
Open Access

Volume 4 • Issue 5 • 1000193
J Aquac Res Development
ISSN: 2155-9546 JARD, an open access journal

Open Access

Workagegn et al., J Aquac Res Development 2013, 4:5 
DOI: 10.4172/2155-9546.1000193

Open Access

Keywords: Alternative feed source; Feed ingredient; Performance;
Oreochromis niloticus

Introduction
The price of fish feed covers from 50 to 60% of the total operation 

cost of aquaculture production [1-3]. The responsible factor for the 
increment of fish feed production and its price is the rapid growth 
rate of aquaculture industry [4]. The limited source of feed ingredients 
such as fish meal, fish oil and soybean meal are also the main reason 
to increase the price of aqua-feed. Moreover, an increasing of human 
demand for nutrients derived from those ingredients could reduce the 
contribution of those feed ingredients towards satisfying the demand 
for sustainable aqua-feed production. Therefore, there is serious 
concern on the long-term availability of these feed ingredients for 
use in aqua-feed production [5-8]. The need to identify alternative 
source of protein to develop low-cost feed ingredients on the basis of 
sustainable and renewable feed resources for small and medium scale 
fish farmers are therefore, crucial [3,9]. It is also important to consider 
that the selected feed ingredients do not conflict with human food 
security interests [9,10]. For these reasons, Jatropha curcas is expected 
to be one of the potential plant species to be a cheap protein source 

toxicants are detoxified.

Jatropha curcas is a multipurpose plant species which is widely 
distributed in many tropical and subtropical countries [6,11]. 
Recently, this plant is highly cultivated for commercial production of 
bio-diesel [6,12,13]. The Jatropha curcas kernel meal obtained after 
oil extraction is also an excellent source of nutrients for animal feed 
if the anti-nutritional factors are reduced [7,8,11,14-16]. After oil 
extraction, about 50% of the weight of the seed remains as press cake, 
and contains 58-62% crude protein with an excellent amino acid profile 
and good proportion of carbohydrates [6]. Jatropha curcas can also a 

good source of both saturated and unsaturated fatty acids particularly, 
polyunsaturated fatty acids (PUFA) such as linoleic acid (18:2n-6) and 
alpha linoleic acid (18:3n-3) fatty acids [6]. Therefore, it is expected to 
be an excellent feed ingredient in the future to replace fish meal and 
soybean meal. Despite the fact that a high content of protein with an 
excellent amino acid profile and good proportion of carbohydrates, the 
levels of toxic substance (phorbol esters) and anti-nutritional substances 
(lectin, phytic acid, saponins and trypsin inhibitors) restricts its use in 
animal feed production [12]. The purpose of this research was therefore, 
to evaluate the effect of inclusion of different level of heat treated and 
heat untreated dietary JCKM within a major feed ingredients on growth 
performance, feed utilization efficiency and survival rate of juvenile 
Nile tilapia.

Materials and Methods
Feed ingredients collection and diets formulation

Jatropha curcas seed cack, a target feed ingredient, was collected 
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Abstract
The study investigated the effect of dietary inclusion of different proportion of heat treated and heat untreated 

Jatropha curcas kernel meal (JCKM) on growth performance, feed utilization efficiency and survival rate of juvenile 
Nile tilapia. Ten fish with an average body weight of 2.36 g fish-1 were randomly distributed in each experimental 
aquarium in triplicates, and fed with experimental diets for 65 days. The results revealed that the highest growth 
performance in terms of final body weight and specific growth rate was observed on the fish fed with heat treated 
control diet followed by heat untreated control diet and 10% heat treated JCKM with same survival rate. Similarly, the 
best feed utilization efficiency in terms of feed conversion ratio and feeding efficiency was observed on the fish fed 
with heat treated control diet followed by 10% heat treated JCKM and heat untreated control diet. 

without significant (P>0.05) variation to each other. However, fish fed with the rest of the experimental diets had 
significantly (P<0.05) lower. Thus, the inclusion of excess dietary JCKM (above 10% heat treated dietary JCKM and 
at any level of heat untreated dietary JCKM) depressed growth performance, feed utilization efficiency and survival 
rate of the fish. This implies that heat treatment has an effect on reduction of some of anti-nutritional factors and 
toxicants in JCKM. In conclusion, dietary inclusion of heat treated JCKM in fish diet increases growth performance 
and feed utilization efficiency of the fish without increasing mortality rare, and thus, it is a future promising feed 
ingredient for fish feed production.
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for fish feed production in the future if anti-nutritional factors and 

All fish fed the above three diets had higher growth performance, feed utilization efficiency and survival rate 
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from Hawassa bio-diesel factory, while the basal feed ingredients such 
as wheat, maize, sorghum, rice, niger seed, ground nut, bone meal and 
soybean were purchased from local market. After collection, all the feed 
ingredients were dried in oven for 24h, at 70°C and mixed in different 
proportion as described in Table 1. After this, all the five experimental 

diets were autoclaved at 12°C 45% moisture, 15 minutes while the rest 
part of the diets were not. Later, both heat treated and heat untreated 
diets were pelleted and then subsequently sun dried before use [17].

Fish and experimental design

Healthy juvenile Nile tilapia of mixed-sex with an average body 
weight of 2.36 g fish-1 were collected from Lake Hawassa in March 
2012. The fish were allowed to acclimatize for fifteen days until the 
fish become more active and stopped mass mortality. During the 
acclimatization period, the fish were fed with locally available fish feed. 
Dead and weakened fish were removed daily. After acclimatization 
period, the experimental fish were held in 80 cm×30 cm×35 cm glass 
aquaria filled with 80-litre tap water. The fish were fed diets containing 
different proportion of JCSM for 65 days. 10 fish were stocked at each 
glass aquarium in triplicates. Each aquarium was equipped with an 
air stone for continuous aeration. Faeces and uneaten feed residuals 
were siphoned out of the aquarium each day, while the water in each 
aquarium was changed every two days with100% of water volume 
with fresh tap water [18]. The water quality was kept as follow; pH 7.8, 
temperature 23.5°C and dissolved oxygen 8.5 mg L-1 measured using 
Hydrolab Model “Multi 340I/SET”.

Feeding regime

The experimental fish were fed three times a day at the rate of 10% 
body weight as previously used by Kassaye [19]. During the experimental 
period, the amount of feed was adjusted once in two weeks intervals 
based on the body weight of the fish for the subsequent weeks. Thus, the 
amount of daily feed ratio (DFR) at each sampling time was calculated 
using the average body weight (ABW) and the total number of the fish 
(N) and the feeding rate per day (FR d-1) using DFR=ABW×N×FR d-1 
[20]. For statistical reasons, each of the dietary group was triplicate. At 
the end of eight weeks, the experiment was terminated.

Data collection and analysis
During the experiment, body weight and body length of the fish 

were measured at two weeks intervals. Total length was expressed as the 
distance from the tip of the snout to the end of the caudal fin. Feeding 
behavior and mortality of the fish were also registered throughout the 
experiment.

Based on the data collected during the experimental period, growth 
performance in terms of final body weight (FBW), body weight gain 
(BWG) and specific growth rate (SGR), and feed utilization efficiency in 
terms of feed conversion ratio (FCR) and feeding efficiency (FE) were 
evaluated. Fulton condition factor (FCF) and survival rate (SR) were 
also determined.

The values for these parameters were calculated using the following 
formula described by Ridha [2] and Hardy [21]. These are:

• BWG (g fish-1)=[(FBW-IBW)/IBW];

• SGR (% day-1 fish-1)=[(lnFBW-lnIBW)/dt]×100;

• FCR=FI (g)/BWG (g);

• FE=BWG (g)/FI (g);

• FCF=BWG (g)/TL(cm)3×100;

• SR=(NSF-NDF)/NSF ×100; 

where IBW: Initial Body Weight; dt: number of trial days; FI: Feed 
Intake; TL: Total Length; NSF: Number of Stocked Fish and NDF: 
number of dead fish

Statistical analysis

All data were subjected to a one-way analysis of variance ANOVA, 
and the significance of the differences between mean values were tested 
using turkey’s multiple range test (P<0.05) using Minitab software, 
version 15.

Results
Feeding behaviour of the fish and palatability of the feed were also 

observed. Based on visual observation during feeding time, the fish fed 
control diets and 10% of heat treated JCKM had more active feeding 
behaviour than the fish fed the rest of the experimental diets. Moreover, 
palatability of all the experimental diets were not uniform in which the 
palatability of both the control diets and 10% JCKM heat treated diet 
had relatively higher palatability than the rest of the experimental diets.

The highest growth performance (Table 2 And 3) of juvenile Nile 

Ingredients Experimental diets
0% JCKM 10% JCKM 20% JCKM 30% JCKM 40% JCKM

Wheat 12 10.8 9.6 8.4 7.2
Maize 9 8.1 7.2 6.3 5.4
Sorghum 7 6.3 5.6 4.9 4.2
Rice 10 9 8 7 6
Niger seed 4 3.6 3.2 2.8 2.4
Ground nut 7 6.3 5.6 4.9 4.2
Bone meal 9 8.1 7.2 6.3 5.4
Soybean 42 37.8 33.6 29.4 25.2
JKM 0 10 20 30 40
Total 100 100 100 100 100

Growth 
parameters

Experimental diets
0% JCKM 10% JCKM 20% JCKM 30% JCKM 40% JCKM

Initial body weight 
(g fish-1)

2.3a 2.4a 2.3a 2.4a 2.4a

Initial body length 
(cm)

5.3a 5.4a 5.3a 5.3a 5.3a

Final body weight 
(g fish-1)

27.5a 24.9a 18.6b 15.7b 12.3c

Body weight gain 
(g fish-1)

25.2a 22.5b 16.3c 13.4d 9.9e

Final body length 
(cm)

12.9a 12.0ab 11.2bc 10.2cd 9.3d

Specific growth 
rate (% day-1 fish-1)

4.1a 3.9b 3.5c 3.2d 2.7e

Feed conversion 
ratio

2.2a 2.4a 3.1b 3.9c 5.9d

Feeding efficiency 0.46a 0.42a 0.32b 0.26c 0.17d
Fulton condition 
factor

1.17a 1.32b 1.16a 1.25c 1.22c

Survival rate (%) 90a 90a 70b 40c 30d

*Mean values in the same row having the same letters are not significantly different 
(P>0.05).
Table 2: Mean values of performance and survival rate of juvenile Nile tilapia fed 
different proportion of heat treated Jatropha curcas Kernel Meal (JCKM).

diets were divided into two parts. The first part of the five experimental 

Table 1: Composition of experimental diets in present of Jatropha curcas Kernel 
Meal (JCKM).
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tilapia in terms of FBW, BWG and SGR, and survival rate were observed 
on the fish fed heat treated control diet followed by heat untreated 
control diet and 10% heat treated JCKM (Figure 1). Similarly, the best 
feed utilization efficiency of juvenile Nile tilapia in terms of FCR and FE 
was observed on the fish fed control diets and 10% heat treated JCKM. 
Fish fed the rest of the experimental diets had significantly (P<0.05) 
lower growth performance, survival rate, and feed utilization efficiency 
(Table 2 and 3). The Fulton’s condition factors of the fish fed with all the 
experimental diets were also significantly different (P<0.05) among the 
fish fed different experimental diets.

Similarly, the weekly growth trend of fish for all experimental groups 
is demonstrated by Figures 2 and 3. The mean values of weekly base 
body weight indicate that second week onward there was differential 
growth trends among the fish fed control and test diets. Variation on 
growth trend was increased towards the end of the experiment.

Discussion
The average values of all the recorded water quality parameters were 

not significantly different (P>0.05), and were within a suitable range for 
the normal growth of Nile tilapia as mentioned by Azzaza et al. and Xu 

et al. [22,23]. Similarly, the initial body weight and body length of the 
fish recorded at the beginning of the experiment were not significantly 
different (P>0.05). Therefore, the performance variation of the fish 
among treatments was due to the effect of dietary inclusion of JCKM.

The present study confirmed that dietary inclusion of JCKM 
at different proportion to the diet of Nile tilapia showed remarkable 
variation on palatability of the diets, and feeding behaviour, growth 
performance, feed utilization efficiency and survival rate of fish (Tables 
2 and 3). Fish fed with control diets and 10% of heat treated JCKM 
had significantly (P<0.05) higher growth performance and survival 
rate with better feed utilization efficiency and had more active feeding 
behaviour than the fish fed the rest of the diets. These diets also had 
better palatability than the rest of the experimental diets. The reason 
might be due to low amount of anti-nutritional factors that affects the 
taste of the diets and also limits the availability of nutrients in those 
diets [5].

-1), 
BWG (24.9 g fish-1) and SGR (4.1% day-1 fish-1) was observed on the 
fish fed heat treated control diet followed by the fish fed heat untreated 
control diet (25.3 g fish-1 for FBW, 22.9 g fish-1 for BWG and 3.9% day-1 
fish-1 for SGR), and 10% heat treated JCKM (24.9 g fish-1 for FBW, 22.5 
g fish-1 for BWG and 3.9% day-1 fish-1 for SGR) and were significantly 
(P<0.05) higher than the fish fed the rest of the diets. The present 
results confirmed the earlier work of Azzaza et al. Reddy and Pierson, 
Hajos et al. and Aderibigbe et al. [7,14-16] who reported that feed with 
higher concentration of anti-national factors reduces the availability 

Growth 
parameters

Experimental diets
0% JCKM 10% JCKM 20% JCKM 30% JCKM 40% JCKM

Initial body weight 
(g fish-1)

2.4a 2.3a 2.3a 2.4a 2.4a

Initial body length 
(cm)

5.3a 5.3a 5.2a 5.2a 5.2a

Final body weight 
(g fish-1)

25.3a 15.8b 13.6c 11.4d 9.2d

Body weight gain 
(g fish-1)

22.9a 13.4b 11.3c 9.0d 6.8e

Final body length 
(cm)

12.1a 10.1b 9.4c 8.8d 8.5d

Specific growth 
rate (% day-1 
fish-1)

3.9a 3.2b 3.0b 2.6c 2.2c

Feed conversion 
ratio

2.5a 3.3b 4.1c 7.6d 8.8e

Feeding efficiency 0.40a 0.31b 0.25c 0.13d 0.11d
Fulton condition 
factor

1.31a 1.31a 1.37b 1.32a 1.10c

Survival rate (%) 90a 70b 50b 30d 30d

*Mean values in the same row having the same letters are not significantly different 
(P>0.05).
Table 3: Mean values of performance and survival rate of juvenile Nile tilapia fed 
different proportion of heat untreated Jatropha curcas Kernel Meal (JCKM).

Figure 1: Final body weight of fish fed different proportion of Jatropha curcas 
Kernel Meal (JCKM) before and after heat treatment.

Figure 2: Growth performance of juvenile Nile tilapia fed different proportion of 
heat treated Jatropha curcas Kernel Meal (JCKM).

Figure 3: Growth performance of juvenile Nile tilapia fed different proportion of 
heat untreated Jatropha curcas Kernel Meal (JCKM).

The highest growth performance in terms of FBW (27.5 g fish
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of nutrients which intern reduces the growth performance of the fish. 
Similarly, the highest survival rate was achieved on the fish fed with 
control diets and 10% heat treated JCKM (90%), and had significantly 
(P<0.05) higher as compared to the survival rate of fish that fed rest of 
the experimental diets.

 

Although the growth performance and feed utilization efficiency of 
the fish fed the above three diets were not significantly vary, substantially 
higher growth performance with better feed utilization efficiency were 
observed on the fish fed heat treated control diet compared to heat 
untreated control diet and 10% heat treated JCKM (Figure 1). This 
implies that heat treatment can increase the palatability of feed and 
availability of nutrients and thus, increase the growth performance of 
the fish fed those diets. Similar observation was reported earlier in Nile 
tilapia [24], in common carp [11,25] in pig [17]. The present results 
also confirmed the earlier work of Azzaza et al. [7] who reported that 
moist heat treatment can reduce the percentage of some heat liable 
anti-nutritional factors such as trypsin inhibitors and total phenols. 
The authors also stated that the level of these substances can be further 
reduced when the diet is treated by both 4% NaOH plus moist heat 
treatment. Goel et al. [26] also stated that the level of phorbol-ester, 
the only toxic substance in JCKM, can reduce by simple heat treatment 
followed by chemical treatments [26].

In general, the present results revealed that the lowest feed 
utilization efficiency of fish fed higher proportion of dietary JCKM leads 
to decrease the growth performance. The reason might be due to higher 
level of anti-nutrimental factors that could reduce nitrogen and lipid 
content through faeces [15]. The authors also stated that higher anti-
nutritional factors and toxic substances reduce the metabolic activities 
of the fish which in turn reduce the growth performance. Moreover, 
higher concentration of the anti-nutritional factors reduces the 
digestibility of protein in the diets [11,27]. In addition, dietary JCKM 

at higher proportion (above 10% JCKM) with simple heat treatment 

reduces the performance of Nile tilapia. However, inclusion of dietary 
JCKM up to 10% JCKM increases the performance and survival rate of 
the fish.

Conclusion
The overall growth performance, feed utilization efficiency and 

survival rate of fish fed with dietary inclusion up to 10% of heat treated 

JCKM at lower level (up to 10% JCKM) with simple heat treatment can 
be a good dietary protein source for juvenile Nile tilapia. Therefore, 
JCKM is one of a promising feed ingredient in the future to replace the 
most important and limited protein sources such as fish meal, fish oil 
and soybean meal with simple detoxification methods. The percentage 
of dietary inclusion of JCKM can increase by applying different 
detoxification methods such as chemical treatment and biological 
treatments or combination of them. 
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