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Abstract:- The research was conducted to determine the effects of spontaneous solid state fermentation on the proximate and some antinutrients (crude 
phorbol ester, tannins and phytic acid) concentration of Jatropha curcas kernel meals (KM) obtained from four different agro-climatic conditions. The 

kernel meals were fermented for 7, 14 and 21 days and compared to the control meal (unfermented meal). The proximate composition of Jatropha 
kernel meals fermented for 14 and 21 days were significantly different from those fermented for 7 days and the control meals. However, the 7 days 

fermented meals were also significantly different in chemical composition as compared to the control meals. The result showed significant increase (p < 
0.05) in dry matter, crude protein and ash content of all fermented meals. Tannin content was not significantly affected by the fermentation process. 
However, crude phorbol ester (CPE) and phytic acid concentrations in kernel meals decreased significantly (p < 0.05). Approximately 60 % reduction in 

CPE was achieved in 21 days fermented kernel meals. It is therefore indicative that spontaneous solid state fermentation could be used to detoxify 
Jatropha seed/kernel meals for use as livestock feed. 
 

Index Terms:- antinutrients, fermentation, Jatropha kernel meal, spontaneous 
———————————————————— 

 

1 INTRODUCTION 
Jatropha curcas (L.) also known as ‗Physic nut‘ is a 
multipurpose drought- resistant small industrial tree or shrub, 
widespread throughout the arid and semi-arid tropical and 
subtropical regions of the world (Heller, 1996; Wiesenhütter, 
2003). The plant can yield up to 4 tons of seed per year from 
one hectare of plantation, which can produce approximately 1 
ton of kernel meal rich in protein (Makkar and Becker, 1997b). 
The seed kernel contains about 60% oil that can be converted 
into biodiesel and used as a substitute for diesel fuel (Makkar 
et al., 2007) as well as fuel for cooking and lighting 
(Ouedraogo et al., 1991; Lutz, 1992). Jatropha kernel meal 
which is obtained after the kernel (seed without shells) is 
defatted has a high crude protein content of between 56.1- 
64.4 % of which about 91 % is true protein (Makkar et al., 
1998).  The percentage of essential amino acids and mineral 
contents is comparable to those of other seed and press cakes 
used as a fodder (Trabi et al., 1997). Hence, the Jatropha 
kernel meal has a great potential to complement and 
substitute soybean meal as a protein source in livestock diets 
(Makkar and Becker, 1997b).  However, the oil and meal of 
Jatropha curcas seed were found toxic to mice (Zayed et al., 
1998), calves, goats and sheep (Kronberg et al., 1993; 
Halaweish et al., 2002), rats and fish (Makkar and Becker, 
1999), chicken (Samia et al., 1992), and humans (Mampane et 
al., 1987).  The toxicity of Jatropha was attributed to the 
antinutritional factors including trypsin inhibitor; lectin, phytate 
(Makkar et al., 2008) and phorbol esters (Makkar and Becker, 
1997a; Martinez-Herrera et al., 2006) in the seed and other 
parts of the plant which restrict its use as animal feed. The 
heat-labile antinutrients, protease inhibitors and lectins are 
easy to inactivate by moist heating (Makkar and Becker, 
2009). Phorbol esters (phorbol-12-myristate - 13- acetate) 
have been identified as the main toxic agent in Jatropha seeds 
(Makkar and Becker 1997a; Liu et al., 1997). Phorbol esters 
are toxic since they have biological effects that include skin 
inflammation, tumor promotion, tissue damage, activation of 

blood platelets, lymphocyte mitogenesis, prostaglandin 
production, and stimulation of degranulation in neutrophils in 
living cells (Goel et al., 2007). Therefore, detoxification is 
necessary before Jatropha seed meal can be used as animals‘ 
feed (Goel et al., 2007). Heat and chemical treatments were 
used to detoxify Jatropha curcas meal but the combined 
treatment approach was economically expensive since heat 
treatment alone could not detoxified phorbol esters (Aregheore 
et al., 2003). This study therefore seeks to determine the 
effects of spontaneous solid state fermentation on the 
chemical composition of Jatropha curcas seed/kernel meals. 
 

2. 0 Materials and methods 
 

2.1 Collection of Jatropha curcas Seeds and Agro-
climatic Conditions  
Mature seeds of Jatropha curcas were obtained from the 
ripped fruits of locally grown Jatropha curcas plant from four 
different agro-climatic areas of Ghana in the month of 
December, 2011. The agro-climatic details of the different 
regions in Ghana, from where the Jatropha curcas seeds were 
collected, are as follows: (1) Nyankpala, Northern Region 
(Guinea savanna zone, Localization Lat. 09

o
 25‘N, Long. 00

o
 

58‘ W; Average temperature 28.3
o
C; Annual  rainfall 1043 mm; 

Average humidity 58 %); (2) Wa, Upper west region (Guinea 
Savanna/Sudan Savanna, Lat. 10

o
 4‘ 0.00‘N, Long. 2

o
 30‘ 

0.00‘‘ W, Soil type is Lixisols, Annual rainfall  900 mm); ); (3) 
Dambai ,Volta region (Transitional zone,  location: Lat. 7° 40‘N 
and 8° 15‘N and Long. 0° 6‘E and 0°20‘E, Average 
temperature 27 

o
C, Annual rainfall 1,120 mm) and (4) 

Techiman, Brong Ahafo region (Transitional forest, Annual 
rainfall 1140 – 1270 mm, average temperature 24.5 

o
C). Soon 

after the harvesting of the fruits, the seeds were manually 
removed from the husk and stored in plastic containers at 
room temperature prior to further use. 
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2.2 Processing of Jatropha curcas Kernel 
The Jatropha curcas seeds collected from each of the four 
different areas were cracked manually and the shells carefully 
removed to obtain the kernels.The kernels obtained from each 
of the four samples were ground and defatted separately in an 
automated Soxtec apparatus, using petroleum ether boiling at 
60 

o
C. The meals collected were air-dried and stored 

separately in labeled polyester plastic containers at 2 
o 

C in a 
refrigerator for later use and analysis. 
 

2.3 Treatments: Fermentation of Jatropha curcas kernel 
meals.  
The kernel meals obtained from Jatropha seeds from each 
location (1.Nyankpala, 2.Dambai, 3.WA and 4.Techiman) were 
divided into four portions. The first portion (A), the control, was 
not treated further while the second (B), third (C), and fourth 
(D)  portions were fermented for periods of 7, 14, and 21 days 
respectively. Approximately 5 g of unsterilized Jatropha kernel 
meal was measured and placed in a cleaned Petri dish. About 
2 ml of distilled water was added to make the meal moist but 
not wet. The Petri dishes and the samples were kept under 
room temperature (24-25 

o
C) to ferment. Each treatment was 

replicated in five Petri dishes. Samples were taken at intervals 
of 7, 14 and 21 days of fermentation for analysis. The samples 
were stored in refrigerator at 2 

o
 C until the laboratory analysis 

was completed. 
 
2.4 Proximate composition 
The dry matter (DM), crude protein, crude fiber, and ash 
content of Jatropha curcas kernel meals were determined in 
accordance with the standard methods of AOAC (1990). The 
analyses were conducted in triplicate and all reagents were of 
analytical grade. 

 
2.5 Determination of crude phorbol ester 
Phorbol esters in Jatropha curcas kernel meals were extracted 
by the method described by Hass and Mittelbach (2000). The 
vacuum dried phorbol ester rich fraction was weighed with an 
analytical scale to obtain the crude phorbol ester content of 
Jatropha kernel meal samples. The crude phorbol ester 
concentration was expressed as mg/g of meal extracted. 
 

2.6 Tannins and phytic acid analysis 
Tannins concentration in Jatropha meal samples was 
determined according to the titrimetric method described by 
the International Pharmacopoeia (2003) with some few 
modifications. The modifications made were: (1) the sample 
size was increased to 5 g, (2) the mixture of the sample and 
distilled deionized water (dd H2O) was shaken at 150 rpm for 
15 minutes using mechanical shaker before allowing the 
mixture to stand at room temperature for 4 hours and then 
filtered. The shaking was to facilitate the rate of tannin 
extraction in the distilled water. Phytic acid concentration was 
determined using the method of Young and Greaves (1940) as 
adopted by Lucas and Markakes (1975).   
 
2.7 Statistical analysis 
The data obtained from the study were analyzed using the 
General Linear Model (GLM) of the Analysis of Variance 
(ANOVA) of Minitab Statistical Package, Version 15 (Minitab, 
2007). Where significant differences were found, the means 
were separated using Tukey Pair Wise comparison, at 5 % 
level of significance. 

3.0 Result and Discussion 
 

3.1 Proximate composition of fermented Jatropha 
kernel meals. 
The proximate compositions of fermented Jatropha kernel 
meals are shown in Table 1. Fermentation significantly 
influenced (p < 0.05) the nutritional compositions of all treated 
Jatropha meal samples. The measured components changed 
with time of fermentation until certain time (21 days) of 
fermentation when no significant change in the compositions 
was observed in most treatments. The dry matter, crude 
protein, and ash contents of all kernel meals fermented for 
KM7, KM14 and KM21 (meals fermented for 7, 14 and 21 days 
respectively) were significantly higher than their respective 
control meals (unfermented raw meals). However, these 
nutritional components in meal samples KM14 and KM21 did not 
differ (p > 0.05) but were significantly higher (p < 0.05) than 
KM7. Further, the crude fibre content in some fermented meals 
was higher than the control meals as indicated in Table 1.  
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Table 1: Proximate composition of fermented 
Jatropha kernel meals. 

 
Samples with the initials 1, 2, 3, 4 represent Nyankpala, 
Dambai, WA, and Techiman respectively as the source of 
Jatropha seed.  KM0, KM7, KM14, and KM21 represent 
unfermented kernel meals, 7, 14, and 21 days fermented 
kernel meals respectively. Means within each column with 
different superscripts are significantly different. LSD=Least 
significant difference, Sig = significance; *= (P < 0.05); **= (P < 
0.01); ***= (P < 0.001); ns = not significant (P > 0.05). The 
significant differences in proximate composition between 
meals fermented for 7 days and those fermented for 14 and 21 
days may be due to the active growth of the various 
microorganisms at this period of fermentation. While the 
insignificant differences in the proximate composition between 
the 14 days and 21 days fermented Jatropha meals can be 
attributed to decreasing microbial activities as a result of low 
water activity as the samples dried up during these periods of 
fermentation as well as accumulation of microbial metabolic 
by-products that tend to inhibit the growth of the 
microorganisms and therefore resulted into microbial death. 

The significant increased in dry matter content of fermented 
kernel meals can be attributed to  the significant reduction in 
moisture content in all the fermented samples at the different 
stages of the fermentation process as well as the addition of 
cells of the various fungi and other microorganisms that grew 
on the seed meal substrate during the fermentation period. 
Similar observation was made when Jatropha seed cakes 
were treated with Aspergillus niger and T. longbrachitum 
(Belewu and Sam, 2010). The significant increment in crude 
protein content could be attributed to the addition of microbial 
protein during the process of fermentation (Jacqueline and 
Visser, 1996). This result confirmed the earlier findings of 
Belewu and Sam (2010).  

 
3.2 Crude phorbol ester, tannins and phytic acid 
contents of fermented kernel meals. 
The crude phorbol ester (CPE), tannins (tannic acid), and 
phytate (phytic acid) concentrations of fermented kernel meal 
samples and their controls (unfermented) are shown in Figure 

Sample ID 
Nutritional Components 

Dry matter (%) Crude Protein Crude Fibre Total Ash 

1KM0 95.12
c
 64.17

d
 7.10

b
 8.63

b
 

1KM7 95.55
b
 64.72

c
 7.17

b
 8.80

b
 

1KM14 96.47
a
 65.13

a
 8.49

a
 9.26

a
 

1KM21 96.59
a
 65.15

a
 8.51

a
 9.32

a
 

LSD 0.232 0.182 0.256 0.069 

Sig. *** *** *** *** 

2KM0 95.15
c
 64.26

c
 6.24

b
 9.28 

2KM7 95.59
b
 64.89

b
 6.53

b
 9.40 

2KM14 96.49
a
 65.44

a
 7.83

a
 9.59 

2KM21 96.61
a
 65.47

a
 8.21

a
 9.64 

LSD 0.227 0.346 0.475 0.55 

Sig. *** ** *** ns 

3KM0 94.87
d
 63.39

d
 8.28 8.20

b
 

3KM7 95.34
c
 63.89

c
 8.34 8.32

b
 

3KM14 96.07
b
 64.68

b
 8.47 8.58

ab
 

3KM21 96.50
a
 65.09

a
 8.50 9.24

a
 

LSD 0.132 0.356 0.345 0.698 

Sig. *** *** ns * 

4KM0 95.19
c
 64.35

d
 5.53

d
 9.78

d
 

4KM7 95.64
b
 64.91

c
 6.17

c
 9.97

b
 

4KM14 96.50
a
 65.49

a
 6.86

b
 10.39

a
 

4KM21 96.61
a
 65.53

a
 7.45

a
 10.42

a
 

LSD 0.337 0.522 0.158 0.049 

Sig. *** ** *** *** 
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1. Tannin concentrations in most of the Jatropha kernel meals 
(KM) from the four different areas were not significantly 
affected by the fermentation process since the control and the 
KM7, KM14 and KM21  samples were statistically similar (p > 
0.05). However, the tannin values observed were negligibly 
low in all the meal samples. The CPE and phytic acid 
concentrations of fermented kernel meals were significantly 
lower (p < 0.05) than the concentrations recorded in the 
control meal samples.  Further, the phytic acid and CPE 
content of most of the KM14 and KM21 samples were not 
significantly different (p > 0.05) but were statistically lower than 
the KM7 meal samples as shown in figure 1.  Sixty percent (60 
%) reduction in CPE was achieved by 21 days of spontaneous 
solid state fermentation. The significant decreased in the crude 
phorbol ester and phytic acid levels in all fermented 
seed/kernels and reduction in tannins content in some 
fermented kernel meals could be due to the production of 
various enzymes (including cellulase, xylanase, xylosidases, 
hemicellulase, amylases, beta glycosidase, proteinases, 
pectinases, and alphagalactosidae) during the vegetative and 
reproductive phases of the fungi and these enzymes, secreted 
during incubation period, could have contributed to the 
detoxification of the Jatropha kernel cake (Jacqueline and 
Visser, 1996). This result confirmed the earlier findings of 
Belewu (2008); Belewu et al. (2009); Belewu and Sam (2010) 
who reported that phytate, lectin, trypsin inhibitors and 
Saponins concentrations in fermented Jatropha kernel cake 
decreased drastically by 7 days solid state fermentation with 
the fungi Aspergillus niger, Penicillium chrysogenum, 
Rhizopus oligosporus, Rhizopus nigricans and Trichoderma 
longibrachitum with the exception of phorbol ester that was 
only reduced to tolerable levels in Aspergillus niger treated 
samples. Spontaneous solid state fermentation can therefore 
be used to reduce antinutrients in Jatropha kernel meals. 
 

Nyankpala   

Dambai 
Figure 1: Crude phorbol esters, tannins, and phytic acid 
contents of fermented Jatropha kernel meals. Samples with 
the initials 1, 2, 3, 4 represent Nyankpala, Dambai, WA, and 
Techiman  
 

WA 
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Techiman 
.  respectively as the source of Jatropha seed. KM0, KM7, KM14, 
and KM21 represent unfermented kernel meals, 7, 14, and 21 
days fermented kernel meals respectively. 
 

4.0 Conclusion and recommendation 
The study showed that spontaneous solid state fermentation 
increased dry matter, crude protein, carbohydrate, and ash 
content of Jatropha kernel meals. Antinutrients such as phytic 
acid and crude phorbol ester concentrations in fermented 
seed/kernel meals were significantly reduced. It can therefore 
be concluded that spontaneous solid state fermentation could 
be a useful approach to detoxify Jatropha seed/kernel meal for 
use as animal feed. It is however recommended that the 
defatted kernels should be used instead of the defatted whole 
seeds since the fermented whole seed meals contained lower 
crude protein and higher crude fibre and antinutrients 
(unpublished). Also further research should be conducted to 
determine the concentration of pure phorbol ester and other 
antinutrients such as trypsin inhibitors, lectin, Saponins and 
total phenols in spontaneous fermented Jatropha kernel meal. 
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