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Abstract. This study aimed to assess the effectiveness of cryoprotectant ethylene
glycol with graded concentrations on cryopreserved Gaga chicken semen. The
treatment repetitions in this study were ten times, included Dimethyl Sulfoxide
(DMSO) 7% as control, Ethylene Glycol 5%, Ethylene glycol 7%, and Ethylene
glycol 9%. The research procedures included semen collection, semen dilution,
semen packaging, prefreezing and freezing. The variables analyzed were plasma
membrane integrity and DNA damage before freezing and after thawing, as well
as a decrease in plasma membrane integrity and an increase in DNA damage after
thawing. Data were analyzed using analysis of variance (ANOVA). The results
showed that there was no significant effect of all treatments on the variables
evaluated. This study found that there was no significant effect on all variables
with an average plasma membrane integrity after thawing getting the results of
48-55% and the average DNA damage was 6-8%.

Keywords: gaga chickens, ethylene glycol, plasma membrane integrity, DNA
damage, sperm.

1 Introduction

Gaga Chicken is one of Indonesia's local chickens originating from South Sulawesi. Its
distinctive feature is its crowing sound that resembles human laughter, as well as its
good adaptability to tropical climates and resistance to disease. Although not as popular
as other local chickens such as Kampung Chicken and Pelung Chicken, Gaga Chicken
has economic value and potential as a local Indonesian poultry germplasm that needs
to be preserved. Conservation of the genetic diversity of local chickens is important,
one of which is through semen cryopreservation. However, research on the
cryopreservation of local chicken semen, especially Gaga Chicken, is still very limited.
In this study, ethylene glycol was used as a cryoprotectant because it has a low
molecular weight and high permeability. Ethylene glycol possesses a molecular weight
of 62.1 g mol-1, which is comparatively lower than that of dimethyl sulfoxide (DMSO),
recorded at 78.3 g mol-1 [1].
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Ethylene glycol modifies the hydrogen bonding network upon mixing with water.
When combined in a ratio of 40% water to 60% ethylene glycol, the solution experi-
ences a significant decrease in freezing point and loses its ability to form crystalline
structures. This characteristic makes ethylene glycol one of the most efficient sub-
stances for cryoprotectant [2]. Ethylene glycol has been utilized as a cryoprotectant for
Muscovy duck semen, its effectiveness is reported to be lower compared to DMSO [3].
However, both DMSO and ethylene glycol have been found to be appropriate for the
cryopreservation of semen in Venda chickens [4]. Some success parameters in semen
cryopreservation are plasma membrane integrity and DNA damage before freezing and
after thawing, as well as a decrease in plasma membrane integrity and an increase in
DNA damage after thawing. This study aimed to find the most suitable level of ethylene
glycol cryoprotectant used in the cryopreservation of Gaga Chicken seme.

2 Materials and Methods

2.1 Management of chicken rearing and semen collection

Semen of Gaga Chicken (Gallus gallus domesticus) was obtained from 3 Gaga Chick-
ens aged approximately 10 months and kept using individual cages. The feed given was
BR 1 Geet Feed, ration 100g/head/day with a composition of 20% crude protein, 5%
crude fiber, 5% crude fat and 8% ash, and drinking water was given ad libitum. The
semen collection method used was the massage method [5]. Milky white semen came
out, immediately collected using a 1 ml syringe.

2.2 Preparation of Diluent

This study is an experimental study using the Completely Randomised Design method
with 4 treatments and 10 replicates, aimed at evaluating the effect of cryoprotectant
treatment on the preservation of Gaga Chicken semen, with the following treatment
groups: PO (Dimethyl Sulfoxide 7%) as control, P1 (Ethylene Glycol 5%), P2 (Ethylene
Glycol 7%), and P3 (Ethylene Glycol 9%). The semen samples were diluted using
Ringer Lactate Egg Yolk diluent, consisting of 90% lactated ringer (PT Widatra Bakti,
Indonesia) and 10% egg yolk, then centrifuged for 30 minutes at 3000 rpm [6]. From
the supernatant, 10 ml were taken and added with 1000iu of penicillin and Img/ml of
streptomycin, then homogenised and tris(hydroxymethyl)aminomethane was gradually
added until the solution reached pH 8.

2.3  Pre-Freezing, Freezing, and Thawing Process

After semen was collected, it was divided into four microtubes. Each microtube was
diluted with egg yolk lactated Ringer's diluent (RLKT) with 7% dimethyl sulfoxide,
5%, 7%, and 9% ethylene glycol. The diluted semen was packed into a straw. Then the
straw was equilibrated by putting it in a 5°C refrigerator for two hours [7], then the
straw was put into sterofoam for pre-freezing which was evaporated by liquid nitrogen
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for 10 minutes [8]. Semen is ready for freezing by placing it in liquid nitrogen at -
196°C. After a day of storage in liquid nitrogen, the semen is thawed in warm water at
37°C for 30 seconds [9].

2.4 Plasma Membrane Integrity Observation Procedure

Semen was diluted with HOST solution, then incubated in a 37°C waterbath for 30
minutes [10]. After that, it was smeared on a glass plate and dried. After drying, the
sample was observed for at least 200 sperm under a microscope at 400 magnification
in 10 field of view. Sperm with intact (tail, head, or bent centre) and non-intact (without
bending) membranes were counted [11].

2.5 DNA Damage Observation Procedure

Semen is dripped on the preparation glass and smeared on top using another glass, wait-
ing for it to dry. The preparations were then fixed in ethanol-acetone solution, kept in
the refrigerator for 30 minutes at 4°C, then dried for 30 minutes at room temperature.
After drying, the preparations were hydrolysed in 0.1 N HCL solution in the refrigerator
for 5 minutes at 4°C. Then rinsed three times with running water every 2 minutes. After
rinsing the preparations were then dabbed with toluidine blue O and allowed to stand
for 20 minutes [12]. After that, the preparations were rinsed and then dried and observed
with a 1000 magnification microscope at 10 field of view for. Sperm with intact DNA
are coloured light blue, while damaged ones are coloured dark blue [13].

2.6  Data Analysis

Data processing of this study used analysis of variance (ANOVA) using the SPSS ver-
sion 25 application and continued with the Duncan test if there were significant differ-
ences or significantly different results.

3 Results and Discussion

3.1 Plasma Membrane Integrity

Plasma membrane integrity is an important indicator of spermatozoa viability during
the cryopreservation process. This study aimed to evaluate the effect of different con-
centrations of ethylene glycol as a cryoprotectant on the integrity of the plasma mem-
brane of Gaga chicken sperm before and after freezing. The results of this study, the
use of ethylene glycol cryoprotectant in cryopreservation of Gaga Chicken semen on
the integrity of the plasma membrane showed that the P value > 0.05 (Table 1). Thus,
the factor of using cryoprotectant ethylene glycol 5%, 7%, and 9% with 7% dimethyl
sulfoxide control on plasma membrane integrity before freezing is that there is no dif-
ference between the treatments used, besides the results after thawing also show the
same thing, namely there is no difference between the treatments used (Figure 1).
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Table 1. Table of plasma membrane integrity before freezing and post thawing.

Treatment Before Freezing Post-Thawing
PO 94.55+0.61 53.64+1.51
P1 93.984+0.72 52.50+0.67
P2 92.6340.65 51.84+0.78
P3 93.09+0.65 51.71£0.74

Fig. 1. Plasma Membrane Integrity. A=PO(Dimethyl Sulfoxide 7%), B=P1(Ethylene
Glycol 5%), C=P2(Ethylene Glycol 7%), and D=P3(Ethylene Glycol 9%).

Notes: a=Sperm with intact membrane (tail, head or centre bent) and b=Non-intact (no bending).

3.2 DNA damage

DNA damage can affect the fertilizing potential of sperm, making it important to assess
the effectiveness of cryoprotectants in maintaining DNA stability. This study aimed to
compare the extent of DNA damage in Gaga chicken sperm using different concentra-
tions of ethylene glycol as cryoprotectants before and after freezing. The results of this
study, the use of ethylene glycol cryoprotectant in cryopreservation of Gaga Chicken
semen against DNA damage showed that the P value > 0.05 (Table 2). Thus the factor
of using cryoprotectant ethylene glycol 5%, 7%, and 9% with 7% dimethyl sulfoxide
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control on DNA damage before freezing is that there is no difference between the treat-
ments used, besides the results after thawing also show the same thing, namely there is
no difference between the treatments used (Figure 2).

Table 2. Table of DNA damage before freezing and post thawing.

Treatment Before Freezing Post-Thawing
PO 2.42+0.25 5.47+0.51
Pl 2.5240.27 6.80+0.65
P2 2.78+0.32 8.59+1.20
P3 2.77+0.22 7.63£1.00

Fig. 2. DNA damage. A=P0O(Dimethyl Sulfoxide 7%), B=P1(Ethylene Glycol 5%),
C=P2(Ethylene Glycol 7%), and D=P3(Ethylene Glycol 9%).
Notes: Sperm with intact DNA are light blue, while those with damaged DNA are
dark blue (X).

3.3  Decreased Plasma Membrane Integrity

The results of this study, the use of ethylene glycol cryoprotectants in the cryopreser-
vation of Gaga Chicken semen obtained a P value> 0.05 (Figure 3). This the use of
ethylene glycol cryoprotectants 5%, 7%, and 9% with 7% dimethyl sulfoxide control
after thawing decreased plasma membrane integrity which was not significantly differ-
ent in each treatment used.
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Fig. 3. Diagram of Plasma Membrane Integrity Decrease.
Notes: PO (DMSO 7%), P1 (EG 5%), P2 (EG 7%), and P3(EG 9%)

3.4 Increased DNA damage

The results of this study, the use of ethylene glycol cryoprotectants in the cryopreser-
vation of Gaga Chicken semen obtained a P value> 0.05 (Figure 4). Thus the use of
ethylene glycol cryoprotectants 5%, 7%, and 9% with 7% dimethyl sulfoxide control
after thawing increased DNA damage which was not significantly different in each

treatment used.
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Fig. 4. Diagram of Increased DNA Damage
Notes: PO (DMSO 7%), P1 (EG 5%), P2 (EG 7%), dan P3(EG 9%)
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4 Discussion

The use of cryoprotectants in the cryopreservation process is to protect sperm from
damage caused by the formation of ice crystals during the freezing and thawing process
[14]. Without cryoprotectants, ice crystals can damage sperm cell structures, such as
the plasma membrane and DNA leading to decreased plasma membrane integrity and
increased DNA damage. This study is similar to the research of Choi who used Korean
black bull semen, after passing the thawing process the results showed no significant
difference in plasma membrane integrity between ethylene glycol treatments of 3%,
5%, and 7% [15]. Similarly, the research of Khaeruddin stated that there was no differ-
ence in the quality of chicken spermatozoa post thawing using ethylene glycol 3%, 5%,
and 7% [16]. The sperm plasma membrane consists of a lipid layer that is very sensitive
to temperature changes. Ethylene glycol, when interacting with the lipid membrane,
can affect membrane fluidity, especially at low temperatures during the cryopreserva-
tion process. When fluidity decreases, the plasma membrane becomes rigid and more
easily damaged, either due to freezing of ice crystals or temperature changes during
thawing.

In this study, the observation of DNA damage was seen from the head of the sper-
matozoa, as reported by Esteves and Verza [17] DNA is at the front of the spermatozoa
head. Partyka [18] and Hernandez [19] reported that increased DNA damage occurs
during the freezing process. This is because freezing and thawing processes cause ab-
rupt changes in osmotic pressure. Rota [20] reported that the use of ethylene glycol as
a cryopreservation of dog semen obtained results above 20% of the integrity of the
plasma membrane after thawing. Meanwhile, this study obtained an average value of
52.42% on the integrity of the plasma membrane after thawing. This suggests that the
use of ethylene glycol for cryopreservation of chicken semen may be better than cryo-
preservation of dog semen. However, Garcia [21] reported that sorubim cuspicaudus
sperm showed that the use of ethylene glycol at a concentration of 6% to 10% actually
caused increased mitochondrial damage, plasma membrane disruption, and DNA frag-
mentation, both before freezing and after thawing. This has an impact on decreasing
fertilization capacity, indicating that ethylene glycol at certain concentrations can cause
stress to cells, rather than protecting them.

5 Conclusion

The results of this study indicate that the use of ethylene glycol with graded concentra-
tions of 5%, 7%, and 9% did not have a significant effect on the integrity of the plasma
membrane or DNA damage in Gaga chicken semen, either before freezing or after
thawing. This indicates that ethylene glycol in this concentration range is likely less
effective as a cryoprotectant in maintaining the structure and genetic integrity of Gaga
chicken spermatozoa. Therefore, further research is recommended to explore alterna-
tive cryoprotectants, optimize doses, or study combinations with antioxidants to in-
crease the success of cryopreservation.
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