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ABSTRACT 
 

The optimum fish stocking density effected on fish growth performance as a response to growth and 
survival. Previous research showed that the G5 transgenic mutiara catfish produced 100% (twice) 
higher growth than non-transgenic catfish in indoor rearing. Further research on G6 at different stocking 
densities aims to evaluate the growth performance of transgenic mutiara catfish. The study was 
conducted using a Completely Randomized Design (CRD) with four treatments and three replications 
on the bucket media. The density treatments used: A (40 fish/60 L), B (50 fish/60 L), C (60 fish/60 L) 
and D (70 fish/60 L) in the budikdamber (fish farming in buckets) system. The results showed that a 
density of 70 fish/60 L (treatment D) increased the average biomass weight gain (ABWG) by 2,152 g  
for 56 days of rearing. In addition, the feed utilization efficiency (FCR) in all treatments of G6 transgenic 
mutiara catfish did not show any significant differences as compensation for the presence of exogenous 
GH inserts. 
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1. INTRODUCTION 
 
Problems often encountered in catfish fingerlings enlargement (non-transgenic) are 
related to the genetic quality of catfish broodstock growth. Growth quality is inseparable 
from the use of catfish broodstock strains that are often used in fish fingerlings production. 
Genetic improvement of catfish growth can be done with transgenesis technology 
(exogenous GH insertion, CgGH) The results of the growth increase shown by transgenic 
mutiara catfish G1-G5 around 2-3 times higher than the growth of non-transgenic fish [1]. 
However, the growth performance of G6 between transgenic fish is not yet known and 
needs to be evaluated through different stocking density tests in fish farming in 
budikdamber. 
 
Differences in density levels can affect fish growth as one of the inhibiting factors for fish 
growth. Increasing density (270 fish/m3) in biofloc rearing media can cause slow growth 
due to competition for space, oxygen and feed [2, 3]. In addition, the accumulation of 
leftover feed and feces in the maintenance media will cause a decrease in air quality, 
thereby reducing fish appetite [4]. 
 
The use of transgenesis technology is one alternative to overcome the slow growth of 
catfish fingerlings. In principle, this technology transfers certain superior genes in related 
fish into the host genome which causes excessive growth (over expression). 
 
The assembly of transgenic mutiara catfish has been successfully carried out using sperm 
electroporation as a vehicle for inserting the growth hormone gene by inserting the growth 
hormone gene or CgGH into the fish sperm. mutiara catfish inserted with the gene have a 
growth rate of 2.75-3.53 times greater than non-transgenic mutiara catfish [5] . The rate of 
exogenous GH inheritance in G1-G4 transgenic mutiara catfish ranges from 42.85 - 89%. 
[6,7] . Research with different stocking densities using transgenic mutiara catfish has been 
carried out on the fourth generation and resulted in 100% higher growth indoors and 87% 
higher outdoors compared to non-transgenic mutiara catfish. The results of the study 
showed that rapid growth in transgenic mutiara catfish was not affected by a certain 
stocking density level, while in non-transgenic mutiara catfish the growth rate tended to 
slow down [1]. 
 
Currently, transgenic mutiara catfish have been successfully developed up to the sixth 
generation in 2023. Further research needs to be carried out to evaluate the optimum 
stocking density for the growth and stability of the inheritance of superior traits of 
transgenic mutiara catfish fingerlings in the sixth generation. 
 
 

2. MATERIALS AND METHODS 
 
The research was conducted at the hatchery building 4 of Faculty of Fisheries and Marine 
Sciences, Padjadjaran University in July–September 2023 which included the preparation, 
implemantion and observation stages of the study. The materials used in this research 
were G6 transgenic mutiara catfish fingerlings measuring 5-7 cm (35 days old), 
commercial feed Prima Feed-1000 with a protein content of 39%. The tools used in this 
research were: bucket with a water capacity of 80 L, aerator installation, heater (Atman), 
DO meter (Lutron), pH meter (Xinweiqiang), digital scale (Joil), therometer (Lutron) and 
fish net. The overall study perod was 56 days 
   
Completely Randomized Design (CRD) were used with four different stocking densities as 
many as 40 fish (treatment A), 50 fish (treatment B), 60 fish (treatment C) and 70 fish 
(treatment D) with volume 60 liters of water and each treatment was repeated three times. 
Twelve bucket with a top diameter of 51 cm, a bottom diameter of 39 cm, and a height of 
57.5 cm) with a water capacity of 80 L were filled with water until it reached 60 L, each 
treatment bucket was equipped with an outlet pipe to facilitate water drainage. Then an 



 

 

aeration and heater installation were set at a temperature of 27±1°C. The distribution of 
fish according to each treatment density was carried out after measuring the total weight 
of the fish according to the number of fish used in the density treatment. Then covered 
with a hapa net to prevent fish from getting out of the maintenance bucket 
 
Each treatment was repeated three times and fed as much as 3-5% of body weight. The 
frequency of feeding was twice a day at 08.00 and 16.00 WIB. To monitor and calculate 
growth parameters, fish were measured using a digital scale every week. Water quality 
parameters were measured every week using a DO meter, pH meter and thermometer. 
Water changes were carried out every two days with 100% new water replacement to 
maintain water quality. The growth test was carried out for 56 days to evaluate the growth 
performance of G6 transgenic mutiara catfish. 
 
Test parameters carried out include average biomass  weight gain, feed conversion ratio, 
survival rate of G6 transgenic mutiara catfish fingerlings. 
 
Average biomass weight gain (ABWG) were calculated by reduce the biomass weight of 
the fish at the end of maintenance with initial biomass weight [8]. 
 

𝐴𝐵𝑊𝐺 = 𝑊𝑡 − 𝑊𝑂 

Description : 
ABWG = Average Biomass Weight Gain 
Wt = Final Biomass Weight (g) 
WO = Initial Biomass Weight (g) 
 
The value of the feed conversion ratio can be calculated by divided the total feed given by 
the difference between the total weight of the fish at the end of the period and the total 
weight of the fish at the beginning of the period. If there were fish that died, the weight of 
the dead fish was added to the difference between the initial and final weight values [9]. 
 

FCR =
F

(Wt + D) − Wo
 

 

Desciption: 
FCR   = Feed Conversion Ratio 
F  = Amount feed eaten by fish 
Wt  = Final Weight (g) 
W0  = Initial Weight (g) 
D  = Dead Weight (g) 
 
 
The survival rate (SR) value is obtained by comparing the number of live fish at the end of 
maintenance with the number of live fish at the beginning of maintenance. SR calculated 
by dividing number of survival fish with amount initial stocked fish [10]. 
 

SR =
Nt

NO

 x 100% 

Desciription:  
SR = Survival Rate   
Nt  = Number of Survival 
No  = Initial Stocking 
 
The water quality parameters tested include temperature, acidity (pH) and dissolved 
oxygen (DO). Parameter measurements were carried out at the beginning of the study and 



 

 

repeated every 7 days. The method for measuring water quality parameters used in the 
study is shown in Table 1 and the procedure used is shown in Figure 1 
 
Table 1. Water Quality Measuring Method 

Parameters Units Tools References 

Fisika:    
Temperature °C Thermometer [11] 

Kimia:    
pH - pH-meter [12] 

Dissolved Oxygen mg/L DO-meter [13] 

. 
 

 
Fig. 1: Water Quality Measuring Procedure 

 
The result of the feed conversion ratio (FCR), survival rate (SR) and Average Biomass 
Weight Gain (ABWG) were analyzed using Analysis of Variance (ANOVA) quantitatively. 
If there was an effect between treatments, it was continued with the Duncan's Multiple 
Range Test (DMRT) with a 95% confidence level using Sigmaplot 15 software. Data 
analysis of water quality observed as a supporting parameter was analyzed descriptively. 
 

3. RESULT AND DISCUSSION 
 

3.1 Growth Performance 

3.1.1 Average Biomass Weight Gain 
 
The average biomass weight gain value of fish obtained from each treatment during 56 
days of maintenance was analyzed statistically using ANOVA. The results showed that 
there were significant differences between test treatments. The Value of average  biomass  
weight gain shown by Figure 2. 
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Fig. 2. Average Biomass Weight Gain A (40 fish), B (50 fish), C (60 fish) and D (70 

fish). The mean value followed by SD with different letter notation, shows 
significance (p˂0.05) 

 
The results of observations during maintenance showed the average biomass weight gain 
of G6 transgenic mutiara catfish fingerlings with different stocking densities in the bucket 
rearing media. The highest average biomass weight gain was in treatment D which 
produced a weight growth of 2152.43 ± 155.45 g while the lowest length growth was 
obtained in treatment A, which was 1,338.70 ± 34.19 g. Treatments B and C each had 
average biomass weight gain values of 1,518.13 ± 215.57 g and 1,809.87 ± 132.24 g.  
 
The highest average biomass weight gain was shown by treatment D (high density level). 
This statement is in accordance with the results of research shown in G4 transgenic 
mutiara catfish that high density (15 and 12 fish / 100 L) increases protein retention value 
and protein efficiency value higher than the density of 10 fish / 100 L [6] . This 
consequence shows that there is a positive relationship between increasing density and 
growth performance. Increasing density can stimulate appetite which can induce IGF-1 
expression and overexpression of exogenous GH in transgenic mutiara catfish, thereby 
increasing the conversion of feed protein into body protein used for fish growth. In addition, 
increasing density can affect protein sparing effect so that biomass weight at relatively 
high density levels has a higher value compared to low density levels. The protein sparing 
effect is a protein savings that is utilized for growth due to the influence of GH transgenesis 
which can regulate energy metabolism in fish which increases the use of carbohydrates 
to meet energy needs [14]. 
 
The positive relationship between increasing density and growth performance was also 
shown in studies on grouper fish using the RAS system and raceway system [15], and 
japanese flounder [16]. The positive relationship between increasing density and growth 
is due to energy savings due to space limitations, which allows more efficient utilization of 
nutrients for growth [15], as well as overexpression of exogenous GH in transgenic fish 
[6]. 

 



 

 

3.1.2 Feed Conversion Ratio 

 
Based on the results of the ANOVA during the study, it can be seen that feeding using 
commercial PF-1000 feed with differences in stocking density for G6 transgenic mutiara 
catfish fingerlings resulted in an average feed conversion value that was not significantly 
different (Figure 3). 
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Fig. 3. Feed Conversion Ratio Value 

The mean value followed by SD with different letter notation, shows significance 
(p˂0.05) 

 
Based on the results of observations during the study, it can be seen that feeding using 
commercial feed PF-1000 with different stocking densities on G6 transgenic mutiara 
catfish fingerlings produced different average feed conversion ratio values. The highest 
value was obtained in treatment D with a feed conversion value of 0.66 ± 0.006, while the 
lowest value was obtained in treatment B with a feed conversion value of 0.58 ± 0.08. 
Treatment A and Treatment C each had a feed conversion ratio value of 0.59 ± 0.03 and 
0.62 ± 0.04. 
 
The feed conversion ratio (FCR) in fish typically does not exceed 1.5. However, in this 
study, the observed FCR of less than 1 (Figure 3) suggests that transgenic catfish exhibit 
a significantly higher feed utilization efficiency for growth. This enhancement in FCR for 
transgenic catfish and atlantic salmon (Salmo salar) is attributed to the overexpression of 
exogenous growth hormone (GH) genes [17, 18]. The expression of the exogenous GH 
(CgGH) in transgenic fish is known to result in an FCR of less than 1.0, leading to reduced 
feed consumption. Furthermore, the exogenous GH facilitates the conversion of fats and 
carbohydrates into metabolic energy, thereby contributing to the improved feed efficiency 
observed in transgenic fish [19]. 
 



 

 

Increasing the density of G6 transgenic mutiara catfish seeds (70 fish/60 L) in the 
maintenance medium triggers a protein sparing effect due to the influence of feed 
consumption competition and leads to changes in carbohydrates or fat feed into protein. 
This effect greatly affects the efficiency of feed use and as a saving on feed savings and 
improving FCR to 0.66 [6, 20] 
 

3.1.3 Survival Rate 
 
The percentage of  survival rate value of each treatment during 56 days of maintenance 
was statistically described using ANOVA. The results of the analysis showed the survival 
rate presented in Figure 4. 
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Fig. 4. Survival Rate Value.  

The mean value followed by SD with different letter notation, shows significance 
(p˂0.05) 

 
The results of observations for 56 days on transgenic mutiara catfish G6 maintained in 
budikdamber media with different density levels resulted in the highest percentage value 
obtained in treatment A with a value of 93.33% while the lowest value was obtained in 
treatment B, which was 79.33%. Treatments C and D each had percentage values of 
84.44% and 79.52%. 
 
Based on the results of observations in treatments B and D, the survival rate was lower 
than treatments A and C. The number of mortalities in the study was caused by 
cannibalism. In treatments B and D, there was one replication that was suspected that not 
all fish received the same amount of feed, resulting in differences in size, the limited feed 
given triggered predatory behavior in fish with larger sizes because they needed more 
food. Several studies have shown that increasing density can cause cannibalism in fish, 
including Seatrout (Cynoscion nebulosus) [21], catfish larvae [22], European catfish [23]  
and african catfish fry [24]. 



 

 

 

 
 
3.2 Water Quality 
 
Water quality measurements were carried out by measuring temperature, pH and 
dissolved oxygen (DO) parameters as supporting data in the maintenance and 
sustainability of G6 transgenic mutiara catfish fingerling. The average value of water 
quality can be seen in Table 2. 

 
Table 2. Observation Water Quality Result and Standard for Mutiara Catfish water 
quality 

Water Quality Result Standard 

Temperature (°C)  27-30 15-35 

[25] pH 6,3-7,4 5-10 

DO (mg/L) 3,4-6,6 > 0 

 
Water Quality has an important integral role in aquaculture [26]. At high density levels, 
survival rates will be affected, this is due to a decrease in water quality due to increased 
biomass and stress, which has a negative impact on fish survival [27]. The results of water 
quality observations during the study (Table 2) shown good conditions for the growth of 
transgenic mutiara catfish. Catfish has remarkable adaptability to environmental 
conditions that would be lethal for other fish species [28]. However, it's important to pay 
attention to ammonia levels. Elevated ammonia in the cultivation environment can be 
harmful to fish. The amount of ammonia is influenced by the quantity and protein content 
of the feed provided [29. Water exchange can reduce the ammonia content in cultivication 
media [30]. 
 

4. CONCLUSION 
 
The stocking density of 70 fish/60 L produced average biomass weight gain (2152.43 g), 
FCR (0.66) and survival rate (79.52%) to support the growth performance of G6 transgenic 
mutiara catfish seeds. 
 

REFERENCES 
 

1. Buwono ID, Iskandar I, Grandiosa R. Sosialisasi budidaya ikan lele mutiara 
padjadjaran di kelompok peternak lele Cileunyi. Dharmakarya. 2021;10(4). 
Indonesia 

2. Nageswari P, Verma AK, Gupta S, Jeyakumari A, Chandrakant MH. Optimization 
of stocking density and its impact on growth and physiological responses of 
Pangasianodon hypophthalmus (Sauvage, 1878) fingerlings reared in finger millet 
based biofloc system. Aquaculture. 2022;551. 

3. Tan 2018 Tan C, Sun D, Tan H, Liu W, Luo G, Wei X. Effects of stocking density 
on growth, body composition, digestive enzyme levels and blood biochemical 
parameters of Anguilla marmorata in a recirculating aquaculture system. Turkish 
Journal of Fisheries and Aquatic Sciences. 2018;18(1). 

4. Joshua O., Adogbeji P. Factors affecting feed intake in cultured fish species: a 
review. Animal Research International . 2017; 

5. Buwono ID, Kurnia Agung MU, Subhan U. Perakitan ikan lele (Clarias sp.) 
transgenik dengan teknik elektroporasi sperma. Jurnal Biologi Udayana. 
2016;20(1). Indonesia 

6. Buwono ID, Iskandar I, Grandiosa R. CgGH and IGF-1 expression level and 
growth response of G4 transgenic mutiara strain catfish (Clarias gariepinus) 
reared at different stocking densities. Aquaculture International. 2023;31(2). 



 

 

7. Buwono ID, Grandiosa R, Mulyani Y, Pratiwy FM. GnRHr, LHr, and Vg gene 
expression levels and ovarian development of G5 transgenic mutiara female 
catfish (Clarias gariepinus) after exposure photoperiod induction. Discover 
Applied Sciences. 2024;6(2). 

8. Effendie M. I. Biologi Perikanan. Yogyakarta: Yayasan Pustaka Nusatama; 1997. 
Indonesia 

9. Djadjasewaka HY. Makanan Ikan. Jakarta: Penebar Swadaya; 1985. Indonesia 
10. Zairin Jr M, Handayani S, Supriatna I. Kualitas Sperma Ikan Batak (Tor Soro) 

Hasil Kriopreservasi Semen Menggunakan Dimetilsulfoksida (DMSO) Dan 
Gliserol 5, 10 Dan 15%. Jurnal Akuakultur Indonesia. 2005;4(2). Indonesia 

11. SNI 06-6989.23-2005. Air dan air limbah  Bagian 23 : Cara uji suhu dengan 
termometer. Sni 698923 : 2005. 2005. Indonesia 

12. SNI 06-6989.11-2004. Air dan air limbah  Bagian 11 : Cara uji derajat keasaman 
(pH) dengan menggunakan alat pH meter. Sni 698911 : 2004. 2004. Indonesia 

13. SNI 6989.59-2008. Air dan air limbah – Bagian 59: Metoda pengambilan contoh 
air limbah. Sni 6989.59 : 2008. 2008. Indonesia 

14. Leggatt RA, Raven PA, Mommsen TP, Sakhrani D, Higgs D, Devlin RH. Growth 
hormone transgenesis influences carbohydrate, lipid and protein metabolism 
capacity for energy production in coho salmon (Oncorhynchus kisutch). 
Comparative Biochemistry and Physiology - B Biochemistry and Molecular 
Biology. 2009;154(1). 

15. Agus PAS, Nan FH, Lee MC. Effects of stocking density on growth and feed 
utilization of grouper (Epinephelus coioides) reared in recirculation and flow-
through water system. African Journal of Agricultural Research. 2014;9(9). 

16. Seo J, Park J. Does Stocking Density Affect Growth Performance and 
Hematological Parameters of Juvenile Olive Flounder (Paralichthys olivaceus) in 
a Recirculating Aquaculture System? Animals. 2023;13(1). 

17. Ganga R, Tibbetts SM, Wall CL, Plouffe DA, Bryenton MD, Peters AR, et al. 
Influence of feeding a high plant protein diet on growth and nutrient utilization to 
combined “all-fish” growth-hormone transgenic diploid and triploid Atlantic salmon 
(Salmo salar L.). Aquaculture. 2015;446. 

18. Marnis H, Iswanto B, Suprapto R, Imron I, Dewi RRSPS. Identifikasi zigositas ikan 
lele (Clarias gariepinus) transgenik F-2 yang membawa gen hormon (phgh) 
dengan menggunakan metode realtime-qpcr. Jurnal Riset Akuakultur. 2016;11(1). 
Indonesia 

19. Buwono ID. Penerapan Teknologi Transgenesis untuk Produksi Ikan Lele 
Transgenik. Yogyakarta: Deepublish; 2019. Indonesia 

20. Guo W, Fu L, Wu Y, Liu H, Yang Y, Hu W, et al. Effects of dietary protein levels 
on growth and feed utilization in non-transgenic and growth-hormone-gene 
transgenic common carp (Cyprinus carpio L.). Aquaculture Reports. 2021;21. 

21. Manley, C. B., Rakocinski, C. F., Lee, P. G., & Blaylock, R. B. (2014). Stocking 
density effects on aggressive and cannibalistic behaviors in larval hatchery-reared 
spotted seatrout, Cynoscion nebulosus. Aquaculture, 420, 89-94. 

22. Rahmah S, Kato K, Yamamoto S, Takii K, Murata O, Senoo S. Improved survival 
and growth performances with stocking density manipulation and shelter 
availability in bagrid catfish Mystus nemurus (Cuvier & Valenciennes 1840) larvae. 
Aquaculture Research. 2014;45(12). 

23. Krasteva V, Yankova M. Intracohort cannibalism in european catfish (Silurus 
glanis I.) larvae under controlled rearing conditions at different stocking densities. 
Bulgarian Journal of Agricultural Science. 2021;27(2). 

24. Onwuteaka J, Onyinye Prince C. Cannibalism of Juvenile Catfish (Clarias 
gariepinus Burchell). IOSR Journal of Environmental Science Toxicology and 
Food Technology Ver I. 2015;9(2). 

25. Iswanto, B. (2014). Technical Instructions for Mutiara Catfish Cultivation. Fish 
Breeding Research Center. Sukamandi. 61 p. 

26. Devi PA, Padmavathy P, Aanand S, Aruljothi K. Review on Water Quality 
Parameters in Freshwater Cage Fish Culture. International Journal of Applied 
Research. 2017;3(5). 



 

 

27. Refaey MM, Li D, Tian X, Zhang Z, Zhang X, Li L, et al. High stocking density 
alters growth performance, blood biochemistry, intestinal histology, and muscle 
quality of channel catfish Ictalurus punctatus. Aquaculture. 2018;492. 

28. Păpuc T, Valentin Petrescu-Mag I, Gavriloaie C, Botha M, Kovacs E, Coroian CO. 
Swimming in the mud-a short review of environmental parameter ranges tolerated 
by Clarias gariepinus. Extreme Life, Biospeology & Astrobiology. 2019;11(1). 

29. Bucking C. A broader look at ammonia production, excretion, and transport in fish: 
a review of impacts of feeding and the environment. Vol. 187, Journal of 
Comparative Physiology B: Biochemical, Systemic, and Environmental 
Physiology. 2017 

30. Datta S. Management of Water Quality in Intensive Aquaculture. Respiration . 
2012;6(602):1–18. 

 


