Ethiopian Journal of Environmental Studies & Management 10(1): 38 — 43, 2017.
ISSN:1998-0507 doi: http://dx.doi.org/10.4314/ejesm.v10i1.4

Submitted: September 27, 2016 Accepted: January 19, 2017

PROSPECTS AND CONSTRAINTS ON UTILIZATION OF Jatropha curcas SEEDS IN
ANIMAL FEEDSTUFF

*ANNONGU, A.A,,1JOSEPH, ]J.K.,2 SOLA-0JO, F.E., 1 BADMOS, A.A., 1 YUSUFF, A.T,, 1
UDDIN, R.0.,3AHMED, 0.,3 LAWAL, 0.A. 4AND EDOH, ].H.
'Unit of Nutritional Biochemistry and Toxicology, Department of Animal Production,
University of Ilorin, Nigeria
? Department of Home Economics and Food Science, University of Ilorin, Nigeria
’Department of Crop Protection, University of Ilorin, Nigeria
“ITAD Ltd, Hove, UK

Abstract

Combined physical, chemical and biochemical methods were used to process virgin seed meal
of Jatropha curcas L. into treated Jatropha Seed Meal (JSM). Graded levels (0, 5, 10, 15, 20
and 25%) JSM treated by the various methods was included in the test diets which were fed
ad libitum to 360 albino rats for a month in a single factor design trial. The results revealed
that feed intake was numerically highest (p > 0.05) for the rats on the 5 % treated JSM diet,
while feed efficiency was highest (p > 0.05) for those on the 10 % treated JSM diets. Weight
gain was significantly highest (p< 0.05) for the rats on 10 and 15 % treated JSM diets. Lowest
survival rate (17%) was observed on treated JSM diet processed by boiling, roasting followed
by fermenting. Biochemical indices measured on treated JSM based diets were comparable
with those obtained on the conventional diet (p > 0.05) except for blood cholesterol level (p <
0.05) which was elevated with increasing treated JSM in diets. There were also no significant
differences recorded on AST and ALP activities (p > 0.05) between the treatments.
Haematological indices investigated including PCV, RBC, Hb were insignificantly influenced by
the 5% dietary treated JSM compared with the control diet (p > 0.05) and there was non-
significant effect of the dietary treatment on the WBC differential counts of lymphocytes,
eosinophils, monocytes and neutrophils. It was established in this study that inclusion of 5%
treated JSM in diets had no detrimental effect on albino rats. Further researches are in
progress to investigate inclusion of the treated JSM in diets at levels higher than the 5% used
in this study.
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Introduction as feedstuff while oil-seed bearing plants

Man has been cultivating plants for like groundnuts, soybeans, maize, sesame
centuries as sources of food, medicine, usually have their oil extracted and the
timber and for their oil. Some plants like protein-rich residues are used for feeding
alfalfa are grown solely for use by animals farm animals. The production of oil plants
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takes third place in world agricultural
production in terms of value after
carbohydrate and beverage (tea, coffee)
plant and more than 90% of the oil plants
are produced in the tropics and subtropics
(Dari, 2009). Jatropha curcas plant, the
seeds of which are used in this study is a
multi-purpose oil bearing shrub cultivated
mainly for the production of seeds as their
oil content is 55-60% of the seed. A seed
yield of about 5 tons per year from one
hectare plantation has been reported (Raina
and Gaikwad, 1987; Makkar and Becker,
1997, Dari, 2009), and this can produce
two tons of oil and one tone of protein-rich
seed meal. The oil is a source of fuel for
diesel engines, and an indication of the
potential J.curcas as a renewable energy
source. The oil from J.curcas is also
widely used for skin diseases and to
alleviate pains such as rheumatism. The
oil, besides its biodiesel and medicinal
uses, is used for manufacture of soap,
cosmetics, lubrication and bio-pesticides.
The seed meal or cake left after oil
extraction can be used as an organic
fertilizer, but is mostly discarded as waste
as it is considered unsuitable as animal
feed due to its high toxicity.

Earlier studies (Adam, 1974; Chikpah
and Demuyakor, 2013) on the toxicity of J.
curcas reported that a diet containing 40
and 50% raw jatropha seed meal led to
high mortality (67 %) of mice within 3-16
days, while at inclusion levels ranging
from 5-20% of the virgin seed meal in
diets, the mortality rate was reduced,
suggesting a dose response. Liberalino et
al. (1988) similarly reported that rats given
a diet containing 37% of unprocessed
decorticated Jatropha seeds died within 2-3
days after ingestion and a the mortality
was 100 %. Studies on larger nimals
(sheep, goats, calves, poultry) have also
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shown that chicks fed a diet containing J.
curcas seeds alone or in diet suffered
adverse effects. Adam and Magzoub
(1975) noted that goats fed 1g seeds/kg
live weight/day died within 2-9 days while
J. curcas toxicity to calves at single doses
from 0.025g/kg live weight/day and above
resulted to death within 14 days of intake.
Previous investigations describing
poisoning in humans by accidental
ingestion of J. curcas seed (Lippmann,
1913; Abdu-Aguye et al., 1986; Joubert et
al. 1984; Mampane et al., 1987; Makkar
and Becker 1999) noted clinical signs like
giddiness, vomiting and diarrhea. The
chemical composition of J. curcas seeds
revealed that the seed is rich in lipid,
protein, with less mineral matter, but the
presence of the noxious phytochemicals in
the seed could limit the availability and/or
utilization of the nutrients in the fed
animals. Some examples of anti-nutritional
factors in seeds from the toxic variety
include phorbol esters (equivalent of
phorbol-12-myristate 13-acetate), lectins
which elicits haemagglutination of red
blood cell, protease (trypsin) inhibitors,
saponins, anti-metals like  phytates
(Makkar and Becker, 1999). The
objectives of this study were to attempt the
detoxification of J. curcas seeds obtained
from Ilorin, Kwara state of Nigeria and to
evaluate the nutritional adequacy of the
detoxified J. curcas seed meal at graded
levels in livestock diets using albino rats as
experimental animal models.

Materials and Methods

Ripe fruits of J. curcas from a
plantation in Ilorin, Kwara state of Nigeria
were worked to the seeds. Split seeds of
10kg were boiled and subjected to
fermentation under carbon dioxide
environment as described by Annongu et
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al. (1996). Boiling and lactic fermentation
treatments were followed by soaking the
dough in equal volumes of hexane and
ethanol for one day in order to extract the
lipo-soluble chemical compounds. After

oil extraction, the coarse dough was milled
to the required particle size before
incorporation in diet mixtures. Six diets of
similar protein and energy contents were
formulated as presented on Table 1.

Table 1: Composition of the experimental diets on as fed basis (g/kg diet)

Diets 1 2 3 4 5 6
Ingredients

Corn starch 516.00 516.00 516.00 516.00 516.00 516.00
Soybeanmeal  250.00 200.00 150.00 100.00 50.00 0.00
TISM 0.00 50.00 100.00 150.00 200.00 250.00
Sucrose 100.00 100.00 100.00 100.00 100.00 100.00
Cellulose 40.00 40.00 40.00 40.00 40.00 40.00
DLmethionine 4.00 4.00 4.00 4.00 4.00 4.00
Premix 50.00 50.00 50.00 50.00 50.00 50.00
Total 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00
Treated Jatropha seed meal (JSM) was Chemical Analyses

included in test diets at the expense of
soybean meal at graded levels of 5, 10, 15,
20 and 25% corresponding to 50, 100, 150,
200 and 250g/kg diet for diets 2, 3, 4, 5
and 6 respectively while diet 1 was the
reference (control) diet containing maize-
soybeans as basic ingredients. 72-Albino
rats (age 3-weeks old) of equal sexes were
distributed at random to the six dietary
treatments. A diet was replicated twice
with six rats per replicate and the design of
the experiment followed a one-way
classification. Rats were placed in cages
designed for the purpose and fed the
experimental diets ad libitum during the
21-day feeding trial period. As the
experiment lasted, data were collected on
dietary performance characteristics. At the
end of the feeding trial, one rat per
replicate [on the treatments that contained
complete number of surviving rats i.e diets
2-4 ] was taken and sacrificed by
decapitation for the evisceration of organs
(heart, lungs, liver, intestines) for carcass
studies of relative organ weights (ROW).
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Quantitative determination of some
phytochemicals in native JSM and in diets
containing treated JSM was carried out for
tannins as described by Joslyn (1970) and
Adegunwa et al. (2011), Phytates
according to wheeler and Ferrel (1971) and
Ramadan (2012), cyanides and
phorbolesters following the procedures of
AOAC (1990). Saponins were determined
as outlined by Hudson and El-Difrawi
(1979) and Ukpabi and Ukpabi (2003).
Statistical Analysis

Data on analysis of the phytochemicals
in the virgin JSM and those in the
processed JSM in diets were subjected to
descriptive statistics while data on the
performance characteristics and relative
organ weights were analyzed by analysis
of variance (ANOVA) following the model
for a single factor design (Steel and Torrie,
1990).

Results and Discussion

Data on the quantitative determination
of the phytochemicals in raw JSM are
shown on Table 2. Native JSM from Ilorin
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contains high levels of the phytotoxins,

phorbol  esters  (2.79mg/g  sample),
haemagglutinins  (102mg/g0, saponins
(2.60%), Protease (trypsin) inhibitors

(21.3mg/g), phytates (9.40%), total phenol
content of 0.36% and negligible tannin
content of 0.04%. Analyses of residues of
these chemical compounds in the treated
JSM diets (Table 3) still appeared high
especially for phytates and cyanide
contents. High levels of these anti-
nutritional factors could predispose the
nutrients in the seed meal to be unavailable
for utilization in the fed animals or may
have untoward effects on nutrition
especially in monogastric animals.

Table 4 presents data on dietary
performance of albino rats fed graded
levels of treated JSM in diets. There were
no significant differences in average feed
consumption and efficiency in the
surviving groups of rats offered up to 150g
processed JSM /kg diet (diets 2, 3 &4) and
that on the control diet (p > 0.05) in
comparison with the control. Body weight
gain of rats on diets 2-4 increased in
response to the increase in treated JSM in
the diets (p < 0.05) relative to the control
diet. In addition, there was no mortality on
the three diets (2-4) just like the control
group with a 100% survival rate and
efficiency of feed utilization between these
diets and the reference diet was
insignificant (p > 0.05). The performance
of rat maintained on the diets 2 to 4 (50 to
150g JSM/kg feed) compared with the
control could probably be due to the
improvement in the nutritional value of the
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processed JSM in the diets 2-4 at these
levels of inclusion acting in concert with
the increment in the nutrient(s) content
especially protein.  Previous studies
(Makkar and Becker 1999) showed that J.
curcas seeds contain between 56-60%
crude protein. High protein content of the
treated JSM at 5-15kg inclusion might
have caused increased weight gain on the
diets in question. On the other hand, rats
ingesting diets 5 and 6 containing 20 —
25% treated JSM corresponding to 200-
250g/kg test feedstuff all died within one
week in the course of the 3-weeks feeding
period, indicating that inclusion of treated
JSM at levels above 15% is not tolerated
by the monogastric (rat). The non-
acceptability of JSM, though treated, could
be attributable to the cumulative effects of
J. curcas seeds residual phytotoxins which
persisted despite processing. Analyses of
diets containing the treated JSM for the
residual phytotoxins presented high levels
of cyanides, phytates, saponins (Table 3).
Relative organ weights (ROW) data (Table
5) showed that the heart, lungs, liver
weights on diets 2-4  developed
concomitantly with increasing dietary
treated JSM. This development was in
positive response to the improvement in
the nutritional value of the diets.

In conclusion, processing JSM by the
methods used and including at 15%
(150g/kg diet) has no detrimental effects
on the performance and  organ
developments of albino rats, but levels
beyond 15% could result to heavy
mortality.
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Table 2: Analyzed Phytochemical Contents in Virgin Jatropha Seed Meal

Phytotoxin Concentration

Phorbolesters 2.79mg/g

Total phenols 0,36%

Tannins 0,04%

Phytates 9.40%

Saponins 2.60%

Protease (trypsin) inhibitors 21.3mg/g

Haemagglutinins 102mg/g

Table 3: Analyzed Residual Phytotoxins Concentration in Treated Dietary JSM

Diets 1 2 3 4 5 6
Phytochemical

Cyanides,ppm  0.00 1.01 1.10 1.12 1.15 1.20
Saponins,ppm  0.00 0.70 0.75 0.82 0.85 0.90
Phytic acid,%  0.00 5.15 5.36 6.18 6.80 7.83
Tannin, g/dm’  0.00 0.05 0.05 0.05 0.06 0.06
Table 4: Dietary Performance of Albino Rats Fed Graded Levels of Treated Dietary JSM
Diets 1 2 3 4 5 6 SEM
Parameters

Mean feed intake (g/r/d) 21.53 24.43 21.11 21.10 NS - - 1.6
Mean weight gain (g/r/d)  15.00°  15.40°  17.10°  17.30" - - 1.17
Feed efficiency (F/G) 1.40 1.58 1.20 1.22 NS - - 0.17
Survival rate (%) 100.00  100.00  100.00  100.00 - - -

a-b mean values in the row not sharing common superscripts differed significantly (p < 0.05)
NS, no significant difference (p > 0.05)

Table 5: Relative Organ Weights (ROW) of Rats Fed Graded Levels of Processed Dietary JSM

Diets 1 2 3 4 5 6 SEM

ROW

Heart 0.80" 0.85¢ 0.82° 0.84° - - 0.02

Lungs 247 2.63 2.55° 2.40° - - 0.09

Intestines  4.78" 4.76° 4.82° 4.69" - - 0.05

Liver 0.92* 0.92* 1.00° 1.01° - - 0.04

a-b-c treatment mean values in rows not sharing common letters are significantly different (p < 0.05)
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