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A B S T R A C T 
This study was carried out to evaluate the effect of incorporation two levels of boiled jatropha kernel meal (BJKM) in place of soybean 

meal (SBM) as a new source of protein on growth performance and carcass composition of Nile tilapia fingerlings. One hundred thirty five 
mono sex Nile tilapia fingerlings (5.9 g) were allotted randomly into three treatments (three replicates each). Fish in each treatment was 

stoked at 15 fish/aquaria at close water system. Three experimental diets (28.5% crude protein) were formulated; the diets contained boiled 

Jatropha kernel meal at varying levels (0 % (control), 3.75 %, and 5 %). Fish fingerlings were fed daily at 4% body weight for 12 weeks. 
All diets were formulated to be iso-nitrogenous and iso-energetic. The results indicated that the CP content of boiled jatropha kernel meal 

(37.75 %) was nearly the content in SBM (37.51 %), while row jatropha kernel meal (RJKM) had the lowest value (31.21%). Increasing 

level BJKM in diets (3.75 %) and (5 %) increased CF replacement percent of SBM. Chemical composition of fish tissue showed that EE 
content were lowest in control (29.45) than the EE content in group 3 (30.13) than content in control and group2 (29.38). On other hand, 

the results revealed that, no significantly differences (P<0.05) among the control and the experimental diets in growth performance and 

carcass composition. This study recommended that boiled jatropha kernel meal can be included up to 5%, since the fish showed good 
appetite for all the treatment diets. 
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INTRODUCTION 

 

During the last decade, the attention to the aquaculture production was increased to face the problems of 

increasing the human population demands [1]. With increase the international prices of feeding stuff used in 

aquaculture .In aquaculture, nutrition costs are the most expensive component and representing around 40-60% 

of the operating cost depending on the intensity of production thus, dietary protein requirements of fish species 

are of fundamental importance, because dietary protein significantly influences growth, survival and yield of 

fish as well as economics of farm industry. Therefore, finding alternative protein sources should be lower price 

than soybean which is a tradition source of plant protein source in fish diets is a challenge [2]. Jatropha kernel 

meal, a promising plant protein source in aquaculture feed development [3]. Jatropha is one of the important 

annual crops of the world grown for oil and it has nutritional quality comparable to other oil seed proteins 

including soybean and other conventional legumes [4,5,6,7,8] and their potential as dietary protein sources in 

animal feed is well recognized [9,10,11,12] and in many fish species such as Cyprinus carpio [13,14], Clarias 
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gariepinus [15] and Oreochromis niloticus [3]. Jatropha kernel meal is extracted by-product of bio-fuel or bio-

diesel processing [15] and about 60 percent oil that can be converted into biodiesel fuel of high quality upon 

trans used as a substitute for diesel fuel [16]. JKM contains high crude protein (58 to 65%) higher than soybean 

meal (48%), so that it is potential to be used as a protein source in fish diets [14,13] However, the presence of 

high levels of anti-nutritional factors (ANFs) like trypsin inhibitor, lectin and phytate [17] and the major toxic 

components phorbol esters (PEs) [18] restrict their use in fish feed, hence the need to detoxify by chemical or 

physical methods . The aim of this study is to evaluate the effects of replacing soybean meal with boiled 

Jatropha kernel meal (BJKM) on growth performance and body composition of Nile tilapia fingerlings. 

 

MATERIALS AND METHODS 

 

Experimental design: 

Fish and culture facilities: 

Mono sex (all male) Nile tilapia juveniles (5.9 g) used in the present study it was obtained from a 

commercial tilapia farm at Abbassa, Sharkia governorate, Egypt. Three treatments with triplicate groups of fish 

were stoked in 9 aquaria (60×30×40 cm3) at a closed water system present in Fish Nutrition Laboratory in the 

National Research Centre, Dokki, Giza, Egypt. 

One hundred thirty five fingerlings of Nile tilapia (Oreochromis niloticus) were collected from the fish 

hatchery, central laboratory for aquaculture research, Abbassa, Abo-Hammad, Sharqia, Egypt and density stock 

was (15) fish/aquarium. All fish were acclimated in the laboratory for at last 15 days. During the time of 

acclimatization fish were fed on a commercial pellet (30% CP) diet twice per day. The compositions of such diet 

are provided in Table1. After 2 weeks of acclimatization, fish were divided into control (0.0 % BJKM) and two 

treatments (3.75 % BJKM and 5% BJKM). Each fish was weighted individually, and the fish were stoked in 9 

aquaria. The Average initial weight for individual fish was 5.9 g .The experiment lasted for 12 weeks. 

Water quality parameters of the experimental set up such as temperature and pH were monitored weekly 

throughout the period of the experiment and they were in the tolerable ranges for Nile tilapia (Oreochromis 

niloticus) culture in all treatments water temperature was around (27.5oC) and pH was (7.95) as mentioned by 

[19]. All fish grow normally and no signs of disease were observed throughout the experiment. 

 

Test diets and feeding regime: 

Diet formulation and preparation: 

Experimental diets were formulated with boiled jatropha kernel meal replacing soybean meal on a dry basis 

to maintain the crude protein and energy levels. Three iso-nitrogenous and iso-energetic diets were formulated 

to evaluate the nutritive value of Nile tilapia fingerlings. The boiled jatropha kernel meal was included in the 

diets at levels of 0% (control), 3.75% and 5 %. The ingredients were mixed together using a kitchen mixer 

before the addition of vitamin premix. Oil was later added to the dry ingredient and mixed thoroughly. Warm 

water was added to the premixed ingredients and homogenized until a dough-like paste was formed. The dough 

was passed through an improvised billeting machine. The moist pellets were sundried to a constant weight and 

kept in air tight containers. The percentage composition of the experimental diets is given in Table 1. The test 

diets were fed to the fish twice a day (at 8 am and 13 pm) for 8 weeks. The diets were offered at 4% of the fish 

body weights during the experimental period. The average weight of fish was recorded every 15-day intervals, 

their average weights were recorded and the daily rations were readjusted accordingly. 

 
Table 1: Feed ingredients and proximate chemical analysis of experimental diets  

Ingredient (%) 0.0 % BJKM 3.75% BJKM 5% BJKM 

Soybean meal 40.0 36.25 35.00 

Boiled jatropha kernel meal 0.00 3.75 5.00 
Concentrates 18.0 18.3 18.4 

Corn 28.0 27.7 27.6 

Wheat bran 9.00 9.00 9.00 
Corn oil 3.00 3.00 3.00 

Premix1 2.00 2.00 2.00 

Total 100 100 100 

Proximate chemical analysis (% on DM basis):      

Crude protein (CP) 28.69 29.50 28.26 

Crude fiber (CF) 
Ether extract (EE) 

8.31 
6.05 

9.34 
5.75 

9.99 
5.90 

Ash 10.32 10.40 10.97 

Nitrogen free extract (NFE)2 46.63 45.01 44.88 
GE (Kcal.)3 439.03 438.41 434.06 

1Contains(Kg-1): vitamin A, 3,333,333 IU; vitamin D3, 833.333 IU; vitamin E, 3,333 mg; vitamin K, 333 mg; vitamin B1, 333.3 mg; 

vitamin B2, 1,667 mg; vitamin B6, 500 mg vitamin B12, 3.33 mg; niacin, 10,000 mg; pantothenic acid, 3,333.3 mg; follic acid, 333.3 mg; 

biotin, 16.7 mg; iodine, 100 mg; iron, 10,000 mg; manganese, 20,000 mg; copper, 1,333 mg; cobalt, 33.3 mg; selenium, 33.3  mg; zinc, 
16,667 mg; and calcium carbonate, 1,000 mg. 
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2 NFE (nitrogen free extract) = 100 – (Crude protein + ether extract + crude fiber +Ash).  

3GE (Gross energy value) was calculated from their chemical composition, using the factors 5.6, 9.45, 4.00 and 4.00 (k cal/g) for protein, 

fat, fiber and NFE, respectively [20]. 

 
Table 2: The chemical composition of raw, boiled jatropha kernel meal and soybean meal (% basis on DM). 

Constituent 
Raw jatropha kernel meal 

(RJKM) 
Boiled jatropha kernel meal 

(BJKM 
Soybean meal 

(SBM) 

Moisture  6.65 7.43 6.31 

Crude protein 31.23 37.75 37.51 

Ether extract 27.97 30.09 20.45 

Crude fiber 4.28 3.9 2.27 

Ash 5.20 4.08 5.67 

Nitrogen free extract (NFE) * 31.32 24.18 34.10 

*NFE (Nitrogen free extract) = 100 – (Crude protein + ether extract + crude fiber + Ash). 

 

Body composition analysis: 

At the end of the experiment, fish in each aquarium were netted, counted, weighed and frozen at -20°C for 

final body composition analysis. Initial body analysis was performed on a pooled sample of 50 fish, which was 

weighed and frozen before the experiment. A sample of each test diet was also stored at -20°C for chemical 

analysis. Proximate analyses of the test diets and whole-body moisture, protein, lipid and ash were performed 

according to the standard  [21] methods. 

 

Calculations of fish performance: 

Growth rates and feed efficiency were calculated as follows: 

Weight gain (WG) = (Wf-Wi) 

Specific growth rate (SGR) = 100)LnWf-LnWi)/t 

Where Wi and Wf are initial and final weights (g) and t is time of experiment (days). 

Feed conversion ratio (FCR) = dry feed intake (g) / fish live weight gain (g). 

Protein efficiency ratio (PER) = 100 (weight gain (g) / protein intake (g) 

Protein productive value (PPV) = 100(protein gain (g) /protein fed (g). 

 

Statistical analysis: 

All data were subjected to one-way analysis of variance (ANOVA) at a 95% confidence limit, using SPSS 

[22]. Multiple Range test [23] was used to compare means when F-values from the ANOVA were significant 

(P<0.05). 

 

Results: 

Growth performance of Nile tilapia:  

Average values of initial weight, final body weight, weight gain and specific growth rate of Nile tilapia 

experimental diets are presented in Table (3). Results revealed that no significant differences (P<0.05) were 

found among treatments in initial weight which reflect homogeneity in fish weight at the beginning of the 

experiment. Where it was 5.93, 5.84 and 5.98 g in control (0 %), (BJKM 3.75 %) and (BJKM 5 %), 

respectively. The final weight for three groups as follows 16.36,16.36 and 17.55 g, respectively, and the net 

weight as follows 10.43,10.41 and 11.57g in control (0%), (BJKM 3.75 %) and (BJKM 5 %) for the three 

groups, respectively. The results showed that there are improving in the growth performance parameters with 

increasing inclusion level of BJKM in Nile tilapia diets. Where the final weight was the worst in the last 

treatment 3.75 % BJKM (16.25 g) compared with the control (16.36 g) while highest value was recorded in 5 % 

BJKM (17.55 g). Consequently the same trend was observed in weight gain and specific growth rate (SGR) 

which were the highest value in 5 % BJKM than the control and 3.75 %BJKM.  

The data in Table (4) demonstrated the feed utilization parameters, there were  no significant differences 

among all treatments (P<0.05) in FI, FCR, PER and SR in contrast to PPV which have the lowest value in 

3.75% BJKM, while no differences were observed between the control and 5 % BJKM. There no significant 

effect of using BJKM on the survival rates (Table 5). 

Carcass composition analysis (Table 5) showed that, no significant differences among all treatments group 

and the control group in CP, CF, EE, Ash and NFE. 

 
Table 3: Growth performance parameters of Nile tilapia fed the experimental diets.  

Treatments Initial weight (g) Final weight (g) Weight gain (g) Specific growth rate 

0.0% BJKM 5.93 16.36±0.17a 10.43±0.25a 4.89±0.02b 
3.75% BJKM 5.84 16.25.±0.63a 10.41±0.16a 4.89±0.04b 

5% BJKM 5.98 17.55±0.61a 11.57±0.27a 5.22±0.05a 

Values in the same column with different superscripts are significantly different at P<0.05. 
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Table 4: Feed utilization parameters of Nile tilapia fed tested diets.  

Treatments Feed intake FCR PER PPV SR 

0.0% BJKM 38.02±1.37 3.40±0.09a 1.08±0.05a 51.37±1.99a 95.42±1.25a 

3.75% BJKM 37.67±2.49 3.35±0.04a 1.05±0.02a 47.88±1.19b 94.87±0.54a 

5% BJKM 40.281±1.03 3.48±0.25a 0.09±0.06a 52.46±1.98a 95.81±1.59a 

Values in the same column with different superscripts are significantly different at P<0.05. 
 

Table 5: Body composition on dry matter basis of Nile tilapia fed the tested diets. 

Treatments DM Crude protein Ether extract Ash 

Initial 25.90 53.71 15.98 12.4 

0.0% BJKM 23.48±0.11 50.87±0.18 29.45±0.23 15.49±0.29 

3.75% BJKM 26.32±0.26 51.15±1.12 29.38±1.17 15.38±0.59 

5% BJKM 25.11±0.33 51.6±0.19 30.18±0.21 15.49±0.53 

 

Discussion: 

Chemical composition of raw jatropha kernel (RJKM), boiled jatropha kernel meal (BJKM) and soybean 

meal (SBM) were illustrated in Table (2). The results showed that, BJKM had the highest value in CP (37.75%) 

compared with 31.23% in RJKM. The chemical analysis of BJKM give nearly the same results observed by and 

[24], who compare between using RJKM and BJKM on feed utilization and growth performance of Clarias 

gariepinus fingerlings, they found that boiled JKM increase the CP to 37.75 compared with 31.23 in JKM.   

Growth performance results in our study were agreement with that obtained by [25, 24], who's found that 

the higher levels of BJKM in the fish diet caused increased in CF content while NFE and EE were decreased. 

However, the feed utilization of fish fed on experimental diets is presented in Table (4). However, the average 

initial body weight (g\fish) in different groups equal roughly. Improved the feed utilization in the treated group 

related to improve the characteristics of JKM by boiled process and which led to deactivate the anti- nutrimental 

factors  and toxic components, such as PES, phytates, saponins and lectins [24]. 

Table (4) also shows the feed conversion (FC) of fish fed different rations, and found the best feed 

conversion rate recorded of the third group 5% BJKM (3.48), but did not have any significant differences among 

the control and the other treatments groups.  

Jatropha kern meal contains anti-nutritional factors, such as, trypsin inhibitor, saponin, phytate and 

phorbolster [16, 17] these components need to be removed to utilize as protein source in ration. These 

treatments can be reduces some anti-nutritional factors and increase the CP and become valid to feeding it by 

fish [24]. The results showed that, treated JKM by high temperature led to improvement in the productive 

performance of fish without any significant differences between the control and other treatments. These results 

were agreed with that obtained by [25] who found that fish fingerlings can tolerate the inclusion of treated JCM 

at high level without affecting the growth and nutrient utilization. 

Also, [26] reported that , Nile tilapia fed plant protein (heated jatropha meal  and soybean meal) and fish 

meal protein -based diet exhibited equal average metabolic rate which indicate that jatropha meal can be used as 

protein source in aquaculture feed. On the other hand, [27] noted that, detoxified JKM can be used as on the 

promising fish meal replacers in the diets of common carp, Rainbow trout and whitely shrimp. It can replace 50 

% of fish meal protein without sacrificing the growth performance, nutrient utilization and healthy of fish.  

The chemical composition of body tissue illustrated in Table (5). Their findings suggest that here are no 

significant different between different groups in terms of chemical composition. 

 

Conclusion: 

Based on the findings of this study, it is inferred that boiled jatropha kernel meal is rich in protein (37%) 

and with essential amino acids. It can also be inferred that inclusion of boiled jatropha kernel meal in the diet of 

fish will improve growth yield of Nile tilapia. Though, boiled jatropha kernel meal can be included up to 5%, 

since the fish showed good appetite for all the treatment diets. Growth performance of Nile tilapia increases 

with increase in inclusion level of boiled jatropha kernel meal in the diet. Inclusion of boiled jatropha kernel 

meal in the diet does not have detrimental effect on Nile tilapia as revealed by the survival rate. 
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