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Abstract  

Fish meal and soybean meal are the main sources of protein in most fish feeds. Changes in feed and 

fish production costs are a concern for aquaculturists. Because they are a natural component of fish 

diets and have a high protein, vitamin, and digestibility profile, insects may be able to contribute to 

meeting the growing demand for fishmeal. This study was a preliminary investigation on the effect 

of various dietary combinations (Blaptica dubia + commercial pellet) on the weight of red hybrid 

tilapia, Oreochromis sp. fry. The Oreochromis sp. fingerlings were acclimatized to the laboratory 

condition for seven days. Five different mixtures of feed were concocted [T1 (60% B. dubia + 40% 

commercial pellet), T2 (70% B. dubia + 30% commercial pellet), T3 (80% B. dubia + 20% 

commercial pellet), T4 (90% B. dubia + 10% commercial pellet) and T5 (100% B. dubia)]. The 

control group of Oreochromis sp. was fed with 100% commercial pellet. Throughout the 

experiment period, the growth of the fish was monitored weekly for 15 weeks. Then, the fish were 

euthanatized, and the liver was subjected to histology analysis. The results show that T3, T4, and 

T5 feed mixtures promote the best growth and survival rate for Oreochromis sp. while causing liver 

damage. T1 and T2 fish feed ratios are better alternatives as they promote healthy fish and increased 

weight (p < 0.05). 

 
© 2024 UMK Publisher. All rights reserved. 

 
 

1. INTRODUCTION 

Blaptica dubia is a cockroach species under the 

Blaberidae family, the order of Blattodea, which is native 

to Central and South America. It has a large body size with 

a length of up to 4.5cm (Wu et al., 2013). They have a long-

life cycle by which the adults can live more than two years, 

and males are usually shorter-lived (Alamer, 2013). 

Meanwhile, aquaculture production has been increasing 

over the last three decades, and its growth is predicted to 

continue. As the demand grows, the raw ingredients for 

fish feed need to be readily available. At the moment, fish 

meal and soybean meal are the requisite ingredients in most 

forms of fish feed as the source of protein (Lee et al., 2017). 

However, high demand for both plant-based and animal-

based proteins in fish feed can led to the overuse of natural 

resources and subjected to price fluctuation in feed and fish 

production, which is an issue among the aquaculturist. The 

Food and Agriculture Organization of the United Nations 

(FAO) recommended insects as an alternative protein 

source in livestock feed (Van Huis et al., 2013). In this 

circumstance, insects have good potential to meet the rising 

demand for meat products and to replace fishmeal because 

they are a reliable source of protein, vitamins, high 

digestibility, and they are part of the natural diet of fish, 

human poultry, and pigs (Maria et al., 2017).  

Oreochromis sp. or known locally as “tilapia," is 

from the Cichlidae family and order Perciformes, live in 

freshwater habitats including streams, ponds, lakes, and 

rivers. Tilapia farming is believed to have originated more 

than 4,000 years ago from Egypt (Gupta and Acosta, 2004). 

It has grown traction worldwide due to the efforts by 

development agencies to feed the rural poor (Fitzsimmons, 

2001). In Malaysia, the market value of red hybrid tilapia 

is around USD 3.13-3.14 per kg, and the price is getting 

higher due to high demand from the market (Lembaga 

Kemajuan Ikan Malaysia, 2024). In addition, Oreochromis 

sp. were the cheapest fish in the market after African 

catfish which is affordable for the majority of consumers 

and with the introduction of genetically improved farmed 

tilapia (GIFT), the total production of tilapia incresased in 

Malaysia (Siti et al., 2021; Nhuong et al., 2021).  Besides, 

tilapia able to adapt to reproduce under a wide range of 

physical and environmental conditions, has excellent 

growth rates on a wide variety of natural and prepared 

diets, resistance to handling and disease-causing agents, 
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and broad consumer appeal as a food fish, are the most 

successfully cultured fish species worldwide (Lim and 

Webster, 2006). Therefore, the objective of this experiment 

was to do a preliminary investigation on the potential of B. 

dubia as a value-added fish feed used in combination with 

commercial fish pellets. 

 

2. MATERIALS AND METHODS 

2.1. Rearing 

Blaptica dubia colonies were reared at a mean 

room temperature of 26.16 ±2.5˚C with 75.34± 6.98% 

relative humidity. They were maintained in plastic boxes 

with the size of 35(h) x 45(w) x 60(l) cm. The plastic 

containers were covered with netted lids for air circulation 

and avoided pest infestations (Ø ~ 2 mm). As a shelter for 

hiding and breeding sides, the cardboard eggs flats were 

provided and stacked horizontally inside the plastic boxes. 

The colonies reared using the protocol as suggested by 

Lam et al. (2018). 

2.2. Stock pellet preparation  

B. dubia was collected and dried in the oven at a 

temperature of 45°C for 24 hours. Then, the sample was 

fine-grained and filtered through a filter with a mesh size 

of 1 mm. To ensure the sample is homogeneous and to 

increase surface area for optimum contact with the binder. 

Later, the ground B. dubia (80%) were mixed with water 

(10%) and carboxymethyl cellulose (CMC) (10%) that act 

as binders. The mixtures were then shaped into small pellet 

sizes and air-dried for 24 h (Lee et al., 2017). 

2.3. Fish tank set up  

Oreochromis sp. fingerlings were purchased from 

a private hatchery farm. All fish were acclimatized to the 

laboratory condition for seven days before the experiment 

begin. Acclimatization was carried out to lessen stress and 

familiarise the fish with the temperature and photoperiod 

in the laboratory. The fingerlings fish were fed with 

commercial diets two times per day at the rate of 2% of the 

total body weight (Taddase et al., 2014). The fish tanks 

were equipped with aeration, and water exchange was 

carried out twice a week. Growth rates were monitored and 

recorded weekly. The initial weights of Oreochromis sp. 

fingerlings were ranged between 1.2g to 1.5 g.  

2.4. Water quality parameter 

Water quality parameters of each fish tank were 

monitored using multi-parameter sonde (YSI, USA). The 

temperature of experimental tanks was maintained at 25-

28 °C, pH of water at 6.0 - 8.5, and dissolved oxygen 

ranged from 5 to 7 mg/L as suggested by Lee et al. (2017).  

2.5. Preparation of experimental diet 

This experiment consisted of five different 

combinations of B. dubia and commercial pellet; T1 (60% 

B. dubia + 40% commercial pellet), T2 (70% B. dubia + 

30% commercial pellet), T3 (80% B. dubia + 20% 

commercial pellet), T4 (90% B. dubia + 10% commercial 

pellet) and T5 (100% B. dubia), each treatment has three 

replicates. At the same time, the control group of fish was 

fed with 100% commercial pellet (KW Zone Fish Food, 

38% crude protein). The fed twice daily, 10 a.m. and 6 p.m. 

ad libitum. 

Fifty fingerlings of Oreochromis sp. with an 

average initial weight of 1.427±0.037 g was put on feeding 

trials in respective tanks with approximately 25 L of water 

volume. The growth rate of experimental fish was 

monitored weekly for continuous fifteen weeks.  

2.6 Histological analysis 

At the end of the experiment, all experimental fish 

were euthanatized. Sampled fish liver from the 

experimental fish was subjected for histology analysis. The 

liver samples were fixed in 10% buffered formalin for less 

than 24 h. Then, the samples were washed with xylene and 

immersed in paraffin wax for thin sectioning at 5 µm 

thickness, followed by staining the thin sectioning of the 

liver with hematoxylin and eosin (H&E). The liver tissue 

was examined for abnormality using a compound light 

microscope (Leica, Germany) under 40x magnification, 

and images were captured using Dino-Eye microscope 

eyepiece camera (AnMo, Taiwan).  

Tissues of the fish liver were compared using the 

semi-quantitative scoring system as suggested by Peebua 

et al. (2006) and Ayoola (2011), with modification. 

Micrographs of three serial sections of liver tissue from 

each treatment diet and control group were randomly 

selected. Histopathological changes on those samples from 

treatment groups were compared to representatives from 

the control group. Symbols (-), (+), (++), and (+++) 

represent the severity of the histopathological changes. The 

(-) indicated completely absence (0% of histopathological 

changes), (+) indicated present (<25% of histopathological 

changes), (++) indicated mild (<50% of histopathological 

changes), and (+++) indicated severe (75% of 

histopathological changes). The histopathological changes 

on liver tissues included fatty infiltration, fatty 

degeneration, necrosis, lesion, inflammation, cellular 

degeneration, and pigmentation (Ayoola, 2011).  

2.7 Statistical analysis 

Statistical analysis was performed on the different 

mixtures of feed were concocted B. dubia and commercial 

pellet. The treatments were subject to ANOVA test using 

SPSS ver 21 (IBM). 

 

3. RESULT AND DISCUSSION 

This research was the first attempt to apply B. 

dubia meal and commercial pellet combination to feed red 

hybrid tilapia, Oreochromis sp. fingerlings. Result shows 

there were significant differences among the treatment 

group (p<0.05). Oreochromis sp. fingerling obtained the 
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maximum growth from T5, which consisted of 90% B. 

dubia diet. Researchers noted that the optimum growth for 

fry Oreochromis niloticus was obtained at a 45% crude 

protein diet (Tawwab et al., 2010). The weight gain 

increased from T1 to T5 (Table 1) as the percentage of B. 

dubia feed increased. In our previous study, the crude 

protein in B. dubia is 47-54% (Lam et al., 2018) compared 

with the crude protein from the commercial pellet, about 

38%.   

The T1, T2, and Control treatments showed the 

normal liver condition (Figure 1-A, B, C). However, T3, 

T4, and T5 exhibited a histological change in the fish liver 

(Figure 1- D, E, F). The fish liver in T3, T4, and T5 

treatments shows (Table 2) blood congestion, 

accumulation of melanomacrophage, and enlargement of 

hepatocyte size. Many authors explained morphological 

alterations to the liver caused by Vitamin E (Huang and 

Huang, 2004), non-ideal diet (Mumford et al., 2007), toxic 

substances  (Abdelwarith et al., 2011), aluminum (Hadi 

and Alwan, 2012), cadmium sulphate (Jalaludeen et al., 

2012), trichlorfon (Xu et al., 2012), overfeeding (Taddase 

et al., 2014) and high-fat diet (Jia et al., 2020).  

Figueiredo-Fernandes et al. (2007) suggested that 

an increase in the hepatocytes size may be due to the high 

content of lipids and Lam et al. (2018) found high-fat 

content in B. dubia, which is between 35-44 %. It is known 

that free fatty acids from ingested food are normally 

transported into hepatocytes, where they are converted into 

cholesterol or phospholipids or oxidized to ketone bodies 

(Taddese et al., 2014). Hence, oxidation of the fatty acids 

and other nutrients probably causes a stress response in the 

fish liver. At the same time, there was an increase in 

melanomacrophage in the group T3, T4, and T5. 

Melanomacrophages are aggregates of highly pigmented 

phagocytes found in the kidney, spleen, and liver of many 

invertebrates (Steinal and Bolnick, 2017). An increase in 

the density of the melanomacrophage aggregates is 

generally related to significant hepatic lesions (Pacheco 

and Santos, 2002). The function of the 

melanomacrophages in the liver of fishes remains 

uncertain, but some studies have suggested that it is related 

to the destruction, detoxification, or recycling of 

endogenous and exogenous compounds (Haaparanta et al., 

1996; Steinal and Bolnick, 2017). Generally, the functions 

of the fish liver include assimilation of nutrients, 

production of bile, detoxification, maintenance of the body 

metabolic homeostasis, and at the same time, plays a 

significant role in the synthesis of plasma proteins 

(Taddese et al., 2014). Furthermore, Camargo and 

Martinez (2007) explained fish liver damages could be 

categorized into three stages; those changes in Stage 1, 

such as nuclear hypertrophy, irregular shaped nucleus, 

irregular shaped cells, and melanomacrophages 

aggregates, do not alter the normal functioning of the liver 

tissue. This could be explained by the increased weight of 

fish fed B. dubia insect protein, which results in weight 

gain at the expense of liver abnormalities in T3, T4, and 

T5. As a result, T1 and T2 are better choices because they 

promote weight gain and healthy fish. One of the 

significant advantages of using histopathological 

biomarkers is that it allows examining specific target 

organs such as kidneys and liver responsible for vital 

functions such as excretion and the accumulation and 

biotransformation of xenobiotics in the fish (Gernhofer et 

al., 2001; Camargo and Martinez, 2007). The 

morphological altercation in these organs serves as 

warning signs of damage to animal health (Hinton and 

Lauren, 1990). Therefore, the histological changes 

observed in the liver of the Oreochromis sp. in the present 

study indicate that the fish responded to the direct effects 

of the fish feed. 

 

Table 1: Weight of Oreochromis sp. before and after treatment 

Treatments Initial weight (g) Final weight (g) 

C 1.37±0.157 24.327±3.624 

T1 1.263±0.143 28.76±4.994 

T2 1.283±0.162 25.427±3.750 

T3 1.457±0.148 31.163±1.224 

T4 1.45±0.113 34.75±1.051 

T5 1.423±0.190 44.39±8.769 

T1 (60% B. dubia + 40% commercial pellet), T2 (70% B. dubia + 30% 

commercial pellet), T3 (80% B. dubia + 20% commercial pellet), T4 (90% 

B. dubia + 10% commercial pellet) and T5 (100% B. dubia) 

 
 

 

Table 2: Histology analysis of the liver of tilapia fingerlings 

given five different concoctions of B. dubia using a semi-

quantitative scoring system. 

 

Formulation Diet Percent of the liver affected (%) 

Control - 

T1 + 

T2 + 

T3 ++ 

T4 ++ 

T5 ++ 

The (-) indicated completely absence (0% of histopathological changes), 

(+) indicated present (<25% of histopathological changes), (++) indicated 
mild (<50% of histopathological changes), and (+++) indicated severe 

(75% of histopathological changes). 

 

 

4. CONCLUSION 

In aquaculture, fish health is of the utmost 

importance that leads to profitability, and fish feed is one 

of the significant components that contribute to the 

operation cost. Therefore, besides providing optimum 

feeding, alternatively, aquaculturists can opt for alternative 

feed resources. The present study revealed that mixtures of 

B. dubia between 60-70% (T1 and T2) with commercial 

pellets could promote healthy and increased weight in 

Oreochromis sp.  Hence, this shows the potential of B. 

dubia to be used as with the combination of commercial 

fish feed.  
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Figure 1: Liver section micrography of Oreochromis sp.; A - Control group, showing normal shaped hepatic cells, sinusoids (arrows), 

Kupffer cells (thick arrows); B - T1 group, showing normal shaped hepatic cells, dilated sinusoids (arrows), Kupffer cells (thick 

arrows); C - T2 group, showing normal shaped hepatic cells, sinusoids (arrows); D - T3 group, showing normal shaped hepatic cells, 

sinusoids (arrows), Kupffer cells (thick arrow) but there are present of accumulation of melanomacrophage (arrowhead); E - T4 group, 

showing not normal shaped hepatic cells, Kupffer cells (thick arrow) but there are present of accumulation of melanomacrophage 

(arrowhead) and vacuolar degeneration (nonstraight arrow); F - T5 group, showing not normal shaped hepatic cells, Kupffer cells (thick 

arrow) but there are present of accumulation of melanomacrophage (arrowhead), hematoxylin and eosin, × 400.

 

 ACKNOWLEDGEMENT 

We express our gratefulness to the UMK research 

management office staff who help us with the 

documentation throughout the study period. We want to 

thank the Ministry of Education of Malaysia for the 

financial support provided under grant 

[R/FRGS/A07.00/00760A/004/2016/000366].  

 

REFERENCES 

Abdelwarith, A., Younis, E., Al-Asgah, N.A., Wahbi, O.M. (2011). Effect 

of zinc toxicity on liver histology of Nile Tilapia, Oreochromis 

niloticus. Scientific Research and Essays. 6(17), 3760-3769. 

 
 

 

Alamer, A.H., (2013). Endocrine control of fat body composition and 

effects of the insect growth regulators methoprene and 
pyriproxyfen on the development and reproduction of the 

Argentinian cockroach, Blaptica dubia Serville (Blattaria:  

Blaberidae) (Doctoral dissertation). Bayreuth University, Germany. 

Anankware, J., Fening, K., Osekre, E., Obeng, O.D. (2015). Insect as food 

and feed: A review. Agricultural Research and Review 3(1), 143-
151.  

Ayoola, S.O. (2011). Histopathology of Nile Tilapia (Oreochromis 

niloticus) juveniles exposed to aqueous and ethanolic extracts of 

Ipomoea Aquatica leaf. Int. J. Fisheries and Aquaculture 3, 244-

257. 



J. Trop. Resour. Sustain. Sci. 12 (2024): 69-73 

 

73 

eISSN Number: 2462-2389  © 2024  

UMK Publisher. All rights reserved. 

Camargo, M.M.P., Martinez, C.B.R. (2007). Histopathology of gills, 

kidney, and liver of a Neotropical fish caged in an urban stream. 

Neotropical Ichthyology 5(3), 327-336. 

Figueiredo-Fernandes, A., Ferreira-Cardoso, J., Garcia S.S., Monteiro, S., 

Carrola, J., Matos, P., Fontaínhas-Fernandes, A. (2007). 
Histopathological changes in liver and gill epithelium of Nile 

tilapia, Oreochromis niloticus exposed to waterborne copper. 

Pesq. Vet. Bras. 27(3), 103-109. 

Fitzsimmons, K. (2001). Environmental and conservation issues in tilapia 

aquaculture, in: Subasinghe, R., Singh, T. (Eds.), Tilapia: 
Production, Marketing, and Technological Developments. FAO 

Infofish, Kuala Lumpur, Malaysia, pp 128-131. 

Gernhöfer, M., Pawert, M., Schramm, M., Müller, E., Triebskorn, R. 

(2001). Ultrastructural biomarkers as tools to characterize the 

health status of fish in contaminated streams. J. Aquatic 
Ecosystem, Stress and Recovery 8: 241-260.  

Gupta, M.V., Acosta, B.O. (2004). A review of global tilapia farming 

practices. Aquaculture Asia IX (1), 7-12. 

Haaparanta, A., Valtonen, E.T., Hoffmann, R., Holmes, J. (1996). Do 

macrophages centres in freshwater fishes reflect the differences 
in water quality? Aquatic Toxicology 34: 253-272. 

Halloran, A., Vantomme, P. (2013). The contribution of insects to food 

security, livelihoods and the environment (Cat. No. 

I3264E/1/04.13). Rome: Food and Agriculture Organization of 

the United Nations. http://www.fao.org/3/a-i3264e.pdf. 
(accessed 09 August 2021) 

Huang, C.H., Huang, S.L. (2004). Effect of dietary vitamin E on growth, 

tissue lipid peroxidation, and liver glutathione level of juvenile 

hybrid tilapia, Oreochromis niloticus × O. aureus, fed oxidized 

oil. Aquaculture 237(1- 4),  381-389. 
Hadi, A.A., Alwan, S.F. (2012). Histopathological changes in gills and 

kidneys of freshwater fish, Tilapia zillii, exposed to aluminum. 

Int J. Pharm Life Sci. 3, 2071-2081. 

Hinton, D.E., Laurén, D.J. (1990). Liver structural alterations 
accompanying chronic toxicity in fishes: potential biomarkers of 

exposure, in: McCarthy, J.F., Shugart, L.R. (Eds.), Biomarkers of 

Environmental Contamination. Boca Raton, Lewis Publishers. 

pp. 51-65. 

Jalaludeen, M.D., Arunachalam, M., Raja, M., Nandagopal, S., Showket, 
A.B., Sundar, S., Palanimuthu, D. (2012). Histopathology of the 

gill, liver and kidney tissue of the freshwater fish, Tilapia 

mossambica exposed to cadmium sulphate. Int Adv. Biol. Res. 2, 

572-578.  

Jia, R., Cao, L.P., Du, J.L., He, Q., Gu, Z.Y., Jeney, G., Xu, P., Yin, 
G.J.  (2020). Effects of high-fat diet on antioxidative status, 

apoptosis and inflammation in liver of tilapia (Oreochromis 

niloticus) via Nrf2, TLRs and JNK pathways. Fish and Shellfish 

Immunology 104, 391-401. 

Lam, P.Y., Kumara, T.K., Syaza, N.A.L., Rao, P.V., Wan, M.W.(2018). 
Nutrient composition of Blaptica dubia (Order: Blattodea) as an 

alternative protein source. J. Trop Resour. Sustain. Sci. 6, 88-92. 

Lim, C.,Webster, C.D. (2006). Tilapia- Biology, Culture, and Nutrition, 

first ed. CRC Press, Boca Raton. 

Lee, S.W., Tey, H.C., Wendy, W., & Zahari, M.W. (2017). The effect of 
house cricket (Acheta domesticus) meal on growth performance 

of red hybrid tilapia (Oreochromis sp.). International Journal of 

Aquatic Science, 8, 78-82. (2017). The effect of house cricket ( 

Acheta domesticus ) meal on growth performance of red hybrid 

tilapia (Oreochromis sp.). Int. J. Aquatic Sci. 8(2), 78–82. 

Lembaga Kemajuan Ikan Malaysia (2024). Laporan Mingguan Purata 

Harga Ikan Negara 2024 . Website: accesssed on 18/02/2024. 
https://www.lkim.gov.my/laporan-harga-mingguan/ 

Maria, S., Haro, C.D., Guil-Guerrero, J., Barroso, F.G. (2017). Effect of 

feeding in juvenile tilapia (Oreochromis niloticus) with diet 

contain Tenebrio molitor meal (Order: Coleoptera). Annals of 

Aquaculture and Research 4 (3), 1–10. 
Mumford, S., Heidel, J., Charlie, S., John, M., Beth, M., Vicki, B. 2007. 

Fish Histology and Histopathology. https://nctc.fws.gov 

/resources/course-resources/fish-histology/Fish_Histology 

_Manual_v4.pdf. (Accessed 10 August 2021). 

Siti, S.M.,  & Wan Norhana M.N., Faiza, S. & Azhar, H. (2021). Red 
Hybrid Tilapia (Oreochromis spp.) Broodstock Development 

Programme in Malaysia: Status, Challenges and Prospects for 

Future Development. Asian Fisheries Science. 34. 

10.33997/j.afs.2021.34.1.008. 

Nhuong, T., Kelvin, M.S., Cristiano, M.R., Benoy, K.B., Kai, C.C., 
Mohammad, S.A., John, A.H.B.. (2021). Growth, yield and 

profitability of genetically improved farmed tilapia (GIFT) and 

non-GIFT strains in Bangladesh, Aquaculture 536, 736486. 

https://doi.org/10.1016/j.aquaculture.2021.736486. 

Pacheco, M., Santos, M.A. (2002). Biotransformation, genotoxic and 
histopathological effects of environmental contaminants in 

European eel, Anguilla anguilla L. Ecotoxicology and 

Environmental Safety 53, 331-347 

Peebua, P., Kruatrachue, M., Pokethitiyook, P., Kosiyachinda, P. (2006). 

Histological effects of contaminated sediments in Mae Klong 
River Tributaries, Thailand, on Nile tilapia, Oreochromis 

niloticus. Science Asia 32: 143-150. 

Steinel, N.C., Bolnick D.I. (2017). Melanomacrophage centers as a 

histological indicator of immune function in fish and other 
poikilotherms. Frontiers in Immunology 8(827), 1-8. 

Taddese, F., Huh, M.D., Bai, S., Vijverberg, J. (2014). Histological 

changes of liver in overfed young Nile tilapia. J. Fisheries and 

Aquatic Sci 9 (2):63-74 

Tawwab, M.A., Ahmad, M.H., Khattab, Y.A.E., Shalaby, A.M.E., (2010). 
Effect of dietary protein level, initial body weight, and their 

interaction on the growth, feed utilization, and physiological 

alterations of Nile tilapia, Oreochromis niloticus (L.). 

Aquaculture 298 (3-4), 267-274. 

Van Huis, A., Itterbeeck, V., et al., (2013). Edible insects: future prospects 
for food and feed security. FAO Forestry Paper 171. FAO, Rome, 

Italy. http://tinyurl.com/yb3xlwby. (Accessed 15 August 2021) 

Veldkamp, T., Duinkerken, G.V., van Huis, A., Lakemond, C.M.M., 

Ottevanger, E., Bosch, G., Boekel, M.A.J.S.V. (2012). Insects as 

a sustainable feed ingredient in pig and poultry diets: a feasibility 
study. Report 638-Wageningen UR Livestock Research. pp. 7-8. 

Wu, H., Appel, A.G., Hu, X.P. (2013). Instar determination of Blaptica 

dubia (Blattodea: Blaberidae) using Gaussian mixture models. 

Annals of the Entomological Society of America 106(3), 323-328. 

Xu, W., Liu W., Shao, X., Jiang, G., Li, X.  (2012). Effect of trichlorfon 
on hepatic lipid accumulation in crucian carp Carassius auratus 

gibelio. J Aquat. Anim Health 24; 185-194. 

 

http://www.fao.org/3/a-i3264e.pdf
https://nctc.fws.gov/resources/course-resources/fish-histology/Fish_Histology_Manual_v4.pdf
https://nctc.fws.gov/resources/course-resources/fish-histology/Fish_Histology_Manual_v4.pdf
https://nctc.fws.gov/resources/course-resources/fish-histology/Fish_Histology_Manual_v4.pdf
http://tinyurl.com/yb3xlwby

	1. INTRODUCTION
	2.1. Rearing
	2.2. Stock pellet preparation
	2.3. Fish tank set up
	2.4. Water quality parameter
	2.6 Histological analysis
	2.7 Statistical analysis

	3. RESULT AND DISCUSSION
	4. CONCLUSION

	ACKNOWLEDGEMENT
	REFERENCES

