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INTRODUCTION 
 

Recently, the increase in world population and food shortage is considered one of humanity's most severe problems. Therefore, 

there is an urgent need to research alternative animal protein sources to overcome these undesirable problems and save humankind 

from malnutrition [1, 2]. Fish is an inexpensive and rich source of animal protein. Moreover, fish is considered an important source 

of essential amino acids and fatty acids [3]. In general, aquatic animals contain higher quantities of protein than terrestrial meats. 

Furthermore, aquatic animal protein is easy to digest and has a high amount of essential amino acids, typically lacking in terrestrial 

meat proteins, such as methionine [4]. Therefore, fish feed production depended on the fish meal (F.M.) for several years because 

it is a rich source of proteins and contains a balanced quantity of essential amino acids and acceptability by cultured fish. Other 

benefits include its high digestibility and palatability, which aid in nutrient uptake, and digestion [5-11].  

The enormous growth and investment in aquaculture in recent years has resulted in a scarcity of processed fish meals to meet the 

nutritional needs of the target fish species [12]. Fishmeal supplies are inadequate to sustain the current speed of aquaculture 

production, in addition to demand from other animal feed industries. The aquaculture feed industry uses a large portion of the 

global fishmeal supply. The high cost of fish diets [13, 14], consumer and environmental factors suggesting that fish meal is 
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financially and environmentally unsustainable as a source of protein for aquafeeds [15-17], and the unpredictable supply of fish 

meal and variability in quality are just a few of the issues [18,19]. To overcome these problems, numerous alternatives to a fish 

meal have been proposed and identified to ensure aquaculture’s sustainability and meet human consumers' demands. Therefore, 

the possibility of replacing fish meals with protein-rich animal or plant ingredients has drawn the attention of many scientists [20-

24]. Plant-based protein has been successfully used as a feed ingredient for many fish species such as Atlantic salmon, Atlantic 

cod (Gadus morhua L.), Oncorhynchus mykiss, juvenile turbot (Scophthalmus maximus L.), Senegalese sole and swimming crab, 

Portunus trituberculatus [25-31]. This study aimed to determine the effect of substituting a fish meal with various plant-based 

proteins on the growth performance of Nile Tilapia (Oreochromis niloticus L.). 

 

MATERIALS AND METHODS 
Study area 

The Animal Production Farm, Al Fashir, North Darfur, Sudan, was this research site. The experiment was conducted in concrete 

tanks (15 m long, 6 m wide, and 1 m deep) with 12 rearing cage-like structures that are made of fine mesh with a mesh scale that 

prevents fingerlings from escaping. 

 

Experimental fish and Diets 

Oreochromis niloticus L. fingerlings were obtained from Golo Reservoir, ELFasher, North Darfour, Sudan. The experiment was 

carried out following E.L. Hag et al. [32]. 

 

Experimental design and treatment 

Three experimental diets were formulated to contain variable proportions of plant powders to partially/totally substitute fish meal 

components in the diet, and fish were randomly assigned into four groups (triplicates per group). 

Group 1: The first diet treatment (D1) contains peanut powder (70.8%), wheat powder (14.6%) and sorghum powder (14.6%).  

Group 2: The second diet treatment (D2) contains peanut powder (71.3%), millet powder (14.6%) and sorghum powder (14.1%).  

Group 3: The third diet treatment (D3) contains peanut powder (69.6%), millet powder (14.6%) and wheat powder (15.8%).  

Group 4: The last group (D4) of fish, fed with a diet containing peanut powder (70.6%), millet powder (14.8%), wheat powder 

(7.3%) and sorghum (7.3%).  

 

The plant powders (wheat, millet, peanut, and sorghum) were chosen from the most commonly used and available in fish 

farm domestic feeds. These plant powders were subjected to proximate analysis (Table 1). The weight gained (W.G.) was measured 

weekly as well as at the start and end of the experiment. The survival rate (S.R.), relative growth rate (SGR), and conversion rate 

(C.R.) were also determined 

 

Water quality 

The water quality parameters for O. niloticus were determined as described by E.L. Hag et al. [32]. 

 

Chemical analysis  

The biochemical parameters (Moisture, ash, crude protein, and crude lipid contents) were determined according to the method 

described by AOAC [33]. 

 

 

RESULTS 

Water quality 

Daily mean temperatures and dissolved oxygen were ranged between 30 and 24, and 2.2 and 3.0, respectively. The 

ammonia concentration was found to be 0.22 mg/l and the pH ranged between 6.5 and 8.1. 

 

Growth performance characteristics 

The growth performance of O. niloticus after 90 days of feeding was illustrated in Table 1. The mean body weight gain 

(B.W.) and specific growth rate (SGR) differ significantly among the experimental groups during the sampling periods. All fish 

grew fast and achieved market size with bodyweight more than 12.00g, 19.25g, 10.42 g and 17.52 g for the control group and 

groups 1, 2, 1 and 3, respectively, at the end of the experiment. Overall weight gain (W.G.) ranged between 10.42 and 19.25 g and 

the percentage weight gain was ranged between 68.37% and 80%, for different treatments after 90 days of the experiment. The 

highest absolutely growth was observed in the fish fed a diet containing peanut powder (71.3%), millet powder (14.6%) and 

sorghum powder (14.1%) (Group 2), and the lowest growth was observed in groups 3 and 4 (the fish fed with a diet containing 

peanut powder (69.6%), millet powder (14.6%) and wheat powder (15.8%) and fish fed with a diet containing peanut powder 

(70.6%), millet powder (14.8%) wheat powder (7.3%) and sorghum (7.3%) respectively. During the feeding trial, some mortalities 

(25%) were recorded in all experimental groups, which were not related to any specific problem. The survival rate (S.R.) of O. 

niloticus averaged 75% among the treatment groups throughout the experimental period. 

Generally, the specific growth rate and dietary feed conversion rate were not affected by different plant-based proteins. 

The highest SGR was observed in fish given a diet containing peanut powder (71.3%), millet powder (14.6%) and sorghum powder 
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(14.1%) (Group 2). At the same time, the lowest SGR was noticed in groups 3 and 4 (fish fed a diet containing peanut powder 

(69.6%), millet powder (14.6%) and wheat powder (15.8%) and a diet containing peanut powder (70.6%), millet powder (14.8%) 

wheat powder (7.3%) and sorghum (7.3%) respectively. However, replacement of fish meal with fed with a diet containing peanut 

powder (69.6%), millet powder (14.6%) and wheat powder (15.8%) resulted in decreased W.G. and SGR (Table 1). 

 

Biochemical parameters 

Whole-body composition of African catfish, O. niloticus fed with the experimental diets is presented in Table 2. The 

crude protein contents of the experimental fish were found to be 13.69, 44.00, 11.30 and 13.70% for fish given millet, ground nut, 

sorghum and wheat, respectively. The highest amount was recorded in fish fed with ground nut powder followed by millet, wheat 

and sorghum. The percentages of crude fat were varied among the experimental diets. Experimental animals fed with millet 

exhibited the highest amount of crude fat (7.14%), while the lower percentage was found in fish given sorghum (2.8%). The crude 

fiber was found to be 2.78, 7.30, 2.40 and 10.30% for fish fed with millet, ground nut, sorghum, and wheat. The percentage of ash 

was found to be 3.18, 5.30, 1.70 and 6.20 for millet, ground nut, sorghum and wheat, respectively. Fish fed with millet exhibited 

the lowest moisture percentage (6.77), while wheat demonstrated the highest percentage of moisture (11.00%). Generally, the 

lowest amount of crude protein, fat, fibre, moisture and ash was observed in sorghum. Moreover, analysis of crude protein, fat, 

fibre, moisture and ash, contents of O. niloticus fed with experimental diets showed differences among the experimental diets. 

 

Table 1: Shows mean average different growth parameters of fingerlings maintained on various experimental diets for 90 

days. 

D3 D2 D1 Control Parameter  

4.32 4.55 5.52 4.51 Average starting weight (g)            

22.18 15.24 23.95 17.30 Average final weight (g) 

17.52 10.42 19 .25 12.00 Weight Gain-WG (g) 

79.99 68.37 80,38 69.36 Weight Gain% 

0.79 0.58 0.71 0.65 Specific growth rate SGR (%/day) 

0.20 0.11 0.20 0.14 Daily growth rate (g/day) 

1.37 2.30 1.25 2.00 Feed conversion ratio (FCR) 

75 75 75 75 Survival rate % 

Notes: D1: Diet 1, D2: Diet 2, D3: Diet 3. 

 

Table 2. Chemical composition of fish fed with millet, ground nut, sorghum and wheat meal at the end of experiment (%) 

.Ash% Moisture% Crude fibre% Crude fat% Crude protein% Type  

3.18 6.77 2.78 7.14 13.69 Millet  

5.30 10.00 7.30 7.30 44.00 Ground nut 

1.70 10.00 2.40 2.80 11.30 Sorghum 

6.2 11.00 10.30 3.90 13.70 Wheat  

 

 

DISCUSSION 

 

The fish meal has been used in fish feeds for several years to provide essential amino acids, protein, vitamins, minerals, attractants, 

and other unknown growth factors [34-36]. In the current study, plant meals have proven effective as feeds in O. niloticus diets, 

evidenced by good growth performance. Dietary millet, groundnut, sorghum, and wheat were found to have a significant effect on 

the growth of Nile tilapia, O. niloticus. Millet-fed fish gained slightly more bodyweight than wheat-fed or sorghum-fed fish. In 

addition, fish fed various experimental diets had higher or comparable specific growth rates (SGR). 

 

Plant-based protein sources have been considered partial or complete fish meal replacers [32, 35-37] despite their 

mismatching amino acid profiles for most farmed fishes [33,38,39]. This study showed that mill and wheat could fully substitute 

fish meal in Nile tilapia. Sorghum powder, on the other hand, had a slightly lower efficiency. Therefore, animal by-products, such 

as blood meal (B.M.), meat and bone meal (MBM) [40], a mixture of B.M., MBM, feather meal, and fish meal (F.M.) supplemented 

with soybean oil [41], and MBM 1 B.M. (4:1) both supplemented with methionine, and poultry by-products [42], may be used to 

substitute tilapia's dietary fish meal. 

 

On the other hand, several authors indicated that plant-based protein might be used to supplement tilapia's dietary fish 

meal, such as soybean meal [43], sunflower seed meal [37,43], cottonseed meal (CSM), and cottonseed cake (CSC) [44-48],  Azolla 

pínnata-based diets [49-53], the mixture of cottonseed, sunflower, canola, sesame and linseed meals [54], Simmondsia chinensis 

[56], rice polish and mustard oil cake [57], and wheat gluten meal, and bagasse Kenna meal [58]. 
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