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ABSTRACT  

Semen extender is closely related to the success of artificial insemination to achieve 
maximum results. Extender aims to increase the volume of semen, provide food substances 
as a source of energy for spermatozoa provide buffers to maintain pH, osmotic pressure, and 
electrolyte balance, and prevent the possibility of germ growth. This study aims to determine 
the effect of extender on the quality of Bali bull spermatozoa through an alternative 
approach, one of which uses Tris-Egg Yolk powder extender, which is efficient and effective. 
The study was designed randomized, with three treatments and five replications. The 
treatment combinations were P0 (Tris-Fresh Egg Yolk 20%), P1 (Tris Oven Egg Yolk 20%), and 
P2 (Tris-Commercial Egg Yolk 20%). The results of analysis of variance showed that in the 
parameters of progressive motility, viability, abnormality and intact plasma membrane, 
treatment of P0 (Tris-Fresh Egg Yolk 20%) tended to be similar as treatment P1 (Tris-Oven 
Egg Yolk 20%) (P>0.05), but in P2 (Tris-Commercial Egg Yolk 20%) was significantly lower 
(P<0.05) than P0 and P1. It can be concluded that oven egg yolk powder mixed with tris 
solution can maintain sperm quality after dilution. 
Keywords: Oven egg yolk powder, commercial egg yolk powder, buffer solution 

INTRODUCTION 

Tris-based egg yolk extender is a type of diluent often used for bovine semen [1]. Tris-
based extender has good buffering properties. TRIS + egg yolk effectively preserved the 
functional parameters of cooling semen for up to 48 hours [2]. The glucose content is an energy 
source, and the egg yolk content is a source of amino acids for spermatozoa [3]. The yolk 
components responsible for the cryoprotectant effect are lecithin, phospholipids, and lipoprotein 
fractions [4]. Besides being quite economical, the materials to make a Tris-based egg yolk 
extender are also readily available [5]. However, the use of Tris based-egg yolk extender is also a 
problem when the buffer solution has been mixed with fresh egg yolk at the time of use [6]; fresh 
egg yolk as a diluent is not durable [7], and fresh egg yolk cannot be stored for more than 24 
hours because it can become toxic to spermatozoa in the semen [8]. The condition of 
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spermatozoa that are easily damaged during treatment [9] and the low quality of semen obtained 
after thawing require diluents to maintain quality during storage [10]. Semen diluents increase 
volume, provide nutrients, protect sperm cells during processing, provide buffers, and protect 
sperm from bacteria [11] [12] [13] [14] [15]. The various components of semen fused in a perfect 
medium are needed so that the semen can maintain its natural properties and extend its life from 
the initial process to the freezing and post-thawing process [16]. Tris-based Egg yolk diluent is an 
energy source, osmotic pressure buffer, and extracellular cryoprotectant that can coat the 
plasma membrane to protect sperm from cold shock and maintain plasma membrane stability 
during semen storage [17] [18]. A common problem in the supply of diluents is that commercial 
diluents are expensive and difficult to obtain. 

Fresh egg yolks have been processed into egg yolk powder using freeze drying. Freeze 
drying to dry matter levels that exceeded 96% stabilized the proteins and lipoproteins by 
immobilizing the matrix in the vitrified state [19]. Tris Freeze dry-egg yolk powder can maintain 
the quality of spermatozoa up to 50% longer motility percentage than fresh egg yolk tris [20]. 
However, using the freeze-drying method takes a long time and is relatively expensive.  

One of the efforts made to make egg yolk powder through the action process using an 
oven is the atomization pasteurization process. Using an oven can maintain the quality of the 
drying results for a long time and protect against microbial growth of low water activity. When 
freeze-drying occurs below 30 °C, the proteins preserve all or most of their initial biological 
activity in the dry state [21]. Egg yolk powder has a longer shelf life; egg yolk flour has qualities, 
protein stability, and activates the level of antibody resistance [22] [23].  Therefore, this study 
was conducted to make, prove, and compare egg yolk powder (oven) and egg yolk powder (oven) 
with fresh egg yolk and commercial egg yolk powder on the quality of Bali cattle spermatozoa. 

MATERIALS AND METHODS  

Materials of the Study 

 The material used in the study was one Bali bull of 4 years of age. The tools used included 
an artificial vagina, scale tubes, stationery (pens, labels), test tubes, measuring tubes, measuring 
cups, Petri dishes, syringes, latex gloves, mini tubes, water bath, drying and sterilization oven, 
CASA (Computer-assisted sperm analysis) computer, SDM 6 photometer, hot plate, cuvette, 
centrifuge, oven, microscope, electric scales, macro and micropipettes, micropipette tips, tally 
counters, tweezers, Petri dishes, object glass, and cover glass. Supporting materials included 
sterile aqua bidestilata, commercial egg yolk powder, fresh egg yolk (free-range chicken eggs), 
tris hydroxyl methylamine, citric acid, fructose, penicillin, streptomycin, glycerol, eosin 2%, 
alcohol 70%, vaseline, parafilm, tissue, pH scale paper 0.25, filter paper, aluminum foil. 

Procedures of the Study 

 The preparation of egg yolk and its effect on the quality of Bali cattle spermatozoa 
consisted of several procedures: preparation of egg yolk, preparation of semen dilution, semen 
collection, semen evaluation, and frozen semen preparation. 
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Preparation of Egg Yolk Powder 

 The egg yolk used was the fresh egg yolk of native chickens with the criteria that the egg 
was intact, oval, thick, not cracked or dirty, and without red spots on the eggshell. When the shell 
is broken, the yolk is still intact and light yellow [20]. The yolk was separated from the egg white 
by placing it on a filter paper, and the egg white is discarded. The vitelline membrane was also 
separated from the yolk using a syringe and put into a petri dish. The yolks were baked at 45-
50°C for days. The temperature used for pasteurization was below the boiling point temperature 
using an oven not to cause denaturation of the protein in the egg yolk because the protein in the 
egg yolk is denatured at 65°C [24]. Egg yolks were sieved/grinded using a blender to become egg 
yolk powder. 

Preparation of Semen Diluent 

 The preparation of tris buffer solution was done by putting 3.03 grams of tris (trishydroxyl 
methylamine), 1.25 grams of crystal fructose, 1.78 grams of citric acid into a measuring flask, 
then adding 100 ml of aquabidest, and then homogenized for 15 minutes. Furthermore, the 
solution was heated to boiling and left in a room with a temperature of 37°C [9]. Next, tris buffer 
solution was substituted into the treatments: fresh egg yolk (P0), egg yolk powder (oven) (P1), 
and commercial egg yolk powder (P2) each by 20%, then homogenized using a vortex. The 
solution was centrifuged for 30 minutes at 3000 rpm, and each diluent was added with penicillin 
and streptomycin antibiotics at a dose of 1000 IU/mL and 1 mg/mL, respectively [20]. 

Semen Collection and Semen Evaluation 

Semen collection was carried out using an artificial vagina with a frequency of collection 
twice a week. Semen that has been collected was immediately taken to the laboratory for 
evaluation. Semen evaluation was conducted both macroscopically and microscopically. Semen 
that met the macroscopic evaluation requirements was then evaluated microscopically, including 
motility, viability, abnormality, and intact plasma membrane. 

Frozen Semen Preparation 

 Frozen semen was made when fresh semen tested macroscopically met the requirements 
and continues with microscopic tests. After macroscopic and microscopic evaluation, the 
following process was to dilute, after which equilibration was carried out with the addition of 
glycerol, then continued filling and sealing, namely the process of inserting semen that has been 
mixed with diluent into the straw. After filling and sealing, the straw was arranged on the straw 
rack and put into the refrigerator for 4 hours at a temperature of 0-5°C, then pre-freezing was 
done by placing the straw  ±10 cm above the surface of liquid nitrogen for 15 minutes with a 
temperature of -140°C. The following process was freezing by putting the straw into a goblet and 
immersing it in liquid nitrogen at a temperature of -196°C. To determine the success of freezing 
semen, the frozen semen was thawing by inserting the straw into the thawing device for 45 
seconds; then microscopic observations were made. 
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Data Analysis 

 Data obtained from examining spermatozoa quality were statistically analyzed using 
analysis of variance (ANOVA). Treatments that affect the variables evaluated were then 
compared using the Least Significant Difference Test. All calculation were performed using the 
SPSS Program for Window. 

RESULTS AND DISCUSSION  

Table 1 shows the results of the study of the effect of egg yolk powder on the quality of 
Bali bull spermatozoa.  

Table 1. Quality of Bali Bull Spermatozoa after Dilution and Freezing (Post Thawing) 

Parameter Stage P0 P1 P2 

Progressive Motility 
(%) (±SD) 

PD 71.18±7.18a 75.61±3.76a 25.81±5.81b 

PT 33.90±5.84 34.45±6.19  

Viability 
(%) (±SD) 

PD 86.20±3.96a 86.17±3.24a 23.00±10.14b 

PT 32.10±14.64 27.40±11.60  

Abnormality 
(%) (±SD) 

PD 14.78±3.21a 13.80±2.08a 20.10±5.24b 

PT 37.40±5.45 36.80±15.79  

Plasma Membrane 
Intact (%) (±SD) 

PD 86.59±5.71a 85.20±4.64a 8.10±2.88b 

PT 44.20±6.82 41.70±14.61  

Description: PD (Post-dilution), PT (Post-thawing), P0 (Tris-Fresh Egg Yolk 20%), P1 (Tris-Oven Egg 
Yolk 20%), P2 (Tris-Commercial Egg Yolk 20%).  
a,b,cDifferent superscripts indicate significant different (P<0.05). 

Progressive Motility 

 Table 1 shows the percentage of progressive motility after dilution in fresh egg yolk tris 
diluent (P0) with an average of 71.18±7.18%, lower than and not significantly different from oven 
egg yolk tris-powder (P1) 75.61±3.76% (P>0.05). Still, both are higher than commercial egg yolk 
tris-powder (P2), 25.81±5.81% (P<0.05). At the post-thawing stage, the percentage of progressive 
motility in tris-fresh egg yolk diluent (P0) averaged 33.90±5.84%, lower than and not significantly 
different (P>0.05) from tris-oven egg yolk powder (P1) 34.45±6.19% (P>0.05). 
 The percentage of progressive motility after dilution in tris-powder of oven egg yolk (P1) 
tended to be higher than that of fresh egg yolk (P0). This results is in line with the opinion of 
Ariantie et al.  [20] that the percentage of progressive motility of diluents using egg yolk powder 
is higher than that of fresh egg yolk diluents. The high percentage of spermatozoa motility using 
oven yolk powder is thought to be due to the ability of egg yolk lecithin to protect the plasma 
membrane in liquid semen, which acts as an extracellular cryoprotectant. It has been suggested 
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that the replacement of phospholipids in sperm membranes, with a reduction in freezing point, 
is the cause of the lecithin protective mechanism. Additionally, it might create a shield around 
the sperm to prevent ice crystals from forming and, as a result, shield the sperm membranes 
from physical harm [25]. Egg yolk as a semen diluent functions as an energy source, osmotic 
pressure buffer, and extracellular cryoprotectant that can cover the plasma membrane to protect 
sperm from cold stress and maintain plasma membrane stability during semen preservation  [25]. 

Viability 

 The percentage of viability of spermatozoa after dilution in fresh tris-yolk diluent (P1) 
could survive with an average of 86.20±3.96% and was not significantly different from oven egg 
yolk tris-powder (P1) 86.17±3.24% (P>0.05). Still, both are higher than commercial egg yolk tris-
powder (P2), 23.00±10.14% (P<0.05). At the post-thawing stage, the percentage of viability in 
fresh tris-yolk diluent (P0) averaged 32.10±14.64%, higher and not significantly different (P>0.05) 
from tris-oven egg yolk powder (P1) 27.40±11.60%. 
 The percentage of spermatozoa viability after dilution tended to be the same in the fresh 
egg yolk treatment with oven yolk powder. However, the commercial egg yolk powder 
experienced a drastic decrease. It is suspected that some substances in egg yolk have inhibited 
cell respiration and, therefore, caused a reduction in the number of motile cells and their viability 
[26]. The decrease in parameters using egg yolk powder could be due to the increased viscosity 
of the medium; the high temperature reached during the pasteurization process denatured the 
egg yolk proteins, inducing them to have a gel-like consistency in the medium after 
reconstitution, causing high diluent viscosity [27]. 

Abnormality 

 The percentage of spermatozoa abnormalities after dilution in tris-fresh egg yolk diluent 
was higher with an average of 14.78±3.21% and not significantly different from tris-oven egg yolk 
13.80±2.08% (P>0.05), but both are lower than tris-commercial egg yolk meal (P2) 20.10±5.24% 
(P<0.05). At the post-thawing stage, the percentage of abnormalities in fresh egg yolk tris-powder 
diluent (P0) averaged 37.40±5.45%, higher and not significantly different from oven egg yolk tris-
powder (P1) 36.80±15.79% (P>0.05). 
 The abnormality of spermatozoa after dilution using oven egg yolk powder and fresh egg 
yolk is still within the normal range. Spermatozoa abnormalities exceeding 20% can reduce 
fertility [28]. The diluent processing and cooling factors influence the increase in the percentage 
of semen abnormality [29]. 

Plasma Membrane Intact 

 The percentage of intact plasma membrane (MPU) of spermatozoa after dilution in fresh 
egg yolk tris diluent (P0) with an average of 86.59±5.71% was higher and not significantly 
different from oven egg yolk tris-powder (P1) 85.20±4.64% (P>0.05), higher than commercial egg 
yolk tris-powder (P2) 8.10±2.88% (P<0.05). At the post-thawing stage, the percentage of intact 
plasma membranes in fresh egg yolk tris-powder diluent (P0) averaged 44.20±6.82%, higher and 
not significantly different from oven egg yolk tris-powder (P1) 41.70±14.61% (P>0.05). 
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 Intact plasma membranes in diluents using oven egg yolk powder can maintain the quality 
of spermatozoa after dilution; this is because the components of egg yolk that play a role in 
protecting spermatozoa during dilution include phospholipids, low-density lipoprotein (LDL), and 
cholesterol is believed to be able to associate with plasma membranes to form a protective layer 
on the surface and can replace plasma membrane phospholipids and maintain plasma membrane 
integrity [30]. Plasma membrane functionality and integration are essential for evaluating sperm 
quality because an intact plasma membrane is a critical limit in sperm cell survival [31]. 

CONCLUSION 

 Oven egg yolk powder can be an alternative to fresh egg yolk and potentially maintain 
sperm quality after dilution. Commercial egg yolk powder cannot maintain the quality of 
spermatozoa after dilution, so the freezing stage cannot be carried out using commercial egg yolk 
powder diluent. 
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