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ABSTRACT 

 

Aims: Nile tilapia is one of the most consumable and economical fish species in Bangladesh, 

traditionally co-cultured by sharing with prawn, shrimp and Indian major carp.In tilapia monoculture, 

suitable protein level in the diet is crucial for better growth of the fish as well as being economically 

viable.Addressing this aspect, here in this experiment we tried to adopt suitable and economically 

sustainable feed for better tilapia growth and production. 

Place and Duration of Study: The experiment was carried out for 75 days in the wet laboratory of 

FMRT discipline of Khulna University. 

Methodology: Three available commercial feed with protein percentages of 32.5% (T1), 35% (T2) and 

28% (T3) were fed to the juvenile tilapia (mean weight 0.31g) under the laboratory condition. Fish 

were nursed in rectangular glass aquaria tank (volume 25L) with each three replications for 75 days at 

the stocking density of 25fry/tank to determine the effect of these feed on growth of tilapia fry.  

Results: After 75 days culture period the final weight of tilapia under treatment T1 (4.68±0.28
) 
were 

significantly (p<0.05) higher than treatment T2 (4.01±0.19) and T3 (3.26±0.39). Similarly, the highest 

SGR was found in T1 followed by T2 and T3, however no significant difference observed among the 

treatments. FCR was significantly different among the treatment, where the lowest FCR was found in 

T1 and higher at T3. In contrary, PER was opposite to FCR values, higher in T1 and lower in T3. Again, 

significant different were observed in protein, lipid and ash content of tilapia among the three 

treatments. Water quality parameters were found at suitable farming ranges throughout the 

experimental period.  

Conclusion:The finding of this experiment suggested that 32.5% protein enriched feed can be 

suitable for the better growth of tilapia. 
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1. INTRODUCTION 

Nile tilapia (NT), Oreochromis niloticus is the most commercially important freshwater fish species, 
immensely forming in many Asian and African countries situated in tropical and subtropical regions 
[1,2, 3, 4, 5]. Currently NT is being cultured in more than 100 countries in the World extensively in 
Bangladesh, India, Indonesia, Ethiopia, and most tropical countries [4, 6,7, 8].Bangladesh has huge 
potentiality of NT aquaculture because of favorable agro-climatic condition, and availability of 
resources including fry, feed and economical labor and huge market demands [7, 9,10].Tilapia was 
first introduced in Bangladesh from Thailand in 1954 and since then, tilapia culturemostly practiced 
traditionally with extensive and semi-intensive polyculture farm of prawn, shrimp, catfish and Indian 
major carp, and recently towards to monoculture [10; 11].Tilapia aquaculture plays an important role 
in gross fish production, distribution, consumption, marketing, and ensuring livelihood and the food 
supply to thousands of peoples in Bangladesh [10, 12]. Tilapia production is increased day by day 
and currently the global production of tilapia attained nearly 6 million in 2020 [5]. Following the trend 
of last few decades, tilapia aquaculture has significantly increased (ranked third among the top eight 
tilapia producing countries, [6]and now it is considered as one of the most productive and 
internationally traded fish food in Bangladesh [7, 13, 14]. In Bangladesh, tilapia is known as aquatic 
chicken due to its significant contribution in fulfilling the demand of animal protein with low market 



 

 

price [3, 10, 12, 15]. Thus, tilapia culture in freshwater ponds in Bangladesh is getting popular due to 
its higher market demand and its faster growth, higher survival, and culture possibility in both 
recurrent and seasonal ponds [7, 9, 16]. 
 
Nile tilapia is euryhaline with versatile feeding behavior, characterized by opportunistic omnivorous 
feeding behavior, and the feeds includesalgae,organic particles on the pond bottom, other plant 
materials as well detritus of lower and upper trophic levels [10, 17,18, 19]. In addition, like catfish 
tilapia has high tolerance to environmental variables fluctuations, even capable to survive at low 
oxygen (even as below 2.3 mg/L) and lower availability of feed on wide range of foods. Thus, make it 
as one of the best candidate species for the adaptation against the climate change [10, 20, 21]. 
 
Although there is considerable potential for tilapia farming in Bangladesh, the production is still not 
satisfactory. There are many problems raised in tilapia farming includes outbreak of diseases and 
scientifically sound farming practices, quality fry production, high feed prices and the depletion of 
cultivable fresh water farm and environmental degradation [10, 12, 14]. Furthermore, Bangladeshi 
tilapia aquaculture faced some emerging problem: availabilityof high quality fry, poor management 
and high quality feed.Feed quality can significantly affect the fish growth rate, environmental 
parameters and production cost thus eventually contributes to profitability of the aquaculture farm [22, 
23].In addition, due to the use of different types of chemicals includes heavy metals and antibiotics in 
fish feed deflating the nutritious quality, effects on fish growth and diseases resistance capacities, 
thus raised potential risk on human health by consumption [10, 23]. In aquaculture, feeding cost is 
responsible for over 70 percent of the production cost thus inefficient feed management increase the 
fish production cost [20, 24, 25].Balanced feed is essential for better fish growth, reproduction, and 
other physiological functions [4, 25, 26]. The technical knowledge on fish feed and feeding habits is 
important for the profitable management of both capture fisheries and aquaculture [25, 26]. 
 
However, well-balanced low cost formulated feed is essential to ensure fast growth and high yield and 
cost-effective tilapia culture. Good quality with balanced protein and other nutrients enriched feeds 
are the important component for the fisheries sustainability, aquaculture development and profitable 
fish production.Addressing all these issues, this study we are trying to identify a suitable protein levels 
with economically sustainable feed for better tilapia growth and production.  
 

2. MATERIAL AND METHODS 
2.1 Experimental design and tank set up 
This study was conducted at the wet laboratory of Fisheries and Marine Resources Technology 
(FMRT) discipline of Khulna University Bangladesh. Laboratory trailed was conducted within the 
rectangular glass aquaria tank at the volume of 25L water. In this experiment, we investigate the 
effect of different protein level feed application on growth and proximate composition of O. niloticus. 
Three commercial supplementary feed containing protein percentages of 32.5% (T1) 35% (T2) and 
28% (T3) were selected from the local fish feed market. Nutrient composition of three experimental 
feed shown in table 1. 
Table 1. Nutritional composition of three-selected experimental feed applied to the tilapia fish 
during the experiment  

 Protein 
(%) 

Lipid (%) Ash (%) Moisture 
(%) 

CHO (%) Fiber (%) Calcium 
(%) 

Feed1 (T1) 32.5 7.52 17.28 12.39 22 4 2 

Feed 2 (T2) 35.0 7.39 16.99 14.43 22 4.5 2 

Feed 3 (T3) 28.0 8.0 10 10 20 3.5 2.1 

 
2.2 Experimental animal and maintenance of fish in tank 
Tilapia fry (0.31±0.01g)were collected from a local tilapiahatchery and transportedcarefully to the wet 
laboratory following the approval of animal ethics regulation by Khulna University and kept in 
acclimatization tank for 48h at room temperature. During the acclimation period, fish were fed 
commercial pellet feed (pellet size 0.5 mm) twice a day according to their body weight.After 48h 
acclimatization period, fish were stocked into the experimental tank at stocking density of 25fry/25L 



 

 

aquaria tank(30×20×20 cm
3
). Adequate oxygen supply was ensured by installing aerators machine in 

each tank. 
 
2.3 Feed and feeding management 
Before applying to the fish, the proximate composition of selected three commercial feed 
wereanalyzed to ensure the exact level of protein, lipid, ash and moisture content in order to compare 
with the percentages labeled in the feed bag. The fish were fed at the rate of 10% of the total body 
weight twicea day, such as 50% (6.00) and 50% (17.00). Unused food, dirty residual and dead 
individuals were removed from the glass tanks daily by siphoning and water was compensated daily 
with sterilized tap water. 
 
2.4 Fish Sampling and growth monitoring 
Fish were sampled at every 15 days interval and growth parameter measured by recording the weight 
of fish using a digital balance. During sampling 15fish were measured randomly from each treatment. 
At the end of the experiment, all fish were caughtand growth parameter and survival of fish was 
determined. Following formula were used to calculate the growth parameters - 

(i) Survival rate % =
Nt

N0
× 100% , 

(ii) Average weight gain (WG)= Wt − W0,  

(iii) Daily weight gain (DWG) (g/day)=
(Wt −W0)

t
,  

(iv) Specific growth rate (SGR) =
ln Wt  −ln W0 

t
 × 100,  

Where, Nt, = total number of live fish at the end, and N0 =initial stocked fish number, W t denotes final 
body weight and W0 initial body weight of tilapia, and t is the culture period.  

(v) Feed conversion ratio (FCR) =
Total  amount  of  feed  given  (g)

Weight  gain  (g)
 

(vi) Protein Efficiency ratio (PER) 
Wet  weight  gain  (g)

Protein  consumed  (g)
 

 
2.5 Measurement of water quality parameters 
Physiochemical parameters of the water quality were measured oncea week in the water chemistry 
laboratory of FMRTDiscipline, Khulna University. Salinity was measured by a hand refractometer 
(ATAGO Co. Ltd, Japan, range 0–100 g/L), and the temperature was measured using a digital 
thermometer (China, model no WT-2, Temperature range 20 to 80°C). Other parameters: pH, 
dissolved oxygen (DO), alkalinity, nitrite nitrogen and ammonia were measured by HACH kit, (HACH, 
USA, Model FF-2).  
 
2.6 Whole body proximate composition analysis 
Proximate composition includes of protein, lipid, ash and moisture were analysed from five fish, which 
randomly caught from each treatment at the end of the feeding period. Protein was measured by 
using micro Kjeldahl method by measuring the percentage of nitrogen (%N) into the sample multiplies 
with conversion factor (6.25). The percentage of gross portentous nitrogen (%N) was calculated by 
the following formula: 

(i) Percentage of nitrogen (%N) =[ 
𝑉𝑜𝑙𝑢𝑚𝑒  𝑜𝑓  𝐻𝐶𝑙  𝑥 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦  𝑜𝑓  𝐻𝐶𝑙  𝑥 0.014

𝑆𝑎𝑚𝑝𝑙𝑒  𝑤𝑒𝑖𝑔 𝑕𝑡   𝑔 
 𝑥 100] 

% Protein = %𝑁 𝑥 6.25, where %N = Percentage of nitrogen, 6.25=conversion factor 

(ii) % Lipid = 
(𝑊𝑒𝑖𝑔𝑕𝑡 𝑜𝑓  𝑙𝑖𝑝𝑖𝑑  𝑥 100)

𝑆𝑎𝑚𝑝𝑙𝑒  𝑤𝑒𝑖𝑔 𝑕𝑡
  [27] 

(iii) % Moisture= 
 𝑊𝑒𝑖𝑔𝑕𝑡 𝑜𝑓  𝑤𝑒𝑡  𝑠𝑎𝑚𝑝𝑙𝑒 −𝑤𝑒𝑖𝑔 𝑕𝑡 𝑜𝑓  𝑑𝑟𝑖𝑒𝑑  𝑠𝑎𝑚𝑝𝑙𝑒  𝑥100

𝑊𝑒𝑖𝑔𝑕𝑡 𝑜𝑓  𝑤𝑒𝑡  𝑠𝑎𝑚𝑝𝑙𝑒  
, [28] 

(iv) % Ash = 
𝑤𝑒𝑖𝑔𝑕𝑡 𝑜𝑓 𝐴𝑠𝑕 𝑥 100

𝑊𝑒𝑖𝑔𝑕𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 [29] 

 
2.7 Statistical Analysis 
All statistical analyses were performed with the SPSS statistical package (Version 28, SPSS Inc., 
Redmond, USA) and Microsoft office application (Microsoft Corporation, USA). Normal distribution of 
data was assessed with Shapiro-Wilk test (P=.05). Significant differences between treatments were 
calculated by T- Student test. In all cases, significant differences were established by one way 
ANOVA at P=.05. 

3. RESULT AND DISCUSSION 



 

 

3.1 Growth and feed efficiency Parameters 
Fish growth parameters includes the mean initial weight, final weight, total weight gained, daily weight 
gain (DWG), % weight gain, specific growth rate (SGR), survival rate and feed utilization efficiency 
factors feed conversion ratio (FCR), the protein efficiency ratio (PER), of Nile tilapia fed to different 
protein labeled feed were shown in Table 2. There was no significant difference in average initial 
weight (g) among the treatments, while significant difference observed (P=.05) in the mean final 
weight of tilapia (Fig. 1). The highest mean body weight was found at T3 (4.68±0.28g) followed by T2 
(4.01±0.19g) and T3 (3.26±0.39g). Specific growth rate (SGR) between T1 and T2 were not significant, 
but significantly varies with T3. Similarly, the highest total weight gain and percentage of weight gain 
was found higher in T1 which was significant (P=.05) than T2 and T3. On the other hand, feed 
efficiency parameter, FCR and PER was insignificant between T2 and T3 while significant (P=.05) 
compared to T1. In addition, the survival rate was not significantly differed among the three 
treatments.  
 
Table 2. Growth parameter (mean ± SD) of nile tilapia (O. niloticus) fed with different types of 
feed. Different superscript letters in the same parameters indicate significant differences 
between the treatments (One-way ANOVA, P=.05). 
 

Growthparameters 
Experimental groups 

Pvalue 
T1 T2 T3 

InitialWeight (g) 0.31±0.02 0.31±0.01 0.31±0.01 0.609 

Final Weight (g) 4.68±0.28
a
 4.01±0.19

b
 3.26±0.39

c
 0.003 

WeightGain (g) 4.39±0.29
a
 3.7±0.16

b
 2.95±0.38

c
 0.004 

DWG (g/day) 0.058±0.01
a
 0.049±0.01

a
 0.039±0.01

b
 0.032 

Percentageweightgain (%) 1409.6±11.2
a
 1193.5±14.5

b
 951.6±11.8

c
 0.006 

SGR(% day−1) 3.62±0.02
a
 3.41±0.09

a
 3.14±0.03

b
 0.017 

FCR 1.60 ± 0.008
a
 1.76 ± 0.003

b
 1.90 ± 0.012

b
 0.020 

PER 2.75±0.04
a
 2.45±0.06

b
 2.32±0.06

b
 0.042 

Survivalrate (%) 96 98 96 --- 

DWG= daily weight gain, SGR= specific growth rate, FCR=feed conversion ratio, PER= protein efficiency ratio 

 
The nutritive balance of feed controlling influences feed utilization and growth of fish. Thus, It is very 
important to know the nutritional requirements predominantly for protein, carbohydrate and lipid for 
ensuring optimum growth of a fish species as well as in formulating a balanced diet [5, 21, 22]. 
Researcher are trying to establish suitable composition for tilapia feed still there is no evaluation of 
the stated nutritive value of fish feed produced by different feed companies in our country. Therefore, 
the farmers have to depend only on the prevailing information about the feed composition and growth 
performance that is given by the industry [10, 22, 30]. Even there is a possibility to use unauthorized 
feed ingredients and they do not maintain proper quality in manufacturing feed. Therefore, it is an 
urgent need to assess the actual nutritive value of the commercial fish feeds available in the market. 
Protein is considered as the prime growth-boosting component in fishes feed and the fish obtained 
faster growth if more protein enriched feed provided to the fish [5, 22, 23]. Many studies has been 
evaluated the growth parameter of nile tilapia at different feeding level [2, 10, 21, 31] and the results 
more or less similar to the current research. In contrary, feeds with less protein content may lead to 
lower weight gain and poor immunity that negatively affecting the protein requirements of human [22, 
23, 31]. Thus, suitable feed protein is important for successful and profitable tilapia culture although 
most of the studied raveled fish needed a minimum of 25–50% crude protein in their diet [22, 32].In 
this study, we observed higher body weight in T1 where fish fed with 32.5% protein enriched feed 
compare to T2 (35%) and T3 (28% protein).This result supported by many previously studies [9, 14, 
33, 34].  
In addition, the lower food conversion ratio (FCR) in T1 also is an indication of higher feed efficiency in 
32.5% protein enriched feed. At the same time, important consideration should be given on the feed 
price, in general, high protein containing feed price is higher comparatively to lower protein feed [10, 
14, 22, 34].  



 

 

 
Fig 1.Growth performance of tilapia (O. niloticus) at different treatments. Error bars represent 
the standard error of samples. Letter in the top of the bar indicate the significance. 

 

3.2 Body proximate composition 

The body proximate composition of most fish consisting of proteins, carbohydrate, water, and lipids 
and these components make up around 98% of the total mass. Along with this some minor 
constituents comprise vitamins and minerals and ash. The taste of the fishes depends on all these 
nutritional ingredients [34,35]. Comparative to other finfish, tilapia is testy and maintained well 
nutritional balanced within the affordable price, therefore this fish getting popularity among the people 
in many tropical and subtropical countries [2, 4, 5, 9]. Here in this study, three different types of 
feedwere applied, and the result revealed that there was not significant differencein nutritional 
composition among the treatments. The proximate compositions of tilapia fed with different types of 
feed were shown in Table 3. The whole body protein and lipid content was statistically different 
(P=.05) among the treatments. The protein percentage was higher in T1 (12.04 ± 0.14) and lower at 
T3(10.81 ± 0.25). On the other hand, lipid content of the tilapia was found to be higher in T3 and lower 
in T1 that the values differ significantly (P=.05). Similar finding of our results was also reported in 
many previously studies [23, 33, 35] 
 
 
Table 3. Whole body composition (%) of O.niloticusfed to different commercial feed. Different 
subscript letter specify the statistical significance between the treatments (One way ANOVA, 
p<0.05). 
 

 

3.3 Water quality parameter 

Water quality parameters play significant role for successful growth and aquaculture production of the 
desired fishes. The optimal water quality is essential for survival, growth, immune activities, 
metabolism and production of commercial aquaculture species [14, 36]. Although tilapia can withstand 
a wide range of environmental fluctuations, but controlling optimum water quality is prerequisites for 

 Treatment 
P value 

T1 T2 T3 

Protein (%) 12.04 ± 0.14
a
 11.64 ± 0.11

a
 10.81 ± 0.25

b
 0.004 

Lipid (%) 1.86 ± 0.06
a
 2.04 ± 0.07

a
 2.75 ± 0.33

b
 0.042 

Moisture (%) 79.94 ± 0.35 79.92 ± 0.79 81.85 ± 0.08 0.372 
Ash (%) 4.26 ± 0.31

a
 3.83 ± 0.15

b
 3.67 ± 0.12

b
 0.023 



 

 

better growth and production [7, 36, 37]. Here in this study important water parameters for 
aquaculture were measured regularly throughout the experimental period showing in Table 4.  
 

Table 4. Water quality parameters (mean±SD) of experimental tank during the salinity and 
temperature exposed period. Different letter indicate the statistical significance between the 
treatments (One way ANOVA, P=.05) 

Waterparameter 
Treatment  

        T1       T2      T3 

pH 7.9±0.02 7.8±0.05 7.8±0.04 

Temperature (ºC) 24.6±0.5 24.5±0.5 25.25±1.0 

Salinity (ppt) 0.5±0.01 0.4±0.01 0.5±0.01 

DO (mg/l) 5.65±0.75 5.91±0.70 5.52±0.5 

Alkalinity (CaCO3 mg/l) 130.5±4.5 135.85±6.7 131.46±5.5 

Nitrite nitrogen (mg/l) 0.11±0.01 0.09±0.01 0.16±0.03 

Total ammonia (mg/l) 0.36±0.05 0.34±0.04 0.45±0.07 

In this study most of the water parameters in the experiment tank were in the acceptable range for 
tilapia aquaculture which is more or less similar to some previously studied [14, 20, 33, 39]. In the 
current study, water temperature was ranged from 24.5±0.5

o
C to 25.25±1.0

o
Cthroughout the 

experiment which is more or less similar to some previously studied [14, 33, 38]. Dissolved oxygen 
and pH play vital role on growth and production through its direct influence on feed consumption and 
maintaining oxidation state of fishes [36, 37]. pH and dissolved oxygen (DO) level were in suitable 
ranges in for tilapia farming [14, 38, 39]. Likewise other parameter, nitrite nitrogen and ammonia value 
were in suitable ranges and no significant variation observed among the treatment and maintained 
healthy tank environment, similarly as reported in other studies [7, 10, 14 36]. 

 
This study was conducted in the pre-established laboratory condition therefore, the fixed cost 
including tank set up, aeration and other facilities were not significantly varied throughout the 
experiment. The variable cost in this experiment werefish fry and feed. We stocked same number of 
fish fry in each experimental tank, so the fry cost had no difference among the three treatment. Thus, 
the only variable cost was feed which price depends on the protein percentages and the quality. We 
applied same amount of feed in each experiment thus the feed cost was varied because of it market 
price. In the current research, three different protein level (32.5%, 35% and 28%) feed were applied 
and the unit price were 65tk/kg, 72tk/kg and 62tk/kg (December 2020) respectively. Usually feed with 
higher protein percentages have higher market price. In this study, feed (T1) with 32.5% protein 
having more growth and considered as more economical rate compared to other feed protein level 
feed. 

4. CONCLUSION  

Suitable feed selection is very crucial for economically sustainable aquaculture. Although, the 
optimum dietary requirement of protein and lipids for fish varies species to species and the feed 
habits, availability of natural foods and physiological state of the fishes. The current study documents 
that feed with 32.5% protein shown better growth and feed utilization in Nile tilapia, ultimately effective 
to reduce the feed cost. This study recommends 32.5% protein (T1) enriched feed, which could be 
applied for better production and profitable tilapia culture.  
 

ETHICAL STATEMENT 

All procedures including fish harvesting and killing performed were completely compliant with the 
recommendations and regulations of the “Biosafety and animal Ethics Committee,” Khulna University, 
Bangladesh. 

 
 



 

 

 

REFERENCES 

1. Menaga M, Fitzsimmons K. Growth of the tilapia industry in India. World Aquaculture. 
2017;48(3):49-52. 

2. Paul AK, Rahman MM, Rahman MM, Islam MS. Effects of commercial feeds on the 
growth and carcass composition of monosex tilapia (Oreochromis niloticus). Journal of 
Fisheries and Aquatic Science. 2018;13(1):1-1. 

3. Hussain MG. A future for the tilapia in Bangladesh. Aquaculture. 2009; 5(4):38-40. 
4. Temesgen M, Getahun A, Lemma B, Janssens GP. Food and feeding biology of Nile 

tilapia (Oreochromis niloticus) in Lake Langeno, Ethiopia. Sustainability. 2022;14(2):974. 
5. Munni MJ, Akther KR, Ahmed S, Hossain MA, Roy NC. Effects of Probiotics, Prebiotics, 

and Synbiotics as an Alternative to Antibiotics on Growth and Blood Profile of Nile Tilapia 
(Oreochromis niloticus). Aquaculture Research.2023. 

6. FAO (Food and Agriculture Organization of the United Nations, 2018), Food and 
Agriculture Organization of the United Nations Fish Stat: A Tool for Fishery Statistics 
Analysis, Version 1.0.1Available at: 
http://www.fao.org/fishery/statistics/software/fishstatj/en 

7. Siddik MA, Nahar A, Ahsan ME, Ahamed F, Hossain MY. Over-wintering growth 
performance of mixed-sex and mono-sex Nile tilapia Oreochromis niloticus in the 
northeastern Bangladesh. Croatian Journal of Fisheries: Ribarstvo. 2014;72(2):70-6. 

8. Behera BK, Pradhan PK, Swaminathan TR, Sood N, Paria P, Das A, Verma DK, Kumar 
R, Yadav MK, Dev AK, Parida PK. Emergence of tilapia lake virus associated with 
mortalities of farmed Nile tilapia Oreochromis niloticus (Linnaeus 1758) in India. 
Aquaculture. 2018; 484:168-74. 

9. Bosu A, Das M, Hossain S, Moniruzzaman M. Evaluation of commercial feed on growth 
performance of Tilapia (Oreochromis niloticus) in Mymensingh. Inter Jour Nat Soc Scien. 
2016;3:73-82. 

10. Rahman ML, Shahjahan M, Ahmed N. Tilapia farming in Bangladesh: Adaptation to 
climate change. Sustainability. 2021;13(14):7657. 

11. Rahman AKA. Introduction of Exotic Fishes in Bangladesh; (booklet); Fisheries Research 
and Training Centre: Dhaka, Bangladesh. 1985. 

12. Ahmed N, Young JA, Dey MM, Muir JF. From production to consumption: a case study of 
tilapia marketing systems in Bangladesh. Aquaculture international. 2012;20:51-70. 

13. Frei M, Razzak MA, Hossain MM, Oehme M, Dewan S, Becker K. Performance of 
common carp, Cyprinus carpio L. and Nile tilapia, Oreochromis niloticus (L.) in integrated 
rice–fish culture in Bangladesh. Aquaculture. 2007;262(2-4):250-9. 

14. Uddin MN, Kabir KH, Roy D, Hasan MT, Sarker MA, Dunn ES. Understanding the 
constraints and its related factors in tilapia (Oreochromis sp.) fish culture at farm level: A 
case from Bangladesh. Aquaculture. 2021;530:735927. 

15. Kunda M, Pandit D, Harun-Al-Rashid A. Optimization of stocking density for mono-sex 
Nile tilapia (Oreochromis niloticus) production in riverine cage culture in Bangladesh. 
Heliyon. 2021;7(11). 

16. Chakraborty SB, Banerjee S. Culture of monosex Nile tilapia under different traditional 
and non-traditional methods in India. World Journal of Fish and Marine Sciences. 
2009;1(3):212-7. 

17. Offem BO, Akegbejo-Samsons Y, Omoniyi IT. Biological assessment of Oreochromis 
niloticus (Pisces: Cichlidae; Linne, 1958) in a tropical floodplain river. African Journal of 
Biotechnology. 2007;6(16). 

18. Stickney RR. Tilapia feeding habits and environmental tolerances. Tilapia in intensive 

co‐culture. 2017;25-35. 
19. Tesfaye A, Fetahi T, Getahun A. Food and feeding habits of juvenile and adult Nile tilapia, 

Oreochromis niloticus (L.)(Pisces: Cichlidae) in Lake Ziway, Ethiopia. SINET: Ethiopian 
Journal of Science. 2020;43(2):88-96. 

20. Abdel-Tawwab M, Hagras AE, Elbaghdady HA, Monier MN. Effects of dissolved oxygen 
and fish size on Nile tilapia, Oreochromis niloticus (L.): growth performance, whole-body 
composition, and innate immunity. Aquaculture International. 2015;23:1261-74. 

21. Suloma A, Elnady MA, Salem MA, El-Hamid A. Effect of different feeding and feed 
deprivation cycles on growth performance of nile tilapia (Oreochromis niloticus). Egyptian 
Journal of Agricultural Sciences. 2015;66(3):212-22. 

http://www.fao.org/fishery/statistics/software/fishstatj/en


 

 

22. Sarkar MM, Rohani MF, Hossain MA, Shahjahan M. Evaluation of heavy metal 
contamination in some selected commercial fish feeds used in Bangladesh. Biological 
Trace Element Research. 2022; 1:1-1. 

23. Bhowmik S, Dewanjee S, Islam S, Saha D, Banik P, Hossain MK, Rahman M, Al Mamun 
MZ, Mamun AA. Nutritional profile and heavy metal contamination of nursery, grower, and 
finisher feeds of tilapia (Oreochromis niloticus) in Bangladesh. Food Chemistry Advances. 
2023;2:100235. 

24. Prakoso VA, Kurniawan K. Compensatory growth of Oreochromis niloticusselected strain 
from bogor, west java. Indonesian Aquaculture Journal. 2017;12(2):53-8. 

25. Tesfahun A, Alebachew S. Food and feeding habits of the Nile tilapia Oreochromis 
niloticus (Linnaeus, 1758) from Ribb reservoir, Lake Tana sub-basin, Ethiopia. Cogent 
Food & Agriculture. 2023;9(1):2212457. 

26. Otieno ON, Kitaka N, Njiru JM. Length-weight relationship, condition factor, length at first 
maturity and sex ratio of Nile tilapia, Oreochromis niloticus in Lake Naivasha, Kenya. 
International Journal of Fisheries and Aquatic Studies. 2014;2(2):67-72. 

27. Bligh EG, Dyer WJ. A rapid method of total lipid extraction and purification. Canadian 
journal of biochemistry and physiology. 1959;37(8):911-7. 

28. Reeb JE, Milota MR, Western Dry Kiln Association. Moisture content by the oven-dry 
method for industrial testing.1999.  

29. AOAC M. Association of official analytical chemists. Official methods of analysis. AOAC: 
Official Methods of Analysis. 1990; 1, 69-90. 

30. Cavalheiro JM, de Souza EO, Bora PS. Utilization of shrimp industry waste in the 
formulation of tilapia (Oreochromis niloticus Linnaeus) feed. Bioresource Technology. 
2007;98(3):602-6. 

31. Soltan MA, Elfeky A, Fouad IM. Effect of L-carnitine and amino acids on growth and feed 

utilization of Nile tilapia, Oreochromis niloticus. Glob Vet. 2016;17:487-94. 

32. Obeng AK, Atuna RA, Aihoon S. Proximate composition of housefly (Musca domestica) 

maggots cultured on different substrates as potential feed for Tilapia (Oreochromis 

niloticus). 2015; 2(5) 172-175 

33. Islam S, Bhowmik S, Majumdar PR, Srzednicki G, Rahman M, Hossain MA. Nutritional 

profile of wild, pond-, gher-and cage-cultured tilapia in Bangladesh. Heliyon. 2021;7(5). 

34. Mamun-Ur-Rashid M, Belton B, Phillips M, Rosentrater KA. Improving aquaculture feed in 

Bangladesh: From feed ingredients to farmer profit to safe consumption. WorldFish; 2013. 

35. Biswas M, Islam MS, Das P, Das PR, Akter M. Comparative study on proximate 

composition and amino acids of probiotics treated and nontreated cage reared monosex 

tilapia Oreochromis niloticus in Dekar haor, Sunamganj district, Bangladesh. International 

Journal of Fisheries and Aquatic Science. 2018;62:431-5. 

36. Begum A, Mondal S, Ferdous Z, Zafar MA, Ali MM. Impact of water quality parameters on 

monosex tilapia (Oreochromis niloticus) production under pond condition. Int J Anim Fish 

Sci. 2014;2(1):14-21. 

37. Azad MA, Islam SS, Ghosh AK, Hasanuzzaman AF, Smith AJ, Bir J, Ahmmed MK, 

Ahmmed F, Banu GR, Huq KA. Application of zymetin and super PS probiotics in 

hatchery, nursery, and grow‐out phases of Macrobrachiumrosenbergii and their impact on 

culture environment, production, and economics. Journal of the World Aquaculture 

Society. 2023. 

38. Nahar A, Abu M, Siddik B, Rahman MM. Biofloc technology in aquaculture systems 

generates higher income in mono-sex Nile tilapia farming in Bangladesh. Advances in 

Biological Research. 2015;9(4):236-41. 

39. Moniruzzaman M, Uddin KB, Basak S, Mahmud Y, Zaher M, Bai SC. Effects of stocking 

density on growth, body composition, yield and economic returns of monosex tilapia 

(Oreochromis niloticus L.) under cage culture system in Kaptai Lake of Bangladesh. 

Journal of Aquaculture Research & Development. 2015;6(8):1. 


