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Effects of substitution of groundnut meal by defatted and boiled Jatropha 
curcas seed kernel in diet of broiler chicks in Senegal

Résumé 

Abstract 
*NESSEIM Thierry Daniel Tamsir1, FALL Abdou Khadre2, DIENG Abdoulaye1, MERGEAI Guy3, HORNICK Jean-Luc4 

This study was conducted to determine, in a growth diet, the effect of a substitution of groundnut meal by Jatropha curcas kernel 
meal physico-chemically treated on viability, feed intake and growth performances of broiler chicks.

The feed experiment lasted for seven days with twenty Ross 308 strain unsexed chicks, seven-days old. Kernels, manually obtained 
from J. curcas seed, were defatted and boiled in order to obtain the treated jatropha kernel meal. This latter was used to replace 
the groundnut meal contained in a premix which was then incorporated in a commercial diet to warrant iso-nitrogenous and iso-
caloric characteristics of the diets. The results revealed that animals that received the diet incorporating jatropha kernel meal had 
numerically higher live weight (272.6 vs. 259.3 g/animal) (P>0.05) and average daily weight gain (15.9 vs. 13.5 g/day/animal) 
(P>0.05) than the control ones, at the end of experiment. The average daily feed intake was a bit similar for the two groups (34.1 
vs 34.5 g/day/animal) (P>0.05) as well as the feed conversion ratio (2.2 vs. 2.7 respectively for the jatropha group and the control 
group). The survival rate, at the end of the experiment, was 100% for the two groups of animals.
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Effets de la substitution du tourteau d'arachide par l’amande de la graine de Jatropha curcas déshuilée et bouillie dans l’alimentation 
de poussins de chair au Sénégal

Cette étude a été conduite pour déterminer, dans un aliment croissance, l’effet de la substitution du tourteau d’arachide par du 
tourteau d’amande de Jatropha curcas ayant subi un traitement physico-chimique sur la viabilité, l’ingestion et les performances de 
croissance de poussins chair.

L'expérience de nutrition a duré sept jours avec vingt poussins non sexés de souche Ross 308, âgés de sept jours. Les amandes, 
obtenues manuellement à partir de graines de J. curcas, ont été déshuilées puis bouillies afin d'obtenir un tourteau d’amande de 
jatropha traité. Ce dernier a été utilisé pour remplacer le tourteau d’arachide contenu dans un prémélange qui a ensuite été incorporé 
à un aliment de type commercial pour maintenir les caractéristiques iso-azotées et iso-caloriques des régimes. Les résultats ont 
révélé que les animaux ayant reçu le régime contenant du tourteau d’amande de jatropha ont obtenu un poids vif (272,6 vs 259,3 g/
animal) (P>0,05) et un gain pondéral quotidien moyen plus élevés (15,9 vs 13,5 g/jour/animal) (P>0,05) que les animaux du groupe 
témoin. L'ingestion quotidienne moyenne était presque similaire pour les deux groupes (34,1 vs 34,5 g/jour/animal) (P>0,05) ainsi 
que l’indice de conversion alimentaire (2,2 vs 2,7 respectivement pour le groupe jatropha et le groupe témoin). Le taux de survie, à 
la fin de l'expérience, était de 100% dans les lots expérimentaux.
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1. Introduction

Broiler chicken production remains one of the veritable ways 
of achieving sustainable and rapid production of high quality 
protein to meet the demand of the population (Apata & Ojo, 
2000) especially in several developing countries like Senegal. 
In this country, the poultry sector has experienced significant 
development in its semi-industrial and industrial sector as well 
as in the family sector (Traoré, 2014). However, the dependence 
and the import of soybean have increased substantially the costs 
of poultry feed ingredients (Willems et al., 2013). To overcome 
this, several non-conventional food sources have been proposed 
to be incorporated into poultry feed (Akinmutimi & Okwu, 

2006; Dahouda et al., 2009; Ayssiwede et al., 2010; Diaw et 
al., 2012; Kenis et al., 2014). Based on that, Jatropha curcas 
was proposed to be incorporated into rations for poultry (Ojo et 
al., 2013; Ojediran et al., 2014; Nesseim et al., 2015; Nesseim 
et al., 2019).

This plant belongs to the Euphorbiaceae family, distributed 
all over the tropics and subtropics, able to grow on degraded 
soils (Heller, 1996). If most genotypes are toxic (Martinez-
Herrera et al., 2010), there are non-toxic genotypes which 
seeds can be consumed by humans (Makkar et al., 1998b) 
and are also an excellent fish feed (Makkar et al., 1999). The 
meal obtained after oil extraction is an excellent source of 
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nutrients (Devappa & Swamylingappa, 2008) despite the 
presence of anti-nutrients and toxic components (Makkar 
et al., 2008). The toxicity of the seed from J. curcas was 
suggested to be due to phorbol esters, which are most 
concentrated in the kernel of the seed (He et al., 2011), 
have been shown to be the most important toxic molecules 
(Makkar et al., 1997; Becker & Makkar, 1998; Makkar et al., 
1998a; Roach et al., 2012). Outside phorbol esters, jatropha 
meal contain, not only curcin (Asseleih et al., 1989) that is 
capable of inhibiting protein synthesis (Lin et al., 2003), but 
also anti-nutrients including trypsin inhibitor, phytate and 
saponins (Francis et al., 2002). The toxic genotype could 
be utilized as a fertilizer (Nithiyanantham et al., 2012) but 
efforts are under way to detoxify jatropha seed by removing 
phorbol esters or develop varieties that are deprived of this 
molecule so that the meal could be used as an ingredient in 
livestock diet (Makkar & Becker, 2009). Chemical de-oiling 
of jatropha kernel, followed by a physico-chemical treatment 
did not cause a complete removal of phorbol esters (Kumar 
et al., 2010b) and so many processing methods have been 
explored to detoxify meal of J. curcas with different levels of 
success. These include physical (Aregheore et al., 1998) and 
chemical (Haas & Mittelbach, 2000; Aregheore et al., 2003) 
methods; the combination of these two (Martinez-Herrera et 
al., 2006); and biological methods (Belewu & Sam, 2010; 
Joshi et al., 2011; Nesseim et al., 2019). Otherwise, curcin and 
trypsin inhibitor could interfere with physiological process of 
monogastrics causing severe growth depression (Palacios et 
al., 2004) but they may be removed by heat and biological 
treatment (Aderibigbe et al., 1997; Aregheore et al., 1998; 
Abou-Arab & Abou-Salem, 2010; Sumiati et al., 2012). 

The objective of this study was to evaluate the impact of 
groundnut meal substituted by J. curcas kernel meal from 
Senegal that was subjected to combined chemical and thermal 
treatments in order to remove anti-nutritional compounds out 
of the product in a diet, on viability, ingestion and growth 
performance of broiler chicks.

2. Materials and methods

2.1. Location of the experiment

Experiment was conducted in Ecole Nationale Supérieure 
d’Agriculture (ENSA), University of Thies (Senegal) just after 
the rainy season (November) with a temperature ranging from 
26.9 to 37.8°C and a relative humidity ranging from 34 to 38%.

2.2. Collection and processing of jatropha seeds

Five hundred grams of mature and dry seeds of Jatropha 
curcas were collected from Dialacoto, geographical 
coordinates 13°19′0″ N and 13°18′0″ W, in the Tambacounda 
region (Senegal). The jatropha seeds cracked individually to 
remove the kernels. The kernels were washed with tap water 
to remove shells, drained properly and sun dried to a constant 
weight. These were milled into powder using WARING®-
type speed blender with timer grinder and then defatted for 6 
hours, by 20 g amounts each in a series Soxhlet-type extractor, 
using diethyl ether (boiling point, 60–80°C) as solvent.

The substrate, consisting of jatropha kernel meal, was spread 

into a dish and boiled at 120°C for 30 minutes. The spent 
substrate, 239.6 g of boiled jatropha kernel meal (BJKM) was 
later used in the formulation of diet.

2.3. Diets preparation

Two broiler starter diets were formulated. The control diet 
(0BJKM) contained 2/3 of a complete starter commercial 
feed (SEDIMA S.A., Dakar, Senegal) for broiler chicks. 
This commercial feed was mainly composed of maize, 
cereal issues, soybean meal, peanut meal, fish meal, calcium 
carbonate, and vitamin-mineral complex. To formulate the 
control diet, 1/3 of a premix contained groundnut meal (160 
g), corn (480 g), disodium phosphate (32 g), and calcium 
carbonate (32 g) was added to the commercial feed and the 
experimental diet (8BJKM) was formulated similarly but the 
groundnut meal of the previous mixture was replaced with 
boiled jatropha kernel meal (160 g) (Table I). These final 
mixtures were iso-nutrients for ME, CP, Ca, P, and Na, and in 
agreement with the recommendations of N.R.C. (1994).

2.4. Experimental animals and management

Twenty unsexed broiler chicks Ross 308 strain of seven-days 
old were used for the study. The birds were divided into two 
groups of ten chicks (control group -CG- and jatropha group -JG-
) assigned to any of the two diets in a completely randomized 
design. Animals were kept in a naturally well-ventilated broiler 
chicken barn divided into two areas separated by a fence of 0.75 
m in height. Each area was 2.25 m². 

During the test, all day and all night, animals were heated by 
electric light (100 watts) ensuring luminosity and thermal 
comfort. The average temperature inside the experimental room 
was 31.6°C while the relative humidity was 37.7%.

Feed was weighted early in the morning; provided once a day 
and water was available ad libitum. Feed Refusals were collected 
and weighed the day after the distribution.

The study was carried out for seven days.

2.5. Data collection

Data were collected on feed intake, weight gain, feed conversion 
ratio and mortality.

The daily feed intake was estimated as the difference between 
the feed supplied and the feed rejected over 24 hours’ period. 

Raw materials (%) 0BJKM 8BJKM
Complete starter diet 68.0 68.0
Groundnut meal 8.0 -
BJKM - 8.0
Maize 20.0 20.0
Phosphate disodium 2.0 2.0
Calcium carbonate 2.0 2.0
Total 100.0 100.0

Complete starter commercial feed (SEDIMA) composed of maize, cereals 
issues, soybean meal, peanut meal, fish meal, calcium carbonate, and vitamin-
mineral complex.
BJKM Boiled Jatropha Kernel Meal, 0BJKM control diet, 8BJKM diet 
incorporating 8% of boiled jatropha kernel meal.

Table I: Composition of diets incorporating J. curcas kernel meal 
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The Average Daily Feed Intake (ADFI) was then estimated.

Birds in each replicate were individually weighed at the 
beginning and at the end of the experiment. This weighing 
was done in the morning, before the distribution of diets. 
The Average Daily Weight Gain (ADWG) was estimated.

An electronic scale with a weighing capacity of 50 kg and a 
precision of 0.01 g was used for all weight data.

The Feed Conversion Ratio (FCR) was determined as the 
feed intake per unit weight gain.

Mortality was recorded in each replicate and expressed as a 
percentage of the total number of birds in the replicate at the 
beginning of the experiment.

2.6. Chemical analyses

Samples of jatropha kernel meal, boiled jatropha kernel 
meal, control diet and diet incorporating the boiled jatropha 
kernel meal were analyzed. Dry matter (DM) was determined 
by oven-drying at 70°C for 15 hours, 90°C for 5 hours, and 
102°C for 5 hours consecutively. Diets were analyzed for 
crude protein (CP; Method 954.01; AOAC, 1990), ether 
extract (EE; Method 920.39; AOAC, 1990) with petroleum 
ether solvent, ash (Method 942.05; AOAC, 1990), and crude 
fiber (CF; Method 962.09; AOAC, 1990).

The following values were calculated from those measured 
(Sibbald, 1976):

Organic matter (OM) = 100 – Ash 

Non-Nitrogen Extract (NNE) = OM – EE – CP – CF 

ME = metabolic energy (kcal/kg DM) = 3951 + (54.4 × EE) 
– (88.7 × CF) – (40.8 × Ash)

2.7. Statistical analysis

The presence or not of boiled jatropha kernel meal in diets is 
used to evaluate effects on ingestion and growth performance. 
Data generated were analyzed by one-way analysis of 
variance using the General Linear Model (GLM) procedure 
of SAS 9.1 software package. Significance was determined at 
p<0.05 and where this was indicated, Duncan’s option of the 
same software was used to separate the means.

3. Results

3.1. Chemical composition of feed

Table II shows the analytical composition of the experimental 
diets. Both 0BJKM and 8BJKM showed almost similar 
value, with regard to the DM, CP, EE, ash and CF. The true 
metabolic energy of each diet was 3552.2 and 3366.5 kcal/kg 
DM for respectively 0BJKM and 8BJKM. Analytical results 
showed that diets were almost iso-proteinic and iso-energetic 
even if the metabolic energy of the control diet was higher 
than the boiled jatropha kernel diet.

3.2. Growth performance and feed intake

Based on the visual observation during feeding time, palatability 
or acceptability of feed was good and the behavior of chicks was 
normal. There was no mortality during the entire experimental 
period.

Figure 1 shows synthetic body weight changes over the 
experiment. During the seven days, it was found that the control 
group showed a linear weight growth, evolving from 164.1±28.8 
g on day 8 (d8) to 259.3±64.4 g on day 14 (d14). For the same 
period, animals that received the boiled jatropha kernel meal diet 
had the same profile, from 165.9±11 g to 272.6±35.4 g. 

Figure 2 shows the daily individual feed intake of broiler chicks 
during the experimental sequence. No significant differences 
were observed in the feed intake of the two groups of animals 
(34.5±4.9 g/d/animal in CG vs. 34.1±4.4 g/d/animal in JG). For 
both groups of animals, a similar feed intake was noted. ADWG 
per animal did not change significantly for both groups regardless 
of the rate of boiled jatropha kernel meal incorporation, from 13.5 
g/d/animal for CG to 15.9 g/d/animal for JG. The FCR presented 
the same mean values, 2.7 and 2.2, respectively for CG and JG 
without significant difference (P>0.05).

DM 
(%)

Chemical composition (% in DM) ME
( k c a l / k g 

D M )
OM CP EE CF Ash NNE

JKM 91.6 90.1 61.8 5.0 8.2 9.9 15.1 3091.7
BJKM 97.4 90.6 54.0 4.3 7.5 9.4 24.8 3135.8
0BJKM 91.8 91.0 21.5 4.5 3.1 9.0 61.8 3552.2
8BJKM 90.1 89.2 22.4 3.5 3.7 10.8 59.5 3366.5

Table II: Proximate analytical composition of the diets used during 
the experimentation

Figure 1: Weight performances of broiler chicks receiving or 
not 8% boiled J. curcas kernel meal

Figure 2: Growth performances of broiler chicks receiving or not 8% 
boiled J. curcas kernel meal. 
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4. Discussion

Mechanical extraction of oil, from Jatropha curcas seeds, 
by means of a screw press is the method used generally 
in developing countries because of the simplicity of the 
equipment required (Eckart & Henshaw, 2012). This 
method makes it possible to recover more than 80% of the 
oil (Tambunan et al., 2012). However, solvent extraction 
could be regarded as the most ideal extraction method since it 
could recover 95-98% mass fraction of the available oil in the 
seed (Gübitz et al., 1999). In our study, because of the non-
digestibility of hulls’ fibers for monogastrics (Jørgensen et al., 
1996), the jatropha seeds were manually shelled before being 
processed. The kernel obtained was crushed and completely 
de-oiled by the Soxhlet method. By choosing this method of 
de-oiling, our aim was to obtain a significant reduction of 
toxic compounds (Gandhi et al., 1995), allowing animals to 
ingest the jatropha meal. Our results were in line with those of 
Gübitz et al. (1999). But later studies (Makkar et al., 1998a; 
Martinez-Herrera et al., 2006) have shown that de-oiling did 
not allow this significant reduction. 

An additional boiled treatment of jatropha kernel meal was 
done at 120°C for 30 minutes. The aim was to inactivate 
toxic and anti-nutritional compounds. Martinez-Herrera et 
al. (2006), by heat treatment in an autoclave (121°C for 20 
mn), significantly inactivated trypsin inhibitor activity that is 
anti-nutritional factor but essentially inhibiting lectin activity 
which is considered to be another toxic factor in J. curcas 
seeds. In the same way, Abo El-Fadel et al. (2011) decreased 
the concentration of trypsin inhibitor and lectin by about 
75 and 83% respectively. These results were in agreement 
with Haas & Mittelbach (2000) and Makkar et al. (2008) 
who reported also that heat treatment has a positive effect 
on reducing trypsin inhibitor and lectin concentration in J. 
curcas meal.

The chemical composition of jatropha kernel meal and boiled 
Jatropha kernel meal showed that the kernel meal contained 
almost the same ether extract as the boiled kernel meal of 5.0 
and 4.3% DM respectively. The crude protein of Jatropha 
kernel meal was higher (61.8% DM) than boiled jatropha 
kernel meal (54.0% DM). This is an indication that during 
the soaking process, some nitrogenous substances in the meal 
were solubilized. Similar result was reported by Emenike 
et al. (2016) when they subjected raw jackbean to boiling 
process. However, the metabolic energy showed higher value 
for the boiled Jatropha kernel meal (3135.8 kcal/kg DM) 
than Jatropha kernel meal (3091.7 kcal/kg DM). Fakunle et 
al. (2013) obtained similar results with regard to metabolic 
energy; however, they obtained a higher crude protein level 
for the boiled jatropha kernel meal than the kernel meal.

Despite the BJKM incorporation, the daily feed intake per 
broiler chick that received this diet did not vary significantly 
compared to those who received the control diet (34.1 vs 34.5 
g/d/animal). At the end of the experiment, the daily weight 
gain showed better values for the diet incorporating the boiled 
jatropha kernel meal than the control diet (15.9 vs 13.5 g/d/
animal), a better final weight (272.6 vs 259.3 g) and a better 
feed conversion ratio (2.2 vs 2.7) for the tested diet compared 

to the control diet. These results are better than those obtained 
by Chandrasekar et al. (2009), Ojediran et al. (2014) who 
determined the growth performance of broiler chicks that 
fed from differently processed jatropha kernel meal. Antyev 
et al. (2017) obtained, even if they were lower than those of 
the control group, better final weight, daily weight gain and 
feed conversion ratio for broilers fed with diets incorporating 
either fermented jatropha kernel meal, or boiled jatropha 
kernel meal, compared to groups of animals that received 
diets incorporating kernel meal that had undergone other 
treatment.

Our results have, however, confirmed those of Alatise et al. 
(2014), Abozaid et al. (2016) and Musa et al. (2018) who 
evaluated on one hand, the effect of incorporating two levels 
of boiled jatropha kernel meal in place of soybean meal as 
a new source of protein on growth performance and carcass 
composition of Nile tilapia fingerlings, and an other hand, 
the growth response of Clarias gariepinus fingerlings using 
boiled jatropha kernel as a source of protein. Thus, Musa et al. 
(2018) by processing in boiling water, also have improved the 
nutritional profile of jatropha kernel meal and its utilization by 
African catfish Clarias gariepinus fingerlings in consonance 
with the studies of Adebayo et al. (2004) and Solomon et al. 
(2017). Our study, like that of these authors, has shown that a 
thermal regime for processing jatropha kernel meal ensured 
the improvement of the nutritional content and caused a 
significant reduction in most anti-nutritional factors of the 
unconventional feedstuff. These results do not correspond 
to those obtained by Jimoh et al. (2016) where the growth 
of clarias gariepinus reduced with the increase inclusion of 
cooked jatropha curcas due to the presence of anti-nutritional 
factors and poor digestibility of protein.

Our study did not allow measuring the levels of phorbol esters 
as well as curcin, but given the reaction of the chicks, without 
applying a chemical or biological detoxification treatment. It 
is possible that the presence of toxic factors was not sufficient 
to cause poor consumption and therefore poor weight gain.

The thermal regime for processing of J. curcas kernel meal 
ensured the improvement of the nutritional content and 
caused a significant reduction in most anti-nutritional factors 
of the unconventional feedstuff. In addition, the growth 
performance of chicks was improved, which was not the case 
in our previous study where we observed a growth depression 
and a poor feed conversion ratio in broiler chicks fed with 
jatropha kernel meal dry heat treated and incorporated in a 
diet (Nesseim et al., 2017).

This study reveals the possibility of utilizing boiled jatropha 
kernel meal in the diet of chicks. Moreover, the treatment has 
even positively affected feed intake and weight and it had no 
impact on the viability of animals.

5. Conclusion

This study was the first field experiment on evaluation of boiled 
jatropha kernel meal in broiler chicks feeding in Senegal. The 
results showed that, after a total dehulling, a chemical de-
oiling with diethyl ether as well as a heat treatment, jatropha 
kernel meal did not affect viability, feed intake and growth of 
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chicks. Further studies must be performed in order to confirm 
the use of the thermal processes to allow detoxification of 
Jatropha curcas meal. 
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