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EFFECT OF SPERM EXTENDER AND DILUTION RATIO ON THE SPERM
MOTILITY, FERTILITY, AND HATCHING RATES OF DEPIK FISH RASBORA
TAWARENSIS (PISCES: CYPRINIDAE) EGGS
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ABSTRACT

There is no known artificial breeding method for depik fish Rasbora tawarensis. Sperm extender and the dilution ratio
are crucial factors in the artificial breeding of fish. The current study aimed to assess the effect of several common fish
sperm extenders and its dilution ratio on sperm characteristics and fertilization of depik fish eggs. Two series of experiments
were performed to find the best extender and its dilution ratio. In the first experiment, five types of extenders were tested:
Ringer’s solution, physiological solution, coconut water, sugarcane water, and roomie water. The second experiment studied
four dilution levels of sperm and extender (v/v): 1:20, 1:30, 1:40, and 1:50. Every treatment was conducted in four replicates
and the experiments were conducted consequently so that the findings in the first experiment were applied in the second.
The first experiment showed that Ringer’s is the best extender for depik sperm with sperm motility, fertilization and hatching
rates of 71.00%, 69.30%, and 53.66%, respectively; and the second experiment revealed that Ringer’s at dilution ratio
1:40 gave higher sperm motility, fertilization, and hatching rates of 74.66, 70.33, and 59.00%, respectively. In conclusion,
Ringer’s solution was the most favorable extender for sperm which yielded best fertilization results at 1:40 dilution ratio
(sperm:extender, v/v) in depik fish.
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INTRODUCTION (1, 2) and that is why it has been listed on

the TUCN critically endangered species of fish.

Depik fish, Rasbora tawarensis, is endemic to
Lake Laut Tawar, Takengon City, Indonesia. The
population has dropped drastically in the last 20 years
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The decline in the depik population is thought to
be caused by overfishing, introduced fish species,
habitat pertubation, and climate change (3, 4, 5).
Therefore, the conservation program of the depik is
mainly needed. Basic information on bioecology of
this species have been well decomented. Muchlisin et al.
(6, 7, 8) has studied the genetic and morphometric
differences among the Rasbora group in the Lake
Laut Tawar. According to Muchlisin (9), depik fish
are widely distributed in Lake Laut Tawar, where
adult fish are found in deep water far from the coast,
while small fish are found in shallow water close to
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the coast. Depik is a synchronous group that spawns
several times a year, with its peak spawning season
in September (10, 11). The fish is planktivorous and
they feed on zooplankton and phytoplankton (12).
Depik fish migrate from the lake to small tributaries
around lakes (anadromous) and they lay eggs on
the bottom of gravelly waters, clear water, and slow
currents (13).

The breeding of depik fish has been initiated by
several researchers. Muchlisin et al. (14) studied the
application of intracellular cryoprotectant DMSO
for cryopreservation of depik sperm. Eriani et al.
(15) and Muchlisin et al. (16) have researched
antioxidants for cryopreservation of depik sperm
reporting the glutathione as most suitable for
depik sperm. However, these studies did not
research extenders for sperm dilution of depik fish
R. tawarensis.

In artificial breeding, the extender is very
crucial and determines the success of the spawning
program (17, 18) along with the dilution ratio (19,
20). The extender is a medium used to dilute sperm
achieving larger volumes for artificial breeding
(21). This medium can maintain and prevent the
initiation of sperm activation and motility during
the collection, handling, and storage (22, 23, 24).
Ringer and physiological solutions are the most
common extenders in the fish breeding program.
Besides, several natural materials such as coconut
water, sugarcane, and roomie water have been
explored for diluting fish sperm (19, 23). The
extender must be non-toxic to sperm and the
suitability of extender is species-dependent. In
addition, the extender provides nutrients and energy
to the sperm during storage (22). The electrolyte
composition of the extender must be similar to that
of the seminal plasma (25) in order to have the same
pH and to be isotonic.

The current study aimed to determine the best
sperm extender and the most suitable dilution ratio
for depik fish sperm.

MATERIAL AND METHODS

Experimental design

The completely randomized design was used in
this study. The study was divided into two series
of experiments. The first experiment was designed
to assess the effect of different semen extenders on
the motility, fertility, and hatching rate of depik
eggs. Two chemical base extenders (Ringer and
physiological solutions), and three natural base
extenders (coconut water, sugarcane waters, and
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roomie water) were used in this experiment. The
second experiment was designed to determine the
effect of different sperm dilution rates (1:20, 1:30,
1:40, and 1:50, sperm: extender, v/v) with the most
suitable sperm extender from the first experiment.
Every dilution rate was tested in three replicates.
The fresh sperm was used as a control group in
each experiment. The experiment was conducted at
the Lukop Badak Hatchery, Takengon City, Aceh
Province, Indonesia. The study was conducted
complying to the standard ethical procedure for animals
used in scientific research, approved by the University
Syiah Kuala (Ethic Code Number 958/2015).

Extender preparation

The Ringer solution contained 7.5 g NaCl L,
0.2 g KCIL", 0.2 g CaCl, L*, 0.2 g NaHCO, L,
and 7 g L' glucose. The physiological solution is
an intravenous solution with a concentration of
0.9% NaCl. The coconut water, sugarcane water,
and roomie water were purchased from the local
market in Aceh Besar district, Indonesia. These
solutions were freshly prepared and were kept and
transported to the laboratory at 4 °C on crushed-ice
in an icebox. The water solutions were filtered
using a whatman paper before being used in the
experiment.

Broodstock

The broodfish was caught during spawning
migration in Lake Laut Tawar, Takengon City,
Indonesia. Dedeuseun traps were used to bar the
lake tributaries with framed nets. A total of 25 males
and 5 females matured broodfish were collected and
transported to Lukop Badak Hatchery in Takengon
City. They were domesticated for two weeks. The
length and body weight range of the male broodfish
were 75.98-113.31 mm and 2.98-7.32 g, respectively.
In female broodstock they were 121.32-150.33 mm
and 3.52-11.83 g, respectively. The broodfish was
domesticated in concrete tanks with continuously
flowing water. They were fed twice per day (8 a.m.
and 6 p.m.) with a commercial pelleted feed
produced by Central Protein Prima (CCP) with 35%
crude protein.

Sperm collection and initial evaluation of sperm
quality

Atotal of 25 matured males were intramuscularly
injected with 0.30 ml kg! of Ovaprim to induce
spermiation process. The sperm was collected
8 hours after injection by gentle abdominal pressure.
The genital pore was cleaned with cloth to avoid
contamination by water and fish urine. The sperm
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was taken with a sterile syringe which was then
transfered into a glass tube and was kept in an
icebox (4 °C). The sperm was analyzed for initial
quality including pH, color, and motility. Only
good quality sperm with motility higher than 60%
was used for the experiment (26).

The sperm was diluted with the extender at
dilution rate (1:20, sperm:extender, v/v) according
to Muchlisin et al. (14) and was then kept in an
icebox (4 °C) for six hours before being analyzed
for motility, fertility, and hatching rates. One drop
of diluted sperm and two drops of tap water were
placed on a glass slide. They were gently mixed
to activate the sperm and were covered with a
cover-glass. Sperm motility was observed with a stereo
microscope (Zeiss Primo, Switzerland) at 100-400x
magnifications.

Fertilization and egg incubation processes

A total of five late mature female broodstock
were taken from the broodstock tank. The
genital pore was cleaned using a cloth to avoid
contamination by water and urine. The eggs were
collected by applying finger pressure from the
abdominal to the genital pore, and the eggs were
placed in a plastic jar which was kept in an icebox
(4 °C). Then, 1 ml of eggs were taken randomly and
mixed with 0.25 ml of diluted sperm in a plastic jar
(4:1, egg:sperm). Two mililiters of tap water were
added to the basin and mixed homogeneously by
using soft feather. They were in contact for 5 min
(23,24). A total of 100 eggs were taken randomly for
the basin then incubated in the aquarium glass tank
at a room temperature of 28-29 °C. The aquarium
was equipped with a portable aerator (Jebo P-30,
China). The success of the fertilization was
recorded 6 hours after incubation. The experiment
was performed in three replications.

The unfertilized eggs were identified by their
opacity and were removed from the aquarium to
avoid fungus contamination (27, 28). The hatching

eggs were monitored in 2-hour intervals for
72 hours. The best extender which was found in the
first experiment was used to dilute the sperm. The
fertilization and hatching rate rates were calculated
based on Muchlisin et al. (14) as follows:

Fertilization rate (%) = (total of fertilized eggs/
total of incubation eggs) x 100

Hatching rate (%) = (total hatched eggs/total of
incubation eggs) x 100

Data analysis

The data on sperm motility, fertility, and
hatching rates were calculated for mean values
and standard deviations, then were subjected to
one-way Analysis of Variant (one-way ANOVA)
followed by Duncan’s multiple range test using the
SPSS software ver. 20.0.

RESULTS

The fresh sperm had a milky white color with
an average pH of 6.55 and high viscosity. The
fresh sperm had a good motility of 75.00% which
was deemed suitable for the experiment. The
results showed that sperm motility, egg fertility,
and hatching rates decreased after storage for six
hours in all extenders. The first experiment showed
that different extenders have significant effect
on sperm motility, fertility, and hatching rates of
eggs (p<0.05). The highest sperm motility and
egg fertility were recorded in sperm diluted with
Ringer’s solution. However, these values were not
significantly different from those obtained in the
physiological solution and control (the fresh sperm).
While the higher hatching rates were recorded in
sperm diluted with the physiological solution, it
was significantly different only with the roomie
water group. The lowest fertilization and hatching
rates were recorded in sperm diluted with roomie
water (Table 1).

Table 1. Sperm motility, fertility, and hatching rates of depik Rasbora tawarensis eggs based on the type of extender

Extender Motility (%) Fertility (%) Hatching (%)
Control (fresh sperm) 73.00£1.00¢ 73.00£1.00¢ 63.33+0.31°
Ringer’s 71.00+1.00° 69.30+0.57° 53.66+4.72°
Physiological 67.33+2.08" 64.66+13.80" 63.66+13.80°
Coconut water 64.33+4.04%® 51.00+8.54° 51.00+8.54°
Sugarcane water 60.33+1.52° 51.00 £8.54° 51.00+8.54°
Roomie water 60.00+2.64° 32.334+2.50° 32.33+2.51°

The mean values (+SD) with different superscript in the same column are significantly different (p<0.05)

The values are derived from three replicates
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Table 2. Sperm motility, fertility and hatching rates of depik Rasbora tawarensis eggs based on dilution ratio
levels in Ringer’s. Treatment was conducted in three replicates

Dilution ratio (v/v) Mootility (%) Fertility (%) Hatching (%)
1:20 64.00+3.60° 63.00+7.02¢ 47.33+2.64%
1:30 67.66+5.85 52.33+5.13b 46.33+7.500
1:40 74.66+3.50° 70.3348.54¢ 59.00+1.52¢
1:50 70.00+1.002 36.67+3.20° 31.3344.16°

The mean values (£SD) with different superscript in the same column are significantly different (p<0.05)

The second experiment showed that different
dilution rates of Ringer’s solution produced a
significant effect on sperm motility, fertility, and
hatching of eggs (p<0.05). The highest values for
all parameters were recorded for the dilution ratio
of 1:40 (Table 2). Sperm motility in the dilution
ratio of 1:40 was not significantly different with
that in 1:30 and 1:50. Fertility and hatching
values achieved in the 1:40 dilution ratio were not
significantly different from those observed in the
1:20 ratio. The significantly lowest values were
achieved at the dilution ratio of 1:50.

DISCUSSION

In the first experiment, we found that Ringer’s
solution gave the best results compared to other
extenders. This finding indicates that Ringer’s is a
suitable extender for depik sperm. This is probably
because Ringer’s solution could maintain the
viability of the sperm and less energy was expended
by spermatozoa during preparation and storage. This
yielded higher post-activation motility resulting
in higher fertilization and hatching rates. The least
positive results were recorded in sperm samples
diluted with coconut water, sugarcane water, and
roomie water probably due to low pH (pH 5.0-5.6)
during the fertilization process. The pH dropped
from 5.0 to 4.9 with the addition of coconut water,
from 5.6 to 5.1 for sugarcane water, and 5.0 to 4.8 for
roomie water. Ringer’s and physiological solution had
pH of 6.8 and 6.9, respectively, without alterations in
the pH level. These extenders yielded better results
compared to coconut water, sugarcane water, and
roomie water which are natural materials with higher
glucose (29, 30) and other microbial contents that can
be easily fermented, thus reducing the pH.

Zhou et al. (31) and Dhumal et al. (32) reported
that sperm motility is strongly depending on the pH
of the medium. Gao et al. (33) stated that declines
in fertility are probably caused by low pH caused
by the extender. In general, sperm is inactive in the
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seminal plasma which has a pH range between 7.2
to 8.2 (34). Therefore, pH of the diluent should be
similar or close to the pH of the seminal plasma
(35). This condition makes the sperm preserve
their energy and results in higher motility in
post-activated sperm. Besides, the presence of ions such
as K, Na*, Ca?', and Mg?"also plays an important
role in the diluent (36). The concentration of ions
influences the osmolarity and osmotic pressure
of the diluent (37). Therefore, the extender should
have similar composition and osmolarity with the
seminar plasma (38). In this study, Ringer’s solution
contained Na*, K, and Ca*, and the physiological
solution contained only Na'. The ionic composition
of the natural extenders was not examined.
According to Barlina et al. (30), the coconut
water contains sucrose, fructose, magnesium, and
potassium. Sodium plays a vital role as a buffer in
stabilizing pH, osmotic pressure, and electrolytes
of the diluent. However, the presence of higher
potassium concentrations in the diluent leads to
reduced sperm motility (39).

The second experiment determined that the
dilution ratio produced a significant effect on the
success of sperm motility, fertilization, and hatching
rates. In general, sperm motility, fertilization and
hatching rates increased from a dilution ratio of 1:20
to 1:40, then slightly decreased when the dilution
ratio increased to 1:50. Therefore, the optimum
level of dilution ratio for depik fish was 1:40 (sperm:
extender, v/v). Aside from being affected by the
extender, the success of fertilization of fish eggs is
also affected by sperm concentration or dilution ratio
(40). The optimal sperm dilution ratio is species-
dependent. The optimal dilution rate of 1:20 was
reported for grouper (25), bagrid catfish Mystus
nemurus (27), and for African catfish Clarias
gariepinus (24). According to Zhou et al. (41), there is
a strong correlation between dilution ratio and sperm
motility. Higher dilution ratio results in lower sperm
density but higher sperm motility. However, the
higher dilution ratio may result in lower fertilization
rate as it was recorded in the current study.
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CONCLUSION

It was concluded that Ringer’s solution at 1:40
dilution rate (sperm:extender) was most effective
for artificial breeding of depik fish R. tawarensis
which is endemic and threatened fish species in
Lake Laut Tawar, Indonesia.
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