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Abstract 
Ornamental fish are known to be easily cultivated in aquarium or pond. Many 
people prefer male (MF) over female fish (FF) due to their aesthetic value and 
productivity which lead to better pricing. The aim of this study was to determine 
the effect of Simalungun Red Ginger (Zingiber officinale var. Rubrum) (SRG) 
on masculinization. This study used dipping method which was carried out 
using Simalungun Red Ginger (Zingiber officinale var. Rubrum) (SRG). The 
temperature treatments used in this study were 28°C and 32°C. For this research, 
an experimental study with a Completely Randomized Factorial Design (CRFD) 
method that had two independent variables such as different dosages and 
temperatures was used. From five dosages (0 mg/L; 5 mg/L; 10 mg/L; 15 mg/L; 
20 mg/L) and three temperature treatments (ambient temperature (about 25°C; 
28°C; 32°C), it was found that the highest male percentage of primary sexuality 
(88.33%), secondary sexuality (85%), and highest total testosterone levels (TL) 
(1.986 ng/L) were at the treatments with the highest dosages and temperature, 
while for the highest survival rate were at almost in all B treatments (5 mg/L) 
and b levels (28°C), in which the survival rate was 100%. For all of these results 
above, the results were significant.
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1. Introduction
Currently, ornamental fish are popular in domestic 

and foreign markets. This is proven by the number of breeders 
who are starting to look at the potential of various types of 
fish cultivation activities in Indonesia. It should be noted 
that freshwater ornamental fish are also included in fishery 
commodities that can be cultivated continuously (Khomariah, 
2021). However, ornamental fish enthusiasts sometimes 
prefers male fish (MF) over female fish (FF), because they are 
considered to have better aesthetic value and productivity, so 
the profits that they generate tend to be higher than cultivated 
FF (Mahfut and Sutyarso, 2020). Masculinization is needed to 
increase the number of MF populations. The masculinization 
technique that has been commonly used is the immersion of 
the embryo in the eyespot phase in a solution of hormone 
17α-methyltestosterone (MT) (Herjayanto et al., 2019). 
From previous study, we know that the transition period of 
hermaphrodite gonads to testes or ovaries can occur on day 
43 to day 71 (Maack and Segner, 2004). In genus Cyprinidae, 
sex reversal treatment can be given after hatching (Pandian 
and Sheela, 1995). According to Yusuf et al. (2014), at the 
age of two weeks (14 days) the skeleton of the larvae is only 
partially formed. Meaning at this age, the condition of the 
larvae is still considered vulnerable, as the organ to support 
its life is still under developed. Deswani (2019) also revealed 
that the heart allegedly started pumping fluid through the 
blood vessels on the 20th day and blood cells appears on the 
next day. Furthermore, blood vessels continue to develop 
throughout the embryo.

Recently, masculinization methods have been 
carried out on several species of fish using different materials. 
Masculinization is usually done by giving androgenic 
hormones to the fish gonad in its differentiation phase. 
However, nowadays the use of synthetic hormone MT 
as a masculinizing agent has been banned in aquaculture 
activities, because it is difficult to degrade naturally and may 
end up polluting the environment (Srikwan et al., 2020). 
Several other materials that can be used as an alternative 
to synthetic hormone replacement materials and are more 
environmentally friendly include extracts from plants. In 
previous studies, several extracts from plants have been 
shown to be able to increase testosterone levels (TL) in the 
blood of male organisms (Matondang et al., 2018). In previous 
research, ginger can increase sperm count as well as motility 
and has a stimulatory effect on serum testosterone level. Base 
on another research, ginger rhizome was traditionally used in 
Iran for enhancing male sexuality. A great number of studies 
these days have reported that some ginger extract can increase 
the weight of testis on individual and accessory reproductive 
glands (Bordbar et al., 2013). The mechanism which makes 
ginger proven to increase testosterone production is by 
increasing LH production, cholesterol levels in the testes, 

reducing oxidative stress, and lipid peroxidation in the testes. 
Ginger can also increase the activity of certain antioxidant 
enzymes, normalize the blood glucose, increase nitric oxide 
production, and blood flow in Leydig cells, testicular weight, 
and recycle testosterone receptors in gonad (Banihani, 2018).

Sex reversal is a technology used to artificially 
direct the development of sex to be the opposite by changing 
the male to female phenotype or vice versa. Generally, 
this technique is carried out before the fish undergoes 
clear gonadal differentiation between males and females at 
hatching (bipotential). Several methods that are often used 
in sex reversal are by injection, dipping, feed (oral), and 
bioencapsulation (natural feed and immersion) (Mangaro et 
al., 2018). The oral and dipping methods had different results 
in the number of males and females. The number of MF 
with the dipping method tends to be able to produce a higher 
percentage of males than the oral method. However, the 
survival rate for each treatment did not look much different, 
although it was found that the dipping method tended to cause 
lower mortality rate than the oral method (Hutagalung, 2020). 
Water temperature can also indirectly affect the metabolic 
processes in the fish body. The higher temperature can make 
the metabolism in the fish’s body work faster (Nurcahyo, 
2018). In the previous research, García-Cruz et al. (2020) 
stated that a strong temperature treatment can determine the 
sex of the fish. Sex ratios that tend to produce females are 
produced at low temperatures (<19°C), mixed sex ratios are 
produced at medium temperatures (20-28°C), and all male 
fish are produced at high temperatures (>29°C). Temperature-
dependent sex determination can also be characterized 
through a genotypic form of sex determination. Where, it 
is found that the Y chromosome carries a copy of the anti-
Mullerian hormone, which then acts as a sex determinant of 
male at a temperature that results in mixed sex.

The evidence that can be done to solve this problem is 
to utilize phytochemical compounds in Red ginger (Zingiber 
officinale var. Rubrum) (RG) as a masculinizing agent in ZF 
used in this study. RG is an Indonesian spice that can be easily 
found in markets and can have an important role in everyday 
life, especially in the health sector. The rhizome of RG is 
known to be much sought after because it has properties as 
herbal medicines. The use of this medicinal plant has also been 
widely tried to prevent or cure a disease. RG is also known 
to have several active compounds that have been shown to 
have antioxidant activity in it (Sujianto et al., 2021). Also, 
Donkor et al. (2018) stated that RG has androgenic activity. 
This is evidenced by the administration of RG extract which 
is proven to be able to increase the concentration of TT in 
serum. The TT hormone itself functions to control the process 
of spermatogenesis, maintain Sertoli cells and play a role in 
determining the quality of spermatozoa in male organisms.
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ZF which has a native habitat in South Asian 
waters is one of the most widely used species in laboratories 
(Moorhead and Zeng, 2010). In various studies, ZF is used 
for developmental biology, biochemistry/molecular biology, 
cell biology, and neuroscience/neurology (Kinth et al., 2013). 
ZF are also increasingly common in being used for scientific 
research as a test animal model for vertebrate species because 
this fish has several advantages such as being easy to obtain 
and observed, high DNA similarity with humans, and 
sensitive to laboratory treatment (Nugroho et al., 2018). ZF’s 
small size also allows these fish to be kept in large numbers 
in a limited space. The eggs laid by the fish are also desirable: 
high amount of eggs per cycle, transparent, does not stick 
to media, and rapid development which is especially sought 
after for researches, particularly the masculinization test 
which only takes 2-3 months (Hickman et al., 2017).

Masculinization through dipping with natural herbal 
ingredients are still rarely discussed, even more so with RG 
extract. The average literature related to the use of RG is still 
only being applied to mice (Mus musculus L.) and Wistar rats 
(Rattus norvegicus) in the medical field in oral form through 
feed. The articles that discuss this research include Aristiani et 
al. (2017) and Donkor et al. (2018). Therefore, this study was 
tested on ZF which is considered as a model fish comparable 
to mice (Mus musculus L.) and Wistar rats (Rattus norvegicus) 
to determine the effect of SRG on masculinization activities 
and able to determine the best dosage and temperature that 
can be used as a means of masculinization.

2. Materials and Methods
This research was conducted in October 2021-June 

2022 at the Fish Cultivation Laboratory, Fish Reproduction 
Division, Building D 1st floor, Faculty of Fisheries and 
Marine Sciences, Brawijaya University Malang, Fisheries 
and Marine Resources Exploration Laboratory, Building A 1st 
floor, Faculty of Fisheries and Marine Sciences, Brawijaya 
University Malang, Biochemistry Laboratory, Central 
Laboratory Building Halal Center 1st floor, Islamic University 
of Malang, Pathology and Anatomy Laboratory, Faculty 
of Medicine, Brawijaya University Malang and Integrated 
Laboratory Installation of Dr. Saiful Anwar Hospital, Malang.

2.1 Material

The tools which used in this study included some 
glass jar (3 liters), blender (Miyako-101-GS, Indonesia), 
rotary evaporator (IKA 10, Germany), dropper, micropipette 
(Denshine-10-100ul-MikroTransfer, US), test tube (PyRex, 
US), oven (IKA-125 Basic Dry, Germany), aerator set, 
blower (Hiblow Takatsuki-HP-200, Japan), and shaker (IKA 
8017400, Germany). Materials used in this study were Red 
Ginger (Zingiber officinale var. Rubrum) from Simalungun 
(Medan), n-hexane, 96% ethanol, 90% methanol, and 20 days 

old Zebrafish (Danio rerio).

2.1.1 Experimental design

This research is an experimental study with two 
independent variables: dosage and temperature. This study 
used five treatments of dosages, three levels of temperatures, 
and three replications (Table 1). This research used 
Completely Randomized Factorial Design (CRFD) to process 
the data analysis.

Table 1. Research layout of the experiments carried out

Treat-
ments

Tempera-
tures

Dos-
ages

Replications
1 2 3

A 
Control (a)

0 
mg/l

1Aa 2Aa 3Aa
28°C (b) 1Ab 2Ab 3Ab
32°C (c) 1Ac 2Ac 3Ac

B
Control (a)

5 
mg/l

1Ba 2Ba 3Ba
28°C (b) 1Bb 2Bb 3Bb
32°C (c) 1Bc 2Bc 3Bc

C
Control (a)

10 
mg/l

1Ca 2Ca 3Ca
28°C (b) 1Cb 2Cb 3Cb
32°C (c) 1Cc 2Cc 3Cc

D
Control (a)

15 
mg/l

1Da 2Da 3Da
28°C (b) 1Db 2Db 3Db
32°C (c) 1Dc 2Dc 3Dc

E
Control (a)

20 
mg/l

1Ea 2Ea 3Ea
28°C (b) 1Eb 2Eb 3Eb
32°C (c) 1Ec 2Ec 3Ec

Description: A (0 mg/L); B (5 mg/L); C (10 mg/L); D (15 
mg/L); E (20 mg/L).

Figure 1. Design layout

2.1.2 Container preparation

Preparation of the container was the first step that 
must be done before carrying out this research. The steps 
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were as follows: prepared an aquarium/pond that would be 
used as a treatment container, washed the treatment container 
with clean water and siphoning, dried for a day and night. The 
aquarium layout was in accordance with the research layout 
design. Installed the aerator set (aerator stone, aerator hose, 
and aerator faucet) in the aquarium as a broodstock container. 
Labeled each aquarium according to the research layout 
design. The 20 days old larvae was added to each aquarium 
according to treatment. The extract from each treatment was 
then put into the aquarium according to the research design 
and soaked for about 23 days. After 23 days, transferred all 
treatments from the aquarium to a mesh box that had been 
installed in a concrete pond according to the research layout 
(Figure 1).

 
2.1.3 Broodstock selection and spawning process

The ZF’s broodstock used in this study came from 
Depok, West Java. The steps in the selection of the ZF’s 
broodstock used were as follows: reduced the pond water by 
opening the pond outlet, bring the broodstock to the corner of 
the pond by herding it with a tool called seser, took healthy 
parents which had mature gonads as brood stock, used male 
to female ratio (2:1) and put that fish into two different 
aquariums and the MF and FF might be separated, aerated 
each aquarium, and acclimatized brood stock for about 24-
48 hours (one to two days). For male ZF, the body color was 
known to look brighter and more attractive than the FF. The 
body shape was flatter with a slightly rounded stomach. For 
female ZF, the body tended to be wider and thicker, the belly 
also bulges. In FF that have matured gonads, the stomach will 
look very rounded and the eggs inside the stomach can be seen 
faintly from the outside of the body (transparent) (Pratama, 
2021). Avdesh et al. (2012) also added that the female ZF 
have ovipositor (Figure 2); an organ that helps in the process 
of laying eggs.

Figure 2. Ovopositor in female ZF

The process of spawning ZF is carried out en masse. 
The steps taken in spawning ZF were as follows: prepared 
an aquarium with a size of 40x60x30 cm which had been 
filled with water. Place the under gravel as a separator for 
male and female breeders and the eggs to be produced, male 
and female brood of ZF were selected in a ratio of 2:1 and 
put in one aquarium, after spawning occurred, the eggs was 
scattered under gravel, took the brood stock and separated it 
from the egg aquarium, all fertilized eggs were then hatched 
in separate aquariums. The eggs usually takes about 17-
24 hours to hatch. Hatched larvae were then reared until it 
reached 20 days of age. The fecundity of ZF can be said to 
be quite a lot, it is because this fish can lay eggs easily. The 
number of fecundities from ZF is around 150-300 eggs during 
the breeding season and on the outside of breeding season, it 
reaches 100-200 eggs.

2.1.4 Extraction

RG used in this study came from Simalungun, 
Medan, North Sumatra. The extraction method according to 
Ghasemzadeh et al. (2016) and Benjamin et al. (2020) was as 
follow; RG was rinsed with clean water and dried under shade 
at room temperature, the dried plant samples were ground into 
a fine powder. Two kilograms of wet RG only produced 250 
grams of dry RG sample, therefore, the sample needed to be 
dissolved in 1 L n-hexane, 1 L 96% ethanol, and 1 L methanol 
according to Benjamin et al. (2020) with a ratio (0,25:1) as 
follow; the weight of the powder samples (250 grams each) 
was extracted through maceration using a 0,25:1 ratio sample 
mixture, i.e., 250 grams of the sample was dissolved in 1 L 
of n-hexane for 48 hours with shaking and continuous stirring 
for proper extraction. The macerated bi-herbal sample was 
then sieved with a shaker and concentrated using a rotary 
evaporator. Then, the sample was macerated again and 
dissolved in 1 L of 96% ethanol for 48 hours, then sieved 
with a shaker and concentrated using a rotary evaporator. 
Finally, the sample was macerated again and dissolved in 1 L 
of 90% methanol for 48 hours, then sieved with a shaker and 
concentrated using a rotary evaporator. Furthermore, the three 
extracts obtained were cooled using a temperature conducive 
before further use.

2.1.5 Phytochemical analysis

Extracts of RG (0.5 grams/sample) were prepared 
in a test tube for testing several phytochemicals such as 
alkaloids, flavonoids, triterpenoids/steroids, saponins, and 
tannins (Rante et al., 2020).

2.1.6 Thin Layer Chromatography (TLC)

Each sample that had become a thick extract (with 
n-hexane, 96% ethanol, and 90% methanol solvent) which was 
suspected to contain Sitosterol was tested by TLC with acetic 
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acid, methanol, and ethyl acetate (6:3:1) as eluent in a tubular 
chamber with a volume of 38.5 cm3. Next, the Rf value was 
calculated and compared with the Rf value obtained from the 
results of pure Sitosterol in TLC. The eluents of acetic acid, 
methanol and ethyl acetate were used in this phase because 
they were commonly used eluents and were able to dissolve 
steroid compounds on TLC plates (Forestryana and Arnida, 
2020; Agustin et al., 2021).

2.1.7 Electrochemiluminescence Immunoassay (ECLIA)

This method was carried out with a 1:1 dilution as 
the test sample. Briefly, the sample of the RG extract that 
was ready to be tested in a vacuum tube was pipetted 1 mg 
and mixed into 3 mL of aquadest. After that, the sample was 
tested using hormone antibodies directed against the related 
protein contained in the sandwich test format to detect 
derivative testosterone (DTT) in the sample. For the ECLIA 
method, the specificity and sensitivity were 99.9% and 
94.5%, respectively. So, the test results can be said to have 
high validity compared to other hormone testing methods 
(Kolesova et al., 2021).

2.1.8 Liquid Chromatography Mass Spectroscopy - 
Quad Time of Flight (LCMS-QTOF)

LCMS analysis was performed on the ethanol extract 
of RG extract. LCMS has the advantage of a wider analysis 
range. Although there are also disadvantages, which require 
further analysis to ascertain the structure of the compound. 
The mass spectroscopy (MS) detector uses the QTOF (Quad 
Time of Flight) type. Sample ionization using electrospray 
ionization (ESI) method with positive ion mode [M+H]+. This 
causes ionization process where the sample gets an additional 
H atom, which is positively charged, so that the m/z read is 
equivalent to the molecular weight plus 1 Da (Fathoni, 2021).

2.1.9 Test parameters

2.1.9.1 Histology test

In order to determine the testicular development 
of ZF, testicular histology test was carried out. Staining of 
testicular histological preparations using Haematoxylin 
and Eosin staining was performed by histotechnic method 
(Pratiwi and Manan, 2015).

2.1.9.2 MF percentage

According to Matondang et al. (2018), calculating 
the percentage of male sex (MS) can be done using the 
following formula: 

 
To calculate the percentage of male, it is done by looking at 
the secondary characteristics in the morphology of the fish 

and also looking at the primary characteristics by performing 
gonadal surgery.

2.1.9.3 Total testosterone level

Hormonal measurements were carried out using 
gonadal samples. The use of gonadal samples can also be 
used as another option for monitoring steroid levels and is 
considered very attractive because it can be collected quickly 
and has high validity. The first step was to perform gonadal 
surgery on MF and FF. Each gonad was placed on a porcelain 
dish and grinded it by pounding the gonads with a mortar until 
smooth. Dissolved the smoothen gonads with distilled water 
as an isotonic solution. Finally, put it in a vacuum tube and 
tested it with ECLIA (Revisa, 2016; Kolesova et al., 2021).

2.1.9.4 Survival rate

Dipping research can also be continued by checking 
the survival rate. Survival rate can be referred to as the 
percentage of survival of the dipping larvae. The higher 
percentage value of the survival rate can be considered as an 
optimal outcome. The factors that can affect survival rate is 
the quality of the waters and its parameters of fish habitat/
living environment (physical and chemical) (Nurcahyo, 
2018). According to Kumar et al. (2018), survival rate can be 
calculated by the following formula: 

For survival rate calculations in this study, it was carried 
out after the larvae had finished being treated with dipping 
(before they were transferred to the rearing pond).

2.2 Analysis Data

Data collection techniques were carried out through 
direct observation followed by analyzing the graphs and tables 
of the ZF test results (D. rerio) from each treatment dose and 
temperature given. Statistical analysis and quantitative data 
collection in this study were carried out using a two-way 
ANOVA in accordance the design of Completely Randomized 
Factorial Design (CRFD) used with 95% confidence level (α = 
0.05) using five treatments, three levels, and three replications 
for each treatment. If the results of the variance showed a 
significant effect or very significantly different (F count > F 
table), then the analysis was followed by Duncan’s Multiple 
Range Test (DMRT) used Ms. Excel 2013. Meanwhile, for 
the qualitative data collection in this study was carried out 
using a descriptive method.

3. Results and Discussion
3.1 Phytochemical Analysis

Phytochemical analysis was carried out on each 
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Type of RG Extract Alkaloids Flavonoids Triterpenoids/Steroids Saponins Tannins

N-hexane +++ + ++ - -
96% Ethanol - ++ +++ - -
90% Methanol - + + + ++

extract of RG to analyze and prove the presence of steroid 
compounds qualitatively, which is thought to be able to 
influence the masculinization process. 

It can be concluded that the n-hexane extract of 
RG contains alkaloids, flavonoids, and triterpenoids/steroids 
(Table 2). The ethanol extract of RG contained flavonoid 
compounds and triterpenoids/steroids. The methanol extract 
of RG contains flavonoids, triterpenoids/steroids, saponins, 
and tannins. From this description, it can be concluded 
that different extracts will also produce different contents. 
Phytochemical screening here is an early stage which is 
considered to be able to provide an overview of the content 
of certain compounds present in the natural materials 
studied (Dewatisari et al., 2020). Nguyen et al. (2019) also 
argued that the phytochemical content of plants or materials 
generally varies. This certainly allows the plant or material 
to have different special compounds, including the presence 
of alkaloids, flavonoids, triterpenoids/steroids, saponins, and 
tannins in the tested material. Due to the different content 
in each material, it will produce different properties and 
biological effects from each material to be used. D’Arrigo et 
al. (2021) revealed that some plants generally have bioactive 
such as polyphenols and especially flavonoids. Flavonoids are 
known to be able to recognize androgen and estrogen hormone 
receptors. Flavonoids are also said to have a lower binding 
affinity for any single receptor of the hormone. Flavonoids can 
interact with one or more estrogen and androgen hormones 
by showing additive binding effects. Several flavonoids have 
been considered as phytoestrogens capable of inhibiting the 
endocrine system, both because of their interaction with 
estrogen receptors and their ability to activate or deactivate 
the estrogen response in vitro. Several previous studies have 
suggested that flavonoids can also provide androgen-related 
signaling pathways through androgen receptor activation.

3.2 Thin Layer Chromatography (TLC)

TLC analysis was also performed on each extract 
of RG to analyze the similarity of the ethanolic extract of 
RG used with steroids suspected of Sitosterol and supports 
qualitative phytochemical analysis that had previously been 
carried out. In this case, the pure Sitosterol standard will be 
compared with each extract of RG obtained as a comparison 
material. The TLC results of each extract obtained were 
different. In the n-hexane extract, the TLC results obtained 
were 0.64. Meanwhile, the 96% ethanol extract and 90% 
methanol extract obtained TLC results of 0.93.

 

It can be concluded that the n-hexane extract of RG 
has a retention factor (Rf) value of 0.64 (Table 3), which is 
smaller than the pure standard used which has an Rf value of 
0.96. Meanwhile, the ethanol and methanol extracts of RG 
had an Rf value of 0.93. Rf value of ethanol extract and the 
methanol of RG here had a slight difference with the pure 
standard. This means that the ethanol and methanol extracts 
have a close resemblance to the pure standard used. It can 
be concluded that both ethanol extract and methanol extract 
can be used in this study, because they have close similarities 
to the pure standard. However, the ethanol extract was the 
selected extract, because in the phytochemical analysis results, 
ethanol extracts tended to only contain two ingredients, 
namely flavonoids and also triterpenoids/steroids, unlike 
methanol extract.  The TLC testing under UV light of 254 nm 
was not fluorescent than the TLC testing under UV light of 
366 nm (Figure 3). According to Shashikala et al. (2018), the 
compound that contained steroids can be fluorescent in the 
366 nm. Although, it looked clearer than in the 254 nm, the 
stain appeared was still unclear.

Table 3. TLC test results from each RG extract

Type of RG 
Extract

Rf Value of Mate-
rial that Suspected 
Contains Sitosterol

Rf Value of 
Pure Stan-
dard

N-hexane 0.64

0.9696% Ethanol 0.93

90% Methanol 0.93

If the Rf value obtained is close to the standard Rf 
value of β-sitosterol, then the compound can be said to be 
similar or close to the pure standard (Pramesti et al., 2021). 
Based on the results of previous studies on curcumin, if the Rf 
value in the sample is close to the same, this can prove that the 
concentration value of the compound analyzed in the sample 
is more or less similar to the value of the compound content in 
the pure standard (Permatasari et al., 2021). Pebe et al. (2022) 
also revealed that TLC is the most effective method because 
it can save operational costs for analysis on a large number 
of samples, such as sample screening. The general principle 
of TLC is to separate a mixture due to the movement of the 
solvent across a flat surface. These components will migrate 

Table 2. Phytochemical test results from each RG extract
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at different rates depending on their solubility, adsorption, 
molecular size, charge, and elution. In order to support this 
test, it is recommended to carry out several forensic analysis 
tests such as confirmatory tests.

3.3 Liquid Chromatography Mass Spectroscopy - 
Quad Time of Flight (LCMS-QTOF)

The ethanol extract of RG was also analyzed using 
the LCMS-QTOF method to determine the content of these 
ingredients. This is of course done to support and ensure the 
results of the previously carried out TLC whether it is true 
that Sitosterol compounds are contained in the ethanol extract 
of RG. The results of the analysis were that in 10 grams of 
ethanol extract of RG, there were compounds of Stigmast-
5-en-3beta-ol, acetate (Sitosterol Acetate), and Kushenol F 
(Sophoraflavonone G) (Table 4). That result was supported 
by the ESI results of LCMS-QTOF. The result showed that 
ethanol extract of RG was positive (+) containing Stigmast-
5-en-3beta-ol, acetate (Sitosterol Acetate), and Kushenol F 
(Sophoraflavonone G).

Table 4. LCMS-QTOF test results of RG ethanol extract

Compound IUPAC’s Name Result

Kushenol F Sophoraflavo-
none G Positive (+)

Stigmast-5-en-3be-
ta-ol, acetate

Sitosterol Ace-
tate Positive (+)

Kushenol F (Sophoraflavonone G) is the active compound 
co-existing with three compounds, oxymatrine, trifolirhizine, 
and β-sitosterol (Hwang et al., 2005). Flavonoid compounds 
are found in almost all parts of the Rhizophora plant and are 
the main active ingredients in the Rhizophora class. Roots are 
known to contain various flavonoid compounds. One of these 
flavonoid compounds is Kushenol F (Sophoraflavonone G) 
(Sun et al., 2020). In particular, Kushenol F and Sitosterol 
have strong binding affinity for their receptors. Because 
Sitosterol is also known to be a type of cholesterol (Wang et 
al., 2021). Supported by Nurazizah et al. (2020), sitosterol 
is part of the lipid which is an important component of the 
membranes in several cells of the body, which are several 
plasma lipoproteins that can also function as precursors for 
the synthesis of steroid hormones. In the research of Hu et 
al. (2022), challenges faced regarding androgen regulation 
by flavonoids in particular may include exploration of 
target mechanisms and individual heterogeneity. It is also 
mentioned that nutritional interventions using flavonoids 
can also improve the symptoms of androgen disorders in an 
individual.

3.4 In Silico

The ethanolic extract of RG was also analyzed in 
silico with PyRx application to determine the content of these  
ingredients. This is certainly done to support the results of the 
LCMS-QTOF which had previously been carried out on the 

Table 2. Phytochemical test results from each RG extract

Figure 3. TLC plat of each RG extract; A (Standard); B (RG n-hexane extract); C (RG ethanol extract); D (RG 
methanol extract)
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A (0 mg/L) was suspected to contain 0 ng/L Sitosterol; 
treatment B (5 mg/L) was suspected to contain 0.345 ng/L of 
Sitosterol; treatment C (10 mg/L) was suspected to contain 
0.690 ng/L of Sitosterol; treatment D (15 mg/L) was suspected 
to contain 1,035 ng/L of Sitosterol; treatment E (20 mg/L) 
was suspected to contain 1,380 ng/L of Sitosterol. 

Table 6. ECLIA test results of RG ethanol extract in 
each treatment

Treat-
ments

Dosages 
(mg/l)

Alleged Content of Hormones 
Suspected of Sitosterol (ng/ml)

A 0 0
B 5 0.345
C 10 0.690
D 15 1.035
E 20 1.380

 Hormones that play a role in the sexual development 
of male individuals are steroid hormones. Steroid hormones 
are known to function in the process of spermatogenesis, the 
development of external reproductive organs, and secondary 
sex characteristics and as a component in the formation of 
cholesterol. Cholesterol itself is also known to be a precursor 
in androgen biosynthesis. Here, Sitosterol is known to be a 
steroid hormone that has a structure similar to cholesterol 
(Fitriyah and Isyaturriyadhah, 2021). The circulating water 
system can also accumulate steroid levels and produce a 
cumulative masculinizing effect. This is in accordance with 
previous research, where increasing the dose of steroid 
hormone was proven to be able to produce male individuals 
in intensive culture ponds (with strong aeration) compared to 
culture ponds with water flow aeration systems (Thanasupsin 
et al., 2021).

3.6 Histology of Fish Gonad

Histological tests were also carried out on the 
gonads to analyze if there was a differentiation in the shape 
of the gonads in ZF treated with dipping. It can be seen that 
there was a change in the gonads of ZF which were treated 
with dipping (Figure 4). There were striking differences in 
male and female gonads and intersex (Figure 4c). Individuals 
showing no external phenotype, but possessing testes without 
visible ovarian tissue or individuals showing external 
signs of being male, but having a fully functional ovotestis 
(individuals producing fertilized eggs) are said to be intersex 
male individuals. In this case, the body color is not enough 
to determine the morphology of the male gonads internally, 
therefore to predict the presence of ovotestis, surgery and 
histology are needed (Scarsella et al., 2018). The frequent 
occurrence of intersex symptoms and other gonadal disorders 

ethanol extract of RG. 

Table 5. In silico results of Sitosterol Acetate and 
Kushenol F with Progesterone

Compounds Binding Affini-
ty (kcal/mol)

Testosterone -7.4
Sitosterol Acetate -7.2
Methyltestosterone -7.1
Kushenol F (Sophoraflavonone G) -7.1

 TT and MT compounds were used as control 
comparisons from the binding values obtained (Table 5). It 
can be concluded that the binding value of Sitosterol Acetate 
obtained is bigger than the binding value of TT and smaller 
than MT. Where, for Kushenol F (Sophoraflavonone G) 
obtained is bigger than the binding value of TT. However, 
this compound has the same binding value as MT. Saputri et 
al. (2016) said that binding affinity is a measure of the ability 
of a substance/drug to bind to a receptor. The smaller the 
binding affinity value is, the higher the affinity between the 
receptor and the ligand will be. On the other hand, the higher 
the binding affinity value is, the lower the affinity between 
receptors will be. If they are the same, it is suspected that the 
ability of these compounds to bind to receptors is comparable. 
Previously, Kellenberger et al. (2008) also revealed that the 
binding affinity value can greatly affect the stability of the 
interaction between the ligand and the receptor. The binding 
affinity value will generally be chosen from the most negative. 
A negative value indicates the smallest energy used by the 
receptor to interact with the ligand, so it is assumed that the 
interaction can take place spontaneously. The smaller the 
binding affinity value is also thought to be able to produce a 
more stable interaction between the ligand and the receptor.

3.5 Electrochemiluminescence Immunoassay 
(ECLIA)

The Sitosterol content in the ethanol extract of RG 
was also analyzed using the ECLIA method to determine the 
content of these ingredients in 1 mg/L RG extract. This is 
certainly done to support the results of the TLC and LCMS-
QTOF, which were previously carried out. Although LCMS-
QTOF is able to predict the content of compounds in the 
material. In fact, the method has not been able to analyze the 
amount of compound content in it quantitatively. The results 
of the ECLIA analysis of (DTT) such as Sitosterol in 1 mg/L 
ethanol extract of RG was 0.069 ng/ml. This compound is 
suspected to be Sitosterol, because Sitosterol is a DTT, which 
may be read in the ECLIA test. From these results it can be 
estimated that the total administration of RG extract which 
containing Sitosterol in each treatment (Table 6). In treatment 
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in fish has been shown to be partly due to exposure to aquatic 
waste. The presence of ovotestis is a good indicator of the 
presence of endocrine-blocking chemicals and may reflect 
a sign that clear from the intersex condition. Therefore, 
when evaluating the potential effects of endocrine-blocking 
chemicals, histological investigations of the male gonads 
should be considered to observe ovotestis appearance. This 
is because these altered gonads often appear normal upon 
external examination, but are not. Histopathological signs of 
intersex conditions can range from mild to severe according to 
many factors such as the number, maturity, and distribution of 
oocytes in normal testicular tissue (Abdel-Khalek, 2017). In 
the testes, the sperm ducts are seen crossing the medial hilum 
region, and running along the dorsal and ventral surfaces 
of the gonads in the sperm sinus. Known for differentiated 
(ovotestes) gonads that are active in spermatogenesis, 
the gonads consist entirely of spermatogenic tissue and 
seminiferous tubules filled mostly with spermatozoa with few 
spermatocytes or spermatids without recognizable female 
germ cells or oocytes of any stage of development or ovarian 
stromal tissue (Choi et al., 2014).

The results of the ZF’s ovotestis histology performed 
(Figure 5), ovotestis with an active spermatogenesis system 
can generally be categorized as a male individual, because 
there are no female germ cells in the ovotestis organ. 
According to Edgecombe (2020), some fish generally undergo 
a process of differentiated gonochorism during juveniles. 
This is no exception to one of the teleost fish such as the 
Cyprinidae family. According to García-Cruz et al. (2020), 
fish with differentiated gonochorism does not tend to change 
back to the female phase after passing the bipotential stage, 
if the fish are not fish capable in hermaphrodite reproduction. 
However, in some cases, it was found that there was fish 
with an ovotestis system which can carry carrier genes such 
as anti-Mullerian genes, that will make their offspring have 
organs similar to their predecessor.

3.7 MF Percentage

The number of males in ZF was also calculated to 
analyze the total number of MF in the dipping treatment. In 
this case, the calculation of the percentage itself was carried 
out by two kinds of observations, namely by observing the 
primary sexuality of the ZF by performing gonadal surgery 
and observing the secondary sexuality by looking at the 
morphology of the fish’s body.

The Dc and Ec treatment had a significantly different 
effect with the Db and Eb treatments (Figure 6). The Db and 
Eb treatments had a significantly different effect with the Cc, 
Da, and Ea treatments. The Cc, Da, and Ea treatments had a 
significantly different effect with the Cb. The Cb treatments 
had a very significantly different effect with the Aa, Ab, Ac, Ba, 
Bb, Bc, and Ca. This proves that the results of the percentage 
of males through the observation of primary sexuality in ZF 
have increased in each dosage and temperature treatment. 
In general, the interstitial tissue of the gonads produces sex 
steroid hormones in response to hormonal messages from

Figure 4. Histology of ZF’s gonad: a) female; b) male; c) intersex

Figure 5. Intersex ZF’s gonad histology: TT (testicu-
lar tissue); SZ (spermatozoa); SC (sinus channels); SS 
(spermatocyte); ST (spermatid); SD (sperm duct)
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the pituitary gland at the base of the brain. This pituitary-
gonadal axis controls the expression of sexuality which 
includes the development, maturation and release of gametes 
(sperm and ovum) in response to the environment. In this way, 
the sexual cycle of fish is closely related to environmental 
conditions. So that in this situation, reproductive problems that 
arise can be overcome through environmental manipulation 
such as salinity, light, temperature or by giving sex hormones 
directly (Subandiyono and Hastuti, 2021). Sex determination 
was dependent on a strong temperature treatment in which 
the sex fate of the gonads was determined in response to the 
temperature experienced during the first week of hatching, 

 Figure 6. MF percentage (primary) of each treatment

 Figure 7. MF percentage (secondary) of each treatment

which was considered a critical period for determining sex. 
Sex ratios that tend to produce females are produced at low 
temperatures (temperatures producing females, <19°C), 
mixed sex ratios are produced at medium temperatures 
(temperatures producing mixed sexes, 20-28°C), and all 
offspring are male produced at high temperatures (male-
stimulating temperatures, >29°C). Temperature-dependent 
sex determination can also be characterized by a genotypic 
form of sex determination. It was found that the Y chromosome 
carries a copy of the anti-Mullerian hormone, which then 
acts as a MS determinant at temperatures resulting in mixed 
sex (García-Cruz et al., 2020). Simó-Mirabet et al. (2018) 
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have also suggested that compounds contained in plants 
are also capable of triggering different effects depending on 
circulating levels of steroids on gonadal development and 
sex ratio. Plasma levels of gonadal sex steroid hormones 
normally circulate during the reproductive season. Sex 
steroids are considered to be major regulators of natural sex 
change and play an important role in gonadogenesis in teleost 
fish. The measured steroid levels are also known to be within 
the normal range for actively reproducing fish, but tend to 
be low during the non-reproductive period. Steroid levels 
are also known to increase gradually through the process of 
gametogenesis, along with gonadal growth and can decrease 
suddenly thereafter.

The Dc and Ec treatment had a significantly different 
effect with the Db and Eb treatments (Figure 7). The Db and 
Eb treatment had a significantly different effect with the Cc 
treatments. The Cc treatment had a significantly different effect 
with the Cb treatments. The Cb treatment had a significantly 
different effect with the Bc, Ca, Da, and Ea treatments. The Bc, 
Ca, Da, and Ea treatment had a significantly different effect 
with the Aa, Ab, Ac, Ba, and Bb treatments. This proved that 
the results of the percentage of males through the observation 
of secondary sexuality in ZF had increased in each dosage 
and temperature treatment. In accordance with the statement 
of Jiang et al. (2022), administration of androgen hormones 
(male hormones) with the right dosage can cause inhibition 

Figure 8. Total TL of each treatment

Figure 9. Survival rate of each treatment
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of ovarian formation and development of testes so that 
the gonads will differentiate into testes. The success of 
masculinization (male process) was influenced by the accuracy 
of the technique of manipulation of environmental factors 
that affect steroid production. The right time to do fish sex 
reversal was during the sex differentiation of an individual. 
Ayuningtyas et al. (2015) revealed, sex differentiation (sex 
change) is the process of the gonads before they differentiate 
into testes or ovaries according to genetics influenced by the 
environment. Subandiyono and Hastuti (2021) added that 
the influence of hormones secreted by the testes has a role in 
secondary sexual signs. This is because MF usually develop 
sexual characteristics in terms of morphology, color, and 
aggressiveness by being influenced by androgen hormones 
produced by the testes.

3.8 Total Testosterone Levels

The analysis of TL in ZF was also carried out to 
analyze the total amount of male hormones contained in the 
fish’s body after being given dose and temperature treatment. 
In this case, the analysis of TL is carried out by performing 
gonadal surgery on ZF to then be tested for TL using the 
ECLIA method. 

The Ec treatment had a significantly different effect 
with the Eb treatments (Figure 8). The Eb treatment had a 
significantly different effect with the Ea treatments. The Ea 
treatment had a significantly different effect with the Dc 
treatments. The Dc treatment had a significantly different 
effect with the Db treatments. The Db treatment had a 
significantly different effect with the Aa, Ab, Ac, Ba, Bb, 
Bc, Ca, Cb, Cc, and Da treatments. Factors that could affect 
TL were generally age, body weight, stress, and blood sugar 
levels. A decrease in TL below the normal limit is known to 
cause various disorders, both physical and psychological/
mental, which will affect the quality of life of the organism 
(Devita and Amran, 2019). Motosko et al. (2018) added 
that the addition of TT and masculine hormonal therapy has 
several purposes. One of the goals is to produce masculine 
traits internally (hormones) and develop masculine secondary 
sexual characteristics. TT can generally stimulate and cause 
suppression of estrogen and can further promote the formation 
of male gonads in females. Gharaei et al. (2020) also revealed 
that the TT hormone is the main male androgen in teleost and 
a precursor to 11-Ketotestosterone, which is mostly produced 
by the testes. TT is known to be a sex hormone that plays a 
role in germ cells and is present at the time of differentiation 
of male larval embryo cells and then used in the body during 
maturation or physiological development. In the previous 
study, the normal TL found in ZF is 0.05 ng/ml.

3.9 Survival Rate
The percentage of survival rate was also calcu-

lated for ZF to analyze the total number of fish that lived 
from the initial dipping treatment to the rearing process. 
The Aa, Ba, Bb, Bc, Ca, Cb, Db, and Eb treatments had 
significantly different effect with the Ab, Ac, Cc, Da, 
Dc, and Ea treatment (Figure 9). The Ab, Ac, Cc, Da, 
Dc, and Ea treatment had a significantly different ef-
fect with the Ec treatments. This proves that the surviv-
al rate of ZF increase significantly at each dosage and 
temperature treatment. Exposure to high environmen-
tal temperatures can cause an individual to experience 
stress and develop heat illness. The most acute phase of 
heat illness is the occurrence of heat stroke. Heat stroke 
has the potential to occur in individuals who live for 
a long time in relatively high temperatures. Individuals 
who experience heat stroke are at risk of experiencing 
organ failure or even death (Hifumi et al., 2018). This 
is supported by the individual stages which are still lar-
vae (20 days) where according to Koyama et al. (2020), 
the larval phase is a critical phase because at this stage 
the larvae are still adjusting to the external environment 
and making improvements to new organs. This is also 
supported by the statement of Hayati et al. (2020) which 
stated that the higher the dosage of exposure to the sub-
stance given to fish can make the toxicity levels of the 
substance higher. It is usually characterized by the death 
of the organism but is not supported by abnormalities or 
malformations.

4. Conclusion
The conclusion obtained from this study is that 

for the RG extract used is from the Simalungun, Medan, 
North Sumatra. The purest extract content was found in the 
SRG ethanol extract. Not only that, in the TLC test, it was 
also known that the ethanol extract which was suspected 
to contain Sitosterol was similar to the pure standard of 
Sitosterol. LCMS-QTOF stated that the compound contained 
in the ethanol extract of SRG, which contains the compound 
Sophoraflavonone G (SFG) and Sitosterol Acetate (SA). 
In addition, an in silico study was also conducted on the 
compound SFG and SA will be tested with TT and MT. From 
these data, it can be seen that the binding value of SA (-7.2 
kcal/mol) is bigger than TT and smaller than MT. Meanwhile, 
for SFG (-7.1 kcal/mol) obtained bigger than the value of TT 
binding and has the same as MT. Several conclusions that 
obtained from this study, the treatment of different dosages 
and temperatures can affect the percentage of males based on 
observations of primary and secondary sexuality in ZF, total 
TL in ZF and also survival rates in ZF.
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