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ABSTRACT 
 

Temperature is one of the factors that can affect the maturity of the gonads in fish. This study aims 
to find out what is the best temperature for maturation of broodstock to prepare G5 transgenic 
mutiara catfish broodstock that are ready to hatch based on gonado somatic index (GSI) 
performance, relative fecundity, fertilization rate (FR), hatching rate (HR). The research was carried 
out in the Hatchery Building 4, Fisheries Biotechnology Laboratory, Faculty of Fisheries and Marine 
Sciences. The method used in this research is an experimental method with a complete 
randomized design (CRD), which consists of four treatments and three replicates. Treatment A: 26 
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± 0.5 °C, B : 28 ± 0.5 °C, C : 30 ± 0.5 °C for transgenic catfish, C*: 30 ± 0.5 °C (for nontransgenic 
catfish) with maintenance for 8 weeks.  The reproductive performance of the female broodstock of 
G5 transgenic mutiara catfish with the highest relative fecundity was found in treatment B of 
kg/brood. The best temperature for gonad maturation was obtained in treatment B with a 
temperature of 28 ± 0.5 °C with  a gonadosomatic index value of  52.42 ± 5.93% for  females and 
5.22 ± 0.17% for males. The spawning performance in the parent pair of treatment B produced the 
best relative fecundity, fertilization rate (FR), and hatching rate (HR), with values of 89,179 eggs/kg, 
84.98 ± 5.01%, and 90.87 ± 3.12%, respectively. 
 

 

Keywords: Gonad maturation; transgenic catfish; temperature manipulation; G5. 
 

1. INTRODUCTION 
 
Catfish culture activities are one of the cultivation 
in the fisheries sector that continues to 
experience rapid development. This is because 
catfish is one of the fish that is in great demand 
by the community. Natural spawning is the 
spawning that is most carried out by culture. 
However, this natural spawning will produce a 
smaller quantity of fish fry than artificial and 
semi-artificial spawning, besides that natural 
spawning also tends to experience many failures. 
Spawning by utilizing hormones and natural 
compounds has been widely carried out and has 
shown significant results [1]. The hormone 
ovaprim, which is often used for catfish 
spawning, has also been shown to significantly 
increase ovulation [2]. Problems that occur in 
natural spawning occur because natural 
spawning depends a lot on the readiness of 
mature broodstock and generally only occurs in 
certain seasons. 
 
Catfish spawning using hormones can be done 
to make the spawning process easier. The use of 
hormones can make it easier for farmers to be 
able to produce fingerlings outside of the 
spawning season, where the fish to be spawned 
have gone through the previous maturation 
process until they are ready to spawn [3]. The 
maturation process in the broodstock that is not 
optimized will make it difficult for the fish to 
mature the gonads at a certain time. One of the 
efforts to optimize the broodstock can be done by 
environmental manipulation.  
 
One of dominant factors that influence fish 
gonadal maturity is temperature. In addition, 
temperature can also affect the reproductive 
activity of fish because it can increase or 
decrease the weight of the gonads. Previous 
research to related environmental factors that 
have a significant role in influencing the 
development of fish gonads are temperature, 
food, light, and season [4]. In the maturation 

process, the ideal temperature to maintain gonad 
maturation in catfish groups is 27-30°C [5]. 
Maturation must be accompanied by   spawning 
induction, because maturation can be considered 
successful if the broodstock that is matured with 
temperature can be induced to spawn. The 
indicator can determine how much temperature 
affects the fecundity that will produce the number 
of eggs and larvae to be produced. 
 
The increase in egg production is shown by 
fecundity. The quality of fecundity depends on  a 
good broodstock strain. Transgenic mutiara 
catfish (Clarias gariepinus)  strains produced 
from the use of transgenic technology (addition 
of exogenous GH, Clarias gariepinus Growth 
Hormone, CgGH) have higher reproductive 
performance than non-transgenic catfish. The 
propagation of transgenic strain catfish through 
the breeding process has produced the 
transgenic mutiara catfish G5 [6,7]. Research 
showed by the transgenic G1 and G2 mutiara 
catfish could produce more catfish fingerlings 
than non- transgenic catfish [8]. Currently, 
transgenic mutiara catfish have reached the fifth 
generation (G5). Therefore, it is necessary to 
carry out research on transgenic and non-
transgenic fish with different temperature 
variations.  
 

2. MATERIALS AND METHODS  
 
The research was carried out in the Hatchery 
Building 4, Fisheries Biotechnology Laboratory, 
Faculty of Fisheries and Marine Sciences, 
Padjadjaran University. The time for conducting 
the research is from May to August 2023 which 
starts from preparation, implementation, and 
observation.  
 
The tools used for the research are, round fiber 
tubs, heaters, thermometers, aeration 
installations, water pumps, brushes, basins, 
scales, bars, sterofoam, injections, kakaban, 
black plastic, containers, cameras, plastic 
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containers, label paper. The ingredients used are 
test animals, Prima Feed (PF)128 broodfish feed, 
ovaprim hormone, aquabides, chorulon hormone 
(hCG, human chorionic gonadotropin).  
 

The method used in the study was an 
experimental method with a Complete Random 
Design (CRD) consisting of four treatments and 
three replicates. The temperature treatments 
used were as follows: A (26 ±0.5 °C), B (28 ±0.5 
°C), C (30 ±0.5 °C) for G5 transgenic mutiara 
catfish and C* (30 ±0.5 °C) for non-transgenic 
catfish as a control to compare with fish that do 
not have growth hormon. The parameters used 
during the research were as follows : 
 

a. Gonado Somatic Index (GSI)  
 

The success of the gonad maturation process 
can be presented from the Gonado Somatic 
Index (GSI) value which reflects the growth of 
female or male gonads. The gonadal maturation 
rate calculated using the GSI value reflects 
whether the parent can be castrated or not. The 
calculation of the GSI value is calculated using 
the following formula according to [9,10]: 
 

GSI = 
Gw

Bw
  × 100% 

 

Information:   
 

GSI = Gonado Somatic Index (%)  
Gw = Gonadal weight (g) (weight before  
          spawning – weight before after  
          spawning)  
Bw = Body weight (g) 

 

b. Relative Fecundity (RF) 
 

Fish fecundity can be calculated in several ways, 
namely: the number method, the volumetric 
method and the gravimetric method. This study 
uses the gravimetric method [11] in the following 
way: 
 

RF = 
Wg

We
 × 100% 

 

Information: 
 

RF = Relative fecundity 
Wg = weight gonad (g) 
We = Mean weight of egg sampel (g) 

 

c. Fertilization Rate (FR) 
 

The rate of fertilization is calculated as the 
percentage of the number of eggs fertilized 

(undergoing the embryogenesis process) 
compared to the number of eggs from spawning 
calculated on a sieve as a container for treatment 
samples. Fertilized catfish eggs are yellow-
green, while unfertilized eggs are milky white or 
pale. Fertilized eggs are counted after the 
fertilization process. The rate of fertilization is 
calculated using the formula, as follows  [12]: 
 

FR = 
∑ fertilized eggs

∑ total egg
 × 100% 

 
d. Hatching Rate (HR) 

 
The rate of hatching is calculated as a 
percentage of the number of eggs hatched 
compared to the number of fertilized eggs. The 
calculation of hatching rate is carried out 18 - 24 
hours after the fertilization process (at the water 
temperature of the hatching medium ranges from 
29°C-30°C). The rate of hatching is calculated 
using the formula [12], as follows: 

 

HR = 
∑ fertilized eggs

∑ total egg
 × 100% 

 
e. Data Analysis 

 
The data from the research results were 
analyzed quantitatively using one way ANOVA 
with advanced tests Duncan’s Multiple Range 
Test (Sigma plot 14.5)  

 
3. RESULTS AND DISCUSSION 
 
3.1 Female Gonado Somatic Index  
 
Observation of the Gonado Somatic Index (GSI) 
for eight weeks in female G5 mutiara and non-
transgenic catfish in the form of percentages (%) 
is presented in (Fig. 1). 

 
The results of gonad maturation with temperature 
treatment showed that  the highest female 
gonado somatic index value  was found in 
treatment B (temperature 28 ± 0.5 °C) with  a 
gonado somatic index value of 52.42 ± 5.93% 
followed by treatment A (temperature 26 ± 0.5 
°C) with  a gonado somatic index value of 43.54 
± 8.55%, treatment C (temperature 30 ± 0.5 °C) 
with a GSI value of 42.39 ± 10.60%, while the 
lowest GSI value of the female is found in the 
treatment C* (temperature 26 ± 0.5 °C) by 
producing  a gonado somatic index (GSI) value 
of 19.02 ± 2.28%. 
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Fig. 1. Graph of GSI values of transgenic mutiara catfish G5 (A,B,C) and non-transgenic (C*). 
The mean followed by different letter notations showed significance (p˂0.05) 

 

 
 
Fig. 2. GSI value chart of male transgenic mutiara catfish G5 (A,B,C) and non-transgenic (C*). 

The mean followed by different letter notations showed significance (p˂0.05) 
 



 
 
 
 

Buwono et al.; Asian J. Biotechnol. Gen. Eng., vol. 7, no. 2, pp. 202-210, 2024; Article no.AJBGE.119639 
 
 

 
206 

 

The growth of the gonads of transgenic mutiara 
catfish can be optimized by using temperature. In 
Lin's research, the temperature of 28°C has the 
best influence on gonadal growth [13]. The high 
GSI value in treatment B females is one of the 
reasons for the use of the optimum maintenance 
temperature of 28°C. In addition, the rapid 
growth of fish can affect gonadal growth. 
Transgenic mutiara catfish in treatment B had the 
highest GSI value also influenced by the 
presence of exogenous GH inserts. 
Transgenesis technology has been carried out 
[14] to produce G0 transgenic mutiara catfish 
through transgenesis technology by increasing 
growth by two and a half times (125%) compared 
to non-transgenic catfish. Exogenous GH inserts 
have a positive effect on the reproduction of G1 
transgenic mutiara catfish, namely it can 
increase gonadal fertility, increase egg size and 
increase the production of estradiol hormone 
[15].  
 
Temperature fluctuations are thought to have an 
effect on the CgGH excretion level. The 
temperature of 28°C produced the highest GSI 
value because at 28°C it was related to a high 
level of expression which when compared to 
treatment A (26°C) and treatment C (30°C). And 
vice versa, the low GSI value obtained at 
temperature 26 is suspected to be due to a 
decrease in  the expression level of CgGH. 
Rapid growth can affect the value of GSI. The 
effect  of CgGH on fish gonad growth related to 
the induction of exogenous GH stimulates the 
secretion of IGF-1 growth factor which works in 
cooperation with GH and steroids (estrogen, E2 
or testosterone, T) to multiply gamete cells 
(sperm or ovum). The multiplication of these 
gamete cells leads to an increase in gonadal 
growth as a consequence of which the GSI value 
increases at the optimum temperature of 28°C.  
Previous research on the G1 transgenic mutiara 
catfish, showed that the growth of the gonads of 
transgenic fish was higher when the broodstock 
was kept in the temperature range of 27-28°C 
[16]. 
 

3.2 Male Gonado Somatic Index   
 
The observation results during 8 weeks of 
maintenance can be seen in (Fig. 2)  
 
The highest male gonado somatic index value 
was found in treatment B (temperature 28±0.5°C) 
with a gonado somatic index value of 5.22 ± 
0.17%, followed by treatment C (temperature 
30±0.5°C) with a gonado somatic index value of 

5.13 ± 0.36, and treatment A (temperature 
26±0.5°C) of 4.92±0.37%. Meanwhile, the C* 
treatment (temperature 30±0.5) obtained the 
lowest GSI value with a male parent GSI value of 
1.95 ± 0.96%. The difference in treatment A, B, C 
with treatment C* is suspected because in 
transgenic mutiara catfish there is an insert of the 
GH gene [16]. Exogenous GH has a positive 
effect on the reproduction of G1 transgenic 
mutiara catfish, namely it can increase gonadal 
fertility, increase egg size and increase the 
production of estradiol hormone [15]. The results 
of the research that have been carried out show 
that the gonado somatic index value in the male 
broodstock of transgenic mutiara catfish is better 
compared to the gonado somatic index value in 
non- transgenic catfish. The gonado somatic 
value of the male brood index in non- transgenic 
catfish obtained is still relatively good because it 
has a value of 1.95 ± 0.96%. The gonado 
somatic value of the male broodstock index of 
mutiara catfish ranged from 0.22%-1.47% [17]. 
Meanwhile, the GSI value of male catfish in the 
waters of the Nile is reported to be around 1% 
[18]. The GSI value of male broodstock in the G4 
transgenic mutiara catfish research got the best 
score of 3.55 ± 0.24% [19]. In this study, the G5 
transgenic mutiara catfish had a gonado somatic 
index value of 5.22 ± 0.17%.  This value is much 
higher compared to non-transgenic catfish.  A 
significant difference between transgenic mutiara 
catfish and non-transgenic mutiara catfish is 
suspected because transgenic mutiara catfish 
have GH gene inserts [17]. Exogenous GH has a 
positive effect on the reproduction of G1 
transgenic mutiara catfish, namely it can 
increase gonad fertility [15]. GH in male fish 
spurs the secretion of testosterone produced by 
leydig cells which functions to carry out the 
process of spermatogenesis until it becomes 
spermatozoa or ripe sperm [20]. 
 

3.3 Relative Fecundity  
 
The relative fecundity obtained from fish that 
successfully spawned during the 8 weeks of the 
study can be seen in Table 1. 
 
Based on Table 1, the relative fecundity of the 
broodstock catfish of the G5 transgenic mutiara 
benita was highest in treatment B (♂ B1 X ♀ B3) 
of 89,179 egg/kg of broodstock, followed by 
treatment A (♂ A3 X ♀ A2) of 87,530 and 
treatment C (♂ C2 X ♀ C2) of 83,857. According 
to Putri research, transgenic mutiara catfish in 
the first offspring produced a relative fecundity of 
83,333-84,000 egg/kg [15].  
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Table 1. Relative fecundity 
 

Treatment Relative Fecundity (egg/kg broodstock) 

(A) ♂ A3 X ♀ A2 87,530 
(B) ♂ B1 X ♀ B3 89,179 
(C) ♂ C2 X ♀ C2 83,857 

 
In the study, G4 transgenic mutiara catfish 
succeeded in spawning with a relative fecundity 
of 85,103 eggs/kg [19]. The results of the 
research on the spawning of G5 transgenic 
mutiara catfish, obtained the highest value of 
89,179 egg /kg. This value is classified as a good 
number of fecundity [21] which states a good 
fecundity value for catfish, which is around 
50,000-100,000 egg/kg of fish body weight. 
 
The success of G5 transgenic mutiara catfish in 
spawning in a relatively faster time with a good 
fecundity value is because in the transgenic 
mutiara catfish there is a GH insert of C. 
gariepinus [14]. One of the factors that can affect 
the fecundity of fish is the age of the fish. The 
age of fish affects the development of the 
gonads, in male fish maturing the gonads 
generally experience gonadal maturation at an 
earlier time, namely 8 months [3].  Meanwhile, 
the gonads of female fish mature at the age of 10 
months and the spawning cycle is once every 1.5 
months [22,23]. Meanwhile, in female fish, the 
physical characteristics are the enlargement of 

the abdomen and when striping is carried out, 
there are eggs that come out.  
 

3.4 Fertilization Rate 
 
The results of the fertilization rate in catfish 
broodstock that successfully spawned after eight 
weeks of rearing can be seen in Fig. 3. 
 

Based on Fig. 3, the highest fertility value in G5 
transgenic mutiara catfish was in treatment B, 
which was 84.98 ± 5.01, followed by treatment C 
of 82.15 ± 3.23 and the lowest value was in 
treatment A of 72.51 ±. 2.97. The value of the 
rate of fertilization is still relatively good, referring 
to the Indonesian National Standardization (SNI) 
[21] no. 01-6484.3.2000, catfish have a 
fertilization rate in the range of 70% to 90% [24]. 
The rate of fertilization that reaches a value 
above 70% is categorized as high [25]. Data 
analysis resulted in Fig. 4, the rate of fertilization 
between cross C and cross A and B does not 
have a significant difference, This is suspected 
because the gonad maturity level of

 
 

 
 

Fig. 3. Graph of fertilization rate of G5 transgenic mutiara catfish eggs (A,B,C). The average 
followed by different letter notation shows significance (p˂0.05) 
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Fig. 4. Graph of hatching rate of G5 transgenic mutiara catfish eggs (A,B,C). The average 
followed by different letter notation shows significance (p˂0.05) 

 
the cross pair of G5 transgenic catfish 
broodstock is relatively uniform. Allegedly, this is 
the cause of the rate of hatching in each egg 
produced in the G5 transgenic catfish parent pair 
is relatively the same. Furthermore, in non-
transgenic mutiara catfish that use temperature 
treatment, it does not cause maturation in the 
broodstock so that it causes spawning failure. 
 

3.5 Hatching Rate 
 
The following are the results of the rate of egg 
hatching that can be seen on (Fig. 4). Based on 
Fig. 4, the data on the rate of hatching of G5 
transgenic mutiara catfish eggs shows that the 
highest value of hatching rate is in treatment B of 
90.87±3.12 followed by treatment C of 
87.92±5.23 and the lowest value is in treatment 
A of 80.97±4.93. Hatching rate value Transgenic 
mutiara catfish is relatively high compared to 
sangkuriang catfish used in artificial spawning in 
Poland with a value of 66.14-68.50% [26] and in 
Nigeria which is 84.15 ± 2.05% [27] and around 
60-66% [28]. 
 
The rate of hatching in each treatment can be 
categorized as high according to the research of 
Hijriyanti [29] which states that the rate of 
hatching in the range of 30% - 50% is considered 
low, and > 60% is considered high. The high 

value of the rate of egg hatching is due to the 
maximum production of eggs. Stated that the 
success of hatching is influenced by the quality 
of the eggs and the number of fertilized eggs, if 
the maximum yield will also be maximum [30]. In 
addition, according to Marnis [31], the transgenic 
Pangasianodon hypophthalmus growth hormone  
(PhGH) present in transgenic fish is also 
influential in producing a high rate of hatchability, 
which is 80.68%, while non- transgenic fish is 
only 76.68% [32]. This is directly proportional to 
this study, where the G5 transgenic mutiara 
catfish obtained a result of above 80% with the 
best score of 90.87%. 
 

4. CONCLUSION  
 
The best temperature for gonad maturation was 
obtained in treatment B with a temperature of 28 
± 0.5 °C with a gonadosomatic index value of  
52.42 ± 5.93% for  females broodstock and 5.22 
± 0.17% for male broodstock. The broodstock 
pair of treatment B also produced the best 
relative fecundity, fertilization rate (FR), and 
hatching rate (HR) values with sequential values 
of 89,179 egg/kg broodstock, 84.98 ± 5.01%, and 
90.87±3.12%.  
In the next study, it was recommended to use a 
temperature of 28 ± 0.5 ° C to accelerate the 
maturation of the gonads in catfish broodstock. 



 
 
 
 

Buwono et al.; Asian J. Biotechnol. Gen. Eng., vol. 7, no. 2, pp. 202-210, 2024; Article no.AJBGE.119639 
 
 

 
209 

 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of manuscripts.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Rukisah, Maulianawati D, Cahyadi . In vitro 
antibacterial efficacy of leaves extract of 
centela asiatica against Vibrio harveyi and 
Aeromonas hydrophila. Indonesian 
Aquaculture Journal. 2019;14 (2):69 – 74. 

2. Sharaf SM. Effect of GnRHa, pimozide and 
Ovaprim on ovulation and plasma sex 
steroid hormones in African catfish Clarias 
gariepinus. Theriogenology. 2012;77(8): 
1709-1716. 

3. Buwono ID, Puteri A., dan Herman RG. 
The maturity of female gonads of G2 
Transgenic Mutiara Catfish (Clarias Sp.). 
Asian Journal of Fisheries And Aquatic 
Research. 2021;12(3):9 – 19. 

4. Scott JC. Accommodative institutions: A 
fisheries development approach that is 
oriented towards increasing the 
accessibility of community fisheries. 
Fisheries scientific bulletin. Faculty of 
Fisheries, Brawijaya University Malang; 
1996. 

5. Sundararaj BI. Reproductive physiology of 
teleost fishes, United Nations 
Development Program and FAO. Rome. 
1981;82. 

6. Buwono ID, Iskandar, Grandiosa R. 
Training on padjadjaran mutiara catfish 
hatchery techniques at the Mina Sejahtera 
Sadaya Group, Cileunyi District, Bandung 
Regency. Journal of Science and 
Technology Applications for Society. 2023; 
12(1):114–121. 

7. Eze, Felix, Muhammad Yakubu Haruna, 
Akosubo Oghenemarho Victory. A 
Comparative study on the gonadosomatic 
index and milt volume of four populations 
of clarias gariepinus (Burchell, 1822) 
broodstock strains from North-East 
Nigeria. Asian Journal of Fisheries and 

Aquatic Research. 2022;17(5): 8-19. 
Available:https://doi.org/10.9734/ajfar/2022
/v17i530415 

8. Buwono ID, Puteri A, Herman R. The 
maturity of female gonads of G2 
transgenic mutiara catfish (Clarias Sp.). 
Asian Journal Of Fisheries And Aquatic 
Research. 2021;12(3):9 – 19. 

9. Mariskha PR, Abdulgani N. Aspects of 
reproduction of tiger grouper (Epinephelus 
sexfaciatus) in glondonggede waters, 
Tuban. Its Science and Art. 2012;1(1):27-
31. 

10. Flores A, Wiff R, Ganias K, Marshall CT. 
Accuracy of gonadosomatic index in 
maturity classification and estimation of 
maturity ogive. Fisheries Research. 2019 
;210:50-62. 

11. Witthames R, Peter, Thorsen A, Murua H, 
Saborido-Rey F, Greenwood NL, 
Dominguez R, Korta M, Kjesbu S, Olav. 
Advances in methods for determining 
fecundity: Application of the new methods 
to some marine fishes. Fishery Bulletin. 
2009;107(2):148 – 164. 

12. Effendie MI. Fisheries biology. Nusantara 
Library Foundation; 2002. 

13. Lin Q, Lu J, Gao Y, Shen L, Cai J, Luo J. 
The effect of temperature on gonads, 
embryonic development and survival rate 
of juvenile seahorses, Hippocampus of 
horses Bleeker. Aquaculture. 2006;254: 
701–713. 

14. Buwono ID, Iskandar, Agung MUK, 
Subhan U. Assembling transgenic catfish 
(Clarias sp.) using sperm construction 
electroporation technique. Journal of 
Biology. 2016;20(1):17 – 28. 

15. Puteri A, Buwono ID, Herman RG, 
Iskandar. The maturity of female gonads of 
G2 transgenic mutiara catfish (Clarias sp.). 
Asian Journal of Fisheries and Aquatic 
Research, 2021;12 (3): 9–19. 

16. Buwono ID, Junianto J, Iskandar I, 
Alimuddin A. Reproductive performance of 
transgenic mutiara catfish (G1) comprising 
the growth hormone gene. Journal of 
Biotech Research. 2019;10: 199–212. 

17. Iswanto B, Imron H, Marnis, Suprapto R. 
Technical instructions for cultivating 
mutiara catfish. Fish Breeding Research 
Institute, Subang. 2014;55. 

18. Ahmed YA, Samei NAA, Zayed AZ. 
Morphological and histomorphological 
structure of testes of the catfish Clarias 

https://doi.org/10.9734/ajfar/2022/v17i530415
https://doi.org/10.9734/ajfar/2022/v17i530415


 
 
 
 

Buwono et al.; Asian J. Biotechnol. Gen. Eng., vol. 7, no. 2, pp. 202-210, 2024; Article no.AJBGE.119639 
 
 

 
210 

 

gariepinus from Egypt. Pakistan Journal of 
Biological Sciences. 2013;16 (13):                
624-629. 

19. Buwono ID, Dewanti LP, Herman RG, 
Mariane, A. T. Use of ovaprim and 
Chorulon hormones for spawning induction 
of G4 transgenic Mutiara catfish Brood 
stock in rearing indoor Hatchery; 2023. 

20. Tokalov SV, Gutzeit HO. Spermatogenesis 
in testicular primary cell cultures of the 
tilapia (Oreochromis niloticus). 
Developmental Dynamics. 2005;233:1238 
–1247. 

21. Indonesian National Standards (SNI). 
Dumbo Catfish (Clarias sp). National 
Standardization Agency. Jakarta. 
2014;SNI 6484.3. 

22. Iswanto B, Suprapto R, Marnis H. 
Reproductive performance of mutiara 
catfish (Clarias gariepinus). Aquaculture 
Media. 2016;11(1):1–9. 

23. Du H, Zhang X, Leng X, Zhang S, Luo J, 
Liu Z, Qiao X, Kynard B, Wei Q. Gender 
and gonadal maturity stage identification of 
captive Chinese sturgeon, Acipenser 
sinensis, using ultrasound imagery and 
sex steroids. General and Comparative 
Endocrinology. 2017;245:36-43. 

24. Nainggolan C, Matling, Yusuf NS. 
Hatching degrees of dumbo catfish eggs 
incubated in different water media. Journal 
of Tropical Fisheries. 2023;18(1):8 - 16. 

25. Effendi, Prasetya, T. Maturation of Brood 
Gonads of Botia Fish (Botia 
macracanthus) in Ponds. Indonesian 
Aquaculture Journal. 2003;2 (2):51 – 54. 

26. Brzuska, E. Artificial propagation of African 
catfish (Clarias gariepinus): differences 
between reproductive effects after 
stimulation of ovulation with carp pituitary 

homogenate or GnRH-a and dopaminergic 
inhibitors. Czech Journal of Animal 
Science. 2003;48:181-190. 

27. Omitoyin BO, Adesehinwa AOK, Edibite LI. 
Reproductive performance and serum bio-
chemistry of female Clarias gariepinus 
broodstock raised in pond effluent water. 
Tropical and Sub-tropical Agroecosystem. 
2005;5:117 – 122. 

28. Gbemisola OB, Adebayo OT. Sperm 
quality and reproductive performance of 
male Clarias gariepinus induced with 
synthetic hormones (ovatide and ovaprim). 
International Journal of Fisheries and 
Aquaculture. 2014;6 (1):9-15. 

29. Hijriyati KH. Egg quality and early 
development of duck grouper larvae 
(Cromileptes altivelis, valenciennes (1928) 
in Air Saga Village, Tanjung Pandan, 
Belitung. Thesis. Faculty of Mathematics 
and Natural Sciences. University of 
Indonesia; 2012. 

30. Julianti. Technical instructions for goldfish 
cultivation. directorate general of fisheries. 
Jakarta; 2001. 

31. Marnis H, Iswanto B, Suprapto R, Imron I, 
Dewi RRSPS. Growth and cygosity of 
transgenic F-2 African catfish (Clarias 
gariepinus) Carrying the Siamese Patin 
Fish Growth Hormone Gene 
(Pangasianodon hypophthalmus). Journal 
of Aquaculture Research. 2015;10(2):161 
– 168. 

32.  Zhong CY. Song Y, Wang Y, Li Y, Liao L, 
Xie S, Zhu Z, Hu W. Growth hormone 
transgene effects on growth performance 
are inconsistent among offspring derived 
from different homozygous transgenic 
common carp (Cyprinus carpio L.). 
Aquaculture. 2012;356(357):404 – 411.  

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are 
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s). 
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions or products referred to in the content. 
_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/119639 

 

https://www.sdiarticle5.com/review-history/119639

