FORMATION OF MALE SEX TILAPIA
(Oreochromis niloticus) LARVAE BY
IMMERSION METHOD IN NATURAL

METHYLTESTOSTERONE HORMONE

ABSTRACT

ABSTRACT]

Aims: In cultivating Nile tilapia (Oreochromis niloticus), the growth of male tilapia is faster
i than female-tilapia. Thus, to obtain a productive tilapia_farming, it is an-effert-can-be-made
teadvisable to change the sex of the-tilapia larvae into male monosex tilapia. This study
aimed to determine the effect of the duration of administration of the natural
|| Methyltestosterone (MT) hormone on the formation of the-male sex ef-tilapia using the
immersion method.
Study design:The experimental design was completely randomized design (CRD) with 5
treatments and 3 replications |
Place and Duration of Study:The study was conducted at the Northern Region Marine and
Fisheries Service Branch, Wanayasa Freshwater Fish Seed Development Center,
Purwakarta Regency, West Java Province.|
Methodology:The experimental design used a completely randomized design (CRD) with 5
treatments and 3 replications. Treatment A: Control (-) without hormones, B: positive control
(+) 17 « - MT at a dose of 100 mg/L for 5 h, C: natural MT at a dose of 350 mg/L for 5 h, D:
natural MT at a dose of 350 mg/L for 10 h, E: natural MT at a dose of 350 mg/L for 15 h.
Results:f‘l’ilapia larvae used were aged 6 days after hatching and reared for 40 days, then
the male and SR sex were observed. The results of this study showed that the duration of
immersion of tilapia larvae using natural MT significantly affected the male tilapia which
resulted in the highest male percentage at 15 h of immersion of 80.2%, then followed by 10-
h immersion of 75.6% with the same SR value of about 90%.
Conclusion:%dministration of natural MT using cow testis meal by immersion method at
different durations significantly affects male sexual development in 6-day-old tilapia larvae.
Based on the obtained data analyses, the percentage of male tilapia in the 40-day
experimental study shows the most effective duration in treatment E (15 h) with a measure
of 350 mg/l, which is 80.2%

Keywords! tilapia fish larvae, percentage of males, natural methyltestosterone, monosex
Culture, bovine testicle,

1. INTRODUCTION

One fishery product that is frequently imported by the US market is tilapia. After shrimp,
| salmon, and tuna, tilapia, it is the fourth most popular fish consumed in the United States
(Pearson, 2023). Tilapia is ranked as one of the top ten major products of aquaculture
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activities and one of the freshwater fish aquaculture with significant economic values
(Department of Marine Affairs and Fisheries of the Republic of Indonesia, 2008). The
demand for tilapia on the global market is 200,000 tons annually (Wijaya, 2011). There is a
growing demand for tilapia because it remains one of the most reasonably priced sources of
animal protein for people of all social classes. Numerous studies are still being conducted in
Indonesia, in an attempt to produce productive tilapia (Hertanto, 2013). The formation of
male tilapia larvae stimulated with the hormone methyl testosterone in pellet flour is one of
these initiatives (Sarker et al., 2022).

The high reproductive potential of the fish makes it difficult to regulate and frequently results
in inbreeding, which is a prevalent issue in tilapia aquaculture (Mangaro et al., 2018). This
causes fish to grow slowly, taking a long time to reach the size needed for consumption, and
sometimes even experiencing stalled growth (Tatalede et al., 2019; Maulana et al., 2023).
To boost tilapia farming output, the most effective way to do so is to produce male tilapia
larvae for mono-sex production (Malik et al., 2019; Susilawati et al., 2022). This is because,
during the tilapia growing process, male tilapia grow more quickly than female-tilapia. Fish
maleization hormone, or natural MT hormone, is required for this process, which is the
stimulation of fish larvae toward males. Compared to female tilapia, male mono-sex (single-
sex) farming has several benefits, such as a shorter harvest age, a greater size, and more
tender meat (Suyanto in Fitzsimmons, 2004; Omasaki et al., 2016).

One procedure to get male mono-sex tilapia is through sex change procedures by
administering male hormones (testosterone). The commonly utilized hormone is the
manufactured hormone 17a-MT with a success rate of male sex alter that can reach 96-
100% (Zairin, 2003; Mlalila et al., 2015). In addition, masculinization can also be done by
controlling the environmental temperature in the form of increased temperature (Bowman et
al, 2012). The higher the temperature, the higher the male-sex ratio (Tessema et al., 2006).
Abou-El Fotoh et al. (2014) found that a temperature of 28°C produced male tilapia by
52.33% while a temperature of 36°C produced male tilapia by 81%, thus it can be concluded
that temperature and sex change are directly proportional.

This study aimed to determine the effect of the duration of the natural Methyltestosterone
(MT) hormone treatment on the formation of the male sex tilapia. The expected hypothesis is
that immersion of larvae in natural MT hormone with different immersion durations affects
the increased percentage of male sex formation in tilapia.

2. MATERIAL AND METHODS

This research was conducted for 2 months from October to December 2021 at the Northern
Region Marine and Fisheries Service Branch, Wanayasa Freshwater Fish Seed
Development Center, Purwakarta Regency, West Java Province.

Experimental design

The study used a completely randomized design with 5 treatments and 3 replications.
Treatment group A as control (-) without hormone, B as control (+) immersed in 17a-MT
hormone at a dose of 100 mg/L for 5 h, C, D, and E immersed in natural MT hormone at a
dose of 350 mg/L for 5, 10, and 15 h respectively.

Experimental Set-Up
The test fish used in this study were tilapia larvae aged 6 days after hatching (weight

between 0.02 - 0.03 g/larvae), the total number of larvae was 750 with a density of 50
larvael/container, and the larvae were obtained from natural spawning. The natural MT
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hormone used was derived from fresh cow testicles processed into cow testicle flour that
had been previously prepared. The immersion method was made by dissolving the hormone
in 70% alcohol in the amount of 3 ml and then put into an immersion jar containing 1 L of
water then aerated and homogenized for £ 5 min to remove the alcohol content. Tilapia
larvae were immersed according to each treatment and then transferred to a rearing
container in the form of a pond that was blocked using nets and fed with pellet (Hi-Pro-Vite
brand, type PSP) with a frequency of 3 to 4 times/day ad libitum. After 40 days of rearing
(Laheng and Widyastuti, 2019), gonad observations were made by dissecting the abdomen
of the fish then the gonads were taken and given 2-3 drops of Eosin solution on a glass
object and then observed using a binocular microscope.

Parameters Observed
Percentage of Male Tilapia Fish
The percentage of male fish is the percentage of the number of male fish from the total
population of the test fish. Damayanti et al. (2013); stated that to calculate the percentage of
male sex using the following formula.|
Survival rate

he sSurvival_rate is the percentage of the number of fish that live at the end of the

experiment from the total fish population at the beginning of the experiment. The percentage
of fish survival rate can be calculated with the formula proposed by (Huisman, 1987);

Data Analysis

The data obtained were analyzed by the-one-way Analysis of Variance (ANOVA) method. If
the results show a real effect, it is continued with the smallest real difference test (BNT) to
determine whether there are significant differences between treatment groups.

3. RESULTS AND DISCUSSION

Percentage of Male Fish

Based on the observation of the percentage of male tilapia with natural MT through
immersion, the percentage of males is higher than the negative control treatment (-) without |
hormones. Data on the percentage of male tilapia in each treatment at the end of the
experiment can be seen in Table 1.

Table 1. Percentage of sex-ef-male tilapia at the end of the experiment

Treatments
Replications A B C D E
C() C(+) (5h) (10 h) (15 h)
| 47,7 73 72,7 74,5 77,1
I 46,8 78 72,3 76,7 77,8
I 48,9 70,5 73,3 75,6 85,7
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Mean 47,8 73,8™ 72,8™ 75,6 80,27

Different letters a, b, ¢, and d indicate significant differences between treatments.

The table above shows a significant difference (P < 0.05) in the percentage value of
male tilapia treated with natural MT hormone at different immersion durations. The 15-h
treatment produced significantly different results than the C (-) treatment, C (+) treatment,
and the 5-h treatment. However, the results were not significantly different from the 10-hour
treatment. It can be seen that the sex change of tilapia fish into males happens after
immersion in natural MT and is regulated by the immersion duration of tilapia larvae, with a
tendency to increase the percentage of male fish produced as the immersion time increases.

Survival rate of tilapia

The sSurvival of tilapia fish larvae is crucial for determining the effectiveness of
treatment methods. [The tilapia survival data collected at the end of this study is calculated
by subtracting the number of fish at the start of the study from the number of fish that survive
at the end of the study. Table 2 shows tilapia survival results for each treatment.

Table 2. Percentage—ofexperimentalfishSsurvival rate of the fish at the end of the

experiment

Treatments
Replications A B C D E
c() 0] (5 h) (10 h) (15 h)
| 88 74 88 94 96
1l 94 82 94 86 90
1] 90 88 90 90 84
Mean 90,7™ 81,3 90,7™ 90% 90%

Different letters a, b, and c indicate significant differences between treatments.-

From the table above, the survival rate of tilapia in each treatment using cow testicle flour at
different immersion durations did not bring a significant effect (P > 0.05) throughout the
treatment period until the end of the experiment. However, when the |SR| of fish treated with
the natural hormone MT showed no statistically significant effect on control over hormone-
free C(-) treatment, it was significantly different compared to C(+) treatment by immersing
the hormone 17a-MT.

Water quality

Water quality is one of the factors that support the survival of fish, but it also affects the
formation of male sex when tilapia is still in the period of sexual differentiation. Water quality
parameters in this study measured during the experiment included DO, temperature, and
pH. According to the results of water quality measurements during the experiment, they are
still within the normal range that tilapia can tolerate, thus possibly supporting the survival
rate of tilapia. Measurement data are shown in Table 3.

Table 3. Water quality of fish-rearing media during the study

Measurement Results

Parameter Measured Unit

In the Morning In the Afternoon
Oksigenterlarut Ma/L 4,0-6,8 4,0-6,8
Suhu air °c 24 - 27 24 - 28

pH Unit 6,3-7.9 64-7.9
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Discussion

In this study, the percentage of male tilapia that received natural MT hormone ranged from
72.8 to 80.2%. The administration of natural MT has been shown to influence the hormonal
system in the body of tilapia (Sarker et al., 2002), with each treatment increasing the
percentage of different male tilapia.

According to Zairin (2003) and Mlalila et al. (2015), MT hormone administration in the sex
direction by the immersion method (dipping) is more efficient because the dose given is
relatively small and the contact time is shorter. However, the success rate of changing the
male sex is below 96%. In this study, sex reassignment was carried out by immersion which
aims to determine the best immersion durations in tilapia larvae with a dose of natural MT
hormone 350 mg/L in achieving male sex reassignment optimization

The testosterone hormone in cow testicle flour is thought to increase the concentration of
androgen hormones in tilapia larvae hence they become male (Huda et al.,, 2018;
Hutagalung, 2020). Furthermore, Iskandar (2010) and Wahidah et al. (2021) explained that
the provision of cow testicle flour extract containing the hormone testosterone through
immersion can affect the hormonal system in the body of fish thus affecting the formation of
male tilapia.

In this study, the total percentage of males in treatment C with a soaking time of 5 hours was
72%, which was smaller than treatment B (positive control) of 73.8%. It is presumed that the
cause of the low percentage of male fish produced in treatment C is the presence of other
factors such as the material used is still in the form of coarse flour which is not soluble in
water therefore it isn't easy to be absorbed by tilapia larvae through the skin, gills, and
digestive system. However, the percentage of male fish produced is still higher than in
previous studies, where Ridwan (2022) reported 72.14% male fish, previously Phelps and
Popma (2000) reported 65% male fish.

The success of the male sex direction through the immersion method is influenced by
several factors including size, age, length of treatment, environment, fish species, genetics,
hormone type, hormone dose, and treatment time (Muslim, 2011). The application of sex
direction techniques is generally performed on fish that are still in the process of
differentiation (Fernandino and Hattori, 2019), in this labile period, fish sex can be directed
through hormone induction (Baroiller and D'Cotta, 2016). The period of gonad differentiation
in tilapia occurs up to 30 min after hatching. Still, the most sensitive period for sex direction
in tilapia is 7-14 days after hatching (Nivelle et al., 2019) and according to Yuniarti et al.
(2007), sex differentiation in tilapia occurs when the larvae are 6-7 days after hatching until
about 27-28 days after hatching.

In that study, the results of SR analysis of experimental fish were still relatively high, ranging
from 81.3% to 90.7% compared to Meyer et al. (2008), 40.2% using fresh cow testicles,
Yustiati et al. (2018), 86% using oven-dried cow testicles, Shalaby et al. (2007), 60-70%
used the synthetic hormone 17a-MT orally, and Yustina et al. (2012), 14.66% in hippo using
the synthetic hormone 17a-MT by immersion method.

The use of synthetic hormones leads to higher mortality (Ridha and Lone, 2008). However,
the use of chemicals in sex change can affect the survival rate of fish because it is believed
that the treated fish are subjected to physiological stress. The experimental fish are still in
the larval stage and thus their physiological state is still weak, which also means that these
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synthetic materials that enter the body can have a two-step effect on the antibody system,
which can initially stimulate the production of antibodies, but the next effect is to suppress
immune responses. Long-term administration of synthetic substances, even in low doses,
can impair the ability of immune cells to reproduce (spread) (Mariani et al., 2019). Cow
testicle flour, on the other hand, is a natural ingredient that does not cause physiological
stress to the tilapia larvae, so the survival rate is relatively high.

In addition, cow testicle flour also contains a variety of essential and non-essential amino
acids and contains saturated and unsaturated fatty acids (Odin et al., 2011). The amino
acids include arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, and valine, while non-essentials include aspartate, alanine, glutamate, glycine,
Florine, serine, cysteine, and tyrosine. These amino acids are very useful in the formation of
androgenic hormones, testosterone, which plays a role in increasing libido and the formation
of spermatozoa.

Based on Table 3, the water quality during the study varied from the normal tolerance range
of tilapia to very low water temperature. This means that one of the factors responsible for
the low percentage of male tilapia fish obtained is the water quality of the rearing
environment, especially the temperature. Rohmaniah et al. (2019), the higher the water
temperature, the faster the fish's metabolism accelerates, resulting in faster oxygen uptake
and respiration and less dissolved oxygen in the water. Without oxygen, fish easily become
stressed and even die. Temperature changes can affect the activity of the testosterone
hormone; For example, low temperatures reduce the effect of the testosterone hormone,
resulting in more female fish than male fish.

According to Chen et al. (2022), water temperature affects larval development stages as well
as the duration of gonadal sensitivity to hormone stimulation. Water temperature has a direct
impact on the body's metabolic processes, which in turn alter the function of hormones.
Meanwhile, Afpriyaningrum (2016) found that tilapia larvae absorbed testosterone levels at
36°C during a 4-h immersion, resulting in 92.50% of males. The optimal water pH for fish
survival ranges from 6.5 to 9, and DO levels vary from 5.5 to 6.7 mg/l. Maimunah dan
Kilawati (2020) recommend an optimal environment for tilapia rearing with DO 5.3-8.8 mg/l,
pH 7.3-8.3, and water temperature 26-30°C. Nivelle et al. (2019) recommend a water
temperature of 27-30°C. However, in this study, the water temperature fluctuated between
24 and 28° C.

4. CONCLUSION

It can be concluded that the administration of natural MT by utilizing cow testicle flour
through the immersion method at different durations has a significant effect on the formation
of male sex in tilapia larvae aged 6 days. Based on the data analysis that has been
obtained, the percentage of male tilapia sex during 40 days of the experimental study shows
the most effective duration is in treatment E (15 h) with a dose of 350 mg/L, which is 80.2%.

REFERENCES

Abou El-Fotoh EM, Ayat MS, Abd El Rahman GA, Farag ME. 2014. Mono-sex male
production in Nile tilapia (Oreocromisniloticus) using different water temperetures.
Zagazig Journal of Agricultural Research 2014; 41: 1-8

Comment [H16]: Many references are too old.
References should not be older than 10 years (2015).
the more recent are references, the better the article.
Some references are incomplete.




Afpriyaningrum M.D, Soelistyowati D.T, Alimuddin, Zairin Jr M, Setiawati M, Hardiantho D.
Tilapia masculinization by larval immersion at 360C and residual 17a-
Methyltestosterone levels in fish body. Omni-Akuatika 2016;12(3): 106-113.

Baroiller JF, D'Cotta H. The Reversible Sex of Gonochoristic Fish: Insights and
Consequences. Sex Dev 2016; 10(5-6): 242—266. https://doi.org/10.1159/000452362

Bowman MP, Bowker J, Carty DG, Straus DL, Farmer BD, Mitchell AJ, Ledbetter CK. 2012.
The Safety of 17a-Methyltestosterone Administered in Feed to Larval Nile Tilapia.
AADAP. Drug Research Information Bulletin. Drib no. 28. 2012,

Chen H, Hu Q, Kong L, Rong H, Bi B. Effects of Temperature on the Growth Performance,
Biochemical Indexes and Growth and Development-Related Genes Expression of
Juvenile Hybrid Sturgeon (Acipenser baeriiQ x Acipenser schrenckii?). Water 2022,
14, 2368. https://doi.org/10.3390/w14152368

Damayanti AA, Sutresna W, Wildan. Honey Application for Tilapia Sex Direction
(Oreocromisniloticus). Depik. 2013; 2(2) : 82-86. ISSN:2089-7790.

Department of Marine Affairs and Fisheries of the Republic of Indonesia. Prohibited Drugs.
Directorate General of Aquaculture 2008, Center for the Development of Freshwater
Fish Cultivation. Sukabumi.

Hertanto MA. 2013. Male Red Tilapia (Oreocromisniloticus) Production Using Forest Bee
Honey. Thesis. FakultasTeknologi Universitas Atma Jaya, Yogyakarta.

Huda NR, Susilowati T, Yuniarti T. Application of Cow Testicle Flour Containing rGH in
Artificial Feed on Sex Ratio, Growth and Survival of Tilapia (Oreochromis niloticus).
Pena Akuatika 2018; 17(2), 59-69.

Hutagalung RA. 2020. Differences in Sex Reversal Methods Using Cow Testicle Flour on
Masculinization of Red Tilapia (Oreochromis niloticus). Manfish Journal of Marine,
Environment and Fishries 2020; 1(1), 9-14.

Huisman EA. 1987. Principle of fish production. Department of fish culture and fisheries.
Wageningen Agricultural University.

Iskandar A. Effectiveness of Bovine Testicle Flour Extract in the Sex Change of Tilapia
Oreocromisniloticus through immersion technique. Thesis. Faculty of Fisheries and
Marine Science 2010, Bogor Agricultural University, Bogor.

Laheng S, Widyastuti A. Effect of soaking time using coconut water on masculinization of
masamo catfish (Clariassp). Acta Aquatic: Aquatic Sciences Journal 2019; 6:2.

Maimunah Y, Kilawati Y. Performance of growth in tilapia fish in policulturesystem.J Food
Life Sci 2020; 4(1): 42-49.

Mariani E, Lisignoli G, Borzi RM, Pulsatelli L. Biomaterials: Foreign Bodies or Tuners for the
Immune Response?. Int J Mol Sci. 2019; 20(3):636. doi: 10.3390/ijms20030636.
Meyer D, Marco GW, Chan dan Castillo C. Use of Fresh Bull and Hog Testis in Sex
Reversal of Nile Tilapia Fry. Aquaculture Collaborative Research Support Program

United State Agency for International Development (USAID) 2008. Honduras.

Muslim. Masculinization of Tilapia (Oreocromisniloticus) by Feeding Bovine Testicle Flour.
Thesis 2011. Graduate School. IPB.

Nivelle R, Gennotte V, Kalala EJK, Ngoc NB, Muller M, Mélard C, Rougeot C. Temperature
preference of Nile tilapia (Oreochromis niloticus) juveniles induces spontaneous sex
reversal. PLoS One 2019; 14(2):e0212504. doi: 10.1371/journal.pone.0212504.

Odin R.Y, Bolivar R.B, Liping L, Fitzsimmons, K. Masculinization of Nile tilapia
(Oreocromisniloticus L.), using lyophilized testes from carabao (Bubalus bubalis
carabanesis L.), bull (Bos indicus L.) and boar (Sus domesticus L.). In Better science,
better fish, better life. Proceedings of the Ninth International Symposium on Tilapia in
Aquaculture, Shanghai, China, 22-24 April 2011. AQUAFISH Collaborative Research
Support Program. Pp. 105-120.

Pearson K. Tilapia Fish: Benefits and Dangers. Nutrition. Healthline 2023.
https://www.healthline.com/nutrition/tilapia-fish



Phelps RP and Popma TJ. 2000. Sex Reversal of Tilapia. Tilapia. Pages 34-59 in B.A.
Costa-Pierce and J.E. Rakocy, eds. Tilapia Aquaculture in The Americas, Vol. 2.The
World Aquaculture Society, Baton Rounge,. Lousiana, United States.

Ridha M, Lone K. 2008. Effect of oral administration of different levels of 17a-
methyltestosterone on the sex reversal, growth and food conversion efficiency of the
tilapia Oreochromis spilurus (Gunther) in brackish water. Aquaculture Research 2008;
21(4):391 — 397. DOI: 10.1111/j.1365-2109.1990.tb00477.x

Ridwan. Effect of Immersion Time of Cow Testicle Flour on Masculinization of Tilapia
(Oreochromis niloticus) Larvae. Thesis 2022. Universitas Muhammadiyah Makassar.

Rohmaniah H, SyaputraDn dan Syarif AH. 2019. Tilapia (Oreocromisniloticus)
Masculinization Using Java Chili Extract (piper retrofractum) Through Larval
Immersion. Journal of Aquqtropica Asia 4(1): 29-34

Shalaby AME, Ashraf AR dan Yassir AEK. 2007. Sex Reversal of Nile Tilapia Fry Using
Different Doses of 17a-Metyltestosteron at Different Dietary Protein Levels. Central
Laboratory for Aquaculture Research, Abbassa, Abo-Hammad, Sharkia Governorate,
Egypt.

Sarker B, Das B, Chakraborty S, Hossain MA, Alam MMM, Mian S, Igbal MM. Optimization
of 17a-methyltestosterone dose to produce quality mono-sex Nile tilapia Oreochromis
niloticus. Heliyon. 2022 Dec 9;8(12):e12252. doi: 10.1016/j.heliyon.2022.e12252

Suyanto R. 2004. Nila. PT. PenebarSwadaya. Jakarta

Wahidah, Arham Rusli, Muh. Alias LR., Amrullah. The morphological characters of Nile
tilapia (Oreochromis niloticus) produced with bull testicle powder extract application
AACL Bioflux, 2021; 14(3). 1811-1817.http://www.bioflux.com.ro/aacl

Wijaya A. 2011. The Effect of Providing Probiotic Bacteria (Bacillus sp.) in the Maintenance
Media on the Survival of Tilapia Fish Seeds (Oreochromis niloticus) Infected with
Streptococcus Agalactiae.

Yuniarti T, Sofi Hanif TeguhPrayoga, dan Suroso. 2007. Tilapia Broodstock Production
Technique..JurnalBudidaya Air Tawar 2007; 4: 32-36.

Yustiati A, Bangkit I, Zidni I. 2018. Masculinization of nile tilapia (Oreochromis niloticus)
using extract of bull testes. Conference Series Earth and Environmental Science
2018; 139(1):012008. DOI: 10.1088/1755-1315/139/1/012008

Yustina, Arnetis D, Ariani. 2012. Effectiveness of Sand Sea Cucumber Flour
(Holothuriascabra) on Masculinization of Cupang Fish (Betta spendens). Jurnal
Biogenesis 2012; 9(1): 6773.

Zairin MJ. Endocrinology and its Role for the Future of Indonesian Fisheries. Scientific
Oration of Inauguration of Permanent Professor of Reproductive Physiology and
Endocrinology of Aquatic Animals 2003. InstitutPertanian Bogor, Bogor.



