship between mineral composition of seminal plasma and semen quality in various ram breeds. Acta Scientiae 

Veterinariae, 40(2), 2012, 1 – 8.  

[26]. R.J. Aitken and S.D. Roman, Antioxidant systems and oxidative stress in the testes. Review. Oxidative Medicine and Cellular 

Longevity, 1(Issue 1), 2008, 15 – 24. 

[27]. O.I.  Azawi and E.K. Hussein, Effect of vitamins C or E supplementation to Tris diluent on the semen quality of Awassi rams 

preserved at 5 ˚C. Veterinary Research Forum, 4(3), 2013, 157 – 160. 

[28]. R.L. Ax, M. Dally, B.A. Didion, R.W. Lenz, C.C. Love, D.D. Varner, B. Hafez and M.E. Bellin, Semen Evaluatrion. In : 

Reproduction in farm animals. Edited by B. Hafez / E.S.E. Hafez, 7
th
 edition. Blackwell Publishing, 2008, 365 – 375. 

[29]. Md G.A. Pradhan, Md S. Rahman, Woo-Sung Kwon, D. Mishra, Md M. Kamal1, M.M.U. Bhuiyan and M. Shamsuddin, Duration 

of Preservation Affect the Quality of Chilled Black Bengal Buck Semen. J. Emb. Trans, 28(2), (2013), 113 – 119. 

[30]. R.S. Cheema A.K. Bansal and G.S. Bilaspuri, Manganese provides antioxidant protection for sperm cryopreservation that may offer 

new consideration for clinical fertility. Oxidative Medicine and Cellular Longevity, 2(Issue 3), 2009, 52-159. 

[31]. S. Akhter, B.A. Rakha, S.M.H. Andrabi and M.S. Ansari, Comparison of egg yolks from three avian species in extender for 

cryopreservation of Sahiwal bull epididymal spermatozoa. Animal Science Papers and Reports, 29(2), 2010, 131 – 138.  

[32]. D. Wang, J-F. Feng, P. Zeng, Y-H. Yang, J. Luo and Y-W. Yang, Total oxidant/ antioxidant status in sera of patients with thyroid 

cancers. Endocrine-Related Cancer, (18), 2011, 773–782.  

[33]. R.K. Gupta and N. Singh, Morinda citrifolia (Noni) Alters Oxidative Stress Marker and Antioxidant Activity in Cervical Cancer 

Cell Lines. Asian Pac J Cancer Prev, 14(8), 2013, 4603 – 4606.  

[34]. B. Dimitrios, Review. Sources of natural phenolic antioxidants. Trends in Food Science & Technology (17), 2006, 505–512.  

[35]. B. Joseph and R.M. Priya, Review on nutritional, medical and pharmacological properties of guava (Psidium guajava Linn).  

International Journal of Pharma and Bio Sciences, 2(Issue 1), 2011, 53 – 69.  

[36]. K. Thaipong, U. Boonprakob, L. Cisneros-Zevallos and D.H. Birne, Hydrophilic and lipophilic antioxidant activities of guava fruits. 

Shoutheast Asian J trop Med Public Health, 36 (supplements 4), 2005, 254 – 257. 

[37]. A.V. Rao and L.G. Rao, Carotenoids and human health. Invited review. Elsevier. Pharmacological Research, (55), 2007, 207 – 216.  

[38]. J.M. Carcamo, O. Bórquez-Ojeda and D.W. Golde, Vitamin C inhibits granulocyte macrophage-colony-stimulating factor-induced 

signaling pathways. Blood Journal, 99(9), 2002, 3205 – 3212.  

http://link.springer.com/book/10.1007/978-3-540-37885-3
http://link.springer.com/book/10.1007/978-3-540-37885-3
http://link.springer.com/book/10.1007/978-3-540-37885-3
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lobo%20V%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patil%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Phatak%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chandra%20N%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Dewulf%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15629807
http://www.ncbi.nlm.nih.gov/pubmed?term=de%20Kruif%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15629807
http://www.ncbi.nlm.nih.gov/pubmed?term=Blondin%20P%5BAuthor%5D&cauthor=true&cauthor_uid=9283960
http://www.ncbi.nlm.nih.gov/pubmed?term=Coenen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=9283960
http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%291939-4640
http://onlinelibrary.wiley.com/doi/10.1002/jand.1997.18.issue-4/issuetoc
http://www.ncbi.nlm.nih.gov/pubmed/?term=Cheema%20RS%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bansal%20AK%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bilaspuri%20GS%5Bauth%5D

