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ABSTRACT 
In the present study, the effect of vanillic acid in comparison with vitamin E+C on the semen characteristics of Zel's 

ram under short and long-term preservation, was investigated. The experimental groups consisted of different 

concentrations of vanillic acid (0, 1, 10 and 100 μg/mL), a mixture of alpha-tocopherol and ascorbic acid (vitamin 

E+C), and dimethyl sulfoxide (DMSO) (as alpha-tocopherol solvent). The samples were evaluated at 0, 24, 48 and 72 

hours after storage at 4 °C and following the freeze-thawing process. During the cold storage, sperm quality traits 

(motility, viability and membrane integrity) and mitochondrial activity increased significantly (P<0.05) at 

concentrations of 1 and 10 μg/ml vanillic acid in comparison with control and vitamin E+C groups. Our results 

revealed that the total motility and percentage of spermatozoids in the concentration of 1 μg/ml of vanillic acid were 

higher than control and vitamin E+C groups (P<0.05). Also, plasma membrane integrity and morphology of 

spermatozoid were higher in concentrations of 1 and 10 μg/ml of vanillic acid than control group. Concentration of 1 

μg/ml of vanillic acid showed the highest mitochondrial activity than vitamin E+C treatment (P<0.05). Our findings 

showed that addition of vanillic acid at the concentrations of 1 and 10 μg/mL to the semen extender improved the 

quality of spermatozoid in the Zel breed sheep. 
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Figure 1. Staining of spermatozoa with Rodamin 123. 

The sperms with green color have active mitochondria. 
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Table 1. The effect of vanillic acid and vitamins E+C on the motility of ram spermatozoa during cold storage and 

after freezing and thawing 

Hour Treatment 
Control VA1 (μgr/ml) VA10 (μgr/ml) VA100 (μgr/ml)  vitamin E+C  DMSO 

0 2.15Ac±72.05
 

3.90Aab±78.38  3.48Aa±80.01 4.23Aabc±75.84
 

2.18Aabc±75.82  1.08Abc±73.36
 

24 1.08Bc±68.97 1.97ABab±75.48 1.92ABa±77.82 1.92ABbc ±73.34
  

1.21ABb ±73.18 0.72Bc ±70.51
  

48 0.42Bc ±66.37  2.14ABa ±73.41 1.20BCa±74.49 2.29ABb ±71.07  0.90Bbc ±70.01 0.30Cc ±67.39
  

72 1.13Cc±62.25  1.58 Ba ±71.50  0.78 Ca ±71.90 Bab 2.80±67.96
  

1.04Cbc ±66.57
  

0.60Dbc ±64.63  
Post-thaw 0.88 Bb ±64.15  1.65Aa ±72.16 0.61Bb ±62.92  1.10 Bb ±64.52  1.03 Bb ±65.98  0.59 Bb ±64.76  

a-c: h�#I +��C)�� �� #� s*�� +�+<E4) �1A� 3��H! 4R):��� ."� ����	"! F$� )05/0P<.(  

A-C: h�#I +��C)�� �� #� �1-$ +�+<E4) �1A� 3��H! 4R):��� �� ��)D��� s&-j) F$� )05/0P<.( DMSO �)�d"-)(%*�,21H<1$ 

a-c: Within each row-, means with different superscripts differ significantly (P < 0.05).  

A-C: Within each column, means with different superscripts differ significantly (P < 0.05). DMSO: Dimethyl Sulfoxide 
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Table 2. The effect of vanillic acid and vitamins E+C on the plasma membrane integrity of ram spermatozoa during 
cold storage and after freezing and thawing 

Hour Treatment 
Control VA1 (μgr/ml) VA10 (μgr/ml) VA100 (μgr/ml) vitamin E+C  DMSO 

0 0.54 Ab ±81.22
  

0.67Aa ±87.26  1.30Aab ±84.20  2.49Ab ±81.89  0.89Ab ±83.08  0.63Ab ±81.87
  

24 0.25B ±79.03  1.23B ±82.68  0.94AB ±82.05 2.38AB ±79.75
  

0.16B ±79.38
  

0.22B ±78.90  
48 0.54Cc ±77.24  1.26Ba ±81.50  0.28BCb ±79.55  1.55ABc ±76.39  0.07Cbc ±78.08  0.37Cc ±76.80  
72 0.59D ±74.05  1.49B ±80.56 0.71C ±77.34  1.47B ±73.39

  
0.43D ±75

  
0.19D ±74.06  

Post-thaw  0.79Bb ±27.05  0.43Ba ±30.91 1.23 Ba ±32.82  0.21Bc ±25.06  0.78Ba ±32.90  0.52Ba ±30.89  
a-c :+� s*�� #� �� +��C)�� h�#I4R) 3��H! �1A� +<E4):) F$� ����	"! ."� ���05/0P<.(  

A-C: +� �1-$ #� �� +��C)�� h�#I4R) 3��H! �1A� +<E4):��)D �� ������ ) F$� s&-j)05/0P< .(DMSO �)�d"-)(%*�,21H<1$ 

a-c: Within each row-, means with different superscripts differ significantly (P < 0.05).  
A-C: Within each column, means with different superscripts differ significantly (P < 0.05). DMSO: Dimethyl Sulfoxide 
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Table 3. The effect of vanillic acid and vitamins E+C on morphology of ram spermatozoa during cold storage and 
after freezing and thawing 

Hour Treatment 
Control VA1 (μgr/ml) VA10 (μgr/ml) VA100 (μgr/ml) vitamin E+C  DMSO 

0 2.27±90.15  2.40±92.30  4.43±91.32  4.54±89.89 2.62±90.72  2.76±89.35
 

24 2.02±87.17  2.10±90.74  4.13±89.42  4.55±88.22
  

2.91±87.86
  

3.13±86.51  
48 1.94±84.78  1.91±88.64  4.05±87.48  4.30±85.64  2.66±85.28  2.80±83.99  
72 1.54±82.68  2.61±85.26 4.69±87.59  3.98±83.52

  
2.78±82.28

  
2.76±81.15  

Post-thaw  0.33cd ±69.51  1.26 ab ±72.26 0.81a ±73.85  0.59d ±68.39  0.75abc ±71.80  0.96bcd ±70.35  
a-d: h�#I +��C)�� �� #� s*�� +�+<E4) �1A� 3��H! 4R):��� ."� ����	"! F$� )05/0P<.( 

a-d: Within each row, means with different superscripts differ significantly (P < 0.05).  
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Table 4. The effect of vanillic acid and vitamins E+C on viability of ram spermatozoa during cold storage and after 

freezing and thawing 

Hour Treatment 
Control VA1 (μgr/ml) VA10 (μgr/ml) VA100 (μgr/ml) vitamin E+C  DMSO 

0 0.96Ab ±76.91  1.74Aa ±83.72  2.01Aa ±85.27  2.15Aab ±81.33 0.86Aab ±80.85  0.96Ab ±75.55
 

24 0.60Bd ±71.94   
1.63ABab ±80.14  2.06Aba ±82.77  1.72Abc ±78.33

  
0.99ABbc ±77.91

  
0.77Bdc ±75.49  

48 0.53Bc ±70.03  2.39Aba ±78.33  1.45BCa ±79.62  2.32ABb ±75.15  0.89Bbc ±75.12  0.49Cbc ±72.36  
72 0.92Cb ±66.77  1.97Ba ±75.90 0.93Ca ±76.91  3.10Bb ±68.51

  
0.99Cb ±70.68  0.53Db ±68.89  

Post-thaw  0.90Bb ±62.25  1.6Ba ±75.47 0.85Bb ±66.39  1.33Bb ±67.23  0.80Bb ±68.26  0.64Bb ±68.17  
a-d: h�#I +��C)�� �� #� s*�� +�+<E4) �1A� 3��H! 4R):��� ."� ����	"! F$� )05/0P<.(  

A-D: h�#I +��C)�� �� #� �1-$ +�+<E4) �1A� 3��H! 4R):��� �� ��)D��� s&-j) F$� )05/0P<.( DMSO �)�d"-)(%*�,21H<1$ 

a-d: Within each row, means with different superscripts differ significantly (P < 0.05).  

A-D: Within each column, means with different superscripts differ significantly (P < 0.05). DMSO: Dimethyl Sulfoxide 
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Table 5. The effect of vanillic acid and vitamins E+C on mitochondrial activity of ram spermatozoa during cold 

storage and after freezing and thawing 

Hour 
Treatment 

Control VA1 (μgr/ml) VA10 (μgr/ml) VA100 (μgr/ml) vitamin E+C DMSO 

0 0.60Ac  ± 62.9
 

2.19Aab  ± 70.58
 

2.28Aa  ± 73.31
 

2.58Abc  ± 67.1
 

1.65Aabc  ± 67.73
 

0.93Abc  ± 65.33 

72 1.14Bc  ± 52.79
 

2.05Aa  ± 66.51 1.08Ba  ± 65.59 2.21Ab  ± 59.60 1.48Bb  ± 56.35
 

1.26Bc  ± 55.79 
Post-thaw 0.29Bd  ± 16.59 0.44Ba  ± 30.57 0.30Bb  ± 25.69 0.54Bc  ± 20.15 0.53Bb  ± 25.96 0.27Bb  ± 24.63 

a-d :+� s*�� #� �� +��C)�� h�#I4R) 3��H! �1A� +<E4):) F$� ����	"! ."� ���05/0P<.(  

A-D: +� �1-$ #� �� +��C)�� h�#I<E4)4R) 3��H! �1A� +:��)D �� ������ ) F$� s&-j)05/0P< .(DMSO �)�d"-)(%*�,21H<1$ 

a-d: Within each row, means with different superscripts differ significantly (P < 0.05).  

A-D: Within each column, means with different superscripts differ significantly (P < 0.05). DMSO: Dimethyl Sulfoxide 
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