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ABSTRACT 
      The objective of the current study was to investigate the influence of adding resveratrol 

(Res) to a milk-based extender on some post-thawed semen quality of Iraqi buffalo bulls for 

different preservation periods (cooling at 5˚C, 48 h, 1, and 2 months post-cryopreservation; 

PC). Four bulls, 3.5 to 4 years old, were used from 11th November 2020 to 1st June 2021. 

Semen samples were collected, pooled, and divided into four groups using different Res 

concentrations (0, 100, 150, and 200 μM) added to the milk extender. The Res-150 μM group 

exhibited higher (P≤0.01) plasma membrane, acrosome integrity percentages, and total 

antioxidants concentration (TAC) compared to the other groups. Sperm abnormalities and 

DNA damage percentages, as well as malondialdehyde (MDA) concentration, were lesser 

(P≤0.01) in the Res-150 μM group. Finally, Res-150 μM added to a milk-based extender 

increased the percentage of post-thawed live sperm and TAC in seminal plasma and 

minimized abnormal sperm percentage, DNA damage percentage, and MDA concentration in 

the seminal plasma of Iraqi buffalo bulls. 
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 الهلال وعبدالكريم                                                                    194-186عدد خاص(:(55: 2024-مجلة العلوم الزراعية العراقية 

 لحليب المضاف اليه الريسفيراترولالحفظ بالتجميد باستعمال مخفف ا لثيران الجاموس بعد تحسين السائل المنوي
 أحمد مهدي الهلال                     طلال أنور عبد الكريم

 استاذ   باحث                                                                       
 جامعة بغداد. /قسم الإنتاج الحيواني، كلية علوم الهندسة الزراعية 

 المستخلص
مركب الريسفيراترول كمضاد اكسدة الى مخفف الحليب في بعض صفات السائل المنوي  تأثير اضافةاجريت هذه الدراسة لبيان 

ساعة وشهر وشهرين بعد الحفظ  24والتجميد لمدة  ˚م 5)التبريد عند  مختلفةلثيران الجاموس العراقي بعد الحفظ لمدد زمنية 
حزيران  1ولغاية  2020تشرين الثاني  1سنة للمدة من  4-3.5بعمر اربعة ثيران جاموس عراقي  استعمالتم  بالتجميد(.

 200 ،150 ،100، 0تجميعه وتقسيمه الى اربعة مجاميع تضمنت تراكيز مختلفة ). تم جمع السائل المنوي و 2021
 مايكرومول 150هرت مجموعة الريسفيراترول بتركيز اظ مايكرومول( من مركب الريسفيراترول تم اضافتها الى مخفف الحليب.

وتركيز مضادات الاكسدة  والغشاء البلازمي للنطف لسلامة اكروسومالنسبة المئوية  في (P≤0.01) المعنوية ةعالي زيادة
في النسبة المئوية لتشوهات النطف الكلية وضرر   (P≤0.01)انخفاض عالي المعنوية ، فضلًا عنالكلية في البلازما المنوية

مايكرومول. يمكن  150في البلازما المنوية لدى مجموعة الريسفيراترول بتركيز  الألديهايدالمادة الوراثية وتركيز المالون ثنائي 
المئوية للنطف الحية  نسبةزاد من القد مايكرومول الى مخفف الحليب  150فة مركب الريسفيراترول بتركيز االاستنتاج ان اض

المشوهة وضرر المادة الوراثية وتركيز وقلل من النسبة المئوية للنطف  في البلازما المنوية وتركيز مضادات الأكسدة الكلية
 .في البلازما المنوية للسائل المنوي لثيران الجاموس العراقي الألديهايدالمالون ثنائي 

 شكل النطف، ضرر المادة الوراثية، الجاموس.  ،مضادات أكسدة كلمات مفتاحية:
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INTRODUCTION 
Buffalo sperms are highly sensitive to the 

different stresses of cryopreservation due to 

their unique biological and physiological 

characteristics (2, 25). The plasma membrane 

of the buffalo bull's spermatozoa is rich in 

polyunsaturated fatty acids (PUFA). This 

PUFA makes the membrane detrimental to 

lipid peroxidation (34). Complementing 

exogenous antioxidants may be a practical 

strategy as opposed to all cryogenic damage 

that occurs through cryopreservation (6, 16, 

17, 30). They play a significant role in 

scavenging reactive oxygen species (ROS) 

during cryopreservation (5, 18, 23, 24, 29). 

Resveratrol (Res) is a non-flavonoid 

polyphenol found in grapes, red wine, and 

peanuts (20). It has pleiotropic effects, 

including antioxidant, anti-aging, anticancer, 

anti-inflammatory, neuroprotective, and 

cardioprotective properties (22). The effect of 

resveratrol during cryopreservation of sperm 

has been reported and achieved different 

outcomes. During the freezing of bull sperm, 

Res treatment in the cryopreservation medium 

could protect sperm motility, DNA integrity, 

and elevated mitochondrial activity (14). 

However, during the freezing of human sperm, 

the result showed that Res supplementation 

could prevent lipid damage (21) and DNA 

deterioration (7, 13) induced by sperm 

cryopreservation. In rams, the Res 

supplementation did not prevent the negative 

effect on post-thawed percentages of acrosome 

and plasma membrane integrity along with 

sperm motility (31). The milk-based extender 

was successfully used for improving Holstein 

bull’s semen supplemented with Melissa 

officinalis leaf extract (1). The possible effect 

of Res added to the milk-based extender on 

post-thawed semen characteristics of Iraqi 

buffalo bulls has not been previously reported. 

Therefore, this study aimed to explore this 

effect.  

MATERIALS AND METHODS 

Animals and semen collection: The study 

was carried out at the Artificial Insemination 

Department (AID) belonging to the 

Directorate of Animal Resource, Ministry of 

Agriculture in the Abu Ghraib region (25 km 

west of Baghdad), Iraq during the period from 

October 2020 to September 2021. Eight Iraqi 

buffalo bulls (Bubalus bubalis) were trained to 

collect semen using the artificial vagina 

method, with ages ranging between 4.5-5 years 

and a body weight ranging between 500-700 

kg/bull. All bulls were in good health, free of 

disease, and under continuous veterinary 

supervision. All animals fed 5 kg of 

concentrate diet/animal/day consisted of 35% 

barley, 33% wheat bran, 10% yellow corn, 

20% soybean meal, 0.5% limestone, and 1% 

vitamins and minerals. The crude protein 

percentage and total energy amount of the diet 

were 18% and 2164 kilocalories/kg, 

respectively. Concomitantly, the buffalo bulls 

provided 7-9 kg of hay and 40-50 kg of alfalfa 

per animal/day. Salt blocks and water were 

freely available for bulls throughout the 

experimental period.       Ejaculates were 

collected from each bull using an artificial 

vagina once a week. The ejaculates were 

pooled to eliminate variability among the 

samples. The pooled semen samples were 

immersed in a water bath at 36 ⁰C until they 

could be assessed for progressive motility of 

the sperm cells. This study was replicated five 

times for each group. 

Semen processing and treatments 

The milk-based extender was intended 

according to Paulenz et al (32). This extender 

contained 90.52 ml skim milk, 5 ml glycerol, 4 

ml egg yolk, 0.4 ml gentamicin, and 0.08 

tylosin. The extender was mixed with the 

pooled semen samples and divided into four 

parts. Three Res concentrations (100, 150, and 

200 μM) were added to the milk-based 

extender within Res-100, Res-150, and Res-

200 groups, and the milk-based extender 

served as the control (Res-0). Semen 

characteristics were investigated for different 

preservation periods (cooling at 5 ◦C, 48 h, 1 

and 2 months post-cryopreservation; PC). 

Semen in terms of sperm plasma membrane 

integrity (27), sperm acrosome integrity (8), 

sperm abnormalities (22), and DNA damage 

percentage (8, 37) were evaluated. The 

concentrations of malondialdehyde and total 

antioxidants in seminal plasma were also 

assessed according to the Abdulkareem et al 

(4) and Eidan and Khudhir (19) methods. 

Statistical analyses 

Statistical computations were carried out using 

the complete random design (CRD) to study 
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the influence of different concentrations of 

resveratrol on the studied traits in the SAS 

program (33). The statistical model for the 

analysis of variance was as follows:  

Yij = µ + Ti + Pj + eij      

Where: 

Yij = dependent variable (semen 

characteristics).   

µ= Overall mean 

Ti= Effect of resveratrol concentrations (Res-

0, Res-100, Res-150, and Res-200). 

Pj = Effect of preservation period (48 h, 1 and 

2 months PC). 

eij= error term 

Differences among means were utilizing 

Duncan
’
s multiple range test (3, 15). The Chi-

square test was used to compare different 

percentages of studied attributes. 

RESULTS AND DISCUSSION 

Percentage of plasma membrane integrity 

The Res-150 exhibited a higher (P≤0.05) 

percentage of plasma membrane integrity 

(PMI) as compared with the Res-0 at cooling 

(75.60 ± 1.56%), 48 hr. (69.60 ± 0.50%), and a 

month post-cryopreservation (PC; 64.20 ± 

1.11%) compared with the Res-0 group.  

Concomitantly, the differences among the Res-

0 group and Res-100 group on one hand, and 

Res-150 and Res-200 groups, on the other 

hand, lacked significance at similar trait and 

preservation periods (Table 1). Two months 

PC, the Res-150 group recorded a high 

(P≤0.01) percentage of PMI compared to the 

Res-0, Res-100, and Res-200 groups, which 

did not differ significantly among them (Table 

1).   A higher (P≤0.0001) PMI was noticed in 

all supplemented groups at the cooling period 

as compared with the other preservation 

periods, except for the Res-200 group, which 

did not differ significantly between the two 

mentioned periods (Table 1). Non-significant 

differences were observed in PMI between one 

and two months of PC for Res-150 and Res-

200 groups. Lesser (P≤0.0001) PMI was 

shown two months of PC compared with the 

one-month PC in the Res-0 and Res-100 

groups (Table 1). 

Table 1. Effect of adding resveratrol to milk-based extender on sperm plasma membrane 

integrity percentage of Iraqi buffalo bulls for different preservation periods (Mean ± SE). 
   Period   

                       Cooling 5
˚
 C     48h PC     1 Month PC         2 Month PC    Level of significance 

Group                                                                                                                       

 Res -0       70.00±1.22        56.60±1.16         59.00±0.89          55.40±1.07             P≤0.0001 

                              A b                   B b                    C b                    D b 

 Res -100    74.20±0.86        67.60±0.74          61.00±0.83            57.60±1.50         P≤0.0001 

                              A ab                B ab                   C ab                     D b                    

 Res -150    75.60±1.56         69.60±0.50          64.20±1.11            61.60±0.50        P≤0.0001 

                              A a                    A a                    C a                     C a 

 Res -200    71.60±2.15         66.00±1.78         61.40±1.53             57.20±1.56        P≤0.0001 

                          A ab                 B ab                    BC ab                    C b 

                         

Level of           P≤0.05              P≤0.05                 P≤0.05                  P≤0.01                -----  

significance 

Small superscripts within a similar column indicate differences and large superscripts within a similar row 

indicate differences. Res-0= Milk-based extender (control); Res-100= Resveratrol 100 μM; Res-150= Resveratrol 

150 μM; Res-200= Resveratrol 200 μM; PC= post cryopreservation 

Percentage of sperm acrosome integrity 

The differences in the percentage of acrosome 

integrity (AI) among groups lacked 

significance during the cooling period. 

However, the Res-150 recorded the highest 

numerical AI value (77.80 ± 1.90%) during the 

same period (Table 2). During 48 h PC, the 

Res-150 was superior (P≤0.02) among groups 

in AI percentage (73.60 ± 0.50%) as compared 

with the remaining groups. Non-significant 

differences were observed among Res-0, Res-

100, and Res-200 in AI value at a similar 

period (Table 2). The AI percentage increased 

(P≤0.0248) in the Res-150 group (68.30 ± 

1.15%) compared to the Res-0 during a month 

PC. Non-significant differences were noticed 

between Res-150 and Res-200 groups and 

between Res-0 and Res-100 groups for the 

same preservation period (Table 2). At two 

months PC, a higher (P≤0.0070) AI percentage 

was observed for Res-150 and Res-100 groups 

compared to the Res-0 group. Moreover, the 

differences between the Res-100 group 

compared with the Res-150 and Res-200 
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groups during similar preservation periods 

(Table 2). Concerning the effect of the 

preservation periods within one group, a 

significant decrease (P ≤ 0.0001) was observed 

for the AI percentage during 48 h PC 

compared to the cooling period in all groups 

(Table 2). Further, the AI percentage 

decreased significantly (P≤0.0001) a month 

PC for all groups compared to the cooling and 

48 h PC periods. This percentage decreased 

significantly (P ≤ 0.0001), two months PC in 

the Res-0 and Res-100 groups compared to a 

month PC period (Table 2). 

Table 2. Effect of adding resveratrol to milk-based extender on sperm acrosome integrity 

percentage of Iraqi buffalo bulls for different preservation periods (Mean ± SE). 
   Period   

                       Cooling 5
˚
 C     48 h PC      1 Month PC         2 Month PC              Level 

of 

Group                                                                                                                 significance 

 Res-0        73.80±0.80       68.60±1.16          62.40±1.02          59.00±1.14          P≤0.0001 

                              A                   B b                      C b                     D c 

 Res-100    76.20±0.73        70.20±0.73          65.40±1.6              63.00±1.30       P≤0.0001 

                              A                   B b                      C ab                    D ab                    

 Res-150    77.80±1.90         73.60±0.50          68.30±1.15           56.80±1.15      P≤0.0001 

                              A                    B a                      C a                       C a 

 Res-200    75.00±1.11         69.40±1.53         64.60±1.43            61.80±1.06      P≤0.0001 

                              A                    B b                     C ab                   C bc 

 Level of          NS                  P≤0.0213                P≤0.0248            P≤0.0070             ----- 

  significance 

Small superscripts within a similar column indicate differences and large superscripts within a similar row 

indicate differences. Res-0= Milk-based extender (control); Res-100= Resveratrol 100 μM; Res-150= Resveratrol 

150 μM; Res-200= Resveratrol 200 μM; PC= post cryopreservation. NS: Non-significant. 

Sperm total abnormalities percentage 

The percentage of total sperm abnormalities 

(TSA) decreased significantly (P≤0.01) in the 

Res-150 group during cooling (9.80 ± 0.48%) 

and 48 h PC (11.10 ± 0.50%) compared to the 

Res-0 and Res-200 groups. Concomitantly, 

this percentage decreased (P≤0.01) in the Res-

150 group (12.20 ± 0.58%) as compared with 

the other groups, a month, and two months PC 

(Table 3). The percentage of TSA increased 

obviously (P≤ 0.0001) a month and two 

months PC compared with cooling and 48 h 

PC in both Res-0 and Res-100 groups. 

Moreover, the TSA percentage increased (P≤ 

0.0001) a month and two months PC in 

comparison with the cooling period in Res-150 

and Res-200 (Table 3).  

Table 3. Effect of adding resveratrol to milk-based extender on total sperm abnormality 

percentage of Iraqi buffalo bulls for different preservation periods (Mean ± SE). 
   Period   

                       Cooling 5
˚
 C     48 h PC      1 Month PC         2 Month PC            Level of  

Group                                                                                                                         significance 

 Res -0        13.30±0.81          14.80±0.88       18.70±0.86          20.80±1.17         P≤0.0001 

                                  B a                  B a                  A a                        A a 

 Res -100     10.90±0.50        12.70±0.73        15.20±0.68             17.70±0.52          P≤0.0001 

                                 B ab                B ab                A c                         A b                    

 Res -150     9.80±0.48          11.10±0.50         12.20±0.58            14.00±0.94          P≤0.001 

                                 C b                    BC b                 AB b                    A c 

 Res -200     12.80±1.39        15.00±1.11         17.70±1.10             19.20±1.16         P≤0.001 

                                 C a                  BC a                AB a                       A ab 

 Level of         P≤0.01                P≤0.01                P≤0.001                 P≤0.001                 -----     

significance 

Small superscripts within a similar column indicate differences and large superscripts within a similar row 

indicate differences. Res-0= Milk-based extender (control); Res-100= Resveratrol 100 μM; Res-150= Resveratrol 

150 μM; Res-200= Resveratrol 200 μM; PC= post cryopreservation.  

Sperm DNA damage percentage   

The Res-150 group exhibited a lesser (P 

≤0.0005) sperm DNA damage percentage 

(2.77 %) compared to the remaining groups. 

The Res-100 group ranked second for the 

lowest percent (4.50 %), while the Res-0 and 

Res-100 groups did not differ significantly 

between them (Figure 1). Moreover, the 
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differences between Res-100 and Res-200 

lacked significance, noting the numerical 

decrease of the percent in the Res-100 group 

(Figure 1).  

 
Figure 1. Effect of adding different resveratrol concentrations to milk-based extender on 

sperm DNA damage percentage of Iraqi buffalo bulls two months’ post-cryopreservation 
Different letters indicate significant differences (P≤0.01) among groups. Res-0= Milk-based extender group 

(control); Res-100= Resveratrol 100 μM; Res-150= Resveratrol 150 μM; Res-200= Resveratrol 200 Μm 

Malondialdehyde concentration in seminal 

plasma: A significant decrease (P≤0.0001) in 

the malondialdehyde (MDA) concentration in 

the seminal plasma was observed in the Res-

150 group (0.73 μM / 106 sperm) compared to 

the Res-0, Res-100, and Res-200 groups. 

Moreover, the Res-100 and Res-200 did not 

differ significantly in MDA concentration 

(Figure 2). 

 
Figure 2. Effect of adding different resveratrol concentrations to milk-based extender on 

malondialdehyde concentration in the seminal plasma of Iraqi buffalo bulls two months’ post-

cryopreservation 
Different letters indicate significant differences (P≤0.01) among groups. Res-0= Milk-based extender group 

(control); Res-100= Resveratrol 100 μM; Res-150= Resveratrol 150 μM; Res-200= Resveratrol 200 μM 
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Total antioxidant concentrations in seminal 

plasma: Adding resveratrol with different 

concentrations (100, 150, and 200 μM) had a 

pronounced (P≤0.0001) effect on the total 

antioxidant concentrations (TAC) in the 

seminal plasma of the buffalo bulls compared 

to the Res-0 group. Further, the Res-150 and 

Res-200 groups recorded a higher (P≤ 0.0001) 

TAC in comparison with the Res-100 group 

(Figure 3). 

 
Figure 3. Effect of adding different resveratrol concentrations to milk-based extender on total 

antioxidant concentrations in the seminal plasma of Iraqi buffalo bulls two months post-

cryopreservation 
Different letters indicate significant differences (P≤0.01) among groups. Res-0= Milk-based extender group 

(control); Res-100= Resveratrol 100 μM; Res-150= Resveratrol 150 μM; Res-200= Resveratrol 200 μM 

This study is the first in Iraq and the world to 

deal with the influence of milk-based 

extenders supplemented with the Res as the 

powerful antioxidant on the semen attributes 

of Iraqi buffalo bulls. However, the previous 

attempt was carried out by adding natural 

(Melissa officinalis) and synthetic (vitamin E, 

catalase, Trolox, and vitamin C) antioxidants 

to the milk-based extender and found similar 

improvement in semen characteristics of 

Holstein bulls in Iraq (1).  A clear 

enhancement in the percentage of the integrity 

of the plasma membrane and the acrosome, as 

well as a significant decrease in the percent of 

total sperm abnormalities in the Res-150 group 

compared with the Res-0 in the different 

preservation periods, may be due to the crucial 

effect of resveratrol in maintaining cell 

viability of Bovidae sperms PC (11). Similar 

improvements in the percent of sperm cell 

individual motility and acrosome integrity of 

Iraqi buffalo bulls (Bubalus bubalis) were 

observed by adding 150 μM of resveratrol to 

soybean-lecithin extender (7). It is well-known 

that resveratrol has a high activity against free 

radicals and high polyphenol content. These 

are mainly due to its role as a reducing agent 

and a donor of hydrogen, in addition to 

containing flavonoids, which are capable of 

scavenging free radicals, and several hydroxyl 

groups through the phenol ring. This ring 

seems to enhance the antioxidant ability of the 

polyphenol molecule (36, 39, 40). The 

apparent decrease in the concentration of total 

antioxidants in the seminal plasma of the Res-

0 group and its increase in the Res-

supplemented groups to the milk-based 

extender (Figure 3) confirms the high 

oxidative stress suffered by the semen of 

buffalo bulls and the requirement of 

antioxidants supplementation to semen 

extenders, necessary to improve the quality of 

their semen. Moreover, the significant increase 

in the concentration of malondialdehyde in the 

seminal plasma of the Res-0 group and its 

decrease in the Res- supplementation groups 

(Figure 2) confirms what we mentioned above. 
Similarly, Nair et al. (31) and Kadirve et al. 

(28) found that the semen of buffalo bulls is 

more prone to oxidative damage than Holstein 

bulls. The reason behind that may be the return 

to the high contents of polyunsaturated fatty 
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acids (PUFA), leading to damage associated 

with freezing-thawing processes and a low 

conception rate. Alhelal and Abdulkareem (7) 

found similar results in Iraqi buffalo bulls 

(Bubalus bubalis) when adding Res to the 

soybean-lecithin extender.  The good results of 

the semen characteristics of the buffalo bulls 

proved the success of the milk-based extender 

as a future extender that can be relied upon 

and used successfully in artificial insemination 

centers in Iraq and the world. It is more 

successful as an extender in preserving the 

sperms of buffalo bulls (14), rams (9), and 

horses (38) compared to the Tris extender.   In 

conclusion, adding 150 μM Res to the milk 

extender can be recommended as a suitable 

supplementation for the enhancement of PC 

buffalo sperm. However, in vivo fertility trials 

are required to confirm these 

recommendations. 
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