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Abstract

Nile tilapia (Oreochromis niloticus) is a fish that is in demand
because of its high economic value and thick meat. Tilapia is easy to
breed, uncontrolled spawning can occur so that growth is inhibited.
The growth of male tilapia is faster than females at the same age.
To increase the growth rate, sex reversal is carried out towards
males through immersion in steroid hormones. Bioactive
substances contained in sea urchins are steroid compounds. The
purpose of this study is to determine the effect of the length of
immersion in sea urchin gonad extract (Diadema setosum) on the
formation of male phenotypes of tilapia larvae and tilapia survival.
The method used is a completely randomized design with 4
treatments and each treatment with 3 replicates at a dose of 4
mg/L with soaking times of 0, 12, 18, and 24 hours. Data are
analyzed using SPSS 16 software with analysis of variance (One-
way ANOVA). The results show that different lengths of immersion
in sea urchin steroid extract at a dose of 4 mg/L affect the
formation of male individuals. A soaking time of 18 hours is quite
effective in directing the sex of fish to males by 66%. Immersion
time also affects the survival of tilapia larvae.
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INTRODUCTION

Tilapia (Oreochromis niloticus) is an
economically important consumed fish
species [1]. Tilapia has the advantages of
being easy to breed, fast growth, tolerant of
environmental conditions, thick meat,
favored by the public, and easy to cultivate
[2], [4]. This fish is easy to breed,
uncontrolled spawning can occur, and

growth is inhibited [1], [4], [6].

The growth rate of male tilapia is faster
than females [2], [4], [7]. Due to this
phenomenon, the difference in fish biomass
at harvest time can reach 30-50% [8]. In its
development, mono-sex male tilapia
cultivation is carried out. Monosex
cultivation is done to obtain faster growth,
control of wild spawning, and better
performance [9].
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One technique to obtain male mono-sex
tilapia fry is through sex reversal
techniques by  administering  male
hormones (testosterone). The commonly
used hormone is the synthetic hormone
17a-methyltestosterone [4], [10]. However,
its use has been banned in aquaculture
because it is naturally challenging to
degrade and has the potential to pollute the
environment. The use of synthetic
hormones is relatively expensive and harms
the environment. According to Sukmara, et
al [11], the administration of synthetic
hormones in sex reversal can cause stress,
resulting in low fish survival.

Some natural ingredients that can be used
as alternatives to synthetic hormones
include a purposing extract [12], bovine
testis flour [13], sea cucumber offal extract
[14], a combination of sea cucumber gonad
extract and wild honey [15]. In this study,
sea urchin extract was used as a safer
alternative. Sea urchins contain 28 types of
amino acids and fatty acids, vitamins A and
B complex, and minerals [16]. In addition,
sea urchins also contain naphthoquinone
secondary metabolites that give anti-free
radical effects [17]. According to Akaerina
et al. [18] and Susanto et al. [19], extracts
from the shell, spines, and gonads of sea
urchins contain active compounds of the
steroid, alkaloid, triterpenoid, flavonoid,
and saponin groups. Administration of
steroid hormones will change the sex of fish
physiologically. Initially, this hormone will
stimulate the reproductive process, starting
from gonad differentiation, gametogenesis,
ovulation, spermatogenesis, spawning, and
mating behavior. Furthermore, these
hormones will stimulate external sex
characteristics, including changes in
morphology and physiology  during
spawning and pheromone production [20].

According to [21], active steroid compounds
contain the hormone testosterone and play
a role in the formation of male genital
organs, reproductive function, and sexual
behavior. Therefore, this study aims to
determine the effect of different immersion
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lengths in sea wurchin gonad extract
(Diadema setosum) at a dose of 4 mg/L on
the formation of male phenotypes of tilapia
larvae.

METHODS

The research was conducted in October-
December 2022 in the Aquatic Biology
research laboratory of the Integrated MIPA
building, Faculty of Mathematics and
Natural Sciences, University of Lampung,
while the preparation of sea urchin
(Diadema setosum) steroid extracts was
carried out at the Integrated Laboratory of
the Center for Innovation and Technology,
University of Lampung. The tools used in
this study were an 8-liter fiber tub for
acclimatization, a 5-liter glass aquarium for
treatment, a 5-liter larval rearing tub, a
blower, a 2-meter aeration hose, a 1-m
sewage suction hose.

Water quality measurement tools include a
pH meter, D.0O. meter, thermometer, plastic
bucket, scopnet, and lup. Some tools for
making steroid extracts are a reflux
instrument, rotary vacuum evaporator,
centrifuge, 500 ml volumetric flask, 250 ml
glass beaker, test tube, and drop pipette.

The materials used in this study were 240
14-day-old tilapia larvae (Oreochromis
niloticus), steroid extract of sea urchin offal,
tilapia feed (Paralytic Shellfish Poisoning/
PSP, Prima Feed 100/PF 100; Prima Feed
500/PF 500), maintenance media water,
methanol and distilled water as solvents,
and phenolphthalein/pp indicator for
making sea urchin extract.

The study was conducted wusing the
Completely Randomized Design method
consisting of 4 treatments of immersion in
sea urchin gonad extract at a concentration
of 4 mg/L for 12, 18, and 24 hours, and
control (without immersion) and each
treatment with three replications. Each
rearing tank contained 20 tilapia larvae at
five fish/liter density.

The first stage is the preparation of the



rearing container and water filling. The
container must first be cleaned using
chlorine (NaOCL). The water used is well
water that has been tanked for three days.
The next stage is making sea urchin
(Diadema setosum) steroid extract. Sea
urchin gonad extract was obtained by
maceration using methanol for 48 hours in
a ratio of 1:3 (weight/volume), then shaken
using a rotary vacuum evaporator at 37-
400 C, and then the extract was stored at
chilling temperature (0-42C). The extract
obtained as much as 4 mg was then
dissolved in 1 liter of distilled water to
obtain a solution with a concentration of 4
mg/L as a treatment material. The research
implementation stage starts with preparing
and acclimatizing test animals for three
days. Then, selected by looking at the
morphological characteristics of tilapia,
such as body size less than 2 cm,
completeness of limbs, and active body
movements when swimming. Furthermore,
the treatment was given with the
immersion method. Each treatment tub was
filled with 60 tilapia fish and soaked in sea
urchin gonad extract at a concentration of 4
mg/L for 0, 12, 18, and 24 hours. After
soaking in the treatment tanks, tilapia
larvae were transferred to rearing tanks for
60 days. During rearing, fish were fed with
PSP until 3 weeks old, PF 100 until 5 weeks
old, and PF 500 until 8 weeks old every
morning and evening. During the rearing
process, water quality must always be
maintained, therefore, water replacement
and measurement of water quality,
including water temperature, D.O., and pH
were carried out every 7 days.

The parameters in this study are:
1. The percentage of males and females
was calculated using the formula [22].

the number of male fish

] (%) = x 100%

number of fish sampled
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) __ thenumber of female fish

B (% x100%

number of fish sampled

Description:
] = percentage of males (%)
B = percentage of females (%)

2. The survival rate was calculated using
the formula [22].

Nt
SR =— x100%
No

Description:
S.R. = fish survival rate (%)
Nt = number of fish at the end of the study

No = number of fish at the beginning of the study

3. Water quality during rearing

Water quality measurements include pH
measured using a pH meter, water
temperature with a thermometer, and
dissolved oxygen (D.0.) measured with
a D.0. meter. Data was analyzed with
SPSS 16 software with analysis of
variance (One Way ANOVA), and if the
variance analysis data contained
significant differences between
treatments, it was continued with the
LSD (least significant difference) test at
the 5% level (a = 0.05).

RESULTS AND DISCUSSION

The study results of differences in the
length of immersion in sea urchin gonad
extract at a dose of 4 mg/L on sex formation
and survival of tilapia during 60 days of
maintenance in the aquarium can be seen in
Table 1.

Table 1. Sex formation and survival rate of tilapia at different immersion durations in 4 mg/L doses of sea
urchin gonad extract for 60 days of rearing in the aquarium

Soaking Time Males (%)

Females (%)

Survival Rate (%)

0 hour 51,16 + 1,52a
12 hours 58,33 +1,52a

48,83 +£1,00
41,66 1,52

71,66 + 2,08
80+ 2,64
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18 hours 66 +1,00b
24 hours 63,26 + 1,52a

34+1,15
36,73+1,73

83,33 £1,52
81,66 + 2,08

The results showed that the 18-hour
immersion treatment significantly differed
from the 0-hour immersion. The significant
value of each treatment > 0.05. The highest
percentage of males, 66%, was found in the
18-hour immersion, while the lowest was at
0 hours, 51.16%. The highest female
phenotype was formed in O hours
immersion at 48.83% and the lowest at 18
hours at 34%. ANOVA's results showed that
18 hours of immersion significantly affected
the formation of males and their survival
rate.

In this study, the measured water quality
includes acidity (pH), temperature, and
dissolved oxygen (D.0.) content measured
every 10 days for 60 maintenance days. The
results of water quality measurements can
be seen in Table 2.

Table 2. Results of water quality measurements
during 60 days of rearing

Parameter Value Tolerance Range

Range
pH 6,7-6,9 6,8-7
Suhu (°C)  26-28 25-30
DO (mg/L) 3,6-3,9 3,6-4

The successful formation of the male
phenotype of tilapia larvae is inseparable
from the administration of sea urchin gonad
extract. According to Aaerina et al. [18], sea
urchin contains the highest steroid in the
gonads at 7.10% and the lowest in the
spines at 0.94%. The high content of sea
urchin gonads is thought to be influenced
by the many compounds that dissolve in
methanol solvents. According to [21], active
steroid compounds contain the hormone
testosterone, which plays a role in the
formation of male genital organs,
reproductive function, and sexual behavior.

The sea urchin gonads contain 8 essential
amino acids (lysine, methionine,
phenylalanine, threonine, valine, arginine,
tryptophan, and histidine) and nonessential
amino acids such as aspartate, cysteine,

serine, glycine, and glutamate [23]. Zinc
(Zn) and selenium (Sn) are minerals
contained in sea urchin gonads and can
affect testosterone levels [24].

According to Hamid and Toha [25] and
Padang et al. [26], sea urchin gonads
contain essential and nonessential amino
acids. One of the crucial roles of amino acids
in the formation of androgen hormones is
testosterone, which increases libido and
spermatozoa formation and enters the
bloodstream as a regulator of secondary
sexual characteristics. This statement is
under the research of [27], that sea urchin
gonads contain steroids, triterpenoids, and
saponins, which are proven to be used in
masculinization techniques. According to
Susanto et al. [19] sea urchin gonad extract
at a dose of 4 mg / L significantly affects the
formation of male cupang fish (Betta sp) by
84.10%. Research by Lubis and Fitriani [28]
using a dose of 4 mg/L honey on hickey fish
obtained males of 77.33%. In addition, sea
urchins contain a secondary metabolite,
naphthoquinone, which has an anti-free
radical effect [17]. According to Wang et al.
[29], steroids are androgenic hormones that
play a role in determining the expression of
male phenotypes. Therefore, stimulation of
these hormones can cause fish larvae to
become masculine.

Steroid compounds are inherently bioactive
substances thought to contain androgen
hormones that play a role in sex reversal
[30]. Administration of these steroid
compounds appears to affect the gonads
during male character formation and
gonadal development stages. Testosterone
is suspected to affect neurons through the
hypothalamus, followed by synaptic
secretion of gonadotropin-releasing factor
[31]. This androgen hormone then enters
the cytoplasm bound to specific receptors in
the cytosol. These formed steroids then
travel to the nucleus and are bound to
acceptors in the genome [32].

The immersion method of hormones will
enter the body by diffusion through the
skin, gills, and digestive organs [33].



Steroids initiate changes in secondary sex
characteristics behavior following the
development and maturity of gametes [31].
Steroid formation in fish occurs in Leydig
cells. Cholesterol is taken wup and
synthesized by Leydig cells. Cholesterol is
converted to pregnenolone in
mitochondrial organelles. Pregnenolone is
converted to 17a-hydroxy-progesterone,
the substrate for androgen synthesis. The
main product of adult fish testes is 11-
testosterone  (11-KT), produced by
testosterone (T) [34]. The final steroid
plasma concentration depends on the rate
of synthesis and the rate of deactivation by
the liver [31]. According to [35], the
absorption of dissolved components in
water through the gills is quite large
compared to the skin and digestive organs.

Low doses of hormones can cause less than
optimal sexual drive, while high doses can
cause sterility in fish [9]. To be able to
distinguish  the formation of male
phenotypes of tilapia can be seen from
physical characteristics such as tail, dorsal,
and anal fins that are longer and wider. In
female larvae, the three types of fins are
narrower and shorter [36].

This study uses immersion so hormones
more effectively enter the body through the
circulation system and osmoregulation.
Tilapia larvae used are <14 days old by
considering the process of sexual
differentiation so that the sex of the
individual cannot be determined to be
formed male or female. According to
Hadayani et al. [37], several factors need to
be considered in the process of sex
direction, such as the continuous
administration of hormones when the
gonads have not yet formed and the use of
the proper dose of hormones. In this study,
immersion in sea urchin extract solution at
a dose of 4 mg/L for 18 hours showed a
percentage male formation of 66%. The
longer the immersion time of the hormone
used, the lower the male formation. Not all
hormones may be well absorbed in the
body. According to Zairin [38], the
weakness of the immersion method is that
not all absorbed hormones can reach the
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target organ.

Immersion in sea urchin extract solution
gives an optimal effect compared to the
control (without  immersion).  The
administration of hormones aims to disrupt
the balance of hormones in the blood during
sex differentiation [38]. In the treatment
without immersion, female sex formation
was higher at 48.83% (Table 1). Without
hormonal stimulation in the process of
gonad differentiation, sex formation occurs
naturally. At the same time, immersion in
sea urchin extract solution triggers
hormonal stimulation  that  affects
differentiation into males. Sea urchin gonad
extract contains active compounds that can
penetrate cell walls by inhibiting protein
synthesis, thus causing changes in cell
composition [39]. The naphthoquinone
content in sea urchins also has potential as
an antibacterial and anti-inflammatory,
similar to aspirin [40]. Soaking time affects
the survival of tilapia. The highest survival
rate of tilapia larvae was obtained at an 18-
hour soaking time of 83.33%. This is due to
the age of fish larvae that are vulnerable to
changes in environment and temperature.
Factors that affect survival rates consist of
biotic factors, including population density
and age, the adaptability of organisms to the
environment, and environmental abiotic
factors [41].

Tilapia larval mortality occurred from the
first day to the eighth day after treatment.
Larval mortality is thought to be due to fish
stress after transferring from treatment to
rearing tanks.

The ideal pH for tilapia growth ranges from
6.8 to 7.0 [42]. pH in the maintenance
media ranges from 6.7-6.9, still following
what tilapia needs. The results of the
respiration of organisms and waste of feed
can cause the pH of the media to change.
Low pH values can cause fish to be easily
stressed and attacked by disease and
reduce productivity and growth rates [43].
According to Effendi [22], temperature is an
essential factor in the metabolic process of
aquatic organisms. Temperature changes
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can affect fish survival and death due to
increased toxicity of dissolved
contaminants and decreased dissolved
oxygen.

Fish are classified as poikilothermal
animals, where body temperature adjusts to
the environment's temperature. All
physiological processes of fish are strongly
influenced by temperature. Low
temperatures can increase the toxicity of
dissolved contaminants and reduce
dissolved oxygen levels, which can cause
fish to be susceptible to mold and mortality
[44]. [45] state that the ideal temperature
range for tilapia spawning activities to
produce eggs and larvae is 22-37°C. The
maintenance temperature of tilapia in this
study ranged from 26-28°C. Oxygen is
needed as an energy source to oxidize food
substances that enter the body [46]. Lack of
dissolved oxygen levels will harm fish, such
as stress and susceptibility to diseases that
can cause fish death [47]. This study's
dissolved oxygen (D.0.) content ranged
from 3.6-3.9 mg/L. [48] state that the
dissolved oxygen content in tilapia
cultivation media is at least 4 mg/L, so D.O.
in the study <4 mg/L is still considered
optimal.

CONCLUSIONS

Differences in the duration of immersion in
sea urchin extract at a dose of 4 mg/L affect
the sex formation of tilapia larvae
(Oreochromis niloticus). Immersion of 18
hours is a duration that is quite effective in
forming males by 66%. Immersion duration
also affects the survival of tilapia
(Oreochromis niloticus).
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