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Abstract: This study evaluated Jatropha curcas seed cake fermented by Aspergillus niger for use as a po-
tential source of protein in animal feed production. Wistar rats were randomly assigned to 4 groups (A–D, 
of 3 rats each) and fed different protein-rich diets for 4 weeks. Group 1 (control) was fed with soybean as a 
protein source, while Groups 2, 3, and 4 were given feeds supplemented instead with Aspergillus-fermented 
J. curcas, unfermented J. curcas, and a mix of Aspergillus-fermented J. curcas and soybean (1:1), respec-
tively. At the end of the experiment, rats were sacrificed, and their serum and vital organs were harvested 
for further analyses. Proximate analyses of the various diet combinations showed significant (P < 0.05) 
variations in crude protein, crude fibre, ether extract, and ash content. Enzyme assays (alanine transami-
nase, aspartate transaminase, and alkaline phosphatase) in rat serum and tissue homogenates indicate that 
the detoxification of J. curcas kernel cake by A. niger fermentation is viable and promising. Body weight 
generally did not differ significantly between the groups, but all rats put on weight in week 1 (Group 2 most 
strongly). The initial weight gain was followed by a slight decreasing trend in all groups in weeks 2–4, 
probably due to an adaptation mechanism. One rat fed with the unfermented cake (Group 3) died in week 2, 
confirming that the cake is not safe for direct consumption until it is processed. Our data support further use 
of Aspergillus-fermented J. curcas as an alternative protein source in animal feed preparation.

Keywords: protein, animal feeds, nutrition, solid state fermentation

INTRODUCTION

The global population is growing and there is an urgent need to increase animal 
production in order to meet the rising demand for animal protein. The consump-
tion of conventional feedstuffs, like soybean, maize, sorghum, etc., by humans may  
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undermine their availability to animals, so the possibility of raising animals on un-
conventional but easily available feedstuffs in the tropics and subtropics deserves 
more attention (Belewu et al. 2009a, b).

An example is the seed of Jatropha curcas (commonly known as physic nut, Bar-
bados nut or purging nut), which belongs to the family Euphorbiaceae. Jatropha is an 
oilseed plant with well-known medicinal properties (Makkar et al. 1998; Gallegos-
Tintore et al. 2011). It grows quickly and survives in poor stony soils, is resistant to 
drought and diseases, reaches the height of 3–8 m, and can be grown on wastelands 
or barren and marginal agricultural lands, where no irrigation facilities are available. 
Thus it does not compete with conventional feed crops for land and water (Makkar 
et al. 1997; Devendra et al. 2004). 

Jatropha grows abundantly in Nigeria. Currently several research institutions 
in this country, including the University of Ilorin where the present work was car-
ried out, have dedicated thousands of hectares to the cultivation of Jatropha. This 
underscores the increasing research efforts aimed at exploiting the full potentials of 
the plant. In Nigeria, the high cost of animal feed drives the motivation to find an 
alternative source of protein for livestock animals from waste agricultural residues 
and under-utilized plant materials, like Jatropha curcas seed. 

This species is a small shrub or tree, which does not require much care and has 
a lifespan of 30–50 years. The plant deserves attention for its merits. The seed cake 
remaining after extracting the oil (either mechanically or chemically) was found to 
be rich in protein (Aderibigbe et al. 1997; Makkar & Becker 1999). However, Jat-
ropha curcas contains some toxins and anti-nutrients, such as cyanide, saponin, tan-
nin, phytate, etc. 

Various methods of seed detoxification (Belewu & Sam 2010; Belewu et al. 
2010) physical, mechanical, and chemical are well documented in literature (Ade-
ribigbe et al. 1997; Makkar & Becker 1999). The biological method of detoxification 
involving a cocktail of fungi seems promising (Peace & Aladesanmi 2008; Belewu et 
al. 2010). Previous successful detoxification of the Jatropha cake by Belewu & Sam 
(2010) and Belewu et al. (2010) inspired us to conduct the present study. 

This study is an attempt to determine whether Aspergillus-fermented Jatropha 
curcas can serve as an alternative to soybean in animal feeds. For this purpose, we 
have assessed its proximate composition and evaluated its effect on body weight, 
organ: body weight ratio, and some biochemical parameters in Wistar rats. 

MATERIAL AND METHODS

Experimental animals
Twelve rats of Wistar strain (average weight about 200 g) were used in the study. 

The animals were obtained from the small Animal Unit in the Department of Bio-
chemistry, University of Ilorin, Nigeria. The rats were housed in a well-ventilated and 
hygienic environment and acclimatized for 14 days before the experiment. Rats had 
free access to clean water and feed ad libitum. Handling of experimental animals was 
consistent with the ethical guidelines as approved by the University of Ilorin Ethics 
Committee, for scientific and medical research.
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Reagents 
All reagents were of analytical grade and prepared with distilled water unless 

otherwise stated.

Fungal culture
Aspergillus niger culture was obtained from the Department of Microbiology, 

University of Ilorin, Ilorin. The organism was subcultured on potato dextrose agar 
(PDA) plates, amended with 0.1% streptomycin to suppress bacterial growth, and 
incubated at room temperature for 7 days (Fawole & Oso 1995). The organism was 
next stored in PDA slants at 4°C.

Solid state fermentation of Jatropha curcas kernel cake
Dried mature seeds of J. curcas were obtained from Oyo State, in South-West Ni-

geria, and a sample was deposited in the University herbarium. The seeds were cracked 
open by using a mortar and pestle and cleaned. The kernels obtained were milled us-
ing an industrial seed-mill and the oil was extracted using a hydraulic press. The cake 
was sun-dried for 3 days, and then stored at room temperature. Prior to fermentation, a 
known quantity of cake was measured into glass bottles and moistened to about 75% 
v/w with distilled water, then sterilized at 121°C for 15 min. The sterilized cake was 
left to cool and aseptically inoculated with spores of Aspergillus niger by washing a 
medium Petri dish covered with A. niger spores with sterile 0.5% Tween solution and a 
bent glass rod. The inoculated substrate was then incubated at room temperature for 7 
days, by which time the fungi had colonized the cake. Next, the growth was terminated 
by oven drying at 70 °C overnight and then it was used to supplement the feed. 

Animal grouping and feed formulation
The rats were randomly assigned to 4 groups and fed for 4 weeks with diets sup-

plemented as follows: Group 1 (the control) with added soybean, Group 2 with added 
fermented J. curcas, Group 3 with added unfermented J. curcas, and Group 4 with an 
added mix (1:1) of fermented J. curcas and soybean (Table 1).

Table 1. Formulation of feeds used in the experiment

Component
Content (%, w/w) in feeds for groups 1–4

1 2 3 4

Corn starch 50.6 50.6 50.6 50.6
Soybean 25.0 - - 12.5
Fermented Jatropha cake - 25.0 - 12.5
Unfermented Jatropha cake - - 25.0 -
Sucrose 10.0 10.0 10.0 10.0
Soybean oil 5.0 5.0 5.0 5.0
Vitamin/mineral mix 5.0 5.0 5.0 5.0
Cellulose 4.0 4.0 4.0 4.0
D-methionine 0.4 10.0 10.0 10.0
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Determination of proximate composition
Protein content, crude fat and fibre, moisture content as well as carbohydrate 

and ash content were determined following established protocols described by the 
Association of Official Analytical Chemists (AOAC 1995).

Preparation of serum and tissue homogenates
Following cessation of treatments, rats were sacrificed under anaesthesia. The 

blood was collected into a clean centrifuge tube and centrifuged (Heraeus Labofuge 
300, Thermo Scientific, Hampshire, UK) at 4000 g for 10 min to yield the serum. The 
heart, kidneys, and liver were harvested, weighed, and homogenized using a Teflon 
homogenizer (Sigma-Aldrich Chemie GmbH, Munich, Germany) in 5 volumes of 
cold 0.25 M sucrose solution. The tissue homogenates were centrifuged (Heraeus 
Labofuge 300, Thermo Scientific, Hampshire, UK) at 5000 g for 10 min to remove 
particulates. The serum and tissue homogenates were next used for biochemical anal-
yses.

Biochemical assays
Activities of alanine transaminase (EC 2.6.1.2, ALT), aspartate transaminase 

(EC 2.6.1.1, AST), and alkaline phosphatase (EC 3.1.3.1, ALP) were assayed using 
Randox assay kits (Reitman & Frenkel 1957; Schmidt & Schmidt 1963; Rec GSCC 
1972). Assays were carried out using a spectrophotometer (Shimadzu, Japan).

Statistical analysis
Data were analysed on Graphpad Prism 3 (GraphPad Software Inc., San Diego, 

CA) using one-way analysis of variance (ANOVA) and post-hoc Tukey test. Data are 
reported as mean value ± standard error of the mean (SE). Differences at P < 0.05 are 
considered significant.

RESULTS

To explore the use of J. curcas as a diet supplement for animals, the Jatropha 
seed cake was detoxified by fermentation (with the fungus Aspergillus niger) and 
next fed to rats for biochemical evaluation. There was a significant increase in mois-
ture content of the feed with fermented J. curcas as compared to the control feed 
(with soybean). Besides, the feed with fermented J. curcas had lower contents of ash, 
protein, fat, fibre and dry matter than the feed with unfermented J. curcas. In con-
trast, the feed with fermented Jatropha had higher levels of protein and fibre than the 
control diet. Also the combined diet supplemented with both soybean and fermented 
Jatropha had elevated contents of protein and fibre, relative to the control (Table 2).

Diets supplemented with fermented and unfermented J. curcas caused an in-
crease in body weight of the animals, relative to the control and combined groups, but 
differences between groups were not significant (Table 3). By the end of the experi-
ment, the diet with fermented J. curcas yielded the highest, although not significant, 
weight gain in the animals. There were no significant variations in the organ: body 
weight ratio between the groups (Fig. 1).
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Table 2. Proximate composition of the tested animal feeds

Component
Mean content (%, w/w) in feeds for groups 1–4

1 2 3 4

Moisture 7.36a 7.64b 7.29a 7.72c

Ash 5.01a 5.57b 6.97c 5.05a

Protein 7.31a 9.83b 13.55d 11.29c

Fat 15.44a 10.86c 14.27a 13.49b

Fibre 2.18a 8.11c 11.21d 4.69b

Dry matter 92.62a 92.36b 92.72a 92.28b

Carbohydrate 62.70a 57.99b 46.71c 57.76b

Group 1 = with soybean supplement; Group 2 = with fermented J. curcas supplement; Group 3 = with unfer-
mented J. curcas supplement; Group 4 = with fermented J. curcas and soybean supplements (1:1). Values with 
different superscripts in the same row significantly differ at P < 0.05.

Fig. 1. Organ: body weight ratio of rats fed with different feeds: Group 1 = with soybean supple-
ment; Group 2 = with fermented J. curcas supplement; Group 3 = with unfermented J. curcas 
supplement; Group 4 = with fermented J. curcas and soybean supplements (1:1). Data are means 
± SE (n = 3)
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Table 3. Mean weight (g) of experimental rats following exposure to various feed supplements

Week 
Mean body weight ± SE (g) in groups 1–4

1 2 3* 4

0 147.0± 14.94a 140.5± 13.20a 125.1± 9.84a 133.8± 2.88a

1 159.6 ± 2.54b 234.9 ± 5.68b 212.2 ± 7.58b 159.6 ± 2.28b

2 154.5 ± 3.56c 225.7 ± 3.84c 192.7 ± 3.90c 152.7 ± 0.90c

3 151.4 ± 4.18c 218.1 ± 2.32d 176.3 ± 0.40d 148.8 ± 0.12d

4 149.0 ± 4.66d 213.1 ± 1.32d 165.2 ± 1.82d 146.3 ± 0.38d

Group 1 = with soybean supplement; Group 2 = with fermented J. curcas supplement; Group 3 = with unfer-
mented J. curcas supplement; Group 4 = with fermented J. curcas and soybean supplements (1:1). Values are 
means ± SE (n = 3). Values with different superscripts in the same row significantly differ at P < 0.05. * One 
rat in Group 3 died in the second week, so the means in weeks 3-4 are based on measurements of the other 2 
animals.

Table 4. Alanine transaminase (ALT) levels in rat serum and tissues following exposure to various 
feed supplements

Group
ALT activity (U/I) in serum and tissues

serum kidney liver heart

1 8.00 ± 2.56a 22.67 ± 10.17a 10.00 ± 9.00a 27.00 ±s 7.51a

2 4.33 ± 1.76b 37.67 ± 18.32c  7.33 ± 3.18c 36.33 ± 3.48c

3 2.33 ± 0.88c 38.00 ± 28.29c 45.00 ± 19.31b 47.67 ±24.84c

4 4.00 ± 2.52b 33.33 ± 18.32b 52.00 ± 13.00b 19.67 ± 6.57b

Group 1 = with soybean supplement; Group 2 = with fermented J. curcas supplement; Group 3 = with unfer-
mented J. curcas supplement; Group 4 = with fermented J. curcas and soybean supplements (1:1). Values are 
means ± SE (n = 3). Values with different superscripts in the same column significantly differ at P < 0.05.

Table 5. Aspartate transaminase (AST) levels in rat serum and tissues following exposure to various 
feed supplements

Group
AST activity (U/I) in serum and tissues

serum kidney liver heart

1 56.33±17.98a 20.00± 3.06a 42.00±23.50a 34.33± 9.06a

2 76.67± 7.54c 16.67±10.27c 65.00±13.58c 43.00±23.07d

3 75.67±13.33c 14.67± 7.13c 48.67±25.46b 32.67±10.33b

4 60.00± 7.51b 23.67± 9.21b 89.00± 0.00d 38.00±12.77c

Group 1 = with soybean supplement; Group 2 = with fermented J. curcas supplement; Group 3 = with unfer-
mented J. curcas supplement; Group 4 = with fermented J. curcas and soybean supplements (1:1). Values are 
means ± SE (n = 3). Values with different superscripts in the same column significantly differ at P < 0.05.
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The rat serum levels of ALT were reduced significantly in the various treatment 
groups, relative to the control, while the levels of rat tissue ALT were altered incon-
sistently (Table 4). Furthermore, the J. curcas feeds elevated the level of rat serum 
AST, relative to the control but caused inconsistent differences in AST levels in rat 
tissues (Table 5). The feed supplemented with fermented J. curcas caused elevation 
(P < 0.05) of ALP levels in rat serum, liver and heart. Also the feed supplemented 
with soybean and fermented Jatropha increased (P < 0.05) the levels of ALP in rat 
serum, liver, and heart, relative to the control (Table 6). 

DISCUSSION

The high nutritional value of the Jatropha seed cake is evident in the proximate 
composition of the various feeds tested in this experiment (Table 2). However, the 
death of a rat fed with the unfermented cake (group 3) in week 2 suggests that the 
cake is not safe for direct consumption until it is processed. Earlier findings have re-
vealed that the Jatropha cake contains lethal levels of toxins (Aderibigbe et al. 1997; 
Makkar & Becker 1999) and hence the need for detoxification if the cake is to be 
used in feed formulations (Belewu & Sam 2010; Belewu et al. 2010). 

Aspergillus niger was able to utilize the components of the Jatropha cake as a 
carbon source without supplementation, and in this process it either utilized some 
anti-nutrient factors and toxins, or was able to bio-convert them into innocuous sub-
stances. This may result from the impressive enzymatic capabilities of A. niger, which 
enable it to utilize a vast array of substrates and in the process convert them. The 
proximate composition of the various feeds shows that the protein content of group 2 
feed, which contained fermented cake, was significantly higher (14.83%) than those 
of the other feeds. This is consistent with the findings by Belewu & Sam (2010), who 
reported a significantly higher protein content of the Jatropha cake fermented with 
A. niger. Relative to the control, the fermented J. curcas also had higher contents of 
moisture, protein, and fibre. However, when the soybean and the fermented J. curcas 

Table 6. Alkaline phosphatase (ALP) levels in rat serum and tissues following exposure to various 
feed supplements

Group
ALP activity (U/I) in serum and tissues

Serum kidney liver heart

1 249.0±217.00a 110.6± 48.08a 236.1± 37.45a 437.0±109.60a

2 277.5± 72.65c 104.2± 37.49c 337.6±170.60c 680.5±262.10c

3 114.1± 38.67b 706.6±122.60b 268.0± 38.08b 346.5±252.30b

4 272.6±195.40c 103.7± 93.45c 507.8± 45.23d 879.2±439.90d

Group 1 = with soybean supplement; Group 2 = with fermented J. curcas supplement; Group 3 = with unfer-
mented J. curcas supplement; Group 4 = with fermented J. curcas and soybean supplements (1:1). Values are 
means ± SE (n = 3). Values with different superscripts in the same column significantly differ at P < 0.05.
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were combined equally as protein sources (group 4), the proximate analyses showed 
higher contents of moisture, protein, and fat over the individual supplements. This is 
consistent with the findings by Makkar & Becker (1999) that Jatropha cake contains 
more protein than soybeans. On the other hand, the higher protein content in group 
2 feed could be due to the significant amounts of A. niger biomass produced, in ad-
dition to possible protein end-products of metabolism. This indicates that fermenta-
tion of J. curcas seed cake by A. niger may allow it to serve as an alternative protein 
source for animal feeds. Furthermore, the fermented J. curcas seed cake may be used 
in combination with other protein source supplements, in order to achieve higher or 
improved yield of animal feeds. 

The various feeds were fed to animals also to determine their effects on growth 
and other biochemical parameters. We found that body weight generally did not dif-
fer significantly between the groups, but all rats put on weight in week 1 (Group 2 
most strongly). The initial weight gain was followed by a slight decreasing trend in 
all groups in weeks 2–4, probably due to an adaptation mechanism. The alterations 
in average rat body and organ weights by the unfermented J. curcas (compared to the 
control and fermented J. curcas) may implicate the presence of anti-nutrients pre-
cipitating the weight loss. It has been reported that an increase or decrease in either 
absolute or relative weight of an organ after administering a chemical or drug is an 
indication of the toxic effect of that chemical (Orisakwe et al. 2003). Administration 
of the aqueous extracts either individually or as a combination did alter the relative 
weights of heart, liver and kidney of the animals, as compared with controls. These 
results further reinforce the need for detoxification if J. curcas is to be used in animal 
feed formulation. Our data implied that the fermentation treatment of J. curcas may 
have detoxified and thus reduced the probable toxic effect the supplemented feed 
would have had if fed to the rats without fermentation or processing. This supports 
earlier observations by Belewu & Sam (2010) and Belewu et al. (2010). 

In order to assess the safety of the various feeds in rats, tissue marker enzymes 
ALT, AST, and ALP, all of which having a diagnostic value (Adeyemi & Akanji 
2010), were investigated. An increase or decrease in the levels of these enzymes,  
either in the serum or tissues (especially the liver), have been linked to various diseases 
or ingestion of toxic substances (Malomo et al. 1995; Malomo 2000; Adeyemi et al. 
2012). The various supplemented feeds caused inconsistent alterations to the levels 
of rats’ serum and tissue ALT, AST, and ALP relative to the control. The effect on the 
levels of ALT, AST, and ALP caused by the fermented or unfermented J. curcas sup-
plemented feeds did not follow any definite trend. However, data on ALT levels were 
consistent with a previous report by Belewu (2008). In contrast, data on AST levels 
differ from a previous report (Annongu et al. 2010), in which chemically extracted 
J. curcas supplemented feed lowered the level of rat serum AST. 
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CONCLUSIONS

Our study shows that fermentation of J. curcas by A. niger has a potential to 
decrease the level of anti-nutrients, while optimizing the nutritional value of the seed 
cake for animal consumption. Our data have also demonstrated the potential of the 
fermented seed cake of J. curcas as an alternative protein source in animal feeds. 
Using fermented J. curcas instead of soybeans, groundnut, etc. in animal feeds may 
reduce the cost and boost animal production in developing countries.
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