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Abstract 

The experiment was carried out to evaluate the use of potato tuber powder (PTP) as 

replacement of carbohydrate (wheat flour) in formulated diets on the growth, survival 

rate and production of GIFT (Oreochromis niloticus) fry reared for a period of 28 

days in 15 recirculatory aquaria. Fry were released at the stocking density of 20 per 

aquarium and allowed to feed on five different diets as treatments such as T1, T2, T3, 

T4 and T5 (control), each with three replications. Diets having 30% protein were 

formulated with different levels of PTP viz. T1 (16% PTP), T2 (20% PTP), T3 (24% 

PTP), T4 (28% PTP) and T5 (0% PTP) as control. Feeds were supplied at 5% body 

weight twice daily at 9:00 am and 5:00 pm. Samplings were done at seven days 

interval to see growth and to adjust feed. The study revealed that the mean weight 

gain (g), percent weight gain (%), specific growth rate (%/day), average daily weight 

gain (g), FCR and PER of tilapia fed five different diets varied significantly (p<0.05) 

with each other. Mean weight gain (17.51±0.12g), percent weight gain 

(281.06±2.01%), SGR (2.88±0.02%/day) and PER (1.91±0.06) of fry fed diets in T4 

(28% PTP) and T5 (0% PTP) as control were found significantly (p < 0.05) higher 

than those of fry fed diet in T3 followed by T1 and T2. In contrast, the significantly (p 

< 0.05) lowest FCR (1.66±0.07) of fry was obtained in T4 and the highest FCR 

(1.92±0.09) of fry was obtained in T2. The highest survival rate (100%) was found in 

T1, T3, T4 followed by T5 as control (88.80 ± 0.60% and T2 (87.25±0.43%). Water 

quality parameters were maintained within the expectable ranges during the 

experimental period. The results also showed that the significantly highest crude 

protein (57.20±0.30%) and crude lipid content (12.45±0.05%) was found in the body 

of fishes fed the cheapest diet (T4) (Tk. 45/kg). Therefore, the lower-priced potato 

tuber powder compared to relatively higher-priced wheat flour can be used as a 

cheaper carbohydrate source in developing low cost and nutritionally balanced diet 

for GIFT.  
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Introduction 

The success of intensive and semi-intensive fish culture depends to a large extent on the 

application of suitable feeds. The commercialization of aquaculture is growing, thereby 

increasing the demand for aquaculture feeds. Traditionally these feeds have been based on 

animal protein, rice bran, wheat bran, rice flour, heat flour, corn starch, cassava flour, soybean 

meal, peanut meal  etc. (Fadl et al. 2017; Habib and Kohinoor 2018; Sarr et al. 2019). For the 

development of aquaculture in the country, feed cost is one of the major constrains (Habib and 

Kohinoor 2018). Due to cost and availability considerations there is the need to utilize cheaper 

energy sources to replace expensive cereals in fish feed formulation (Fadl et al. 2017, Habib 

and Kohinoor 2018, Sarr et al. 2019). Especially with the present economic depression, cost of 

fish diets is increasing, not just because of inflation but most of the feedstuffs used in 

preparing fish diets face serious competition with human as food. To minimize the price of a 

well-balanced feed, locally available ingredients can be included in the feed. However, a 

significant number of works on the use of commonly attainable ingredients in fish feed has 

been carried out. Nile tilapia fed diets containing rice bran (30%), wheat bran (30%) and fish 

meal (40%) show better performances in cages (Hasan et al. 1985). The replacement of fish 

meal by fly larvae meal gave good growth of fish fry (Rana et al. 2015; Gasco et al. 2016; Li 

et al. 2016; Su et al. 2017; Habib and Kohinoor 2018; Roncarati et al. 2019). Good growth of 

fish was achieved when fish meal was replaced by spirulina meal (Habib and Kohinoor 2018, 

Khalila 2018, Rosas et al. 2019a & b). The GIFT strain of tilapia is 35.74% superior to red 

tilapia strain in terms of growth (Hussain et al. 2000). Olurin et al. (2006) reported that 50% 

replacement of maize with cassava meal in Clarias gariepinus diet exhibited no depression in 

growth or unfavorable feed conversion ratio. Sydur (2014) recorded that diet formulated by 

cassava tuber powder as replacement of carbohydrate could be used to prepare quality feed to 

enhance the growth, production and survivality of GIFT (O. niloticus) and to reduce pressure 

on wheat and rice flour (Fadl et al. 2017, Khalila et al. 2018). Similar work was done on 

growth performances of stinging catfish (Heteropneustes fossilis) by Habib and Kohinoor 

(2018) where 20% wheat flour replacement using cassava tuber flour gave better growth than 

other diets. Nevertheless, the major source of metabolisable energy in most formulated diets 

for fish is rice bran, wheat bran and oil cake, which are also used as the source of dietary 

carbohydrate for fishery elsewhere in the world. Therefore it is necessary to find out alternate, 

cheaper and locally available carbohydrate sources of fish feed. Potato (Solanum tuberosum 

L.) is the fourth most important food crop after corn, rice and wheat which grows throughout 

the world (Ballearin and Hallar 1982). Potatoes are good sources of energy, easily digestible as 

well as comparable with rice and wheat (Chakraborty et al. 2000). On the other hand, GIFT is 

the most widely farmed variety and performs 60% better in growth and survival than 

commercially available strains of tilapia (Fadl et al. 2017; Khalila et al. 2018; Sarr et al. 2019). 

It performs well on cheap feed and fertilizer and can be raised in large tracts of water and 

cages (Eknath et al. 1993). It is important to note that huge quantity of potato is producing 

every year in the country. Considering the above facts, the present research was carried out to 

evaluate the feasibility of potato tuber powder as replacement of wheat flour (carbohydrate) in 

the diet of GIFT post-larvae so that production cost can be reduced and fish production can be 

increased.   
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Materials and methods 

Experimental site and design 

The experiment was carried out in an existing recirculatory water system situated at the wet 

laboratory, Department of Aquaculture, Bangladesh Agricultural University, Mymensingh for 

a period of four weeks (28 days). Fifteen rectangular uniform sized glass aquaria (45cm x 

40cm x 35cm) containing about 40 L of water in each were used for the research work. Five 

different treatments such as T1, T2, T3, T4 and T5 (control), each with three replications were 

used. About 300 post-larvae (initial weight 5.92±0.005 to 6.44±0.020mg) of GIFT 

(Oreochromis niloticus) were stocked at a rate of 20 per aquarium after proper treatment and 

acclimatization. Each aquaria was equipped with artificial aeration as well as regular water 

supply and exchange. Water level was controlled by an overflow drain line at the middle of the 

aquarium with backup system confirmed at six hours intervals to avoid the mechanical or 

electrical failure. Net screens and gravels were used as bio-filter. 

 

Experimental diet preparation 

Fish meal, soybean oil, potato tuber powder (PTP), vitamin and mineral premix, α-cellulose 

(crude fibre) and wheat flour were used to prepare the experimental diet. Attempts were made 

to formulate diet by progressively replacing PTP as carbohydrate source. Diet (treatment) 

1(T1), 2(T2), 3(T3) and 4(T4) were prepared by replacing 16, 20, 24 and 28% carbohydrate with 

PTP, respectively. Diet (T5) 5 containing 0% PTP was used as control (Tables 1 and 2). For 

formulation of diets, all the dietary ingredients were ground finely and sieved thoroughly to a 

particle size of 0.5 mm mesh and mixing thoroughly to obtain a homogenous mixture before 

weighing. Sufficient amount of water was added to make the mixture moisten before pelleting. 

This resultant dough was then passed through a 1.0 mm diameter die of a hand pellet machine. 

The pellets were then sun dried, and stored in an airtight plastic container for proximate 

analysis and used to feed fish (Table 3). 

 

Table 1:  Proximate composition (%) analysis of different feed ingredients (% dry weight 

basis) 
 

Name of 

ingredients 
Moisture 

(%) 
Crude 

protein (%) 
Crude 

lipids (%) 
Crude 

fibre (%) 
Ash (%) NFE* 

(%) 

Fish meal 10.75 56.00 11.26 4.80 13.85 3.34 

Potato tuber flour 9.59 10.80 8.0 19.0 16.15 36.45 

Wheat flour 10.45 10.20 2.10 1.78 2.40 73.06 

*NFE (nitrogen free extract) = 100 – (moisture + crude protein + crude lipids + crude fibre + ash) 
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Table 2:   Formulation of five different diets (Treatments) containing 30% crude protein using 

different levels of potato tuber powder (PTP) as source of carbohydrate 
 

Ingredients  

Diet (%) 

1 (T1 16% 

PTP) 
2 (T2 20% 

PTP) 
3 (T3 24% 

PTP) 
4 (T4 28% 

PTP) 

5 (T5 0% 

PTP) 

Control 

Fish meal 50.50 50.06 49.83 49.21 53.57 

Potato tuber powder 16 20 24 28 - 

Wheat flour (binder) 12 10 7 6 25 

Soybean meal 5 5 5 5 5 

Mineral premix 3 3 3 3 3 

Vitamin premix 2 2 2 2 2 

Chromic oxide 1 1 1 1 1 

Alpha cellulose 

(crude fibre) 
10.50 8.94 8.17 5.79 10.43 

Total 100 100 100 100 100 

 

Table 3:  Proximate composition (%) of formulated diets (% dry weight basis) used in five 

treatments 
 

Components  
Treatments 

T1 T2  T3 T4 T5 

Moisture 12.15 12.66 12.45 12.65 12.56 

Crude protein  29.92 29.90 30.10 29.80 29.66 

Crude lipids 8.50 9.76 9.88 8.90 9.34 

Crude fibre 6.10 6.18 6.29 5.88 6.12 

Ash    12.17 12.26 12.38 12.39 12.12 

Nitrogen free extract (NFE) 31.12 29.23 29.85 30.32 29.15 

*NFE =100 – (Crude protein + Crude lipids + Ash + Crude fibre). 

 

Fish feeding and sampling 

The fishes were fed with the formulated diets twice daily in the morning at 9.00 am and 

afternoon at 5.00 pm at the feeding rate of 5% of their total body weight throughout the study 

period. The fishes were sampled at seven days interval to monitor their growth in terms of 

length and weight, and to adjust feed.  
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Determination of water quality parameters and carcass composition 

Various water quality parameters viz. temperature (°C), dissolved oxygen (mg /l) and pH were 

measured at weekly intervals. At the beginning of the experiment, 100 fish from the stock was 

randomly collected and sacrificed, then chopped and ground for proximate composition 

analysis of the experimental fish. This was considered as initial carcass composition of fish. At 

the end of the experiment, 10 fish per replication including the control was sampled randomly 

and sacrificed for proximate composition analysis and this was considered as final carcass 

composition of fish. Proximate composition of fish included moisture, crude protein, crude 

lipids, ash and NFE (nitrogen free extract) following Horwitz (1984).  

 

Economic analysis 

An economic analysis was performed to estimate the cost of feed to raise a unit biomass. The 

cost of feed was used as single economic criteria on the assumption that all other operating 

costs for commercial fish production would remain the same for all the diets. The whole sale 

market price 2018 of all the ingredients in Mymensingh was collected and then the 

approximate cost of each diet was calculated. An additional 7.5% on the top of the total raw 

material cost was included towards the manufacturing costs, marketing expenses and operating 

margin. The costs of crude fiber and chromic oxide were not included in the estimations.  

 

Statistical analysis 

Recorded data were statistically analyzed using software SPSS version 11.5 (Chicabo, USA) 

and MS Excel 2007 (Microsoft Corporation, Redmond, USA). One way ANOVA was used to 

determine the effect of formulated diets on the growth of GIFT tilapia in different treatments 

and Tukey test was applied to identify the level of significance of variance among the 

treatments following Zar (1984). 

 

Results and Discussion 

Growth performances of GIFT (Oreochromis niloticus) 

After feeding different diets such as Diet -1 (16% PTP), Diet-2 (20% PTP), Diet-3 (24% PTP),  

Diet-4 (28% PTP) and Diet-5 (0% PTP), the growth performances of O. niloticus in terms of 

initial weight (g), final weight (g), weight gain (g), percent weight gain (%), feed conversion 

ratio, Protein efficiency ratio, specific growth rate (%/day) and survival rate (%) were 

calculated at the end of experiment (Table 4).  

 

The mean initial weight of GIFT in different treatments varied from 5.92±0.005 to 6.44±0.020 

mg and mean final weight varied from 18.32±0.15 to 23.74±0.17 mg throughout the study 

(Fig. 1). There was significant differences (p<0.05) in mean weight gain and percent weight 

gain among the different treatments. The significantly highest mean weight gain (17.51±0.12 

mg) and  the significantly highest % weight gain (281.06±2.01) was found from T4 whereas 

the lowest mean weight gain (12.02±0.09 mg) and the lowest % weight gain (190.79±1.17) 

was found from T2. Similar results were found by Fadl et al. (2017) used to feed diets prepared  
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from Spirulina platensis and Chlorella vulgaris, and Khalila et al. (2018) and Sarr et al. (2019) 

when they gave diets prepared from wheat flour, soya bean meal, rice flour, corn flour and 

peanut meal to tilapia. The results indicated that the growth rates varied in different treatments 

which coincide with the findings of Khan et al. (2002). The highest weight gain in the present 

study was found from treatment T4 due to utilization of 28% potato in the formulated feed. 

Habib and Kohinoor (2018) found good growth of stinging catfish when fed diets prepared 

replacing fish meal protein with cassava tuber powder.  

 

Table  4: Growth performances (Mean±SE) and feed utilization of GIFT (Oreochromis 

niloticus) fed five different diets in aquarium  
 

Variables 

Parameters  

Treatments 

T1 T2 T3 T4 T5 (Control) 

Initial weight (mg) 6.17±0.014 6.30±0.023 6.44±0.020 6.23±0.014 5.92±0.005 

Final weight (mg) 18.48±0.14 18.32±0.14 20.42±0.13 23.74±0.17 22.56±0.051 

Weight gain (mg) 12.31±0.11c 12.02±0.09c 13.98±0.08b 17.51±0.12a 16.64 ±0.04a 

Percent weight 

gain (%) 
199.51±1.22b 190.79±1.17b 217.08±1.14b 281.06±2.01a 218.58±1.15a 

Specific growth 

rate (%/day) 
2.59±0.05c 2.56±0.00c 2.66±0.02b 2.88±0.02a 2.81±0.00a 

Average daily 

weight gain (mg) 
0.054±0.002c 0.051±0.00c 0.062±0.005b 0.090±0.003a 0.083±0.003a 

Food conversion 
ratio (FCR) 

1.90±0.10c 1.92±0.09c 1.83±0.04b 1.66±0.07a 1.70±0.05a 

Protein efficiency 

ratio (PER) 
1.89±0.010b 1.72±0.20c  1.85±0.002b 1.91±0.06a  1.88±0.12a 

Survival rate (%) 100.00 87.25±0.43 100.00 100 88.80±0.60 

Figures in different letters in superscripts of each row are significant at 5% level of probability. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Weekly growth response of GIFT (Oreochromis niloticus) fed five different diets. 

Vertical bars represent standard error 
 



 137 

  

 

 

Use of potato tuber powder in diet of GIFT 

The values of specific growth rate of GIFT in different treatments ranged from 2.56±0.00 to 

2.88±0.02, those were significantly varied. The significantly highest SGR value was in the 

treatment T4 (28% potato) and the lowest SGR value in the treatment T2 (20% potato). The 

values are more or less similar with the findings of Azad et al. (2004); Abara et al. (2017) and 

Sarr et al. (2019) but slightly lower than the findings of Hossain et al. (2007) who achieved 

SGR values ranged between 3.14 and 3.32. This might be due to the temperature differences 

between waters and natural productivity of the ponds, those were different from the aquarium 

water. And the differences in SGR values among various treatments of the present study might 

be due to the initial size differences of O. niloticus used for the experiment and also due to the 

differences of feeding system (Khalila et al. 2018; Sarr et al. 2019).  

 

Feed utilization 

In the present study, mean food conversion ratio (FCR) in different treatments ranged from 

1.66±0.07 to 1.92±0.09, which were significantly different (Table 4). The significantly highest 

FCR was obtained in treatments T2, where fishes took highest amount of food and gave lowest 

growth. On the other hand, the significantly lowest FCR was obtained in treatment T4, where 

the lowest amount of food was taken by fish and highest growth was obtained. The differences 

in FCR might be due to differences in percentages of potato in formulated feed. More or less 

similar FCR values were found in the findings of Diana et al. (2004) as well as Hasan et al. 

(1993). The survival rate were observed as 100, 87.25, 100, 100 and 88.80% in treatments T1, 

T2, T3, T4 and T5, respectively (Table 4). Mortality might be largely caused by injuries due to 

aggressive behavior. Dan and Little (2000) also reported more or less similar level of mortality 

when they conducted growth study using hybrid tilapia under laboratory condition. Sarr et al. 

2019) also reported similar results when fish meal was replaced by corn flour, wheat flour, 

soya bean meal enriched with spirulina.  

 

Carcass composition 

Proximate composition such as moisture, crude protein, crude lipid, ash and nitrogen free 

extract (NFE) of fish were analyzed for carcass composition determination. There were 

significant differences among the five treatments (diets fed to fish) in case of crude protein, 

lipid and ash except moisture and NFE in fish body. Crude protein ranged from 52.30±0.35% 

to 57.20±0.30%, where the significantly highest protein content was found in fish fed diet-4 

and the significantly lowest protein content was found in fish fed diet-1. On the other hand, the 

ranges of crude lipid percentage were 10.45±0.04 to 12.45±0.05, where the treatments also 

showed the similar trend of performances as crude protein (Table 5). The highest crude protein 

and lipid content found in fishes fed with diet 4 might be due to variation of proximate 

compositions among different formulated diets (Rosas et al. 2019a & b). Khalila et al. (2018) 

and Sarr et al. (2019) found almost similar results when they used to feed diets to tilapia 

prepared with cassava tuber powder and wheat flour replacing fish meal. More or less similar 

observation was reported by Habib et al. (2001) who found the highest protein and lipid 

content as well as lowest moisture in fishes fed higher percentages of silkworm pupae as 

partial replacement of fish meal in the diet. 
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Table  5: Carcass composition of fishes fed five different diets 

Components (%) Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 (Control) 

Moisture 10.25± 0.04 10.30± 0.04 10.20± 0.03 10.15± 0.03 10.15± 0.03 

Crude protein 52.30± 0.35b 53.15± 0.40a 55.10± 0.40b 57.20± 0.30a 57.15± 0.42b 

Crude lipids 10.45± 0.04b 10.60± 0.03b 11.60± 0.04a 12.45± 0.05a 11.06± 0.02a 

Ash 15.35± 0.04a 15.80± 0.05a 14.20± 0.03a 14.50± 0.05a 14.54± 0.03a 

Nitrogen free 

extract (NFE)* 
11.65 ± 0.04 10.10 ± 0.03 9.84 ± 0.04 5.63± 0.03 7.05± 0.04 

*NFE = 100 – (Crude protein + Crude lipids + Ash + Crude fibre) 

 

Water quality parameters determination 

Water temperature, dissolved oxygen and pH are the most important environmental 

parameters. Water temperature is an important water quality parameter for healthy living of 

fish in the water body. Water temperature was more or less similar in different treatments 

which ranged from 30.7-31.60°C in both control and treatment aquaria. Hossain (2009) and 

Alam (2009) found the water temperature from 26.9 to 32.5°C in ponds of Mymensingh. 

Moreover, Hossain et al. (2004) and Hossain et al. (2007) measured the water temperature 

ranged from 29.4 to 33.0°C and 26.0 to 32.8°C, respectively in ponds of BAU campus, 

Mymensingh. Therefore, water temperature in aquaria was similar as pond temperature. 

 

The dissolved oxygen content from present experiment ranged from 5.10 to 6.15 mg/l (Table 

6). Similar findings were reported by Hossain (2009) and Alam (2009) who found dissolved 

oxygen of 5.5 to 6.5 mg/I in ponds of Mymensingh. DoF (1996) reported that the range of 

suitable dissolved oxygen for fish culture should be 5-8 mg/l. So, the oxygen content found in 

the present experiment lied within productive range. 

 

During the study period, the pH value was found within the range of 6.90-8.10 (Table 6). Alam 

(2009) recorded pH value from 7.50 to 8.02 in fish ponds of Bangladesh Agricultural 

University Campus, Mymensingh during August to October, 1997 which are almost similar 

with the findings of present experiment. reported that the suitable pH range for fish production 

is 6.5 to 8.5 (DoF, 1996). Therefore, the pH observed in the present experiment remained 

within suitable ranges. 

 

Economic analysis 

The costs of different dietary ingredients were recorded and thereby the costs (per kg) of five 

different formulated diets were estimated (Table 6). The economic analysis indicated that the 

cost of diet 4 (28% potato tuber flour) was the lowest among all the diets. Similar finding was 

also reported by Habib et al. (2001) who found the lowest cost of the experimental diet 

prepared with higher percentages of silkworm pupae as partial replacement of fish meal. Sydur  
 



 139 

  

 

 

Use of potato tuber powder in diet of GIFT 

(2014) In addition, percent weight gain and specific growth rate of fishes fed with the diet 4 

was also excellent compared to other diets in the present study. Therefore, the low cost potato 

tuber flour (Tk 20/kg) compared to wheat flour (Tk 35/kg) can be used as a cheap a ingredient 

in developing low cost and nutritionally balanced diet for GIFT. 

 

Table 6: Costs (Tk/kg) of different dietary ingredients and formulated diets in the experiment. 

Ingredients Cost Feed Cost 

Fish meal 90 Diet-1 (16% potato tuber flour, PTF) 47 

Potato  tuber powder 20 Diet-1 (16% potato tuber flour, PTF) 47 

Soybean oil 90 Diet-2 (20% PTF) 48 

Wheat flour (binder) 35 Diet-3 (24% PTF) 46 

Alpha cellulose (crude fibre) 50 Diet-4 (28% PTF) 45 

Mineral premix and vitamin premix 440 Diet-5 (0% PTF) (control) 48 

 

Conclusion 

The best growth performances, feed utilization, survival rate and production of GIFT were 

obtained by feeding diet containing 28% potato tuber powder. Moreover, the diet having 28% 

potato tuber powder produced quality fish by reducing production cost. Therefore, potato tuber 

powder can be used as a good and inexpensive source of carbohydrate other than wheat flour in 

fish diet preparation, which is also economically stable and environmentally friendly ingredient.  
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