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INTRODUCTION

Gaga chicken is native to Indonesia, with a unique 
sound, originating from Sidenreng Rappang 

Regency, South Sulawesi Province (Bugiwati and Ashari, 
2013). This distinctive sound resembling laughter makes 
chicken widely kept by hobbyists to take part in contests. 

The judging criteria in the contest usually include the 
sound craft and duration. However, not all Gaga chicken 
have a voice that meets the desired criteria, leading to a 
significantly high selling price for those with the required 
voice and long duration. This phenomenon requires the 
careful selection of male Gaga chicken with good voices and 
efforts to obtain offspring through artificial insemination 
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technology for optimal use of males.

Artificial insemination of chicken increases production 
and profits, serving as a solution to address the problem 
of increasing demand for poultry (Akinsola et al., 2020). 
AI is beneficial for the poultry industry and breeding 
programs due to the ability to efficiently use superior male 
chickens for mating with multiple females (Bekele et al., 
2023). However, the success of insemination depends 
on the quality of the sperm inseminated, as high-quality 
sperm will increase fertility, enhancing the amount of 
DOC produced. Examples of quality that can be evaluated 
are sperm motility, viability, plasma membrane integrity, 
and acrosome integrity. Sperm motility and viability are 
positively correlated with chicken sperm fertility (Tesfay et 
al., 2020). The acrosome, containing proteolytic enzymes, 
plays an important role in the fertilization process 
(Ahammad et al., 2013; Mocé et al., 2010). The process 
of liquid semen preservation is carried out to use superior 
male chicken to mate with females through artificial 
insemination across different places and times.

The practice of preserving semen in liquid form at cold 
temperatures aims to reduce metabolism for longer survival 
of spermatozoa (Heydari et al., 2021; Gibb and Aitken, 
2016). However, the quality of spermatozoa decreases 
during storage due to lipid peroxidation resulting from the 
formation of reactive oxygen species. Lipid peroxidation is 
a process where free radicals attack lipids containing double 
bonds, specifically polyunsaturated fatty acids included 
in the abstraction of hydrogen from carbon, leading 
to the insertion of oxygen (Yin et al., 2011). Chicken 
spermatozoa cell membranes are often vulnerable to this 
phenomenon due to the abundance of polyunsaturated 
fatty acids (Mussa et al., 2021). Semen preservation can 
disrupt several functions, resulting in fatal damage to 
sperm (Partyka and Niżański, 2022). Moreover, liquid 
storage of poultry semen has a negative impact on motility 
and viability, leading to reduced sperm fertilization ability 
(Partyka et al., 2015). Lemoine et al. (2011) reported that 
the number of intact acrosome-reacting chicken sperm was 
significantly decreased by 48 h liquid storage. To address 
this decline in the quality during storage, previous study 
has explored the addition of antioxidants in the diluent 
(Partyka et al., 2015; Masoudi et al., 2019; Fattah et al., 
2017).

BHT also known as dibutylhydroxytoluene is a non-
enzymatic, synthetic analogue of vitamin E (Bello et al., 
2020). Furthermore, it is an antioxidant classified as a 
synthetic phenolic compound (Yehye et al., 2015), which 
can effectively inhibit the formation of active free radicals 
and lipid peroxidation (Huo et al., 2022; Dassarma et al., 
2018). BHT has been reported to have positive effects 
on mammalian spermatozoa (Seifi-Jamadi et al., 2016; 

Asadpour and Tayefi-Nasrabadi, 2012; Sun et al., 2020; 
Jara et al., 2019). In poultry, particularly turkeys, the 
addition of 0.02-1.25 mM BHT can increase spermatozoa 
viability, and membrane integrity and prevent a decrease 
in motility in spermatozoa stored at 5 °C for 48 hours 
(Donoghue and Donoghue, 1997). The addition of BHT 
has not been reported in chicken semen stored in liquid 
form. Consequently, the aim of this study was to examine 
the effect of adding BHT in the diluent and storage time 
on the quality of Gaga chicken sperm during liquid storage.

MATERIALS AND METHODS

Farm management and semen collection
A total of five male Gaga chicken aged 10 months were 
kept in individual drums measuring 55 x 60 x 60 cm3. 
Commercial feed with a crude protein content of 17%, 
crude fat 3%, crude fiber 7%, and ash content 14% was given 
100 grams per day, and drinking water was administered 
ad libitum. Semen was collected three times a week 
using a massage technique based on Burrows and Quinn 
(1937). The semen was collected using a small funnel and 
microtube, which was taken to the laboratory.

Evaluation of the fresh semen
Fresh semen samples were evaluated macroscopically 
(volume, color, concistency, and pH) and macroscopically 
(sperm mass movement, motility, viability, abnormality, 
and concentration). Subsequently, observation of mass 
movement was carried out by dripping semen onto a glass 
object and observed under a microscope (Olympius CX23, 
Japan) with 10x magnification. Sperm abnormalities were 
observed by eosin-nigrosin staining using a microscope 
with 40x magnification. The procedure for calculating the 
concentration of spermatozoa was carried out by diluting 
the semen with 3% NaCl (1:500) and dropping it into a 
Neubaeur chamber, which was continued on a microscope 
with 10x magnification.

Diluent preparation
The basic diluent used was ringer lactate (PT. Widatra 
Bakti, Indonesia) with a composition of 3 g sodium 
chloride, 1.55 g sodium lactate, 0.1 g calcium chloride, 
and 0.15 g potassium chloride in 500 mL sterile water, 
supplemented with 10% egg yolk. The basic diluent was 
centrifuged at 3000 rpm for 15 minutes and 1000 IU/ml 
penicillin (PT. Meiji, Indonesia), 1 mg/ml streptomycin 
(PT. Meiji, Indonesia) were added to the supernatant and 
the pH of the diluent was adjusted to 7.4. The diluent was 
divided into four tubes and treated with the addition of 
BHT (Merck KGaA, Germany) at concentrations of 1 
mM, 2 mM, and 3 mM respectively, while the treatment 
without BHT was used as a control. The osmolarity of the 
control diluent was 266 mOsmol/kg, the diluent added 



Advances in Animal and Veterinary Sciences

February 2024 | Volume 12 | Issue 2 | Page 373

with 1 mM, 2 mM, and 3 mM BHT had an osmolarity of 
267 mOsmol/kg, 267 mOsmol/kg, and 268 mOsmol/kg, 
respectively.

Semen dilution and storage
Fresh semen was diluted in a ratio of 1:5 using a retailer 
according to treatment. Liquid semen was stored in 
microtubes and placed in a refrigerator at 5°C for 72 hours 
and evaluated every 24 hours.

Evaluation of semen parameters during storage
Sperm motility, viability, membrane integrity, acrosome 
integrity and semen pH were evaluated in the four 
treatments every 24 hours for a maximum of 72 hours. 
Sperm DNA damage and mitochondrial activity were 
evaluated in two treatments, namely the control and the 
best BHT concentration, every 24 hours with a maximum 
of 72 hours of storage. MDA concentration was measured 
in the control treatment and the best BHT concentration 
was stored for 24 and 48 hours.
1.	 Motility was subjectively evaluated in five fields of 

view based on the percentage of moving sperm using a 
light microscope with 40x magnification.

2.	 Viability assessment was carried out using the semen 
smear method with eosin-nigrosin stain (Agarwal et 
al., 2016) and observed under a light microscope at 40x 
magnification in 10 fields of view. Live spermatozoa 
were characterized by not absorbing color, while dead 
spermatozoa absorb color (Figure 1 left).

Figure 1: Evaluation of chicken sperm viability using 
eosin-nigrosin staining. a: dead sperm, b: alive sperm) 
(left), and evaluation of DNA damage in chicken sperm 
using toluidine blue staining (c: damaged DNA, d: intact 
DNA) (right).

3.	 Plasma membrane integrity was evaluated using the 
hypoosmotic swelling test (HOST) method. A 10 µl 
of semen diluted in a hypoosmotic solution with a 
composition of 0.49 g sodium citrate and 0.9 g fructose 
plus 100 μl of distilled water, incubated for 30 minutes 
at 37 °C (Mehdipour et al., 2016; Najafi et al., 2019). 
The semen was smeared on a glass object with an eosin-
nigrosin stain. Subsequently, sperm were observed in 
10 fields of view using a light microscope with 40 x 

magnification. The identification of spermatozoa with 
intact plasma membranes followed the description 
of Santiago-Moreno et al. (2009), which included a 
bent tail, a folded tail tip, a bent middle part, and a 
shortened, thickened tail (Figure 2 left).

Figure 2: Evaluation of plasma membrane integrity of 
chicken sperm using HOST (left: intact plasma membrane, 
right: damaged plasma membrane).

4.	 The integrity of the acrosome was assessed using 
Coomassie brilliant blue (CBB) staining. The semen 
was diluted with 5% formalin (1:1), spread thinly on 
a glass object, and air-dried. The preparations were 
fixed in a 5% formalin solution for 30 minutes at 37oC, 
rinsed with running water, and air dried. The staining 
procedure was based on Silyukova et al. (2022), which 
included immersing the semen for 5 minutes in a 
staining jar containing a solution with a composition 
of 0.25% Coomassie Brilliant Blue R 250 (Merck 
KGaA, Germany) in a 10% glacial acetic acid and 25% 
methanol. Subsequently, the preparations were rinsed 
with running water, air dried, dripped with immersion 
oil, and observed under a light microscope with 100x 
magnification in 5-6 fields of view. The acrosomes of 
intact sperm were dark blue, while the damaged or less 
colored ones were identified (Figure 3).

Figure 3: Evaluation of acrosome integrity of chicken 
sperm using coomassie brilliant blue staining (left: intact 
acrosome, right: damaged acrosome).

5.	 For DNA damage assessment, the toluidine blue 
staining method was used. The semen used was spread 
thinly on a glass object and air-dried. The preparations 
were fixed in 96% ethanol-acetone (1:1) solution for 30 
minutes at 4°C, removed, air dried, and hydrolyzed in 
0.1 N HCI solution for 5 minutes at 4°C. Subsequently, 
the preparations were washed using running water 
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3 times. Staining was carried out by dripping with 
toluidine blue O solution (Merck KGaA, Germany), 
left for 10 minutes at room temperature, washing 
with running water, and air dried. The preparations 
were observed using a light microscope with 40X 
magnification. Identification was carried out on 
spermatozoa heads with good chromatin integrity, 
appearing as bright blue or clear, while those with dark 
blue or purple were reduced (Rui et al., 2017) (Figure 
1 right).

6.	 Mitochondrial activity was assessed using 
3,3’-Diaminobenzidine (DAB) assay (Sigma-Aldrich, 
US). Semen was diluted (1:1) in DAB solution (DAB 1 
mg/ml Phoshpate Buffer Saline) and incubated in the 
dark for 1 hour at 37 °C. The 10 μl of semen was then 
spread on a glass object and air-dried. The preparations 
were fixed in 10% formalin for 10 minutes, washed 
with running water, and air dried. A total of 100 
spermatozoa cells were counted on a light microscope 
at 100x magnification with an oil immersion drop. 
Sperm were classified into four categories, namely 
all active mitochondria (DAB I marker: 100% of 
the middle piece stained), moderate active (DAB II 
marker: more than 50% of the middle piece stained), 
mostly inactive (DAB III marker: less than 50% of 
the middle piece stained) and all mitochondria were 
inactive (DAB IV marker: No staining in the middle 
piece) (Rui et al., 2017) (Figure 6). 

7.	 MDA measurements used the thiobarbituric acid 
reaction, based on the method of Eslami et al. (2016) 
with minor modifications. The semen was added to a 
thiobarbituric solution and distilled water in a tube. The 
tube was heated in water at a temperature of 100 oC for 
30 minutes and centrifuged for 10 minutes at a speed 
of 4000 rpm. The absorbance of the top layer was read 
at a wavelength of 532 nm using a spectrophotometer 
(Shimadzu UV-1800, Japan). 

Figure 4: DNA damage of Gaga chicken sperm with the 
addition of BHT 3 mM in diluent during cold storage (%) 
(n=10).

Figure 5: Mitochondrial activity of Gaga chicken sperm 
with the addition of BHT 3 mM in diluent during cold 
storage (%) (n=10).

Statistical analysis
Evaluation of liquid semen was repeated ten times and the 
study data were tested for normality using the Shapiro-
Wilk test. Motility, viability, plasma membrane integrity, 
and acrosome cap integrity were tested by ANOVA. 
When the p-value was significant (P≤0.05), the analysis 
proceeded with the Duncan multiple-range test. Semen 
pH data at each storage time was tested by Kruskal Wallis. 
Subsequently, data on DNA damage, mitochondrial 
activity, and MDA at each storage time were tested by 
independent sample t-test. All statistical analysts used the 
SPSS 25 application.

RESULT AND DISCUSSION

Characteristics of fresh semen
The results of the study show that macroscopically, Gaga 
chicken semen has a volume of 0.14 ml, milky white 
color, thick, and a pH of 8.18. Macroscopically, Gaga 
chicken sperm concentrate 2.39 billion/ml, motility 86%, 
viability 98.13%, plasma membrane integrity 97.62% and 
abnormalities 12.62% (Table 1).

Table 1: Fresh semen characteristics of Gaga chicken 
sperm.
Variable Mean ±SEM
Volume (ml) 0.14±0.02
Color Milky
Consistency Thick
pH 8.18±0.14
Sperm concentration (109 /ml) 2.39±0.25
Mass movement ++/+++
Motility (%) 86±2.45
Viability (%) 98.13±0.39
Plasma membrane integrity (%) 97.63±0.48
Abnormality (%) 12.62±1.31
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Characteristics of liquid semen during storage
Motility: The motility of Gaga chicken sperm was 
significantly different (P<0.01) with the addition of 
various concentrations of BHT. The addition of 2-3 mM 
BHT increased motility with the best concentration being 
3 mM (59.80%). Sperm motility also differed significantly 
(P<0.01) between storage times, where the longer storage, 
resulted in lower motility. Meanwhile, the interaction 
between the two factors was not significantly different 
(P>0.05) (Table 2).

Viability: Significant differences (P<0.01) were found in 
chicken sperm viability with different BHT concentrations. 
BHT concentration of 2-3 mM increased sperm viability, 
where the best concentration is 3 mM (90.18%). A 
significant difference was also observed in viability (P<0.01) 
between storage times, with the longer storage resulting in 
decreased viability, indicating insignificant variation in the 
interaction between the two factors (Table 3).

Plasma membrane integrity: The plasma membrane 
integrity (PMI) of Gaga chicken sperm was significantly 
different (P<0.01) with the addition of various 
concentrations of BHT. The addition of 1-3 mM BHT 
increased PMI, where the best concentration is 2-3 mM 
(88.44-90.90%). The differences in PMI were also found 
between storage times, where longer storage caused a 
decrease in PMI. Meanwhile, the interaction between the 
two factors was not significantly different (Table 4).

Acrosome integrity: The acrosome integrity of Gaga 
chicken sperm was significantly different (P<0.05) 
with the addition of various concentrations of BHT. 
The addition of 1 and 3 mM BHT increased acrosome 
integrity (98.26-98.30%). Acrosome integrity also varied 
significantly (P<0.01) between storage times, with longer 
storage decreasing acrosome integrity. Meanwhile, there 
was no significant effect (P>0.05) on the interaction of the 
two treatment factors (Table 5).

Table 2: Motility of Gaga chicken sperm with the addition of BHT in diluent during cold storage (%) (n=10)
Treatment Storage time (h) Mean

0 24 48 72
Control 81.10±1.06 57.60±1.24 46.50±1.12 38.70±1.31 55.97a

BHT 1 mM 81.90±1.05 58.40±1.28 49.10±1.27 40.70±1.03 57.52ab

BHT 2 mM 82.20±1.09 58.40±1.81 50.90±1.44 42.50±1.12 58.50bc

BHT 3 mM 83.70±1.08 60.20±1.69 52.10±1.12 48.20±1.02 59.80c

Mean 82.22A 58.65B 49.65C 41.27D

Note: different superscripts in the same column and row indicate significant differences (P<0.01).

Table 3: Viability of Gaga chicken sperm with the addition of BHT in diluent during cold storage (%) (n=10).
Treatment Storage time (h) Mean

0 24 48 72
Control 95.50±0.82 86.98±1.87 77.56±2.56 65.85±4.13 81.47a

BHT 1 mM 96.56±0.70 88.72±2.01 80.86±2.63 69.80±3.66 83.98ab

BHT 2 mM 97.22±0.58 89.91±2.05 83.71±2.55 71.67±3.58 85.63b

BHT 3 mM 97.70±0.55 93.55±2.20 87.96±2.47 83.49±2.66 90.18c

Mean 96.74A 89.29B 82.52C 72.70D

Note: different superscripts in the same column and row indicate significant differences (P<0.01).

Table 4: Plasma membrane integrity of Gaga chicken sperm with the addition of BHT in diluent during cold storage 
(%) (n=10).
Treatment Storage time (h) Mean

0 24 48 72
Control 96.23±0.61 88.51±1.54 79.74±1.86 70.13±2.74 83.65a

BHT 1 mM 96.92±0.58 89.84±1.44 84.85±1.93 74.26±3.16 86.46b

BHT 2 mM 97.47±0.57 91.32±1.31 86.09±1.83 78.89±2.90 88.44bc

BHT 3 mM 97.76±0.42 92.71±1.40 89.12±2.06 84.01±2.34 90.90c

Mean 97.09A 90.59B 84.95C 76.82D

Note: different superscripts in the same column and row indicate significant differences (P<0.01).
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Table 5: Acrosome integrity of Gaga chicken sperm with the addition of BHT in diluent during cold storage (%) (n=10).
Treatment Storage time (h) Mean

0 24 48 72
Control 99.37±0.16 98.57±0.22 97.19±0.47 95.15±0.77 97.57a

BHT 1 mM 99.43±0.19 98.87±0.21 97.83±0.52 96.92±0.52 98.26b

BHT 2 mM 99.50±0.18 98.94±0.18 98.03±0.44 95.76±0.71 98.06ab

BHT 3 mM 99.48±0.16 98.93±0.17 98.04±0.31 96.77±0.30 98.30b

Mean 99.44A 98.83B 97.77C 96.15D

Note: different superscripts in the same column indicate significant differences (P<0.05), different superscripts in the same row 
indicate highly significant differences (P<0.01).

DNA damage: DNA damage was significantly different 
(P<0.05) at 24, 48, and 72 hours of storage. The addition 
of 3 mM BHT reduced DNA damage when compared 
to without BHT (control) at 24 hours (4.28 vs 6.39%), 
48 hours (5.99 vs 8.36%), and 72 hours (7.75 vs 10.78%) 
storage (Figure 4).

Mitochondrial activity: Mitochondria that were 100% 
active (DAB I) had the highest percentage across 
all treatments and inactive mitochondria (DAB IV) 
constituted the lowest percentage. The addition of 3 mM 
BHT significantly increased (P<0.01) the percentage of 
DAB I (80.61%) and decreased DAB III (4.65%) at 24 
hours of storage. Furthermore, at 72 hours of storage, 
the addition of 3 mM BHT significantly also increased 
(P<0.05) the percentage of DAB I (62.19%) (Figure 5).

Figure 6: Evaluation of mitochondrial activity of chicken 
sperm using DAB assay.

MDA: MDA levels were significantly lower (P=0.05) in 
the treatment with the addition of 3 mM BHT (1.7 μM) 
compared to the control (2.1 μM) at 24 hours of storage. 
Meanwhile, storage for 48 hours was not significantly 
(P>0.05) different with a range of 1.75-2.15 μM (Figure 7).

pH: The pH of Gaga chicken semen remained consistent 
across various BHT concentrations at each storage time. 
The pH of semen at 0 and 72 hours of storage was 7.52-
7.55 and 6.87-7.01, respectively (Figure 8).

Figure 7: MDA levels of Gaga chicken semn with the 
addition of BHT 3 mM in diluent during cold storage 
(n=10).

Figure 8: pH of Gaga chicken semen with the addition of 
in diluent during cold storage (n=10).

Storage of Gaga chicken spermatozoa significantly 
reduced motility, viability, and plasma membrane integrity 
due to the formation of free radicals in the form of ROS 
during storage. A decrease in spermatozoa viability was in 
line with an increase in ROS produced from spermatozoa 
metabolism (Parodi, 2014). Juan et al. (2021) stated that 
cell membranes were sensitive to damage due to the 
presence of polyunsaturated fatty acids. Free radicals 
oxidize unsaturated lipid chains, leading to the formation 
of hydroperoxidized lipids and alkyl radicals that cause 
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changes in the membrane structure, affecting fluidity and 
damaging its integrity (Yadav et al., 2019). 

In this study, the acrosome integrity of Gaga chicken 
sperm decreased during 24 to 72 hours of storage. This 
was in line with previous study, where storage for 24 hours 
affected acrosome integrity (Blank et al., 2021), and intact 
acrosome-reacting of chicken sperm percentage decreased 
significantly to less than 10% after 48 h storage at 4°C 
(Lemoine et al., 2011). 

Storage of Gaga chicken spermatozoa tended to increase 
DNA damage and decrease mitochondrial activity, 
accompanied by a reduction in motility. Similarly, Blank 
et al. (2021) stated that longer storage affected many 
variables of spermatozoa quality related to mitochondrial 
activity and motility. During storage, there was a decrease 
in mitochondrial membrane potential and the production 
of adenosine triphosphate (ATP), which resulted in 
reduced motility (Słowińska et al., 2018). 

The addition of the antioxidant BHT had a good positive 
effect in this study. This was consistent with supported 
previous reports indicating the effectiveness of antioxidants 
positive effect of antioxidants on the quality of chicken 
spermatozoa during liquid storage such as L-carnitine 
(Fattah et al., 2017), serine (Kheawkanha et al., 2023), and 
α-tocopherol (Mavi et al., 2022).

The addition of 1-3 mM BHT in egg yolk Ringer lactate 
diluent also increased the motility, viability, plasma 
membrane integrity, and acrosome integrity of Gaga 
chicken spermatozoa in this study. Similarly, Donoghue 
and Donoghue (1997) stated that the addition of 0.02-
1.25 mM BHT in the BPSE diluent increased the 
viability, membrane integrity, and motility index of turkey 
spermatozoa stored at 5ºC for 48 hours. Similarly, other 
reports showed that BHT increased the motility and 
acrosome integrity of bull (Khumran et al., 2015) and 
cat sperm cat sperm ( Jara et al., 2019). This was because 
BHT served as an effective chain-breaking antioxidant, 
primarily reacting with peroxyl radicals and interfering 
with the lipid peroxidation propagation reaction to inhibit 
lipid autoxidation (Olmedo et al., 2019). Antioxidants also 
help maintain cell structure and function by protecting the 
plasma membrane against ROS and the intact acrosome to 
prevent premature acrosome reactions (Qamar et al., 2023). 
BHT is a phenolic compound and a synthetic antioxidant 
that eliminates or deactivates free radicals formed during 
initiation or propagation reactions, thereby stopping chain 
reactions (Fasihnia et al., 2020). This antioxidant can 
protect spermatozoa membranes from ROS attacks (Bello 
et al., 2020), by disrupting the autoxidation chain reaction 
through the action of donating hydrogen molecules to lipid 
radicals, producing stable products (Papas, 1993). BHT 

also reacts with ROS and converts it into hydroperoxide 
(Merino et al., 2015). 

In this study, the motility of spermatozoa stored for 24 
hours was similar to the report by Fattah et al. (2017), 
which was 37.1-63.5%. Moreover, at 48 hours of storage, 
the motility remained higher compared to the results of 
Fattah, which was 3.7-28.2% at 48 hours. The viability 
of spermatozoa after 24 hours of storage was almost the 
same as the 84.77-86.13 reported by Kheawkanha et al. 
(2023), and higher compared to the result of Fattah et al. 
(2017), namely 40.1-69.5%. The viability of spermatozoa 
at 48 hours of storage was also higher than 5.7-33.2% 
obtained by the report by Fattah et al. (2017) and Mavi et 
al. (2022) namely 5.7-33.2% and 62-77.03%, respectively. 
Meanwhile, sperm viability at 72 hours of storage was 
close to the report of Kheawkanha et al. (2023) namely 
74.08-75.83%. In this study, the integrity of the plasma 
membrane stored for 24-48 hours was higher compared to 
the 11.5-68.5% and 52.21-78.14% reported by Fattah et 
al. (2017) and Mavi et al. (2022), respectively. The integrity 
of the plasma membrane stored for 24-72 hours was also 
higher than the value obtained by Mavi et al. (2022), which 
was 51.33-78.04%.

The results showed that, the addition of 3 mM BHT 
reduced DNA damage in Gaga chicken sperm. Similarly, 
previous reports showed that BHT prevented DNA 
damage in human (Merino et al., 2015; Ghorbani et al., 
2015) and bull sperm (Khumran et al., 2015). Peroxidation 
is the most common cause of DNA damage in sperm 
(Opuwari and Henkel, 2016). An imbalance of free radicals 
and antioxidants in sperm causes DNA fragmentation 
(breaks in DNA strands) (Noegroho et al., 2022). 
Antioxidants can protect sperm from ROS produced by 
sperm and prevent DNA fragmentation in sperm (Qamar 
et al., 2023). Similarly, Kadhim and Zwamel (2023) stated 
that sperm medium containing antioxidants has shown a 
potential to reduce DNA fragmentation in sperm.

The addition of 3 mM BHT increased mitochondrial 
activity (DAB I) at 24 and 72 hours of storage. This 
was supported by previous investigations, showing that 
BHT maintained mitochondrial potential in human 
sperm (Merino et al., 2015). The results of this study 
were lower than the report by Kheawkanha et al. (2023), 
where 82.62-83.69% was obtained at 24-hour storage 
and 73.50-75.36% at 72-hour storage. Similarly, Masoudi 
et al. (2019) stated that the addition of antioxidants 
(CoQ10) in semen diluent maintained mitochondrial 
activity and reduced lipid peroxidation in chicken sperm. 
Lipid peroxidation indicated by high concentrations of 
MDA was also associated with low motility of chicken 
spermatozoa (Mussa et al., 2020). The addition of 3 
mM BHT in this study was effective in preventing lipid 
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peroxidation, as indicated by the low concentration of 
MDA at 24 hours of storage. The results were in line with 
previous reports, showing the ability of BHT to reduce 
MDA concentrations in bull (Khumran et al., 2015) and 
human semen (Ghorbani et al., 2015). Furthermore, MDA 
concentration was lower than the report by Masoudi et 
al. (2019), namely 2.04-3.97 μM at 24-hour storage and 
3.94-5.12 μM at 48-hour storage using lake diluent with 
the antioxidant CoQ10 added.

In maintaining sperm function during fertilization, 
pH plays an essential role, serving as a crucial factor for 
preserving the integrity of biomolecules and physiological 
functions (Dhumal et al., 2021). According to Zhou 
et al. (2015), acidic environments damage sperm cell 
membranes directly, or increase the active oxygen content, 
thereby affecting sperm motility and capacitation. This 
was proven by Contri et al. (2013) that pH significantly 
affected the bull sperm motility pattern. In this study, the 
addition of BHT did not affect the pH of semen, which 
remained within a tolerable range during 120 hours of 
storage. This was in line with the results of Blesbois (2012), 
who indicated that chicken sperm tolerated a pH range 
of 6.0 to 8.0. Furthermore, Liu et al. (2016) stated that 
a stable pH during storage of liquid semen significantly 
maintained sperm viability and fertilization potential. This 
study suggests that the addition of 3 mM BHT in the 
diluent can be applied in the poultry industry due to the 
potential to reduce the failure of the fertilization process 
after sperm is stored in liquid at a temperature of 5oC. This 
application has the potential to improve the genetic quality 
of poultry through artificial insemination technology.

CONCLUSIONS AND 
RECOMMENDATION

In conclusion, this study showed that the addition of 
3 mM BHT in semen diluent improved the motility, 
viability, membrane integrity, acrosome integrity, and 
mitochondrial activity. However, a significant reduction 
was observed in DNA damage of Gaga chicken sperm 
and lipid peroxidation after liquid storage at 5oC. Further 
studies were recommended to examine the effect of adding 
BHT to the diluent on poultry sperm fertility after chilling 
storage.
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