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ABSTRACT 
 

The technology of sex reversal in guppy (Poecilia reticulata) cultivation is a way to produce monosex 
males through masculinization techniques. Tribulus terrestris extract (TTE) provides a low-cost, eco-
friendly alternative to synthetic hormones such as 17α-methyltestosterone. Unlike synthetic agents that 
may leave endocrine-disrupting residues harmful to aquatic organisms and humans, TTE is natural, 
biodegradable, and reduces ecological risks, supporting safer and more sustainable aquaculture 
practices.  TTE, which contains bioactive compounds such as saponins and protodioscin known to 
stimulate androgen production was used as a natural agent for masculinization. This study aimed to 
examine the effect of giving Tribulus terrestris extract on masculinization of guppies by immersing gravid 
female and in the fish larvae. A Completely Randomized Design (CRD) was used for treatments 
involving pregnant broodstock to ensure uniform conditions among individuals, whereas a Randomized 
Completely Block Design (RCBD) was applied to larval experiments to account for variations in age and 
developmental stage. The treatments for immersion gravid guppy were K- without TTE and 17α-
methyltestosterone, K+ treatment with 17α-methyltestosterone 500 𝜇g/L, P1 with 5 mg/L TTE dose, P2 
with 10 mg/L TTE dose, and P3 with TTE 15 mg/L dose. The treatment for immersion in the larval stage 
was K- without TTE and 17α-methyltestosterone, K+ treatment with a dose of 17α-methyltestosterone 
8 mg/L, P1 with an TTE dose of 2.5 mg/L, P2 with an TTE dose of 5 mg/L, and P3 with an TTE dose of 
10 mg/L. Masculinization was most effective at a dose of 15 mg/L (P3) for gravid guppy, producing 87.78 
± 8.75% male individuals with a high survival rate. These results indicate that Tribulus terrestris extract 
can effectively promote male differentiation while maintaining normal growth and survival performance. 

 
Keywords: Guppies, gonads, sex reversal, Tribulus terrestris  

 
ABSTRAK 

 
Teknologi pengarahan kelamin dalam budidaya guppy (Poecilia reticulata) merupakan metode untuk 
memproduksi jantan tunggal melalui teknik maskulinisasi. Pemanfaatan ekstrak Tribulus terrestris (ETT) 
pada teknik maskulinisasi dapat dijadikan alternatif yang lebih murah dan ramah lingkungan 
dibandingkan dengan hormon sintesis seperti 17α-methyltestosterone. Berbeda dengan agen sintetis 
yang dapat meninggalkan residu pengganggu endokrin yang berbahaya bagi organisme air dan 
manusia, ETT  bersifat alami, mudah terurai, dan mengurangi risiko ekologis, sehingga mendukung 
praktik akuakultur yang lebih aman dan berkelanjutan. ETT mengandung senyawa bioaktif seperti 
saponin dan protodioscin yang diketahui dapat merangsang produksi androgen, sehingga digunakan 
sebagai agen alami untuk maskulinisasi. Penelitian ini bertujuan untuk mengkaji pengaruh pemberian 
ETT terhadap maskulinisasi guppy melalui perendaman induk betina bunting dan pada tahap larva. 
Rancangan yang digunakan adalah rancangan acak lengkap (RAL) untuk perlakuan pada induk 
bunting, sedangkan  rancangan acak kelompok (RAK) diterapkan pada tahap larva. Perlakuan 
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perendalam ETT berbeda dosis  pada induk bunting , yaitu K- : tanpa ETT dan 17α-metiltestosteron, 
perlakuan K+:  17α-metiltestosteron 500 𝜇g/L, P1: ETT 5 mg/L, P2: ETT 10 mg/L, dan P3: ETT 15 mg/L.  
Sedangkan perlakuan perendaman pada tahap larva, K-: tanpa ETT dan 17α-metiltestosteron, K+: 17α-
metiltestosteron 8 mg/L, P1: ETT 2,5 mg/L, P2: ETT 5 mg/L, dan P3: ETT 10 mg/L. Hasil penelitian 
menunjukkan bahwa maskulinisasi paling efektif pada dosis 15 mg/L (P3), menghasilkan 87,78 ± 8,75% 
individu jantan dengan tingkat kelangsungan hidup yang tinggi. Hasil ini menunjukkan bahwa ekstrak 
Tribulus terrestris dapat secara efektif mendorong diferensiasi jantan sambil mempertahankan 
pertumbuhan dan kelangsungan hidup yang normal. 
 
Kata kunci: Ikan guppy, gonad, sex reversal, Tribulus terrestris 
 

1. Introduction 

Guppy (Poecilia reticulata) is a popular 
freshwater ornamental fish among fish 
enthusiasts due to its beautiful color patterns 
and fins, and it is also one of Indonesia's export 
commodities (Bisht et al., 2020). According to 
the Directorate General of Aquaculture (2021), 
Indonesia’s ornamental fish exports reached 
USD 36.4 million, with guppies contributing 
significantly to the market due to their high 
global demand. 

This highlights the economic importance and 
urgency of developing sustainable 
masculinization technologies. Male guppies are 
more desirable because of their brighter 
coloration and slender body shape, making their 
cultivation more profitable than females (Lailatul 
et al., 2016; Herdegen-Radwan, 2022). 
Increasing export demand has driven the need 
for consistent production of high-quality male 
guppies (Directorate General of Aquaculture, 
2021). However, the predominance of female 
offspring presents marketing challenges in 
guppy culture, often resulting in higher 
production costs and reduced profitability. 
(Sarida et al., 2011; Alam et al., 2024). 

The predominance of female offspring in 
guppy culture presents marketing challenges, 
prompting the use of synthetic hormones for 
male production. However, due to their 
ecological and health concerns, natural 
alternatives such as plant-based extracts are 
being explored as safer options. Sex reversal 
techniques are commonly used to produce 
monosex populations by manipulating the 
gonadal differentiation phase, when the gonads 
are still bipotential and can develop into testes 
or ovaries. Producing all-male populations 
offers advantages such as faster growth rates 
and more attractive coloration in guppies 
(Saputra et al., 2018). This process can be 
conducted through immersion, injection, or oral 
administration of androgenic steroid hormones 
(Nurlina & Zulfikar, 2016). Among these 
methods, 17α-methyltestosterone (MT) is the 
most widely used synthetic hormone. 

Despite its effectiveness, the use of 
synthetic hormones such as 17α-
methyltestosterone and aromatase inhibitors in 

aquaculture should be reduced because of their 
relatively high cost (KKP, 2014), potential to 
accumulate as endocrine-disrupting residues in 
aquatic environments, and carcinogenic risks to 
humans (Suseno et al., 2020). Therefore, 
developing natural, low-cost, and 
environmentally friendly alternatives is crucial 
for sustainable aquaculture. One promising 
candidate is Tribulus terrestris extract (TTE), a 
plant-based compound that has not been widely 
applied in fish masculinization studies.  

Tribulus terrestris could be used as a natural 
supplement that enhances testosterone 
production. This herbal plant is reported to 
increase testosterone levels by influencing 
androgen metabolism (Ghosal & Chakraborty, 
2020). It contains bioactive compounds such as 
protodioscin and protogracilin, which can 
enhance luteinizing hormone secretion and 
increase testosterone synthesis (Gharaei et al., 
2020; Hassona et al., 2020). Because 
protodioscin stimulates testosterone 
production, it is hypothesized to promote male 
differentiation in guppies. Guppies (Poecilia 
reticulata) are ideal model species for such 
studies because of their short generation time, 
clear sexual dimorphism, and established use in 
aquaculture research. 

Previous studies have shown that T. 
terrestris extract can increase male production 
in other fish species: immersion treatment 
resulted in 87% males in Cichlasoma 
nigrofasciatum (Cek et al., 2007) and 97% in 
Poecilia latipinna (Kavitha & Subramanian, 
2011). Despite these promising results, 
application in guppies has not been 
systematically tested, particularly comparing 
broodstock and larval immersion methods. 
Although previous studies demonstrated high 
masculinization rates in other fish species, 
research on guppies remains limited. Therefore, 
this study aimed to evaluate the effectiveness of 
Tribulus terrestris extract at different doses on 
guppy sex reversal and growth performance 
through immersion at two critical stages: 
pregnant broodstock and larvae. 
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2. Materials and methods  

The fish used for the broodstock sex 
reversal experiment were mature female 
guppies measuring 4–5 cm in length (n = 30) 
and male guppies measuring 3–4 cm (n = 15). 
All fish were purchased from a local farmer in 
Bogor, Indonesia. Then, fish acclimatized for 
seven days under controlled conditions, with 
water temperature maintained at 27–29 °C, pH 
7.2–7.8, and dissolved oxygen levels between 
5–6 mg/L. On the other hand, for sex reversal in 
the larval stage, larvae aged 0, 3, and 6 days 
from the breeding process of the parent fish are 
used, with 30 individuals per treatment. 

The research design for sex reversal in 
female broodstock uses a completely 
randomized design (CRD), while for the guppy 
fish in the larval stage, a Randomized 
Completely Block Design (RCBD) is used. The 
research design was as follows: The research 
design for sex reversal of guppy fish in the 
parent stage consisted of five treatments with 
three replications each. These treatments 
included a negative control without Tribulus 
terrestris extract (TTE) (K−), a positive control 
using 17 α-methyltestosterone at 500 μg/L (K+), 
and three TTE treatments, namely P1 with 5 
mg/L, P2 with 10 mg/L, and P3 with 15 mg/L. 
Meanwhile, the research design for studying 
sex reversal in guppy larvae at different 
developmental stages (day 0, day 3, and day 6 
after birth) involved an immersion technique 
with varying doses to identify the critical window 
of sex differentiation and to optimize the timing 
of immersion. Each treatment was replicated 
three times and consisted of a negative control 
without TTE (K−), a positive control using 17 α-
methyltestosterone at 8 mg/L (K+), and three 
TTE treatments: P1 with 2.5 mg/L, P2 with 5 
mg/L, and P3 with 10 mg/L. 

 
2.1 Preparation of Tribulus terrestris 

Extract  
A total of 100 g of Tribulus terrestris 

powder was weighed, placed into a glass 
container, and combined with 1 liter of 90% 
ethanol as the extraction solvent. The 
suspension was heated and continuously 
stirred in a water bath at 80°C for 2 hours, then 
allowed to cool and filtered through filter paper 
to collect the filtrate. The obtained filtrate was 
subsequently concentrated using a rotary 
vacuum evaporator set at 85 rpm and 45°C (Do 
et al., 2013; Sasikumar et al., 2014). The 
concentrated extract was transferred into a dark 
bottle and preserved at -20°C until further use. 

 
2.2 Breeding of Parent Fish 

The breeding process was conducted 
naturally using a male-to-female ratio of 1:2, 
with 15 male and 30 female broodstock. 
Breeding continued until the females showed 
clear signs of gravidity, indicated by the 
appearance of black abdominal spots. The 
broodstock were maintained in separate 
aerated tanks at a 1:2 ratio, and only the gravid 
female broodstock were immersed for 24 hours 
in static, aerated water as part of the treatment 
procedure. 

 
2.3 Immersion of Test Fish 

Females broodstock were selected 12 
days after breeding, identified by the presence 
of black abdominal spots and a swollen belly. 
The selected broodstock were immersed in 
Tribulus terrestris extract solution for 24 hours 
in static, aerated water, then transferred to 
maintenance tanks and reared until they gave 
birth. Larvae obtained from these broodstock 
were selected at 0-, 3-, and 6-days post-birth 
and subjected to the same immersion treatment 
for 24 hours under static, aerated conditions. 
After immersion, the larvae were transferred to 
maintenance tanks and reared until they 
developed into guppy fry. 

2.4 Guppy Fry Maintenance 
The guppy fry was reared for 60 days to 

determine the percentage of male individuals. 
Newly hatched fry was fed live Artemia for the 
first 10 days, then gradually transitioned to a 
commercial diet containing 35% protein with 
fine particle size suitable for fry development. 
Feeding was conducted twice daily, in the 
morning 08:00 AM and afternoon 17:00 PM, to 
ensure adequate nutrition for growth and 
survival. During the rearing period, tanks were 
maintained under a 12 h light:12 h dark photo 
period with daily water exchange to maintain 
optimal water quality. 

 
2.5 Histological Observation and Sex of 

Fish 
Histological observation was conducted to 

confirm the phenotypic sex of guppies and 
assess gonadal differentiation. The fish were 
first weighed and measured, and the trunk 
region containing the gonads was dissected. 
Samples were fixed in 10% neutral buffered 
formalin (NBF) for 24 hours, then replaced with 
70% alcohol for preservation. The preserved 
samples were sent to the Lampung Veterinary 
Center (Balai Veteriner Lampung) for 
histological preparation. Tissues were 
dehydrated through a graded ethanol series, 
embedded in paraffin, and sectioned at 5 µm 
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thickness. The slides were stained with 
hematoxylin and eosin (H&E) and examined 
under a compound microscope at 100× and 
400× magnification to observe gonadal 
structure and confirm the sex of the fish. 

 
2.6 Research Parameters 

The parameters observed in the research 
are the percentage of male guppies, absolute 
length growth, absolute weight growth, and 
gonad histology. Sex identification of guppy fish 
was carried out by observing both primary 
sexual characteristics (gonads) and secondary 

sexual characteristics (morphology). 
Histological examination of the gonads was 
conducted once, typically at the end of the study 
or during the 8th week, using five treatments with 
seven specimens per treatment. For 
morphological assessment, seven larvae were 
sampled from each aquarium out of the 20 
larvae available. Secondary observations 
focused on external morphology to distinguish 
males from females. The morphological 
differences between male and female guppies 
are shown in Figure 1. 

 

Figure 1. Identification of male and female guppy (Poecilia reticulata) based on morphological 
characteristics: a) Male guppies have a slender body shape, brighter coloration, and a longer, broader, 
and more expanded caudal fin, b) Female guppies have a larger body shape, coloration limited to the 

caudal fin, and a smaller caudal fin. 
 

The parameters were calculated using the 
formulas presented below:  

Percentage of male guppies (%) = [total of male 
juvenile/total of juvenile]x100 

Percentage of female guppies (%) = [total of 
female juvenile/total of juvenile]x100 

Absolute length growth (cm) = [final length-initial 
length] 

Absolute weight growth (g) = [final weight-initial 
weight] 

 
2.7 Data Analysis 

The data analysis includes the percentage of 
male fish, percentage of female fish, absolute 
length growth, and absolute weight growth. 
Data arranged in a Completely Randomized 
Design (CRD) are analyzed using a one-way 
ANOVA, while data in a Randomized 
Completely Block Design (RCBD) are analyzed 
using a two-way ANOVA that includes the block 
factor. Before conducting ANOVA, data 
normality is assessed using the Shapiro–Wilk 
test and homogeneity of variance using 
Levene’s test. If the block effect in RCBD is not 
significant, block-related results are omitted and 
it is simply stated that the block has no effect. 

When ANOVA shows significant treatment 
differences, a Duncan test at the 95% 
confidence level is used to identify pairwise 
differences among treatments., The histological 
parameters of the gonads will be analyzed 
descriptively. 

3. Results and Discussion 
3.1. Percentage of Guppy Sex  

The percentage of males in the sex reversal 
activity using females broodstock showed 
significant differences (p <0.05). The highest 
percentage was obtained in treatment P3, 
which was 87.78±8.75% (Table 1). According to 
Ghosal & Chakraborty (2020), Tribulus 
terrestris extract can increase testosterone 
levels and athletic performance. This is 
because Tribulus terrestris extract contains 
protodioscin, which can enhance the secretion 
of luteinizing hormone from the pituitary gland, 
the main stimulant hormone for testosterone 
production. Tribulus terrestris extract also 
contains several substances that are believed 
to be similar to steroids. Testosterone itself is a 
precursor for androgens and estrogens 
(Gharaei et al., 2020). 



Sarida et al, 2025, The Masculinization of Guppy Poecilia reticulata... 56 
 

The percentage of females in sex reversal 
activities using gravid females showed 
significant differences (P<0.05). The K- 
treatment, without the administration of Tribulus 
terrestris extract (TTE) and 17α-
methyltestosterone, exhibited a higher 
percentage compared to all other treatments. 
Guppy is an ovoviviparous fish, in which 
fertilization occurs internally, and embryos 
develop within the female’s body until 
parturition. During this embryonic development, 
the gonads remain in an undifferentiated and 
labile state. At this stage, hormonal and 

environmental influences mediated through the 
maternal body can affect the direction of 
gonadal differentiation (Lailatul et al., 2016). 
Therefore, immersion treatment of gravid 
females allows bioactive compounds from 
Tribulus terrestris extract to be absorbed and 
potentially transferred to the developing 
embryos, influencing gonadal differentiation. 
This rationale has been supported in previous 
studies where immersion of pregnant female 
guppies with natural extracts successfully 
altered sex ratios in the offspring (Syarif & 
Winardi, 2021).

Table 1. Sex percentage of guppy (Poecilia reticulata) 

Treatments 
Percentage of male (%) 

Percentage of female (%) 
Broodstock immersion 

Broodstock immersion Larval immersion 

K- 29.52±8.19c 57.14±23.33a 63.81±5.37a 

K+ 60.32±4.49b 57.14±0.00a 29.40±8.09bc 

P1 42.06±6.83bc 47.62±13.47a 52.38±3.37a 

P2 47.62±17.82bc 57.14±20.20a 47.62±17.82bc 

P3 87.78±8.75a 38.10±17.82a 6.67±9.43c 

*Broodstock immersion: K−: a negative control without TTE, K+: a positive control: 17 α-
methyltestosterone at 500 μg/L, P1: TTE 5 mg/L, P2: TTE 10 mg/L, and P3: TTE 15 mg/L. Meanwhile, 
Larval immersion: K−: a negative control without TTE, K+: a positive control: 17 α-methyltestosterone 
at 8 mg/L, P1: TTE 2.5 mg/L, P2: TTE 5 mg/L, and P3: TTE 10 mg/L. Numbers followed by different 
superscript letters for each treatment indicate significantly different results (p <0.05). 
 

 
Figure 2. Male percentage of guppy (Poecilia reticulata) across age groups under larval immersion 

treatments. Numbers followed by similar superscript letters for each treatment indicate no significantly 
different results (p >0.05). 

 
  TTE contains bioactive compounds 
such as steroidal saponins (protodioscin and 
protogracillin), flavonoids, and alkaloids, which 
are known to enhance androgenic activity 
during early development. These compounds 

stimulate the hypothalamus–pituitary–gonadal 
(HPG) axis by increasing the secretion of 
luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH). Consequently, the ovaries in 
gravid females may undergo altered 
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steroidogenesis, leading to increased 
conversion of cholesterol into testosterone and 
other androgens. The target organ is mainly the 
ovarian tissue, where steroidogenic enzymes 
such as aromatase (CYP19A1) may be 
downregulated, while androgen-related 
pathways (e.g., 17β-HSD, StAR) are 
upregulated. This hormonal modulation 
increases androgen availability in the maternal 
bloodstream. 
 Sex reversal in larval guppies did not differ 
significantly from treatments applied to gravid 
females (p > 0.05) (Table 1). The control, K+ 
(17α-methyltestosterone 8 g/L), and Tribulus 
terrestris extract (TTE) 5 g/L treatments 
produced approximately 57% males, with no 
significant differences among them. In contrast, 
TTE immersion at 2.5 g/L and 10 g/L resulted in 
47.62% and 38.10% males, respectively (Table 
1). The decline in male proportion at higher 
concentrations suggests a dose-dependent 
reversal effect, where excessive androgen 
exposure disrupts normal sex differentiation 
and promotes feminization—a phenomenon 
previously reported in similar studies 
(Hutagalung, 2020; Iskandar & Hasby, 2021; 
Phelps & Okoko, 2011; Soumokil et al., 2020). 
 The parameter of male guppy production in 
different age groups in this study showed no 
significant effect (p>0.05), as seen in Figure 2. 
The highest production of male individual fish 
was obtained at 3 days old, resulting in 51.53% 
male individuals. The timing and method of TTE 
administration influence the masculinization 
response in guppies. Immersion of gravid 
females at 15 mg/L TTE was effective because 
the bioactive compounds (mainly protodioscin 
and other steroidal saponins) were transferred 
maternally to the developing embryos, allowing 
direct influence on gonadal differentiation 
before birth. In contrast, immersion of larvae 
(U0, U3, U6) did not yield significant 
differences. This is likely due to the fact that 

once larvae are released, their gonadal 
differentiation may already be progressing 
rapidly, making it harder for phytosteroids to 
alter the sexual pathway. Moreover, larval 
absorption of active compounds during 
immersion is generally lower than maternal 
transfer during embryogenesis. This explains 
why gravid female immersion gave a stronger 
masculinization effect compared to larval 
immersion. At 6 days old, the production of male 
individuals resulted in 51.42% male individuals, 
while at 0 days old, the production of male 
individuals resulted in 37.14% male individuals. 
According to Himawati et al. (2018), younger 
larvae age contributes to higher production of 
male individuals compared to older larvae age. 
 
3.2. Absolute Growth of Guppy Larvae 
 The parameter of absolute length growth 
performance of guppy fish fry with the 
administration of Tribulus terrestris extract had 
a significant effect (p<0.05). The results showed 
that treatment K+ obtained the highest result, 
which was 2.76 cm, compared to other 
treatments (Table 2). The higher length 
observed in the K⁺ treatment (17α-
methyltestosterone) is likely due to the 
androgenic anabolic effects of 
methyltestosterone, which can enhance protein 
synthesis and muscle growth (Suseno et al., 
2020; Sarker et al., 2022). These anabolic 
properties stimulate somatic development and 
energy utilization efficiency, resulting in greater 
body length compared to other treatments. 
Conversely, fish treated with Tribulus terrestris 
extract maintained comparable growth to the 
control group, consistent with recent studies 
showing that T. terrestris supplementation 
supports growth, metabolic activity, and 
gonadal development without suppressing 
somatic performance (Matter et al., 2024; 
Motlagh et al., 2025, Sarida et al., 2025). 

 
Table 2. The absolute growth of guppy larvae under different doses of TTE immersion treatments at 
larval stage. 

Treatments 
Absolute growth 

Lenght (cm) Weight (g) 

K- 2.63±0.16ab 0.23±0.5a 

K+ 2.76±0.06b 0.18±0.02a 

P1 2.43±0.12a 0.20±0.00a 

P2 2.49±0.03a 0.17±0.02a 

P3 2.54±0.12a 0.21±0.02a 

Note : Numbers followed by different superscript letters for each treatment indicate significantly different 
results (p <0.05). 
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Table 3. The absolute growth of guppy larvae with TTE immersion treatment across different larval age 
groups. 

Different larval age 

groups (Days after birth 

Absolute growth 

Length (cm) Weight (g) 

0 2.65±0.18a 0.20±0.01a 

3 2.49±0.14a 0.21±0.05a 

6 2.57±0.09a 0.19±0.03a 

Note : Numbers followed by similar superscript letters for each treatment indicate no significantly 
different results (p >005).
 Further, the absolute length growth 
performance of guppy fish fry refers to the 
change in length size over a specific period of 
time (Sanjaya et al., 2020). This performance is 
influenced by various factors, including internal 
and external factors. Internal factors include 
genetic traits, disease resistance, and food 
utilization ability. External factors include 
physical, chemical, and biological properties of 
the water, as well as food and temperature, 
which are the main external factors that can 
affect fish growth. The parameter of absolute 
length growth performance in different age 
groups in this study showed no significant 
difference (p>0.05). The 0-day-old age group 
obtained a higher result of 3.10 cm compared to 
the other age groups. The absolute weight 
growth performance parameter in guppy fish 
larvae obtained insignificant results (p>0.05). 
The treatment K- 0.23 g showed higher results 
compared to other treatments (Table 2). These 
findings reinforce the potential of T. terrestris as 
a natural, eco-friendly alternative to synthetic 
hormones in sustainable aquaculture. The 
correlation between growth performance and 
sex reversal is mainly influenced by hormonal 
regulation. Androgen stimulation (either through 
synthetic hormones or phytoandrogens such as 
Tribulus terrestris extract) tends to promote 
male differentiation. Male guppies generally 
exhibit a higher feed conversion efficiency and 
faster somatic growth compared to females, 
especially because energy allocation in males 
is directed more toward somatic tissues, while 
females must allocate additional energy toward 
gonadal and reproductive tissue development. 
Therefore, masculinization through sex reversal 
can indirectly enhance growth performance at 
the population level. 

 According to Warsono et al. (2017), it is 
stated that the normal daily growth rate is 2-3% 
for sizes ranging from 50-100 g and 0.7-1.5% 
for sizes ranging from 200-300 g. They also 
mention that the average weight gain of 
individuals decreases as their size and age 
increase. Growth can be influenced by the 
available space (habitat) and the fish's ability to 
utilize food. The absolute weight growth 
performance of the age groups in this study 

showed no significant difference (p>0.05). The 
results indicate that U3 age group obtained a 
higher weight gain of 0.21 g compared to other 
age groups (Table 3). 

3.3. Histology of Gonad 

The observation results of the gonads of 60-
day-old fish clearly indicate that the suspected 
samples are male due to the presence of 
spermatozoa, spermatids, and spermatocytes 
(Figure 3A; 3D). In the suspected female 
samples, the presence of oocytes and oogonia 
is clearly visible (Figure 3B, 3E). Intersex 
individuals were also found in the histological 
observation of the gonads, as indicated by the 
presence of spermatocytes and oocytes (Figure 
3C, 3F). At 60 days of age, the gonad tissue 
develops further, and spermatogonia begin to 
appear in the gonads of male individuals. 
According to Nowakowska et al. (2020), 
guppies at 60 days of age have shown 
advanced stage gonad development. In male 
guppies, the development of the gonopodium 
and body coloration indicates that the fish has 
reached sexual maturity. Based on histological 
observations, all types of germ cells at various 
stages of development have been observed in 
guppies: spermatogonia, spermatocytes, 
spermatids, and spermatozoa. In the female 
gonad tissue, oogonia and oocytes are present, 
but unlike males, female guppies at 60 days of 
age have not reached sexual maturity as the 
oocytes are still developing, and sexual maturity 
is reached at 90 days of age (Ruell et al., 2013; 
Kamaszewski et al., 2020). The presence of 
spermatocytes and mature spermatozoa in the 
P3 treatment (15 mg/L) confirms successful 
masculinization at the gonadal tissue level. 
These histological observations demonstrate 
that Tribulus terrestris extract effectively 
stimulated testicular differentiation, supporting 
the high proportion of males recorded in this 
treatment.  

Several types of intersexual gonads were 
found in this study, characterized by the 
presence of both male (spermatocytes) and 
female (oocytes) germ cells in the same 
individual, which were more frequently 
observed in the K+ treatment (17α-
methyltestosterone) (Figure 3C; 3F). The 
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occurrence of intersex fish is likely caused by 
the presence of 17α-methyltestosterone, which 
is unable to direct the fish's sex towards male, 
resulting in an imperfect gonad differentiation 
process. Administration of low-concentration 
steroid hormones can lead to the formation of 
intersex individuals (Farias et al., 2023). This is 
due to the inability of exogenous steroids 
produced by tissues in the body, as well as 
internal genetic factors and physiological 
activities within the body (Ahmed et al., 2020). 
Such occurrences are often associated with 
hormonal overstimulation that disrupts the 

normal process of gonadal differentiation, 
leading to partial development of both ovarian 
and testicular tissues. Previous research 
conducted by Om et al. (2003) found intersexual 
gonads in zebrafish larvae (Danio rerio) with 
17α-methyltestosterone treatment (1 g/L), 
which resulted in an increase in vitellogenin 
levels at lower doses. Ramos-Júdez et al. 
(2020) also reported that higher doses of 17α-
methyltestosterone in Mugil cephalus showed 
well-developed testicular tissue, including 
spermatozoa.

Figure 3. Gonad tissue of male, female and intersex guppies (Poecilia reticulata). A) Male gonad 
tissue soaked with Tribulus terretris extract in pregnant broodstock (B) Female gonad tissue (C) 

Intersex gonad tissue (D) Male gonad tissue soaked with Tribulus terretris extract in the larval stage 
(E) Female gonad tissue (F) Intersex Gonad tissue. Sm: spermatozoa; St: spermatids; Sp: 

spermatocytes; Og: oogonia; and O: oocyte. (100x & 400x magnification) 

 

4.  Conclusion 

Immersion of guppy (Poecilia reticulata) 

female broodstock in Tribulus terrestris extract 

significantly enhanced masculinization, 

achieving 87.78% male production at a 

concentration of 15 mg/L. Growth performance 

improved relative to the control group, though 

differences among treatment dosages were not 

statistically significant. These results 

demonstrate that T. terrestris extract is an 

effective and environmentally sustainable 

alternative to synthetic androgens such as 17α-

methyltestosterone, reducing potential 

ecological and health risks associated with 

hormone use. This natural approach offers 

promising applications for sustainable guppy 

aquaculture and the ornamental fish industry. 

However, the absence of significant 

masculinization in larval immersion treatments 

suggests that future studies should optimize 

immersion protocols, elucidate the underlying 

molecular mechanisms, and evaluate long-term 

reproductive and progeny performance to fully 

realize the potential of this eco-friendly 

biostimulant. 

References 

Ahmed, I., Reshi, Q. M., & Fazio, F. 2020. The 
influence of the endogenous and 



Sarida et al, 2025, The Masculinization of Guppy Poecilia reticulata... 60 
 

exogenous factors on hematological 
parameters in different fish species: a 
review. Aquaculture International 28: 869-
899. https://doi.org/10.1007/s10499-019-
00501-3. 

Alam, M., Abbas, K., Zehra, Z., & Kamil, F. 
2024. Genetic advancement, global trade 
dynamics, persistent challenges and future 
prospects in ornamental fish culture. Asian 
Journal of Research in Zoology 7(1): 32-
46. 
https://doi.org/10.9734/ajriz/2024/v7i1138. 

Bisht, M., Kumar, A., & Shah, T. K. 2020. Effect 
of Moringa oleifera leaf powder on skin 
mucosal immune responses and growth 
performance of guppy, Poecilia reticulata 
(Peter, 1860). Aquaculture 
Research 51(12): 4984-4990. 
https://doi.org/10.1111/are.14834. 

Cek, S., Turan, F., & Atik, E. 2007. 
Masculinization of convict chiclid 
(Chiclosoma nigrofasciatum) by immersion 
in Tribulus terrestris extract. Journal 
International Aquaculture 15(2): 109-119. 
https://doi.org/10.1007/s10499-006-9071-
0. 

Direktorat Jenderal Perikanan Budidaya. 2021. 

Ikan Hias Sebagai Pemantik 

Pembangunan Perikanan Budidaya 

Berbasis Ekspor.  https://kkp.go.id/djpb/- 

artikel/37290-ikan-hias-sebagai-pemantik-

pembangunan-perikanan-budi- daya-

berbasis-ekspor. Diakses pada tanggal 5 

Januari 2022. 

Do, J., Choi, S., Choi, J., & Hyun, J. S. 2013. 

Effects and mechanism of action of a 

Tribulus terrestris extract on penile 

erection. Korean journal of urology 54(3): 

183. 

https://doi.org/10.4111/kju.2013.54.3.183 

Farias, R. D. S., Oliveira, K. R. D. S., Souza, M. 

E. D., Ferreira, D. A., Silva, A. A. D. N., 

Silva Júnior, V. A. D., Dunham, R., & 

Coimbra, M. R. M. 2023. Effect of dosage 

of orally administered 17α-

methyltestosterone on sex reversion of the 

yellowtail tetra Astyanax lacustris (Lütken, 

1875). Animal Reproduction. 20, 

e20220080. Astyanax lacustris (Lütken, 

1875). Animal Reproduction 20: 

e20220080. https://doi.org/10.1590/1984-

3143-ar2022-0080. 

Gharaei, A., Jorjani, H. E., Harijani, J. M., & 

Miandare, H. K. 2020. Effects of Tribullus 

terrestris extract on masculinization, 

growth indices, sex deteminationreversal 

and steroid hormones level in Zebra fish 

(Danio rerio). International Aquatic 

Research 12(1): 22. 

Ghosal, I., & Chakraborty, S. B. 2020. 

Production of monosex all-male Nile tilapia 

using ethanol extract of Tribulus terrestris 

seeds. Proceedings of the Zoological 

Society 73(2): 188-191. New Delhi: 

Springer India. 

Herdegen-Radwan, M. 2022. Can female 

guppies learn to like male colours? A test 

of the role of associative learning in 

originating sexual preferences. 

Proceedings of the Royal Society B 

289(1972): 20220212. 

Hassona, N. N., Zayed, M. M., Eltras, W. F., & 

Mohamed, R. A. 2020. Dietary 

supplementation of Tribulus terrestris 

extract improves growth and reproductive 

performances of the male Nile tilapia 

(Oreochromis niloticus). Aquaculture 

Research 51(10): 4245-4254. 

https://doi.org/10.1111/are.14767. 

Himawati, A., Sri, H., & Tritiana, Y. 2018. 

Keberhasilan jantanisasi ikan rainbow 

(Melanotaenia sp.) dengan stadia yang 

berbeda melalui perendaman tepung testis 

sapi. Journal of Aquaculture Management 

and Technology 7 (1): 28-37. 

Hutagalung, R. A. 2020. Pengaruh perbedaan 
metode sex reversal menggunakan tepung 
testis sapi terhadap maskulinisasi ikan nila 
merah (Oreochromis niloticus). Manfish 
Journal 1(1): 9-14. 
https://doi.org/10.31573/manfish.v1i01.39. 

Iskandar Johan, T., & Hasby, M. 2021. 
Effectiveness of sialang forest honey in 
maleisation of the platy pedang fish 
(Xiphophorus sp.). Egyptian Journal of 
Aquatic Biology and Fisheries 25(1): 953-
963. 
https://doi.org/10.21608/ejabf.2021.16436
1. 

Kamaszewski, M., Skrobisz, M., Wójcik, M., 
Kawalski, K., Szczepański, A., Bujarski, P., 
Szudrowicz, H., Herman, A. P., & 
Martynow, J. 2020. The role of 
transcription factors in gonad development 
and sex differentiation of a teleost model 
Fish—Guppy (Poecilia reticulata). Animals 
10(12): 2401. 
https://doi.org/10.3390/ani10122401. 

Kavitha, P. & Subraiman, P. 2011. Effect of 
Tribulus terrestris on monosex production 
in Poeciia latipina. Current Science 101(1): 
100-104. 

https://doi.org/10.1007/s10499-019-00501-3
https://doi.org/10.1007/s10499-019-00501-3
https://doi.org/10.9734/ajriz/2024/v7i1138
https://doi.org/10.1111/are.14834
https://doi.org/10.1007/s10499-006-9071-0
https://doi.org/10.1007/s10499-006-9071-0
https://doi.org/10.4111/kju.2013.54.3.183
https://doi.org/10.1590/1984-3143-ar2022-0080
https://doi.org/10.1590/1984-3143-ar2022-0080
https://doi.org/10.1111/are.14767
https://doi.org/10.31573/manfish.v1i01.39
https://doi.org/10.21608/ejabf.2021.164361
https://doi.org/10.21608/ejabf.2021.164361
https://doi.org/10.3390/ani10122401


Omni-Akuatika Vol. 21 (1): 11 - 19, 2025   61 
 

Kementrian Kelautan & Perikanan. 2014. 
Keputusan Menteri Kelautan dan 
Perikanan Republik Indonesia Nomor 
52/Kepmen-KP/2014 tentang Klasifikasi 
Obat Ikan. Jakarta. 

Lailatul., L., Budi, S. D., & Prayogo. 2016. 
Maskulinisasi ikan guppy (Poecilia 
reticulata) menggunakan testis sapi 
dengan metode perendaman induk 
bunting. Agroveteriner 5(1): 98-102. 

Matter, A. F., W. S. Rasslam, E. I. Soror, E. K. 
Khalil, A. Kadah, and H. A. Youssef. 2024. 
Comparable to 17α- Methyl Testosterone, 
Dietary Supplements of Tribulus terrestris 
and Mucuna pruriens Promote the 
Development of Mono-Sex, All-Male 
Tilapia Fry, Growth, Survival Rate and 
Sex-Related Genes (Amh, Sox9, Foxl2, 
Dmrt1). BMC Veterinary Research 20 (1): 
326. https://doi.org/10.1186/s12917-024-
04162-0. 

Motlagh, H. A., M. Banaee, D. Shahsavani, H. 
Nourani, A. Javadmanesh, and M. 
Sarkheil. 2025. “Growth Performance, 
Blood Biochemistry, Gene Expression, 
Gonad Histology, and Sexual Parameters 
in Common Carp (Cyprinus carpio) Fed 
Diets Supplemented With Tribulus 
terrestris Extract.” Aquaculture 
International 33: 318. 
https://doi.org/10.1007/s10499-025-
02006-8. 

Nowakowska, K., Giebułtowicz, J., 
Kamaszewski, M., Adamski, A., 
Szudrowicz, H., Ostaszewska, T., & 
Drobniewska, A. 2020. Acute exposure of 
zebrafish (Danio rerio) larvae to 
environmental concentrations of selected 
antidepressants: Bioaccumulation, 
physiological and histological changes. 
Comparative Biochemistry and Physiology 
Part C: Toxicology & Pharmacology 229: 
108670. 
https://doi.org/10.1016/j.cbpc.2019.10867
0. 

Nurlina, & Zulfikar. 2016. Pengaruh lama 
perendaman induk ikan guppy (Poecilia 
reticulate) dalam madu terhadap nisbah 
kelamin jantan (sex reversal) ikan guppy. 
Aquatic Sciences Journal 75-80. 
https://doi.org/10.29103/aa.v3i2.327. 

Om, S., Holbech, H., Madsen, T.  H., Norrgren, 
L., & Petersen, G.  I. 2003. Gonad 
development and vitellogenin production in 
zebrafish (Dania rerio) exposed to 
ethinylestrad and methyltestosterone. 
Aquatic Toxicology 65 (4):  397-411. 

Phelps, R. & Okoko, M.  2011. A non-
paradoxical dose response to 17a• 
methyltestosterone by Nile tilapia 
Oreochromis niloticus (L.):  effects on the 

sex ratio, growth and gonadal 
development.  Aquaculture Research 42 
(4):  549-558. 
https://doi.org/10.1111/j.1365-
2109.2010.02650.x. 

Rajendiran, P., Jaafar, F., Kar, S., 
Sudhakumari, C., Senthilkumaran, B., & 
Parhar, I. S. 2021. Sex determination and 
differentiation in teleost: roles of genetics, 
environment, and Brain. Biology 10(10), 
973. 
https://doi.org/10.3390/biology10100973. 

Ramos-Júdez, S., Chauvigné, F., González-
López, W. Á., Rosenfeld, H., Cerdà, J., 
Giménez, I., & Duncan, N. 2020. Providing 
recombinant gonadotropin-based 
therapies that induce complete oogenesis 
and produce viable larvae from an 
immature teleost, flathead grey mullet 
(Mugil cephalus). bioRxiv 2020-06. 
https://doi.org/10.1016/j.aquaculture.2021.
736418. 

Ruell, E. W., Handelsman, C. A., Hawkins, C. 
L., Sofaer, H. R., Ghalambor, C. K., & 
Angeloni, L. 2013. Fear, food and sexual 
ornamentation: plasticity of colour 
development in Trinidadian 
guppies. Proceedings of the Royal Society 
B: Biological Sciences 280(1758): 2012-
2019. 
https://doi.org/10.1098/rspb.2012.2019. 

Sanjaya, Y., Nurjhani, M., & Halimah, M. 2020. 
The use of black soldier fly (Hermetia 
illucens) (Linnaeus) as an alternative feed 
in Guppy fish (Poecilia reticulata). Journal 
of Entomological Research 44(3): 463-
468. https://doi.org/10.5958/0974-
4576.2020.00077.8. 

Saputra, A., Wulandari, A., Ernawati, Yusuf, 
M.A., Eriswandy, I., & Hidayani, A.A. 2018. 
Penjantanan ikan gapi, Poecilia reticulata 
Peters, 1859 dengan pemberian ekstrak 
jeroan teripang pasir (Holothuria scabra). 
Jurnal Iktiologi Indonesia 18(2): 127-137. 
https://doi.org/10.32491/jii.v18i2.427. 

Sarida, M., Putra., D. D. & Marsewi, H. S. Y. 
2011. Produksi monoseks guppy (Poecilia 
reticulata) jantan dengan perendaman 
induk bunting dan larva dalam propolis 
berbagai aras dosis. Zoo Indonesia 20(2): 
1-10. 

Sarida, M., L. Lusiani, A. Y. Putri, Y. Elisdiana, 
and Y. T. Adiputra. 2025. Early Gonadal 
Differentiation, Sex Ratio, and Growth 
Performance of Nile Tilapia (Oreochromis 
niloticus) With Tribulus terrestris Extract 
Supplementation. Journal of Aquaculture 
and Fish Health, 14 (1): 103–113. 
10.20473/jafh.v14i1.62860. 

Sasikumar, S., Eagappan, K., and Brindha, D. 
2014. Qualitative characterization of 

https://doi.org/10.1007/s10499-025-02006-8
https://doi.org/10.1007/s10499-025-02006-8
https://doi.org/10.1016/j.cbpc.2019.108670
https://doi.org/10.1016/j.cbpc.2019.108670
https://doi.org/10.29103/aa.v3i2.327
https://doi.org/10.1111/j.1365-2109.2010.02650.x
https://doi.org/10.1111/j.1365-2109.2010.02650.x
https://doi.org/10.3390/biology10100973
https://doi.org/10.1016/j.aquaculture.2021.736418
https://doi.org/10.1016/j.aquaculture.2021.736418
https://doi.org/10.1098/rspb.2012.2019
https://doi.org/10.5958/0974-4576.2020.00077.8
https://doi.org/10.5958/0974-4576.2020.00077.8
https://doi.org/10.32491/jii.v18i2.427


Sarida et al, 2025, The Masculinization of Guppy Poecilia reticulata... 62 
 

solvent and cooked extracts of Tribulus 
terrestris L. Fruit. European Journal of 
Medicinal Plants 4(8): 907-919. 
https://doi.org/10.9734/ejmp/2014/8091. 

Sarker, B., Das, B., Chakraborty, S., Hossain, 
M. A., Alam, M. M., Mian, S., & Iqbal, M. M. 
(2022). Optimization of 17α-
methyltestosterone dose to produce 
quality mono-sex Nile tilapia Oreochromis 
niloticus. Heliyon, 8(12).: e12252, 
https://doi.org/10.1016/j.heliyon.2022.e12
252 

Soumokil, A. W., Lumamuly, J. O., & 
Laimeheriwa, B. M. 2020. Masculinization 
of betta fish (Betta splendens) through 
natural honey immersion with different 
concentration. IOP Conference Series: 
Earth and Environmental Science 584(1): 
012050. 

Suseno, D. N., Luqman, E. M., Lamid, M., Mukti, 

A. T., & Suprayudi, M. A. 2020. Residual 
impact of 17α-methyltestosterone and 
histopathological changes in sex-reversed 
Nile tilapia (Oreochromis niloticus). Asian 
Pacific Journal of Reproduction 9(1): 37. 
https://doi.org/10.4103/2305-
0500.275527. 

Syarif, A. F., & Winardi, D. 2021. Maskulinisasi 
ikan guppy (Poecilia reticulata) 
menggunakan ekstrak daun mensirak (Ilex 
cymosa) melalui perendaman induk 
bunting. Jurnal Perikanan Unram 11(2): 
232-242. 

Warsono, A. I., Herawati, T., & Yustiati, A. 2017. 
Kelangsungan hidup dan pertumbuhan 
ikan betutu (Oxyeleotris marmorata) yang 
diberi pakan hidup dan pakan buatan di 
karamba jaring apung Waduk 
Cirata. Jurnal Perikanan Kelautan 8(1).

 
 
 
 

Copyright: © 2025 by authors. Licensed Fisheries and Marine Science Faculty, 
Jenderal Soedirman University. This article is licensed under a Creative Commons 

Attribution 4.0 International License (CC BY). It permits to share and to adapt as long as appropriate 
credit to the original author(s) and source is provided (https://creativecommons.org/licenses/by/4.0/).  
 

https://doi.org/10.9734/ejmp/2014/8091
https://doi.org/10.4103/2305-0500.275527
https://doi.org/10.4103/2305-0500.275527
https://creativecommons.org/licenses/by/4.0/

