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ABSTRACT 

This study aimed to evaluate the beneficial effect of different concentrations of butylated 

hydroxytoluene (BHT) as an antioxidant at 0.6, 2.0, and 5.0 mM in Tris-citric acid-glucose (TCG) 

extender on semen quality of Saanen bucks. During mating season (November-January), four Saanen 

bucks were used in this study. Following collection, semen was divided into two parts. The first part 

was diluted with a ratio of 1:5 in TCG solution and then washed twice by centrifugation at 3000 

rpm/10 minutes. While, the second part was left unwashed. Semen parts were re-suspended in TCG 

medium as follows: washed semen, washed semen +0.6 mM BHT, washed semen +2.0 mM BHT, 

washed semen +5.0 mM BHT, unwashed semen and unwashed semen +5.0 mM BHT. Semen straws 

were chilled at 4°C for 2 hours and then stored in liquid nitrogen. After thawing, total and progressive 

sperm motility (%), and dead spermatozoa (%) were recorded by computer-assisted semen analysis 

(CASA). The obtained results showed that addition of 2.0 mM BHT in washed semen recorded the 

highest percentages of total and progressive sperm motility and the lowest percentage of dead 

spermatozoa. The washed semen was significantly (P<0.05) higher compared to unwashed semen. In 

conclusion, BHT increased significantly (P<0.05) both sperm motility and viability percentages in 

Saanen buck semen. Also, it could be concluded that, addition of 2.0 mM of BHT was the best 

concentration to improve semen quality and sperm cryosurvival of Saanen buck semen, by acting as an 

antioxidant thereby reducing the lipid peroxidation of the sperm. 
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INTRODUCTION 

Goats are resilient animals that can adapt to 

extreme temperature and humidity conditions. 

Less input, simple management, adaptability, and 

the capacity to live and produce on limited fodder 

supplies make them popular animals in tropical 

and subtropical areas. As a result, Asia 

(particularly developing countries) may account 

for 60% of the goat population in the world 

(FAO, 2007). Caprines, in this way, play a vital 

role in improving the socio-economic standards 

of low and middle-income areas (Şengonca and 

Koşum, 2015). 

In terms of assisted reproduction technologies, 

semen cryopreservation is a valuable treatment 

tool. Although post-thawed semen offers various 

advantages in terms of reproduction, it is 

recognized that cryopreservation processes 

including cooling, freezing, and thawing cause 

major unfavorable alterations in sperm functions. 

(Colas et al., 2009 and Raheja et al., 2018). Due 

to reactive oxygen species (ROS) formation and 

thermal shock occurring to spermatozoa, the 

processes mentioned above make oxidative 

damage to the sperm membrane. It is known that 

sperm freezing and thawing not only cause 

unfavorable alterations in the composition of 

membrane lipids, the status of the acrosome, 

motile and viable spermatozoa but also make 

damage to sperm DNA (Zribi et al., 2010). 

To decrease the formation of ROS and its 

impacts, the inclusion of antioxidants in semen 

extenders has emerged as a new trend in sperm 

cryopreservation procedures. Among several 

antioxidants, butylated hydroxytoluene (BHT) 
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has been tested in different concentrations with 

success towards sperm preservation. BHT 

extremely reduces the sperm cryo-injury during 

freezing by protecting the sperm membrane for 

different species such as sheep (Farshad et al., 

2010), cattle (Patel et al., 2015), goat (Alcay et 

al., 2016; Dewry et al., 2020) and buffalo 

(Wadood et al., 2016). 

BHT is a synthetic, non-enzymatic counterpart 

of vitamin E. BHT has a variety of functions, 

including; antioxidant preservative, antiviral and 

antimicrobial agent. BHT aids in inhibiting lipid 

peroxidation in biological membranes and 

improves sperm quality (Alcay et al., 2016). The 

use of BHT as an antioxidant has been reported 

for improving the quality of frozen semen 

(Lalramdintluanga, 2012; Nain et al., 2023), 

but the effect of antioxidant depends on its 

concentration (Priyadharsini et al., 2011). To 

date, there are no previous studies about use of 

the BHT in the cryopreservation of Saanen buck 

semen. Subsequently, the present study purposed 

to assess the effect of several concentrations of 

BHT (0.6 mM, 2.0 mM, and 5.0 mM) in TCG 

based extender on cryopreservation of Saanen 

buck semen. 

 

MATERIALS AND METHODS 

1. Experimental animals 

Four healthy Saanen bucks with 1-2 years old 

and the average 50-60 kg body weight BW were 

used in this study. This study was carried out at 

the Animal Husbandry Unit, Department of 

Animal Science, Faculty of Agriculture, Ege 

University, Izmir province, Türkiye. The study 

was executed with the approval of Ege 

University, Faculty of Agriculture, Farm Animal 

Experiments Local Ethics Committee (Ethics 

committee decision with a date of 09.08.2021 and 

number of 2021/005). 

2. Feeding of animals 

The bucks were fed on 2.0 kg corn silage, 0.7 

kg alfalfa hay, 0.3 kg rice straw and 1.0 kg of 

goat milk feed (18% crude protein, 2600 kcal/kg 

ME) given daily to the bucks according to a 

feeding program applied to meet the nutritional 

requirements for the breeding of bucks. 

 

3. Collection of semen 

Semen samples of the bucks were collected 

regularly twice a week during the mating season 

(November-January 2020/2021) by using an 

artificial vagina in the presence of a female goat. 

Semen samples were transferred to the laboratory 

within one minute after collection and were 

placed in a water bath at 37°C. Semen samples 

with normal morphology and concentration 

characteristics were instantly mixed and then 

divided into two equal amounts. 

4. Extension of semen 

A Tris-citric acid-glucose (TCG) extender 

consisting of 0.3M of Tris, 94.7 mM of 

anhydrous citric acid and 27.75 mM of D (+)-

glucose was used in this study, as described by 

Salamon and Maxwell (2000). A pH of 7.25 and 

an osmolarity of 333 mOsm were adjusted to this 

solution. A final concentration of 5% glycerol, 

15% egg yolk, and 1000 IU/mL of sodium 

penicillin with 1.0 mg/mL of streptomycin sulfate 

as antibiotics were mixed with the solution. In 

this way, the solution was adjusted to 7.0-7.17 of 

pH and 1327 mOsm of osmolarity as a final 

concentration. Following collection, semen 

ejaculates were instantly mixed and then divided 

into two equal parts. One part was washed twice 

(1:5) with a solution of TCG before being 

centrifuged at 3000 rpm for 10 minutes. The 

supernatant was accurately removed to separate 

the sediment into four equal aliquots, whereas the 

other part (unwashed semen) was separated into 

two equal aliquots. 

Meanwhile, a different TCG media (5% 

glycerol and 15% egg yolk as a final 

concentration) supplemented or not with different 

concentrations of BHT, was used to re-suspend 

the 6 aliquots according to the following 

treatments: 

1) Washed semen; 

2) Washed semen + 0.6 mM of BHT; 

3) Washed semen + 2.0 mM of BHT; 
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4) Washed semen + 5.0 mM of BHT; 

5) Unwashed semen and 

6) Unwashed semen + 5.0 mM of BHT. 

 

 

5. Freezing of semen 

Semen aliquots were chilled at 4°C for 2 hours 

before freezing and then were packaged in 0.25 

ml straws with 400⨉10
6
 sperm/ml as a final 

concentration. Before being immersed in the 

liquid nitrogen for storage, straws were frozen in 

liquid nitrogen vapors for 15 minutes at 4 cm 

above the liquid nitrogen level. As mentioned by 

Khalifa et al., (2008), the different BHT 

concentrations (0.6, 2.0, and 5.0 mM) were 

dissolved in dimethyl sulfoxide (DMSO) and 

mixed to the extender. The final concentration of 

DMSO was determined at 0.25% (35.2 mM) in 

the extender. 

6. Thawing of semen 

Semen straws (0.25 ml) were kept in the liquid 

nitrogen container until the time of 

spermatological examination and liquid nitrogen 

was added to the container periodically. For 

semen analysis, a water bath was used for 

thawing the straws at 37ºC for 30 seconds as 

described by Üstüner et al., (2015) and then the 

contents were put into a dry and clean tube that 

was stored at the same temperatures for semen 

analysis. 

7. Evaluation of semen 

7.1. Sperm motility (%) 

The percentage of motile spermatozoa was 

determined by computer-assisted semen analysis 

(CASA). CASA is software used to analysis the 

semen quality in an automatic way. For motility 

determination, a drop of semen samples was put 

on a slide then a coverslip was covered on the 

semen drop and examined by an examination 

microscope with a heating table at X200 

magnification. In order to determine motility, 

evaluation was made in at least three microscope 

fields and motility was determined as the 

percentage of spermatozoa moving in a straight 

line in one direction to all spermatozoa in the 

same area. 

7.2. Sperm viability (%) 

The percentage of viable spermatozoa was 

determined by CASA. For dead spermatozoa (%) 

determination, a warm slide was used to place a 

drop of semen then a coverslip was covered on 

the semen drop and examined by an examination 

microscope with a heating table at X200 

magnification. To determine the dead 

spermatozoa percentage, evaluation was made in 

at least three microscope fields, and the 

percentage of all spermatozoa was determined 

and recorded as dead spermatozoa. 

8. Statistical analysis 

The mean values and standard errors of the 

obtained data in this study were calculated. 

Statistical analysis was made by the SAS (2000) 

program. Two-way analysis of variance 

(ANOVA) was applied to understand whether 

there was a difference between the groups. When 

a difference was found as a result of the analysis, 

Duncan's test 1955 was used to determine the 

groups that created the difference. 

The statistical model applied in the experimental 

study was as follows: 

Yijk = µ + Bi +Wj + (Bi×Wj) + Yijk 

Where, 

Yijk = the observed value of the dependent 

variable that is determined from a sample of 

spermatozoa. 

µ = the overall mean. 

Bi = the fixed effect of BHT (mM) as an 

antioxidant, i = 0.0, 0.6, 2.0, and 5.0. 

Wj = the fixed effect of washing the semen, j = 

Washed and unwashed semen. 

Bi×Wj = the interaction between BHT (mM) and 

washing of semen. 

eijk = the residual error. 

Since there were no significant differences 

among months in temperature and humidity 

values as obtained from the meteorological data 

of Izmir province, where semen collection 

process was carried out, the effect of the month 

and season was not taken into account in the 

statistical model used in the experimental study. 
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RESULTS AND DISCUSSION 

1. Total sperm motility (%) 

The percentage of total sperm motility after 

thawing is presented in Table 1. A significant 

(P<0.05) difference between BHT groups and the 

control group in both washed and unwashed 

semen treatments was observed. In washed semen 

treatment, the highest percentage of total motile 

spermatozoa was observed in the BHT group of 

2.0 mM with an average of 71.65±2.86, while the 

lowest percentage was recorded in the control 

group with an average of 48.74±1.45. Moreover, 

the difference between the washed and unwashed 

semen treatments was significant (P<0.05). The 

highest total sperm motility (%) was recorded in 

washed semen treatment with an average of 

60.72±2.17 and the lowest percentage was 

recoded in unwashed semen treatment with an 

average of 47.13±1.91. The total sperm motility 

(%) recorded in a sample of buck semen post 

thawing with 0.0, 0.6, 2.0 and 5.0 mM of BHT 

groups were 45%, 78%, 85%, and 65%, 

respectively (Fig. 1-4). 

 

 

 

Table 1. Percentage of total motile spermatozoa post thawing mean±SE) in Saanen bucks, 

supplemented with different concentrations (mM) of butylated hydroxytoluene in tris-

citric acid-glucose extender. 

 
 a-c

 Values with different superscript letters in the same column in each treatment differ significantly (P<0.05). 

 

 

 

 

 

 

 

 

 
 

 

Fig 1. A microscope field was recorded by CASA 

showing a total motility % of buck sperm with a value 

of 45% with supplementation of 0.0 mM of butylated 

hydroxytoluene post thawing. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2. A microscope field was recorded by CASA 

showing a total motility % of buck sperm with a value 

of 78% with supplementation of 0.6 mM of butylated 

hydroxytoluene post thawing. 

Treatment Group 
Number of 

ejaculates 
Total sperm motility (%) 

Washed semen 

Control              

(0 mM BHT) 
20 48.74±1.45

a
 

+ 0.6 mM BHT 20 65.43±1.53
b
 

+ 2.0 mM BHT 20 71.65±2.86
b
 

+ 5.0 mM BHT 20 57.04±2.60
c
 

General mean  60.72±2.17 

Unwashed semen 

Control              

(0 mM BHT) 
20 40.97±2.05

a
 

+ 5.0 mM BHT 20 53.28±3.44
b
 

General mean  47.13±1.91 
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Fig 3. A microscope field was recorded by CASA 

showing a total motility % of buck sperm with a value 

of 85% with supplementation of 2.0 mM of butylated 

hydroxytoluene post thawing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 4. A microscope field was recorded by CASA 

showing a total motility % of buck sperm with a value 

of 65% with supplementation of 5.0 mM of butylated 

hydroxytoluene post thawing. 

 

The obtained results agree with the results of 

Dewry et al. (2015) where sperm motility (%) 

was extremely higher in Tris extender that 

containing a concentration of 2.0 mM of vitamin 

E than that containing 0.0, 5.0 and 7.0 mM of 

vitamin E after equilibration and freezing of buck 

semen. While, it was lower than control in both 

of 5.0 and 7.0 mM of vitamin E. A similar trend 

was reported by Dewry et al. (2020) in buck 

semen. A significant improvement in sperm 

motility was also observed by Saraswat et al. 

(2012) in post-thawed semen of buck with 3.5 

and 4.5 mM of vitamin E. Otherwise, Iqbal et al. 

(2015) stated that BHT inclusions negatively 

affected sperm motility where the highest sperm 

motility was reached in 0.0 mM BHT group. 

However, this difference was insignificant in 

progressive motility after thawing. 

In a similar study, Akeel et al. (2011) showed 

that sperm motility was extremely higher in all 

treated BHT groups (0.5, 1.0, 2.0, and 3.0 mM) 

where BHT addition with a concentration of 2.0 

mM to the semen extender of Boer buck showed 

a general enhancement in semen properties than 

other groups. According to Khalifa et al. (2008) 

who stated that the mean percentages of post-

thawed motile spermatozoa treated with a BHT 

concentration of 0.6 mM were considerably 

greater than that of the control and sperm treated 

with BHT concentrations of 0.3 or 0.9 mM in 

buck semen. Besides, the addition of extenders to 

an egg yolk-based medium with a BHT 

concentration of 5.0 mM caused a significant 

increase in sperm motility after thawing. Similar 

results were obtained by Toker and Dogan 

(2023) in ram semen and Nain et al. (2023) in 

buffalo semen. Moreover, Palomo et al. (2017) 

showed that preserved sperm after washing in an 

extender containing a BHT concentration of 5.0 

mM had greater values of sperm kinetic 

characteristics than the control group. 

2. Progressive sperm motility (%) 

The percentage of progressive motility post 

thawing is presented in Table 2. A significant 

(P<0.05) difference between BHT groups and the 

control group in washed and unwashed semen 

treatments was observed. In washed semen 

treatment, the highest percentage of progressive 

motile spermatozoa was recorded in the BHT 

group of 2.0 mM with an average of 42.44±5.29, 

while the lowest percentage was recorded in the 

control group with an average of 22.45±4.41. 

Moreover, the difference between the washed and 

unwashed semen treatments was significant 

(P<0.05). The highest progressive motile 

spermatozoa (%) was recorded in washed semen 

treatment with an average of 31.62±1.34 and the 

lowest percentage was recoded in unwashed 

semen treatment with an average of 24.62±1.28. 
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Table 2. Percentage of progressive motile spermatozoa post thawing mean±SE) in Saanen 

bucks, supplemented with different concentrations (mM) of butylated hydroxytoluene 

in tris-citric acid-glucose extender. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a-b
 Values with different superscript letters in the same column in each treatment differ significantly (P<0.05). 

 

A similar result was observed by Akhil et al. 

(2015) in Hariana bull spermatozoa where the 

progressive sperm motility was considerably 

greater in both 0.5 and 1.0 mM of BHT groups 

than that in the control group. Mean while, better 

results were reported in the group of 1.0 mM 

BHT at all three stages of processing (The first 

ranged from 4 to -10°C at 5°C/min, the second 

ranged from -10 to -100°C at 40°C/min, and the 

third ranged from -100 to -140°C at 20°C/min). 

Moreover, Mostafa et al., (2019) showed that 

progressive motility was extremely increased, 

with better results achieved using BHT 

concentrations of 1.0 and 1.5 mM in Tris-citrate-

fructose (TCF) extender than the control group in 

buffalo semen. 

The differences observed in sperm motility 

after thawing may be due to the separation of 

seminal plasma, the difference in the amount and 

proportions of the extenders used in the freezing 

process and the components contained in the 

extenders. In addition, it may depend on the 

differences in the technique applied in semen 

extension and preservation, changes in thawing 

time and temperature, and the person or device 

performing the analysis. Species, seasonal and 

individual differences may also cause a difference 

in sperm motility rates (Kulaksız, 2009). 

 

 

3. Dead spermatozoa (%) 

The percentage of dead spermatozoa post 

thawing is presented in Table 3. A significant 

(P<0.05) difference between BHT groups and the 

control group in both washed and unwashed 

semen treatments was observed. In washed semen 

treatment, the lowest percentage of dead 

spermatozoa was recorded in the 2.0 mM of BHT 

group with an average of 28.34±2.86, while the 

highest percentage was recorded in the control 

group with an average of 51.25±1.45. Moreover, 

the difference between the washed and unwashed 

semen treatments was significant (P<0.05). The 

lowest percentage of dead spermatozoa was 

recorded in washed semen treatment with an 

average of 39.28±2.17, while the highest 

percentage was recoded in unwashed semen 

treatment with an average of 52.87±1.91. 

The obtained results are in agreement with 

Dewry et al., (2015) who showed that viable 

spermatozoa (%) were considerably higher in 

TCG extender which contained 2.0 mM of 

vitamin E than that containing 0.0, 5.0 and 7.0 

Treatment Group 
Number of 

ejaculates 
Progressive sperm motility (%) 

Washed semen 

Control                 

(0 mM BHT) 
20 22.45±4.41

a
 

+ 0.6 mM BHT 20 38.12±4.92
b
 

+ 2.0 mM BHT 20 42,44±5.29
b
 

+ 5.0 mM BHT 20 23.46±2.37
a
 

General mean  31.62±1.34 

Unwashed 

semen 

Control                 

(0 mM BHT) 
20 20.62±2.66

a
 

+ 5.0 mM BHT 20 28.62±2.52
b
 

General mean  24.62±1.28 
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mM of vitamin E after equilibration and freezing 

of buck semen. While, it was lower than the 

control group in both of 5.0 and 7.0 mM of 

vitamin E. Similar results were reported by 

Lalramdintluanga (2012) and Dewry et al., 

(2020) in buck semen. Moreover, Akeel et al., 

(2011) reported that viable spermatozoa (%) was 

extremely high in all treated BHT groups (0.5, 

1.0, 2.0, and 3.0 mM) in Boer goat semen, where 

semen properties were considerably improved by 

addition of 2.0 mM of BHT to the semen 

extender when compared to the other treatments. 

According to Khalifa et al. (2008), sperm 

viability was considerably improved by 

increasing BHT concentrations from 0.6 to 5.0 

mM in semen extender of Damascus bucks. 

 

Table 3. Percentage of dead spermatozoa post thawing mean±SE in Saanen bucks, 

supplemented with different concentrations (mM) of butylated hydroxytoluene in tris-

citric acid-glucose extender. 

 

 

a-c
 Values with different superscript letters in the same column in each treatment differ significantly (P<0.05). 

 

According to Mostafa et al., (2019) viable 

spermatozoa (%) was extremely high in 1.0 and 

1.5 mM/mL of BHT groups than the control 

group in buffalo semen stored in TCF extender. A 

similar result was obtained by Wadood et al. 

(2016) who recorded greater spermatozoa 

viability at 2.0 mM of BHT than other groups and 

lower spermatozoa viability at 2.25 mM of BHT 

than 1.75 and 2.0 mM of BHT as a result of 

internal organelles damage at high levels of BHT. 

Furthermore, Palomo et al. (2017) showed that 

the lowest sperm viability was observed in 

unwashed semen without antioxidants in ram 

semen, while the highest percentage was 

determined in washed semen stored in an 

extender with 5.0 mM of BHT. A similar trend 

was also reported by Bello et al. (2022) in buck 

semen and Nain et al. (2023) in buffalo semen. 

To describe the mechanism of BHT protection 

during cryopreservation, many authors presented 

a range of hypotheses and speculations.  

According to Hammerstedt et al. (1976), 

BHT possesses antiviral and antimicrobial 

activity thus it can inhibit lipid-containing viruses 

and microbes. In addition, as a phenolic 

antioxidant, BHT is absorbed into sperm 

membranes, reducing membrane lipid viscosity. 

This could suggest an increase in the fluidity of 

lipids at low temperatures, which would inhibit or 

significantly minimize the alterations of 

permeability in the membrane of sperm plasma 

during the cold-shock of the cells. Aitken (1995) 

hypothesized that BHT acts as an oxygen free 

radical scavenger in the extender and sperm, 

hence minimizing the damage occurring to the 

characteristics of sperm. On the other hand, this 

Treatment Group 
Number of 

ejaculates 

Dead spermatozoa 

(%) 

Washed semen 

Control                          

(0 mM BHT) 
20 51.25±1.45

a
 

+ 0.6 mM BHT 20 34.56±1.53
b
 

+ 2.0 mM BHT 20 28.34±2.86
b
 

+ 5.0 mM BHT 20 42.95±2.60
c
 

General mean  39.28±2.17 

Unwashed semen 

Control                        

(0 mM BHT) 
20 59.02±2.05

a
 

+ 5.0 mM BHT 20 46.71±3.44
b
 

General mean  52.87±1.91 
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study showed that washing semen by 

centrifugation had a beneficial effect on 

cryopreservation of buck semen. This may be due 

to that the technique used for washing semen by 

centrifugation may eliminate the percentages of 

damaged or dead spermatozoa (Cebrián et al., 

2010). 

CONCLUSION 

In conclusion, BHT significantly improved the 

semen quality of Saanen buck. The concentration 

of BHT ranging from 0.6 to 2.0 mM/mL could be 

the optimal concentration for freezing semen in 

Saanen bucks. The highest percentages of motile 

and viable spermatozoa were recorded in washed 

post-thawed semen stored in Tris-citric acid-

glucose extender with 2 mM of BHT than other 

groups. Consequently, it could be recommended 

to add 2.0 mM of BHT in the semen extender of 

Saanen buck to improve the quality of 

cryopreserved semen in an egg yolk-based 

medium. Also, washing sperm by initial 

centrifugation of semen could be recommended 

to improve sperm cryosurvival in Saanen bucks. 

However, further studies are needed on the use of 

in-vitro or in-vivo fertilization to affirm the 

prevailing results. 
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 الولخص العزبً

الوجوذ بعذ الإسالت تأثُز إضافت البُىتُل هُذروكسٍ تىلىَن علً جىدة السائل الونىٌ 

 لذكىر هاعز السانُن

 أحوذ فتحً سعىدي ، عصام عوز سُف النصز

 قسن بحىث الأغنام والواعز، هعهذ بحىث الإنتاج الحُىانً، هزكز البحىث الزراعُت، جُزة، هصز

 

مَضبد ( BHTٕذفج ٕزٓ اىذساست إىٚ حقٌٞٞ اىخأثٞش اىَفٞذ ىخشمٞضاث ٍخخيفت ٍِ اىبٞ٘حٞو ٕٞذسٗمسٜ ح٘ىِ٘ٝ )

( عيٚ خ٘دة اىسبئو اىَْ٘ٛ ىزم٘س TCGٍيٜ ٍ٘ه فٜ ٍخفف اىخشٝس ) 0.6،  0.6،  6.0ىلأمسذة عْذ حشمٞضاث 

ْٝبٝش(.  -ٍبعض اىسبِّٞ. حٌ فٚ ٕزٓ اىذساست إسخخذاً أسبعت رم٘س ٍِ ٍبعض اىسبِّٞ خلاه ٍ٘سٌ اىخضاٗج )ّ٘فَبش

ثٌ حٌ غسئ  TCGفٜ ٍحي٘ه  5:0اىدضء الأٗه بْسبت عقب اىدَع، حٌ حقسٌٞ اىسبئو اىَْ٘ٛ إىٚ قسَِٞ. حٌ حخفٞف 

دقبئق. بَْٞب حشك اىدضء اىثبّٜ بذُٗ غسٞو. حٌ  56دٗسة / اىذقٞقت ىَذة  0666ٍشحِٞ ببىطشد اىَشمضٛ بسشعت 

عيٚ اىْح٘ اىخبىٜ: اىسبئو اىَْ٘ٛ اىَغس٘ه، اىسبئو اىَْ٘ٛ  TCGإعبدة حخفٞف أخضاء اىسبئو اىَْ٘ٛ فٜ ٗسط 

 0.6، اىسبئو اىَْ٘ٛ اىَغس٘ه +BHTٍيٜ ٍ٘ه  0.6، اىسبئو اىَْ٘ٛ اىَغس٘ه +BHTٍيٜ ٍ٘ه  6.0اىَغس٘ه +

. حٌ حبشٝذ BHTٍيٜ ٍ٘ه  0.6، اىسبئو اىَْ٘ٛ غٞش اىَغس٘ه، اىسبئو اىَْ٘ٛ غٞش اىَغس٘ه +BHTٍيٜ ٍ٘ه 

عذ الإسبىت، حٌ حسدٞو دسخبث ٍئ٘ٝت ىَذة سبعخِٞ ثٌ حخضْٖٝب فٜ اىْٞخشٗخِٞ اىسبئو. ب 4قشبث اىسبئو اىَْ٘ٛ عْذ 

صفبث اىسبئو اىَْ٘ٙ ٍِ اىحشمت اىنيٞت ٗاىخقذٍٞت ىيحٞ٘اّبث اىَْ٘ٝت )%( ٗاىحٞ٘اّبث اىَْ٘ٝت اىَٞخت )%( ب٘اسطت 

(. أظٖشث اىْخبئح اىخٜ حٌ اىحص٘ه عيٖٞب أُ إضبفت CASAىٚ )ٟبشّبٍح ححيٞو اىسبئو اىَْ٘ٛ ٍِ خلاه اىحبسب ا

ىَْ٘ٛ اىَغس٘ه سديج أعيٚ اىْسب اىَئ٘ٝت ىيحشمت اىنيٞت ٗاىخقذٍٞت فٜ اىسبئو ا BHTٍييٜ ٍ٘ه ٍِ  0.6

ىيحٞ٘اّبث اىَْ٘ٝت ٗأقو ّسبت ٍئ٘ٝت ىيحٞ٘اّبث اىَْ٘ٝت اىَٞخت. مبُ اىسبئو اىَْ٘ٛ اىَغس٘ه أفضو بشنو ٍيح٘ظ 

(P<0.05 ٍقبسّت ببىسبئو اىَْ٘ٛ غٞش اىَغس٘ه. اىخلاصت، أدث إضبفت )BHT إىٚ ٍخفف اىسبئو اىَْ٘ٙ إى ٚ

( فٜ مو ٍِ ّسبت حشمت اىحٞ٘اّبث اىَْ٘ٝت ٗقببيٞخٖب ىيحٞبة فٜ اىسبئو اىَْ٘ٛ ىزم٘س P<0.05صٝبدة ٍعْ٘ٝت )

ٝعخبش اىخشمٞض الأٍثو ىخحسِٞ خ٘دة اىسبئو اىَْ٘ٛ ٗصٝبدة بقبء  BHTٍييٜ ٍ٘ه ٍِ  0.6اىسبِّٞ. مزىل فإُ إضبفت 

ٍِ خلاه اىعَو مَضبد ىلأمسذة ٗببىخبىٜ حقيٞو بٞشٗمسٞذ اىحٞ٘اّبث اىَْ٘ٝت ببىخدَٞذ ىزم٘س ٍبعض اىسبِّٞ، ٗرىل 

 اىذُٕ٘ فٜ اىحٞ٘اّبث اىَْ٘ٝت.

 


