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Artificial insemination has proven to be an effective method for increasing population size and genetic quality of Kacang goats.
However, innovation is required to maintain the quality of Kacang goat semen in storage. This study aimed to examine the effects
of supplementing the 150 kDa protein assumed as IGF-I complex derived from bull seminal plasma in skim milk-egg yolk
extender on the quality of Kacang goat sperm stored at 5°C. Twelve ejaculates collected from three Kacang goats were divided into
three groups. In the control group (T0), the ejaculates were extended with skim milk-egg yolk only. In the treatment groups (T1
and T2), the ejaculates were extended with skim milk-egg yolk supplemented with the IGF-I complex protein at 12 yg and 24 ug/
100 mL, respectively. The extended semen was stored at 5°C, and the viability, motility, intactness of the plasma membrane,
malondialdehyde concentration, and apoptotic sperm percentage were evaluated daily for five days. The results showed that the T1
was the most effective treatment for maintaining Kacang goat semen at a quality acceptable for artificial insemination over five
days of storage at 5°C. However, the TO and T2 groups retained acceptable qualities for only three days at 5°C. It could be
concluded that supplementation of 12 ug of the 150kDa protein derived from bull seminal plasma per 100 mL extender suc-
cessfully extended the life span of Kacang goat sperm for five days.

1. Introduction

The Kacang goat is a small ruminant that is reared by many
people in rural areas of Indonesia. This livestock com-
modity provides a source of additional income to prevent
poverty and animal protein to improve nutrition. However,
the development and genetic quality of the population are
unsatisfactory. To address these problems, semen can be
obtained from superior male Kacang goats for artificial
insemination. Unfortunately, frozen Kacang goat semen is
not viable, but fresh semen can be diluted in an extender
and stored at 5°C to increase the survival time. Survival
time is defined as the period from the initial qualification to
when the minimum prerequisite sperm motility limit for
artificial insemination is reached, based on established
standards [1].

At tropical room temperature (~23°C), Kacang goat
fresh sperm survival time is only 15h [2]. Sperm metabolic
oxidation results in the production of lactic acid as a waste
product, which subsequently causes a rapid decrease in
sperm motility. High concentrations of lactic acid damage
the plasma membrane through lipid peroxidation [3].
Storage of semen at 5°C is useful for maintaining survival
motility for several days [4], enabling longer transport times
[5]. Sperm metabolism is slowed at the chilling temperature,
which reduces the production of lactic acid and extends the
life span of the sperm. However, Kacang goat sperm is
susceptible to cold temperature stress. The previous study
showed that diluting fresh goat semen resulted in a sig-
nificant decrease in progressive motility from 85% to the
limit of 40% in four days of storage at 5°C [6]; meanwhile,
Kacang goat semen reached the 40% motility limit from an
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initial 90% in only three days [7]. Cold stress from chilling at
5°C resulted in deterioration of the plasma membrane,
followed by decreased motility and viability of Ettawa goat
sperm [6].

The susceptibility of goat sperm to cold temperature
stress is mediated by lipid peroxidation [8] of the high levels
of unsaturated fatty acids in the sperm membrane [9]. Lipid
peroxidation results in the production of reactive oxygen
species (ROS) and malondialdehyde (MDA), causing
damage to the plasma membrane, acrosome, and sperm
morphology [10]. However, antioxidants can play a role in
binding free radicals to prevent oxidative damage [11, 12].

The previous study showed that the addition of Sim-
mental bull whole seminal plasma to goat sperm improved
postthaw sperm quality [13, 14]. The seminal plasma con-
tains a 150kDa ternary complex consisting of an IGF, in-
sulin-like growth factor binding protein-3 (IGFBP-3) (or less
often IGFBP-5), and a glycoprotein called acid-labile subunit
[15]. Insulin-like growth factor-1 (IGF-I) is secreted by
Leydig and Sertoli cells in the seminal plasma. It is presumed
that the protective function of IGF-I is due to its antioxidant
activities [16]. Therefore, this study aimed to examine the
effects of a 150kDa protein derived from Simmental bull
seminal plasma (hereinafter referred to as “the protein”) on
the survival, viability, motility, plasma membrane, apoptosis,
and malondialdehyde concentration of goat sperm stored at
5°C.

2. Material and Methods

2.1. Ethical Approval. The study was conducted based on the
approval of the Animal Care and Use Committee, Airlangga
University, Surabaya, Indonesia, no. 520/HRECC.FODM/
VII/2019. The committee assessed the proposal of this study
based on animal welfare principles, the UK Animals (Sci-
entific Procedures) Act, 1986, and associated guidelines, EU
Directive 2010/63/EU for animal experiments. The collec-
tion of bull and goat semen was conducted according to the
protocol of Chapter 4.7 (the collection and processing of
bovine, small ruminant, and porcine semen) of the Ter-
restrial Animal Health Code of the World Organization for
Animal Health.

2.2. Experimental Animals. Two elite Simmental bulls and
three male Kacang goats were reared at the Teaching Farm of
the Faculty of Veterinary Medicine, Airlangga University,
Surabaya. Semen is routinely collected from these Sim-
mental bulls (age: 5-6 years; weight: 400-900 kg) for frozen
semen production at the Regional Artificial Insemination
Center of Universitas Airlangga. The healthy male Kacang
goats were 3-5years old, weighing 25-35kg, and had high
libidos.

2.3.Semen Collection. Simmental bull and Kacang goat were
collected twice a week using an artificial vagina. The fresh
semen was examined macroscopically (volume, odor, pH,
consistency, and color) and microscopically (motility,
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viability, and concentration). The sperm used in the study
had at least 70% motility and viability [1].

2.4. Purification of Bull Seminal Plasma Protein. Four Sim-
mental bull ejaculates were used for the study. Each ejaculate
was combined with phosphate buffer saline (PBS) and
centrifuged at 1,800 rpm for 10min at 5°C, and then the
supernatant (semen plasma) was collected using a micro-
pipette. To purify the seminal plasma proteins, PBS and
phenylmethanesulfonyl fluoride (PMSF) were added, and
the mixture was vortexed for 5 min, sonicated for 10 min at
4°C, then vortexed again, and centrifuged at 6,000 rpm for
10 min. The supernatant was combined with absolute eth-
anol in a ratio of 1:1 and allowed to precipitate overnight.
The ethanol was removed, and the resulting pellet was
combined with Tris-HCl at 1-2 times the pellet volume [17].

2.5. Identification of IGF-I Complex. Identification of IGF-I
complex was using sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) with 12.5% separating gel,
3% stacking gel, Broad Range (10-200kDa) Protein Mo-
lecular Weight Markers (Bio_Rad Laboratories, Ivry-sur-
Seine, France), and staining with Coomassie Brilliant Blue
[17]. The percentage of IGF-I complex fraction in Simmental
bull seminal plasma was measured by using Gel Quant
Express 4.1 application for analysis of 1D gels (Microsoft™
Windows™).

Western blotting with protein molecular weight markers
(range 4.4-200kDa, Bio_Rad) was used to detect the
specificity of the IGF-I complex derived from Simmental
bull seminal plasma. The seminal plasma samples were
diluted in SDS-PAGE sample buffer (50 mM Tris-HCl, pH
6.8, 2% SDS, 10% glycerol, 5% b-mercaptoethanol, and 0.1%
bromophenol blue), heated 7 min at 95°C, and resolved on
7.5% SDS polyacrylamide gels [18]. The proteins were
transferred to a 0.2 mm nitrocellulose membrane, and then
washed using 0.1% phosphate buffer saline-tween (PBST)
5minutes three times [19]. Membrane blocking process
using 0.2% BSA at room temperature for 60 minutes, fol-
lowed by washing with 0.1% PBST for 5 minutes three times.
The primary antibody solution (IGF-1 monoclonal antibody,
Sigma-Aldrich) 1 ug/mL was added to the membrane and
then incubated at 4°C overnight. After that, the membranes
were washed using 0.1% PBST for 5 minutes three times. The
next step was adding a secondary anti-IGF1 antibody so-
lution (Goat anti-Bovine Insulin-Like Growth Factor I,
Bio_Rad) 1:10,000 and then incubating at room tempera-
ture for 1.5hours [20]. The membrane was rewashed using
0.1% PBST for 5 minutes three times, and the chem-
iluminescence substrate was added to the membrane, in-
cubated for 5 minutes, and then detected the IGF-1 complex
protein using a C-Digit LICOR [21].

2.6. Isolation of IGF-1 Complex Protein. The isolation of IGF-
I complex protein from polyacrylamide gel was using a
dialysis membrane for protein retention. The protein band
with 150kDa size of SDS-PAGE without staining was



Veterinary Medicine International

excised into small fragments. The gel fragments were
equilibrated twice in 0.125 M Tris-HCI buffer (pH 6.8) and
2.0% of 2-mercaptoethanol for 15 min. A final equilibration
of the gel fragments was conducted in 0.125M Tris-HCI
buffer (pH 6.8) 1.0% (w/v) SDS. The equilibrated gel frag-
ments were then placed in a dialysis tube with a minimum
amount of tris-glycine buffer containing SDS (25 mM Tris,
192mM glycine, and 0.1% SDS). The electroelution was
conducted in tris-glycine buffer containing 0.1% SDS (pH
8.3) at 50 V for 12 h at 4°C. The polarity of the electrodes was
changed for one minute at the end of electrophoretic elution
to avoid the absorption of protein on the dialysis tubes [22].

2.7. Measurement of IGF-I Complex Concentration.
Spectrophotometric analysis was used to measure the
concentration of IGF-1 complex isolate (IMV Photometer).
A 0.02mL sample of electrophoretic elution result was di-
luted in physiological solution (0.9% sodium chloride) 1:
200 and placed in a cuvette. The result of the analysis was a
print-out of the number of proteins [17, 23].

2.8. Extender Preparation and Chilled Storage. The skim
milk-egg yolk (SM-EY) extender was prepared following the
method described in a previous study [24]. In brief, 10 g of
skim milk powder (Merck 115338) was dissolved in 100 mL
of distilled water, heated to 92°C-95°C for 10 min, and then
cooled to 37°C. The solution was added to 5mL of ho-
mogenized egg yolk (derived from laboratory chicken eggs)
to a total volume of 100 mL. Penicillin and streptomycin
were added in concentrations of 1.0 ITU/mL and 0.1 mg/mL,
respectively [7]. The SM-EY extender was divided equally
into three groups: control group (T0), with no additions; T1,
with 12 ug of the 150 kDa protein/100 mL extender added;
T2, with 24 ug of the 150kDa protein/100 mL extender
added. The dose of the 150 kDa protein added was based on
our earlier study [25]. Six replicates were prepared for each
treatment. The Kacang goat semen was diluted to a con-
centration of 300-million live sperm/mL before the ex-
tenders were added. The aliquots were stored at 5°C, and the
quality was assessed daily for five days.

2.9. Semen Quality Assessment. Sperm viability, progressive
motility, plasma membrane integrity, MDA level, and sperm
apoptosis (%) were assessed according to the previously
described [6].

2.10. Viability. A dry-smeared sample was stained with
eosin-nigrosin, and 100 sperm were examined at 400x
magnification under a light microscope (Olympus BX-53).
The live sperm were identified by their bright transparent
heads; dead sperm were identified by their reddish color [6].

2.11. Motility. A homogenized mixture of the semen sample
and physiologic salt solution was covered on a glass object.
The progressive motility of 100 sperm was assessed at 400x

magnification under a light microscope (Olympus BX-53)
on a heating table at 37°C-38°C [6].

2.12. Intact Plasma Membrane. Semen samples (0.1 mL) were
diluted with 1 mL hypoosmotic solution and incubated at
37°C for 30 min. The plasma membranes of 100 sperm per
sample were assessed under a light microscope (Olympus BX-
53) at 400 x magnification. The hypoosmotic solution was a
mixture of 1.352 grams fructose and 0.735 grams Na Citrate 2
H,O dissolved in 100 mL of distilled water. Intact plasma
membranes were identified by circular tails; damaged plasma
membranes were characterized by straight tails [6].

2.13. MDA Concentration. MDA concentration was mea-
sured using the thiobarbituric acid (TBA) method. The
MDA Kkits (containing TBA concentrations of 0, 1, 2, 3, 4, 5,
6, 7, and 8 ug/ml, resp.) and 100yl semen samples were
dissolved in distilled water to 550 ul before 100 ul of 20%
trichloroacetic acid was added and homogenized for 30s.
Next, 250 yl of IN HCI was added to the mixture and ho-
mogenized, and then 100 ul of 1% sodium was added and
homogenized before centrifuging at 500 rpm for 10 min. The
supernatant was incubated in a water bath at 100°C for
30min and then allowed to cool at room temperature.
Absorption was measured at 533 nm using a spectropho-
tometer. The MDA concentration (ng/mL) was calculated by
extrapolating the sample absorbance value to the standard
MDA curve [6].

2.14. Apoptosis. Dry-smeared semen samples were fixed
using absolute methanol and glacial acid for 15 min and then
stained with acridine orange to examine the percentage of
sperm apoptosis. For each sample, 100 sperm were examined
under a fluorescence microscope at 100x magnification.
Apoptotic sperm were characterized by a yellow to reddish
appearance; normal sperm appeared green [6].

2.15. Data Analysis. Analysis of variance was used to detect
the effects of the treatments on the percentage of motility,
viability, intact plasma membrane (IPM), apoptosis, and
MDA concentration, followed by Tukey’s Honestly Signif-
icant Difference test at p<0.05 in SPSS (Statistical Product
and Service Solutions, Version 23).

3. Results

Six protein bands of the Simmental bulls seminal plasma
were found (Figure 1; Table 1). The 150.29 +0.83kDa
presumed as IGF-I complex was verified in Western
blotting using IGF-1 monoclonal antibody (Figure 2). The
IGF-I complex (hereinafter referred to as “the protein”)
obtained was 4.58+0.16% of the total protein in the
Simmental bulls seminal plasma with 1.18+0.04 yug/mL
concentration (Table 1), and 65.12 ug total of the protein
was obtained.

The macroscopic characteristics of Simmental bull and
Kacang goat ejaculates shared similarities. Both ejaculates
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FiGure 1: Sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis image of protein bands for Simmental bull seminal plasma
protein. kDa: kilo Dalton, M: marker, 1 and 2: seminal plasma of
first Simmental bulls, and 3 and 4: seminal plasma of second
Simmental bulls.

TaBLE 1: The average molecular weight (kDa) proteins, percentage
or fraction, and concentration (ng/mL) of Simmental bull seminal
plasma.

Molecular weight . o Concentration
Band no. (kDa) Fraction (%) (ug/mL)
1 150.29 +£0.83 4.58 +0.16 1.18+0.04
2 95.89 £ 0.68 12.42+0.24 3.20+0.06
3 46.02 +£0.36 6.02+1.54 1.55+0.40
4 24.82 +0.47 31.93+4.21 8.22+1.08
5 14.04 £ 0.50 9.89+2.36 2.55+0.61
6 11.47 +0.76 35.17 +5.99 9.05+1.54
kDa M 1 2 3 4
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FIGURE 2: Western blot of IGF-1 complex protein derived from
Simmental bull seminal plasma protein. kDa: kilo Dalton, M:
marker, 1 and 2: seminal plasma of first Simmental bulls, and 3 and
4: seminal plasma of second Simmental bulls.

had a thick consistency, yellowish-white color, a distinct
smell, and pH around 7. However, some differences in the
microscopic characteristics were observed between the two
species. Substantial differences in the volume and sperm
concentration were recorded, while the viability, motility,
and IPM percentages were similar (Table 2).
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TaBLE 2: Characteristics of Simmental bull and Kacang goat
ejaculate.

Parameters Bull semen  Goat semen
Volume (mL) 9.15+0.20 2.2+0.35
E:n(ilri)centratlon (million) of sperm 1,035+ 236.50 3,945+ 243
Viability (%) 92.65+2.40 89 +2.80
Progressive motility (%) 86.80 +2.60 84+2.75
Intact plasma membrane (%) 80.35+2.10 82+1.75

3.1. The Effect of Protein Doses. After 24 h, a dramatic decline
in sperm viability, progressive motility, and IPM was observed
in the fresh semen samples with SM-EY extender only (T0) at
5°C, which decreased by 40.50 +0.36%, 37.50 +0.83%, and
35.70 £0.21%, respectively. The addition of 12ug of the
150kDa protein/100 mL to the SM-EY extender (T1) atten-
uated the decline in sperm viability, progressive motility, and
IPM after 24h at 5°C, which decreased by 11.85+0.71%,
9.95+0.28%, and 6.85 +0.36%, respectively (Table 3).

The addition of 12 ug of the protein significantly in-
creased (p < 0.05) the sperm quality compared to the control
(TO to T1); however, the higher dose (24 ug) of the protein
(T1 to T2) resulted in a significant decrease in sperm quality
(p<0.05). Semen in the T1 treatment had the highest via-
bility, motility, and IPM levels and the lowest MDA levels.

3.2. The Effect of Storage Length. Overall, from the first day
(D1) to the fifth day (D5) stored at 5°C, the survival of sperm
in terms of viability, progressive motility, and IPM per-
centages consistently decreased, and MDA concentration
and sperm apoptosis percentage increased. The quality of the
semen was significantly reduced (p < 0.05) the longer it was
stored (rows in Table 4).

The use of 60-million motile sperm per dose for intra-
cervical Al produces satisfactory pregnancy rates in Kacang
goat does [14]. Based on the data presented in Tables 1 and 2,
it could determine the average total motile sperm per
ejaculate and the number of doses and volume (mL) nec-
essary for successful intracervical AI (Table 5). The number
of sperm in progressive motility per day of storage could be
calculated with the following formula: ejaculate volume
(mL) x sperm concentration (million/mL) X percentage
progressive sperm motility per day of storage (Table 4). The
average of doses was obtained by calculating the number of
sperm in progressive motility per day of storage divided by
60 (million motile sperm). Meanwhile, the volume required
for intracervical insemination (mL) was determined from
the volume of extended semen (mL) divided by the number
of doses per ejaculate.

4. Discussion

Fresh Simental bull semen was collected, and fertility was
confirmed based on sperm viability and motility (>70%) and
concentration (=600 million sperm/ml of semen) [1]. Bull
seminal plasma contains several organic compounds, in-
cluding IGF-I, which has a molecular weight of 7,649
Daltons [26]. IGF-I, a potent mitogenic and metabolic
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TaBLE 3: The daily percent decrease in sperm viability, motility, and intactness of the plasma membrane of Kacang goat semen stored for five
days at 5°C in skim milk-egg yolk extender with and without the addition of 150 kDa protein isolated from Simmental bull seminal plasma.

Parameters Fresh to D1 Fresh to D2 Fresh to D3 Fresh to D4 Fresh to D5
Viability (%)

TO 40.50 + 0.36"° 43.61 +0.61°° 47.51 +0.51°" 55.71 +0.71%° 62.61 +0.61°°
TI 11.85+0.71% 13.56 + 0.56° 24.41 +0.41% 34.61 +0.61% 54.71 +0.714°
TII 29.90 + 0.76"" 38.66 + 0.665 43.46 + 0.46° 50.76 + 0.76° 57.61 +0.61%°
Motility (%)

TO 37.50 +0.834° 41.08 +0.08"° 44.08 +0.085¢ 53.88 + 0.885* 60.98 + 0.98""
TI 9.95+0.28%¢ 10.93 +0.93¢ 21.88 +0.885° 32.08 +0.08% 44.28+0.28"%
TII 26.90 +0.234° 36.13+0.13% 40.83 +0.83"° 48.23+0.23" 56.08 +0.08<°
IPM (%)

TO 35.70 £0.214° 4136 +0.36°° 42.36 +0.36"¢ 50.26 +0.26"° 58.26 +0.26"°
TI 6.85+0.36™¢ 12.21+0.217° 20.36 +0.36™ 29.26 +0.26% 36.36+0.36°
TII 28.90 +0.414° 36.31+0.31% 38.21+0.21°° 45.41 +0.41%° 52.41 +0.41%°

Different capital letter superscripts in the same row and lowercase letter superscripts in the same column indicate significant differences (p < 0.05). SM-EY:
skim milk-egg yolk; T0: SM-EY extender without the protein; T1: SM-EY extender +12 ug protein/100 mL extender; T2: SM-EY extender +24 ug protein/
100 mL extender.

TaBLE 4: The average viability, motility, intactness of plasma membrane percentages, MDA concentration, and percentage of apoptotic
sperm of Kacang goat sperm stored at 5°C for five days in skim milk-egg yolk extender with and without the addition of 150kDa protein

isolated from Simmental bull seminal plasma.

Parameters Day 1 Day 2 Day 3 Day 4 Day 5
Viability (%)
TO 48.50 +0.40%¢ 45.25 +0.05%¢ 41.35+0.05¢ 33.15+0.05¢ 26.25 +0.20%¢

TI 77.15 + 0.254% 75.30 £ 0.2552 64.45 +0.55%° 54.25 +0.35°2 34.15+0.15%
TIIL 59.10 + 0.25"P 50.20 +0.25%° 45.40 + 0.35° 38.10+0.45° 31.25+0.40™
Motility (%)

TO 46.50 +0.40%¢ 43.25+0.25% 40.25+0.05%° 30.45 +0.05° 23.35+0.10%¢
TI 74.05 + 0.354° 73.40 £ 0.05°* 62.45 +0.85° 52.25+0.40°* 40.05 +0.15"
TIIL 57.10 + 0.35"P 48.20 +0.35%° 43,50 0.75° 36.10+0.45°° 28.25 +0.75%°
IPM (%)

TO 46.30 +£0.30"° 41.15+0.05% 40.15 + 0.05¢ 32.25+0.05°° 24.25+0.20%
TI 75.15 + 0.254? 70.30 + 0.255* 62.15 +0.25<* 53.25+0.35°2 46.15* + 0.15%°
TII 53.10 + 0.254° 46.20 £ 0.25%° 4430+ 0.15° 37.10+0.25°° 30.10° +0.30"
MDA (ng/mL)

TO 2088.37 + 35.18"° 2216.32 +37.70% 245526+ 37.75% 2705.59 + 50.75°2 2980.50 + 22.555°
TI 1556.35 + 40.204¢ 1666.19 + 33.205¢ 1835.35 +25.19¢ 1976.54 + 34.23°¢ 2106.54 + 30.355°
TII 1845.20 + 23.10"P 2052.28 +30.15%° 2150.73 + 35.80°° 2530.42 + 46.12°° 2580.40 + 12.10™
Apoptosis

TO 4.25+0.15 5.25+0.555° 5.75+0.07%° 6.15 +0.05"? 6.25+0.10%°
TI 2.40 +0.35° 2.70 +0.25¢ 3.35+0.455%¢ 3.60 +0.255¢ 4.15+0.15%¢
TII 3.70 +0.35" 4.30+0.15°° 5.05 +0.20°? 5.40 +0.15%° 5.50 +0.25"?

Different capital letter superscripts in the same row and lowercase letter superscripts in the same column indicate significant differences (p < 0.05). SM-EY:
skim milk-egg yolk; T0: SM-EY extender without the protein; T1: SM-EY extender +12 ug protein/100 mL extender; T2: SM-EY extender +24 ug protein/
100 mL extender. The parameters of the best quality semen are in bold. Values above the minimum progressive sperm motility (40%) for intracervical artificial
insemination are indicated by italics.

TasLE 5: The number of motile sperm per ejaculate, average number of doses, and volume (mL) per dose for intracervical insemination using
Kacang goat semen stored at 5°C for five days in skim milk-egg yolk extender with and without the addition of 150 kDa protein isolated from
Simmental bull seminal plasma. 5°C for five days.

Group Day 1 Day 2 Day 3 Day 4 Day 5
To 3975.42 +39.95 3697.57 +£24.97 3441.09 +4.99 2603.26 +4.99 1996.26 +9.99
(66/0.32) (62/0.35) (57/0.37) (43/0.49) (33/0.64)

6330.76 + 34.96
(106/0.20)

6275.19 +4.99 5339.04 £ 84.89 4467.01 +39.95 3423.99 +£14.98

m (105/0.20) (89/0.24) (74/0.29) (57/0.38)
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TaBLE 5: Continued.
Group Day 1 Day 2 Day 3 Day 4 Day 5
T 4881.65 + 34.96 4120.76 +74.91 3718.95 +74.91 3086.30 +44.94 2415.18 +74.91
(81/0.26) (69/0.31) (62/0.35) (51/0.42) (40/0.53)

The number of motile sperm per ejaculate is shown in bold; the number of doses with 60-million motile sperm cells for intracervical insemination/volume
(mL) is in brackets. SM-EY: skim milk-egg yolk; T0: SM-EY extender without the protein; T1: SM-EY extender +12 ug protein/100 mL extender; T2: SM-EY

extender +24 ug protein/100 mL extender.

substance, is an important regulator of reproductive func-
tions [27]. IGF-I in seminal plasma is primarily produced by
the testicular and epididymal organs [28]. However, most
local tissue IGF does not exist as free molecules [29] but
forms a ternary complex that consists of IGF-I, IGFBP-3,
and acid-labile subunit with a molecular weight of 150 kDa
[30]. The higher molecular mass of the ternary complex
prolongs the half-life of IGF-I from less than 5min to 16 h
[15].

Physiologically, sperm must maintain low ROS levels to
preserve normal functions [31], such as maturation,
hyperactivation, acrosome reaction, and sperm-oocyte fu-
sion [32]. At the molecular level, ROS play a decisive role in
tyrosine phosphorylation, sterol oxidation, and cholesterol
efflux in the spermatozoon capacitation and fertilization
processes [33]. In seminal plasma, ROS balancing is me-
diated by the mitochondrial metabolism and endogenous
antioxidants [34]. Increased ROS production disturbs the
oxidant-antioxidant balance, resulting in oxidative stress
and finally damage to the sperm [35]. Therefore, an exog-
enous antioxidant can be added to rebalance the system
during semen storage at 5°C.

The average progressive motility of Kacang goat ejaculate
was 89 + 2.80% (Table 2), which was higher than the previous
report of 75.2% [2] and lower than the 94.8% reported by
Setiawan et al. [36]. The ejaculates were qualified for AI
based on the percentage (more than 70%) of progressive
sperm motility.

In this study, Kacang goat semen viability was extended
using an SM-EY extender [14]. Skim milk contains sulf-
hydryl, -lactoglobulin, phosphocaseinate, and casein mi-
celle, which protect the plasma membrane from lipid
peroxidation [37]. Egg yolk is rich in cholesterol [38], which
improves the quality of stored semen by decreasing mito-
chondrial deterioration and inhibiting ROS production [39].

4.1. Effects of the Protein Supplementation. Without protein
supplementation, sperm viability, progressive motility, and
IPM percentages decreased rapidly in the first 24h after
collection (TO0, Table 4). The observed deterioration in sperm
quality can be attributed to oxidative stress resulting from
excessive ROS generation as redox reactions in the mito-
chondria produce adenosine triphosphate (ATP). Polyun-
saturated fatty acids within the plasma membrane readily
accept unpaired electrons from ROS [31], causing lipid
peroxidation and subsequent MDA production. Thus, MDA
concentrations reflect the level of oxidative damage to the
plasma membrane [10]. High ROS levels cannot be offset by
endogenous antioxidants (glutathione peroxidase, catalase,

and superoxide dismutase), resulting in reduced membrane
integrity, increased membrane permeability, decreased
sperm viability and motility [34], and finally sperm apo-
ptosis [40]. IGF-I enhances endothelial antioxidant activity,
primarily via the upregulation of glutathione peroxidase-1
(GPX1) expression and activity [41]. Supplementation of
SM-EY extender with the IGF-I complex protein resulted in
higher viability, motility, and IPM and decreased MDA
concentration and apoptotic sperm compared to those
without protein supplementation. However, the higher dose
of protein (24 ug) was less effective at maintaining sperm
quality than the 12 ug dose (columns in Table 4). This may be
because the higher exposure of antioxidants results in a
paradox of antioxidants that decrease male fertility [42, 43].

Compared to semen with the SM-EY extender alone
(T0), supplementation of 12 ug of the protein/100 mL SM-
EY extender (T1) reduced the decrease in sperm viability
and progressive motility after 24h stored at 5°C by ap-
proximately %, while the decrease in IPM was only 1/6 that
of sperm without the protein supplementation (Table 3).
The IGF-I protein complex was expected to act as an an-
tioxidant in the SM-EY extender. Antioxidant supple-
mentation can prevent cellular damage or death [44] and
affect tyrosine phosphorylation and cholesterol efflux to
improve sperm motility [45]. To fertilize the ovum, sperm
require energy that is produced by the mitochondria to
drive the flagella (sperm motility mechanism). The vibra-
tion of two central singlet microtubules encircled by nine
outer doublet microtubules is regulated by Ca** and cyclic
adenosine monophosphate (cAMP) to produce flagellar
motion [34].

Supplementation of IGF-I has been demonstrated to
protect sperm during the cryopreservation process, but the
effects do not result from direct antioxidant activity [46].
IGF-I complex binds to its receptor on the sperm plasma
membrane [47] and is thought to act indirectly as an an-
tioxidant by increasing Ca** in the cells, decreasing cCAMP,
and subsequently decreasing ATP production [30]. ATP
production generates ROS, which disrupt the sperm plasma
membrane via lipid peroxidation [10]. Damage to the
membrane structure disrupts membrane functions, resulting
in an abnormal increase in the influx of Ca®" into cells. The
increase in Ca** concentration within the cells will activate
the sperm enzymes, producing excessive fatty acids and
anionic superoxide radicals. High calcium will also increase
membrane permeability and activate endonuclease, which
will destroy transglutaminases that covalently bind with
membrane proteins through the formation of isopeptides
[48]. There is a positive association between circulating IGF-
I, IGFBP3, and serum calcium [49].
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4.2. The Effect of Storage Length. In the control group, sperm
were stored in the SM-EY extender only, which provides
energy for life and motility. ROS are generated as a
byproduct of ATP energy production [31]; the progressive
accumulation of ROS with increasing storage time reduces
sperm membrane integrity, viability, and motility [32].
Sperm survival decreased over five days of storage at 5°C.
The viability, progressive motility, and IPM decreased,
while MDA concentration and apoptosis increased. Sur-
vival time is defined as the duration from the initial semen
collection until the minimum quality required for AI is
reached. The viability of sperm decreases with increasing
storage time due to ROS accumulation [50, 51]. Storage
temperature also influences semen viability. Goat sperm
survival time is five days at room temperature and only 17 h
at 5°C [52]. However, sheep sperm stored at 4°C survived
longer than at 23°C [9]. The storage of semen in an SM-EY
extender at low temperatures was intended to extend the
life span of sperm. However, the extent of storage time
directly affects ROS levels. Under the conditions of ROS
overproduction and chilled storage, the seminal plasma
antioxidant system is insufficient to balance ROS levels over
a long period [10]. ROS accumulate over time, decreasing
the IPM, viability, and motility and increasing MDA levels
and apoptosis (rows in Table 4). Moreover, when semen is
stored with an extender, sperm metabolic processes in-
crease, forming lactic acid and decreasing the pH of the
medium. The decrease in pH disrupts the metabolic pro-
cess, limiting ATP production and subsequently reducing
sperm motility [53].

For goat Al the progressive motility of extended se-
men must remain above 40% [1]. When stored at 5°C with
SM-EY extender, sperm progressively motility was
maintained >40% for five days in T1 and three days in T0
(control) and T2. The control group outperformed re-
frigerator-preserved indigenous ram semen, which
maintained the minimum motility for only 48 h in skim
milk extender [54]. However, the control group in this
study was inferior to Ettawa goat semen in skim milk
extender, which maintained the threshold of progressive
motility for four days at 5°C [6].

In a previous study, a dose of 60-million motile sperm
per intracervical Al resulted in a pregnancy rate of 94.73% in
Kacang goats [14]. Based on the insemination dose, a single
Kacang goat ejaculate could be divided into 57 doses
(0.38 mL volume) with 12 ug IGF-I complex protein/mL
SM-EY extender (T1). Bubenickova et al. [55] reported a
positive correlation between the concentration of IGF-I
complex protein in horse seminal plasma and the concen-
tration, morphology, and motility of sperm. In addition,
IGF-I maintained ram sperm functions following chilled
storage [56] by providing a stable energy supply for sperm
metabolism [16]. The lower seminal plasma IGF-I concen-
tration was also significantly correlated with the percentage
of abnormal sperm morphology [57]. The proposed IGF-1
mechanisms for maintaining motility are through energy
metabolism by increasing glucose uptake, pyruvate dehy-
drogenase activity, and antioxidant effects along with storage
[58].

5. Conclusion

The addition of 12 ug of the protein/mL skim milk-egg yolk
extender to goat semen stored at cold temperatures was
effective for maintaining the best sperm quality in terms of
motility, viability, and plasma membrane integrity and
inhibiting MDA production and apoptosis.
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