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Abstract: The present deals with the influence of solvent extracted soya bean meal (SBM)) as a partial or 
total replacement of fishmeal on juvenile Tilapia mossambica (mean weight 3.22. ±0.2gm, n=15). Five iso 
nitrogenous and iso energetic diets containing different levels of soya bean (SBM) meal(0, 5, 10, 15 and 
20%) were prepared and were fed to triplicate group.The growth responses and food utilization of 
fingerlings under different dietetic trails were noted. Initial and final mean weights, percentage weight 
gains (WG), and specific growth rate (SGR) was calculated. Results revealed that the average final 
weight, weight gain and specific growth rate (SGR) did not differ significantly (P<0.05) of SGRs among 
the diets. The weight gain and specific growth rate of the control fish fed with commercial meal was 
higher than other experimental groups who were treated with formulated soya bean meal (SBM) based 
diets. Diet 5 (20%) showed the best SGR followed by diet 4, diet and diet 3 respectively. The SGR of diet 
2 was lowest. The best result of total feed fed by fish was found in diet 5 (5.58) followed by diet 4 (5.57) 
and diet 3 respectively. The lowest amount of feed fed (5.13) was in diet 2. There was no significant 
difference (P>0.05) among the different diets. The weight gain and specific growth rate of the 
experimental fish fed were not much better than control group (p<0.1). The fish fed with 20% SBM diet 
shown more or less similar values like control fish. 
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Introduction: Aquaculture over recent years has not only led to substantial socio-economic benefits 
such as increased nutritional levels, income, employment foreign exchange and food security. 
Aquaculture contributed over one third of the country's total fish production of 9.06 million tonnes 
during 2012–2013. Fishing in India contributed over 1 percent of India's annual gross domestic product in 
2008 (Kumar, P.et al, 2015). Fishing in India employs about 14.5 million people. Fish also contributes in 
food security of India significantly.In recent times, culture practices have undergone considerable 
escalation and with the possibility of obtaining high productivity levels.Growth, health and 
reproduction of fish and other aquatic animals are primarily dependent upon an adequate supply of 
nutrient, both in terms of quantity and quality. The increase in the cost of raw ingredients for 
commercially manufactured aqua feeds resulted in an increase in aqua feed prices from 20 to 40 percent, 
thus forcing farmers to adopt substitute approaches to secure feeds. Accordingly, farmers are looking for 
alternative sources of feeds such as plant seed by-products and grain by-products. These types of 
interventions help to fight against rising feed costs without compromise of fish growth, health and 
welfare but it could reduce fish productivity and production (Rana, K.J., et al, 2009). 
 
A part from the optimum level of water quality parameters, the production of fish depends on the 
appliance of required amount of organic and inorganic fertilizer as fish food. The aqua feed industry is 
dependent on a container of common input ingredients such as soybean, corn, fish oil, rice and wheat 
for which it competes in the marketplace with other animal protein production sectors (Rana, K.J., et al, 
2009). Various types of oilseed cakes and meals like soybean, cottonseed and sunflower meal and 
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groundnut are produced in India on a large scale as by-products of the edible oil industry. Oil cakes are 
rich in fiber, protein and energy contents. These oil cakes and meals are fairly rich in protein and are 
traditionally used as feeds for farm animal (Ramachandran, S et al, 2007). The efficiency of the various 
alternative protein sources as partial or complete dietary replacement for fish meal has been evaluated 
in fish diets for example, sunflower seed oil cake (Ramachandran, S et al, 2007, Ananth, A.,et al,2016 ), 
ground nut (Ramachandran, S et al, 2007, Ananth, A.,et al,2016, Nayak et al,2017) cotton seed oil cake 
(Sharma, N.K et al,1978, Mukhopadhyay, N. and Ray, A.K., 2001. Ramachandran, S et al, 2007,) soybean 
seed oil cake (Mukhopadhyay, N. and Ray, A.K., 2001, Nayak, M., et al, 2017).For that reason, the present 
study is aimed to evaluate the effects of combination of soybean meal (SBM) as alternative for dietary 
fish meal (FM) protein for fingerlings of Tilapia.  
 
Methodology: 
Fish: The fingerlings of Tilapia mossambicus with an average initial weight of 3.2g were collected from 
the local fish hatchery and were used for experiments. After acclimatization 150 fish were then randomly 
divided into 5 different groups with 3 replicates. Fingerlings were fed with experimental diet (40% crude 
protein) at a daily rate of 10% of their body weight till 48 h before the start of the experiment.  The 
experimental fish were fed twice daily at morning and evening at a fixed feeding rate of 5% of the total 
biomass for a period of 45 days. The fish fingerlings eagerly consumed the feed and the level of 
suitability of all diets was more or less equal. No mortality of fingerlings was noticed. 
 
Formulation of Seed Oil Cake for Fish Meal:For the present study soybean meal (SBM) is selected as 
alternative for dietary fish meal (FM) protein for fingerlings of Tilapia. Defatted (solvent extracted) 
soybean meal was purchased from the Gujarat, Ambuja Exports Ltd, Ahmedabad, Gujarat, India. Other 
feed ingredients were obtained from ‘BIO GENETICS, Hyderabad, Telangana (India). The nearby 
composition and energy content of various components of SBM are shown in Table 1. 
 
Preparation of Feed:Soybean meal (80 gm) was taken in powder form as major ingredient. Wheat 
meal, fish oil and corn flour were added and mixed well. Agar powder (4 gm) was added as binding 
agent. The said mixture was boiled for 15 minutes and cooled at room temperature. After cooling, cod 
liver oil (3.5 ml), vitamin mixture of vitamin B complex (19gm) and vitamin E (1 gm) were added. It was 
kept under refrigeration for 12 hours. Then after, it was pressed over a polythene sheet and dried at room 
temperature for two days. The dried nodules are crushed into small pellets. The pellets were then sun 
dried, weighed and stored in the glass bottle to keep away from fungal infection.  The percentage 
composition is described in the table no.1. The feeding experiment was performed under normal 
laboratory conditions for 45 days with continuous aeration. The fingerlings (mean individual weight of 
the 500 fingerlings 3.22 ± 0.21 g) were randomly distributed in the glass aquaria at a stocking density of 
15 fish per aquarium with three replicates for each experimental diet.  
 
Preparation of Diets: Five iso nitrogenous and iso energetic diets containing different levels of soya 
bean (SBM) (0, 5, 10, 15 and 20%) was prepared using a pellet press with 2 mm diet  while control diet 
was devoid of experimental meal. Dry pellets were mixed with Bajaj mixer for 30 minutes. The fish oil 
was slowly included while mixing constantly and 85 ml of water per 100g of feed was slowly blended into 
mixer resulting in suitability texture bread as for fish food. Drying was carried out in conventional oven 
at 35o C for 48 hours. The dry product was cut into pellets of 2 mm size.The fish were fed twice daily at 
7.00am and 5.00pm at a feeding rate of 5% (w/w) of the total body weight per day (Saha and Ghosh, 
2013 and Roy et al., 2014). The diets were offered ad-libitum twice daily for a period of 45 days. The 
uneaten feed was siphoned off after 6 h of each feeding, and oven dried at 100 °C for 24 h to calculate the 
feed conversion ratio. The survival of fingerling was also recorded everyday by counting and recording 
the mortalities.At the end of the experimental period all fish were taken out from the aquarium and 
body weight and length were recorded. The fish were starved for 24 h before recording their weights.  In 
addition, the aquaria were siphoned daily to remove faecal materials. Fish in each tank were weighed 
individually and the average weight gain per aquarium was calculated. Air supply was clogged to prevent 
the crash of food pellets and leakage of nutrients from feed and faeces. The uneaten feed pellets and 
particles were collected by siphoning from all the experimental aquaria 6h after feeding. They were 
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dried and weighed for feed intake calculation. Faeces were gently siphoned from the tanks on to a 
bolting silk cloth after 3 h of feeding from 2

nd
 week of experiment and lasted for 15 days until enough 

samples were collected for chemical analysis. The feeding trial was conducted for 45 days.  
 

Table 1: Percentage Composition in Different Diets on Dry Matter Basis (DMB) 
 

Ingredients g/ kg-1 
Groups 

A B C D E 

Fish meal 70 65 60 55 50 

Rice powder 06 06 06 06 06 

Wheat meal 14 14 14 14 14 

Fish oil 4.5 4.5 4.5 4.5 4.5 

Vitamin mix1 2 2 2 2 2 

Mineral mix2 2 2 2 2 2 

Choline chloride 0.5 0.5 0.5 0.5 0.5 

Vitamin C 1 1 1 1 1 

Soya bean meal(SBM) --- 05 10 15 20 

Total% 100 100 100 100 100 
 

 
1. Vitamin Mix: Vit. A, 18000 IU; Vit.D3, 2500, IU; Vit.E, 250 mg/kg; Vit.K3, 12 mg/kg; Vit.B1, 24 mg; 
Vit.B2, 50 mg; Vit.B3, 270 mg; Vit.B6, 20 mg; Vit.B12, 0.06 mg; Vit. C, 199 mg; Folic acid, 8 mg; Calcium 
d–pantothenate, 49 mg; Biotin, 1 mg; Inositol, 120 mg; Choline chloride, 1900 mg.  
 
2.Mineral Mix: Fe, 76 mg; Cu, 13 mg; Mn, 204 mg; Zn, 84 mg; I, 2 mg; Se, 0.30 mg; Co, 1.5 mg. 
 
Measurement of Growth and Weight:Growth performance of Tilapia mossambica fed with different 
formulated diets was considered by calculating weight gain (WG), specific growth rate (SGR) and feed 
conversion rate (FCR) at weekly interval, i.e. on 7th, 15th, 30 th and 45 th day of the experiment. 
WG (%) = [(final weight (g) – initial weight (g)) / initial weight (g)] x 100 
SGR (% day -1) = [(final weight (g) – initial weight (g)) / days] x 100 
FCR = feed intake (g) / weight gain (g) 
10 fingerlings were randomly and carefully taken out from each aquarium and weighed. The total length 
was measured individually using a transparent ruler. Each day food quota was adjusted according to 
weight. The fingerling was put on a filter paper and the length of the head to the end of the tail was 
marked on the paper. Prior to weighing, fish were put on a filter paper to absorb the water on the body 
in aluminum foil. Electronic digital balance model K-Roy (Model, 10 Dx.K-16 Delux ± 0.1g accuracy) was 
used for weighing.  
 
Results:The growth responses and food utilization of fingerlings (Tilapia mossambica) under different 
dietetic trails are presented in Table 2 &3 and figure 1 and 2.The results clearly showed that, there was no 
significant differences (p<0.05) among all experimental fish in initial weight which reflect uniformity in 
fish weight at the starting of the experiment. The extent of approval of each experimental diet was 
judged by an individual feeding behaviour of the fish. The fish fingerlings eagerly consumed the feed 
and the level of suitability of all diets was more or less equal. No mortality of fingerlings was noticed and 
they were found more or less healthy throughout the study period.  
 
Results revealed that the average final weight, weight gain and specific growth rate (SGR) did not differ 
significantly (P0. <05) of SGRs among the diets. Diet 5 (20%) showed the best SGR followed by diet 4, 
diet and diet 3 respectively. The SGR of diet 2 was lowest. But the SGR values of different diets did not 
differ significantly. The best result of total feed fed by fish was found in diet 5 (5.58) followed by diet 4 
(5.57) and diet 3 respectively. The lowest amount of feed fed (5.13) was in diet 2. There was no significant 
difference (P>0.05) among the different diets.  We noticed significant (P < 0.05) differences in body 
weight gain of fish fed different levels of soya meal. The weight gain and specific growth rate of the 
experimental fish fed with various concentrations of soya bean meal (SBM) based diets were not much 
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better than control group (p<0.1 The control fish fed with commercial diet registered highest weight 
gain (32.4%) and the least (24.1%) was Diet with 10% SBM. The inclusion of 5% soya meal in fish meal 
reduced the growth and body weight of the finger lings significantly as compared to the control diet 
(P<0.01). The decrease in growth performance was linearly correlated with dietary meal level. However, 
no significant differences in specific growth rate and body condition were noticed in the fish fed with 
10% and 15% soya meal. The diet containing 20% soya meal showed the poorest (P < 0.05) growth 
performance and nutrient utilization in first week. But after 15 days of the treatment the condition was 
reversed significantly.  The efficiency of feed utilization slightly decreased linearly when the level of soya 
meal in the diets increased over 5% compared to control. However, no significant (P < 0.05) differences 
were noticed in the feed conversion ratio (FCR) of diets containing either 10 or 15% or 20% of soya meal.  
At the termination of the experiment, the control fish (fed with commercial diet) exhibited maximum 
values (p < 0.05) of final body weight (FBW), body weight gain percentage (BWG) and specific growth 
rate (SGR). While the experimental fishes fed with SBM showed the lower values. But the fish fed with 
20% SBM diet shown more or less similar values like control fish. 
 

Table2:Growth Performance Parameters of Fingerlings 
of Tilapia Mossambica Fed with The Soya Bean Meal (SBM) Diets for 45 Days 

 
Experimental 

group 
Initial weight (g) Final weight (g) Weight gain % 

Specific growth 

rate (SGR) 

control 3.22±0.4 10.32±4.21 220.49 15.77 

5% 3.19±0.3 7.32±3.11 129.46 9.17 

10% 3.21±0.3 7.71±4.32 140.18 10.0 

15% 3.16±0.2 8.47±5.21 168.03 11.8 

20% 3.24±0.4 9.99±4.84 208.33 14.8 
 

 
Data are mean values of three replicates. Values are mean ± SEM. Means within a row having different 
superscripts were significantly different (P<0.05). 
 

Fig.1:Effect of soyabean meal (SBM) on weekly 
body weight gain of fingerlings of Tilapia 

Fig.2:Effect of soyabean meal (SBM) 
on Specific growth rate (SGR) 
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Table 3:Effect of Soya Bean Meal (SBM) on Weekly Body Weight Gain of Fingerlings of Tilapia 
 

Weight on the day Control% 5% 10% 15% 20% 

0 day (Initial) 3.22±0.40 3.19±0.3 3.21±0.33 3.16±0.2 3.24±0.4 

7
th

 day 4.41±0.34 4.28±0.14 4.02±0.12 4.12±0.13 4.42±0.31 

15
th

 day 5.2±0.31 5.0±0.34 4.9±0.33 5.2±0.17 5.3±0.21 

22
nd

 day 6.6±0.51 5.8±0.24 6.0±0.42 6.2±0.31 6.7±0.44 

29
th

 day 6.9±0.72 6.2±0.41 6.7±0.32 6.8±0.41 6.8±0.41 

37
th

  day 7.8±0.38 7.0±0.18 7.2±0.34 7.6±0.28 7.7±0.29 

45
th

  day 10.32±1.21 7.4.41±1.11 77.11±1.32 84.87±1.21 99.89±1.84 
 

 

 
Fig.3: Effect of Soyabean Meal (SBM) on Weekly Body Weight Gain of Fingerlings of Tilapia 

 
The histogram showed a highly positively correlated weight gain/ specific growth rate (SGR) 
relationship (r2 = 0.915). The correlation was significant at 0.05. The correlation coefficient r2 = 0.01. The 
equation for the graph was y = 0.069x + 12.10. The fish fed 20% SBM diet showed the best growth and 
food conversion. This feed contained 40% plus crude protein and has a protein level very close to the 
commercial diet. The replacement of 5%, 10% and 15% fish meal with SBM diet did not show increased 
growth rather than reduced the growth in terms of weight gain and specific growth rate (SGR) 
significantly (p< 0.1) compared to control diet (Commercial fish meal). The poorest growth was observed 
in the fish fed with 5% and 10% SBM diet, even though the level of replacement of fish meal in this diet 
was the same.  
 
Discussion: The highly expensive and continuous demand for fish diet forced the search for an 
alternative and cheap ingredient.Soya bean meal (SBM) has been documented as one of the most 
suitable protein sources in aqua feed because of their reliable nutritional composition, high protein 
content, well balanced amino acid profile, easy availability and reasonable price (El-Sayed, 1999, Biswas, 
A., et al, 2017). Though soybean meal (SBM) contain reliable nutritional composition but it also contain 
antinutritional factors (ANFs) such as, trypsin inhibitors, non-digestible carbohydrates, lectins, 
saponins, phytates, and perhaps few allergenic proteins yet it is one of the best option for replacement 
option fish meal (Yang, Y.H et al,2011, Monzer, S.,et al,2017). Results clearly reveal that the mean final 
weight of the fish increased in all experimental groups, signifying that fish from different dietetic groups 
fed actively. As there was no mortality during experimental period, which implies that soybean meal 
(SBM) has no toxic effect as soybean was roasted before feed preparation (Lim and Dominy, 1990). We 
noticed significant (P < 0.05) differences in body weight gain of fish fed different levels of soya meal. The 
weight gain and specific growth rate of the experimental fish fed with various concentrations of soya 
bean meal (SBM) based diets were not much better than control group (p<0.1). It should be noted that 
cultured fish in aquariums and other artificial ponds depends exclusively on the nutrient from the feed 
for growth as there is no contribution from natural food. Consequently, the general increase in weight of 
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the experimental fish was an indication that all the formulated diets met the nutrient requirement for 
growth in the fingerlings. The control fish fed with commercial diet registered highest weight gain 
(32.4%) and the least (24.1%) was Diet with 10% SBM. The inclusion of 5% soya meal in fish meal 
reduced the growth and body weight while fish fed with 10% and 15% soya meal shown normal growth. 
But the diet containing 20% soya meal showed the poorest (P < 0.05) growth performance and nutrient 
utilization in first the week. But after 15 days of the treatment the condition was reversed significantly 
and shown better growth performance and food utilization than all experimental fish (P > 0.01).  
However, slight significant (P < 0.05) differences were noticed in the feed conversion ratio (FCR) of diets 
containing either 10 or 15% or 20% of soya meal.  At the termination of the experiment, the control fish 
(fed with commercial diet) exhibited maximum values (p < 0.05) of final body weight (FBW), body 
weight gain percentage (BWG) and specific growth rate (SGR). While the experimental fishes fed with 
SBM showed the lower values. But the fish fed with 20% SBM diet shown more or less similar values like 
control fish. The replacement of 5%, 10% and 15% fish meal with SBM diet did not show increased 
growth rather than reduced the growth in terms of weight gain and specific growth rate (SGR) 
significantly (p< 0.1) compared to control diet (Commercial fish meal). The higher value of growth in 
diet 5 indicated that the quality of protein is good and also the palatability. Diet 5 (20%) showed the best 
SGR followed by diet 4, diet and diet 3 respectively. The SGR of diet 2 was lowest. But the SGR values of 
different diets did not differ significantly. The best result of total feed fed by fish was found in diet 5 
(5.58) followed by diet 4 (5.57) and diet 3 respectively. The lowest amount of feed fed (5.13) was in diet 2. 
Kaushik, S.J. et al (1995) experimented on partial or total replacement of fish meal by soybean protein on 
growth, protein utilization, and potential estrogenic or antigenic effects, in rainbow trout, 
Oncorhynchus mykiss. They noticed that 33 to 100% replacement of fish meal with soy protein 
concentrate did not affect growth performance or nutrient utilization. Jose, S., et al (2006) demonstrated 
that a diet of 350 g kg

−1
 overall protein with soybean meal (SBM) incorporated at 400 g kg

−1
 can bring out 

excellent growth and survival rate in  of the Indian major carp, Cirrhinus mrigala (Ham.).Priyadarshini, 
M., et al (2015) demonstrated that SBM could be included as a protein source up to 30% in place of fish 
meal forcommon carp (Cyprinus carpio).Zhang, B., et al (2016) shown that 30% fish meal protein could 
be replaced by soybean meal (SBM) in the diet of turbot (Scophthalmus maximus L).Mo, W.Y., et al 
(2016) studied replacement of fish meal with soybean meal and papain for culturing three marine fish 
species and confirmed that weight gain of fish depends on the quantity of papain in meal rather than the 
diet composition. Biswas, A et al (2017) suggested to comfortably replace 570–770 g of Fish meal (FM kg–

1)diet for red sea bream juvenile to ensure significant ecological benefits. The results of present 
investigation confirmed that diet 5 (20%) showed the best SGR followed by diet 4, diet and diet 3 
respectively. The result of the present investigation confirmed that standard inclusion of 20% soybean 
meal with appropriate amount of rice powder and wheat meal oil cake proved better result than total 
fishmeal inclusion. The inclusion of fish meal, 15% soya meal and wheat oil cake 70:15:15 ratios confirmed 
the second position. 
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