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Abstract
Jatropha curcas is high in protein with about 58.1 percent crude protein content and a rich source of
essential amino acids, it would be an excellent feed resource for livestock if the antinutrients and toxicity
level is drastically reduced. The toxicity is primarily due to the presence of phorbolesters which limits its
use as an animal feed material. This study was aimed at evaluating the feed intake of West African Dwarf
goats fed bio-chemically treated Jatropha curcas kernel cake included in a cassava-based diet. The bio-
chemical method involves the use of Hydrogen peroxide with Iron (iii) oxide as catalyst as pre-treatment
before the use of solid-state fermentation on the milled kernel cake. The inclusion level of the Jatropha
curcas kerne cake in the diet are 6 perecent each of B (60mg H.0./kg cake treated with Penicillum
expansum) ,C 120mgH.0,/kg cake treated with Penicillum expansum), D (180mgH20./kg cake treated with
Penicillum expansum) respectively with the control having 12% soybean. There was a significant difference
in the dry matter intake (P<<0.05) and other nutrient intake of animals in the treatment groups compared to
those on the control diet. There was also a significant difference (P<0.05) in the nutrient digestibility and
digestible nutrient intake of animals on the treatment compared to those on the control diet. The value of
Dry Mater Intake ranged from 2050 to 2750g/d, the apparent dry matterdigestibility ranged from 97.07 to
97.81%, the Dry Matter Digestible Nutrient Intake ranged from 1989.90 t02690g/d, while the the average
weight gain ranged from 1.60 to 3.64g/animal/day. There was no sign of toxicity observed during this study.
The results of this study show that the bio-chemically treated Jatropha curcas kernel cake can be included
in the diet of WAD goats without any toxic effect on the animals.
Keywords: West African Dwarf Goats, Jatropha curcas, Solid state fermentation, Digestible nutrient
intake, Nutritional quality.
Running title: Bio-chemical treatment impact on performance of West African dwarf Goats

Prise alimentaire et coefficient de digestibilité des chevres West African Dwarf nourries
el
avec un tourteau de graines de Jatropha curcas traité biochimiquement
Résumé

Jatropha curcas est riche en protéines, avec environ 58,1 % de teneur en protéines brutes, et constitue une
source importante d’acides aminés essentiels. 1l pourrait donc étre une excellente ressource alimentaire
pour le bétail si les antinutriments et le niveau de toxicité étaient considérablement réduits. La toxicité est
principalement due a la présence de phorbol esters, qui limite son utilisation comme matiére premiere pour
I"alimentation animale. Cette étude visait a évaluer la prise alimentaire des chévres West African Dwarf
nourries avec un tourteau de graines de Jatropha curcas traité biochimiquement et incorporé dans un
régime a base de manioc. La méthode biochimique implique ['utilisation de peroxyde d’hydrogene avec de
l"oxyde de fer (Il]) comme catalyseur en prétraitement, suivie d 'une fermentation en milieu solide sur le
tourteau de graines moulu. Les niveaux d’inclusion du tourteau de Jatropha curcas dans le régime étaient
de 6 % pour chaque traitement : B (60 mg H202/kg de tourteau traité avec Penicillium expansum), C (120
mg H202/kg de tourteau traité avec Penicillium expansum), D (180 mg H202/kg de tourteau traité avec
Penicillium expansum), tandis que le régime témoin contenait 12 % de tourteau de soja. Une différence
significative a été observée dans la prise de matiere seche (P < 0,05) et dans [’ingestion d autres nutriments
chez les animaux des groupes traités par rapport a ceux du régime témoin. 1l y avait également une
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différence significative (P < 0,05) dans la digestibilite des nutriments et l’ingestion de nutriments

digestibles entre les animaux des régimes traités et ceux du régime témoin. Les valeurs de la prise de

matiere seche variaient entre 2050 et 2750 g/j, la digestibilité apparente de la matiere seche entre 97,07 et

97,81 %, l'ingestion de nutriments digestibles secs entre 1989,90 et 2690 g/j, et le gain de poids moyen

entre 1,60 et 3,64 g/animal/jour. Aucun signe de toxicité n’a été observé au cours de cette étude. Les

résultats montrent que le tourteau de graines de Jatropha curcas traité biochimiquement peut étre inclus

dans [’alimentation des chévres West African Dwarf sans effet toxique sur les animaux.

Mots-Clés: Chévres West African Dwarf, Jatropha curcas, Fermentation en milieu solide, Ingestion de

nutriments digestibles, Qualité nutritionnelle.

Introduction

Jatropha curcas seed meal has a higher potential
as a protein replacement in animal feed (Yinuo et
al., et al 2018). Shrestha et al. (2013) reported
that the seeds contain up to 60% oil with a fatty
acid pattern similar to those of other oilseeds and
with a crude protein content of between 58 and
64% ( Makkar and Becker,1997; Trabi et al.,
1997). Due to the presence of lectin, phorbol
esters, saponin, protease inhibitor and phytate
neither the seed nor the cake can be used for
human and animal nutrition without processing.
Wink (1993) reported that cooking ground seeds
for five minutes deactivates only the lectin
content. It was also noted that heat treatment
could not destroy phorbol ester, as it is heat labile
and can withstand high temperature of 160°C for
130 minutes. The seed cake is reported to be high
in nutrient content and contain various anti-
nutrients which hinders its utilization (Yinuo et
al., 2018). Various chemical treatments were
reported with no encouraging results.
Consequently, the biological treatment reported
by Belewu (2008), Belewu and Ogunsola (2010)
and de Barros et al. (2024) showed substantial
reduction in the various anti-nutrients especially
when Jatropha curcas kernel cake was incubated
with Rhizopus oligosporus and Aspergillus niger
by the process of solid-state fermentation. The
results obtained from these studies prompted the
need to investigate the efficacy of combining the
biological and chemical treatment approach on
the reduction of anti-nutritional factors which
have made impossible the use of Jatropha curcas
kernel cake in animal feed. Good nutrition is
important in the proper functioning of the tissue
and which in advent will keep the animal
productive and healthy. This study focused on the
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efficacy of treated Jatropha curcas kernel cake
(JKC) as a feedstuff for WAD goats
The objectives of this study are:

e To evaluate the nutritional feed intake
and weight gain of WAD goats fed the
bio-chemically treated Jatropha curcas
kernel cake.

e To determine the digestibility co-
efficient and digestible nutrient intake of
West African Dwarf goats fed the bio-
chemically treated Jatropha curcas
kernel cake.

Materials and Methods

Seed Collection/ Chemical Treatment

Matured and sundried seeds of Jatropha curcas
was collected and also purchased around llorin
metropolis. The seed coat was removed to obtain
the kernel. The kernel was milled using the
mechanical grinder, and the oil extracted using
the mechanical hydraulic oil press. The cake was
packed in polyethylene bags for autoclaving at
121°C so as to get rid of any microbes that could
be present in the cake. The autoclaved cake was
used as substrate for fungal growth. The milled
cake was subjected to treatment with hydrogen
peroxide at 60, 120 and 180mg each with iron (iii)
oxide serving as catalyst. The treated cake is
further placed in a waterbath according to the
methods described by Devappa et al. (2012).
Fungi

The fungus Penicillum expansum was collected
from the Department of Microbiology, Obafemi
Awolowo University, lle Ife, Nigeria and
maintained on Potato Dextrose Agar contain in
petri dishes. Twenty millilitres from the
suspension  (5x10%pore/mL) was used to
inoculate 1kg of the autoclaved kernel cake in
layers in a container. The whole content was
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incubated in an incubator at room temperature for
7 days.

Inoculation and Incubation of Substrate
Suspension of actively growing mid-log phased
culture of the Penicillum expansum was
individually adjusted to 5x10*pores/mL with
sterile distilled water. 20mL from the suspension
(5x10*spores/mL) was used to inoculate 1kg of
the autoclaved and hydrogen peroxide treated
kernel cake arranged in layers in a container as
described by Belewu and Ogunsola (2010). The
whole content was incubated in an incubator at
room temperature for 7 days.

The autoclaved kernel cake was incubated
separately with the fungus at room temperature
(21°C) for 7days. The growth was terminated by
oven drying at 80°C for 24 hours when the
inoculum enveloped the substrate.

Experimental Site

Suspension of actively growing mid-log phased
culture of the Penicillum expansum was
individually adjusted to 5x10%spores/mL with
sterile distilled water. 20mL from the suspension
(5x10*spores/mL) was used to inoculate 1kg of
the autoclaved and hydrogen peroxide treated
kernel cake arranged in layers in a container as
described by Belewu and Ogunsola (2010). The
whole content was incubated in an incubator at
room temperature for 7 days. The autoclaved
kernel cake was incubated separately with the
fungus 21°C for 7days. The growth was
terminated by oven drying at 80°C for 24 hours
when the inoculum enveloped the substrate.

This feeding trial was carried out at the Ruminant
Unit of The Teaching and Research Farm,
University of llorin, Nigeria.

Results and Discussion

Animal and Management

Twenty Eight weaned West African Dwarf goats
weighing between 7-9kg were used for the
experiment which lasted for 70days. The animals
were treated against ecto and endo parasites using
ivomec injection and later weighed at the start
and fortnightly till the end of the experiment to
calculate the average weight gain. They were
randomly allocated to four treatments each with
seven replicates. Experimental diet (Table 4.1)
and water were fed to animals ad libitum. Daily
feed intake was obtained by deducting the left
over from the daily feed supplied. Daily feed
intake = feed supplied - feed leftover

The digestibility trial was determined for a 21day
period; the animals were placed in metabolic
cages for proper collection of faecal samples. The
total faecal output for each animal was collected
into a collection bag, weighed, mixed well and
oven dried (60°C) to prevent microbial growth.
Feed conversion ratio was calculated as: Feed
Intake/Weight gain.

Chemical Analysis

The proximate composition of the diets and
faeces were determined using the methods of
AOAC (1990).

Statistical Analysis

Data collected were subjected to analysis of
variance (ANOVA) of a completely randomized
design model using the SAS (2002); the treatment
means were separated using the same package.
The metabolizable energy (ME) was calculated as
follows: Pauzenga (1985)

ME (kcal/kg DM) = (37 x % CP) + (81.8 x % Fat)
+(35.5 X % NFE)

Table 1: Composition of Experimental Diets fed to goats

Parameters DIET A (Control) DIET B DIET C DIET D
Cassava wastes 53.00 53.00 53.00 53.00
Rice husk 33.00 33.00 33.00 33.00
Soyabean cake 12.00 6.00 6.00 6.00
Bio-chemically treated jkc - 6.00° 6.00° 6.00°
Common salt 1.00 1.00 1.00 1.00
vitamin-mineral premix 1.00 1.00 1.00 1.00
Total 100 100 100 100

B = 60mg H.0./kg cake treated with Penicillum expansum
C = 120mgH204/kg cake treated with Penicillum expansum
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D = 180mgH20,/kg cake treated with Penicillum expansum
JKC=Jatropha Kernel Cake ,Cassava waste consists of peels, stumps and the whitish skin of tuber parts

Table 2: Nutrient Intake (DM BASIS) and Weight Gain of West African Dwarf Goat fed Bio-
Chemically Treated Jatropha curcas Kernel Cake

Parameters Diet A Diet B Diet C Diet D +SEM
Dry Matter Intake (g/d) 2050° 2191° 2090° 27501 11.40
Crude Protein Intake (g/d) 225.64° 244,33 238.91° 316.02¢ 3.74
Crude Fibre Intake (g/d) 500.00° 504.87°  482.50? 636.56° 2.83
Ether Extract Intake (g/d) 195,512 276.25° 275.28° 353.55¢ 1.88
Ash Intake (g/d) 299.10° 300.43" 293.65° 384.33¢ 1.33
NDF Intake (g/d) 334.14° 329.11* 392.91° 568.98¢ 1.28
ADF Intake (g/d) 778.99 881.34> 961.39° 1292.60¢  5.51
ADL Intake (g/d) 543.23? 626.89° 610.27° 822.27¢ 3.27
Cellulose Intake (g/d) 237.742 293.71° 328.12¢ 462.01¢ 1.60
Hemicellulose Intake (g/d) 444.84° 569.89° 566.38° 717.75° 2.95
Initial body weight (Kg) 7.572 7.86% 9.00P 7.86% 0.42
Final body weight (Kg) 8.35° 8.68%® 10.00° 9.64%® 0.50
Average Weight Gain 1.60% 1.89% 2.042 3.64° 0.54
(g/animal/day)

Feed Conversion Ratio 2.66 2.36 2.09 1.54 0.53

abc means on the same row with different superscripts are significantly different (p<0.05)
NDF-Neutral Detergent Fibre
ADF- Acid Detergent Fibre
ADL- Acid Detergent Lignin
Table 3: Apparent Digestibility Co-Efficient of West African Dwarf Goat fed Bio-Chemically
treated Jatropha curcas Kernel Cake

Digestibility (%) Diet A Diet B Diet C Diet D +SEM
Dry matter 97.072 97.25° 97.112 97.81° 0.02
Crude Protein 82.642 82.812 82.132 86.91° 0.23
Crude fibre 94.65° 94,232 94.98° 95.25¢ 0.03
Ether Extract 91.102 92.89° 93.57¢ 94.07¢ 0.06
Neutral detergent fibre 87.402 87.542 89.11° 92.40° 0.06
Acid detergent fibre 86.622 90.15° 90.61° 92.61° 0.17
Acid detergent lignin 84.60° 86.96° 86.03° 89.514 0.10
Hemicellulose 89.53¢ 91.96° 91.74° 93.27¢ 0.11
Cellulose 82.192 86.09° 87.00° 90.64¢ 0.11

3¢ means on the same row with different superscripts are significantly different (p<0.05

Table 4. Digestible Nutrient Intake of West African Dwarf Goat fed Bio-Chemically Treated
Jatropha curcas Kernel cake

Parameters (g/d) Diet A (Control) Diet B Diet C Diet D +SEM
DDMI 1989.902 2131.80° 2029.80° 26901 11.45
DCPI 186.582 202.39° 196.96% 274.62° 3.75
DCFI 473.27° 475.84° 458.29° 606.36° 2.82
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DEEI 178.13%
DNDFI 292.04°
DADFI 690.36°
DADLI 459.60%
DHMI 389.30°
DCLLI 193.73%

256.62" 257.39° 332.58¢ 1.82
288.11° 349.11° 525.88¢ 1.46
794.60° 871.13¢ 1201.00¢ 5.62
545.20P 525.03¢ 736.00¢ 3.22
523.91° 519.65" 669.50° 2.94
252.86" 285.48¢ 418.78¢ 1.56

ac means on the same row with different superscripts are significantly different (p<0.05)
DDMI=DIGESTIBLE DRY MATTER NUTRIENT INTAKE
DCPI=DIGESTIBLE CRUDE PROTEIN INTAKE

DCFI=DIGESTIBLE CRUDE FIBRE INTAKE

DEEI=DIGESTIBLE ETHER EXTRACT INTAKE
DNDFI- DIGESTIBLE NEUTRAL DETERGENT FIBRE INTAKE
DADFI- DIGESTIBLE ACID DETERGENT FIBRE INTAKE
DADLI- DIGESTIBLE ACID DETERGENT LIGNIN INTAKE
DHMI- DIGESTIBLE HEMICELLULOSE INTAKE

DCLLI- DIGESTIBLE CELLULOSE INTAKE

Discussion

The nutrient intakes observed in this study could
be a reflection of the relative acceptability and
palatability of the diets (Asaolu et al., 2012:
Okoruwa, 2019: Saka et al.,2020) as a result of
the inclusion of fermented Jatropha curcas cake
in the diet of WAD goats. The intake could also
be due to the adequacy of the crude protein level
in the diet which was above the critical protein
level (7%) below which the intake of ruminants
may be lowered (Gurung, 2020; Rongfeng et al.,
2023). The dry matter intake noted in this study
is in agreement with the values reported by
Castillo-caamal et al. (2003); Ahamefule (2005);
Ukpabi (2007); Belewu and Ogunsola (2010);
Odoemelam (2015) who fed leguminous seed
cakes to WAD goats. The DMI was also within
the range reported by Asaolu et al. (2012) and
Ukanwoko et al. (2009) who fed cassava-based
diets to WAD goats. The treated cake in this study
had a chocolate flavour that could have added to
the high acceptability of the diet that contained
the cake by the WAD goats; this was in line with
the report of Shakumtal and Shadaksha (2012;
Ikyume et al., 2018) that fermentation produces
flavour and textural changes making fermented
food more nutritious. The crude protein level of
the diets was higher than the critical protein level
requirements (7%) of goats, hence it supported
the microbial fermentation in the rumen thereby
enhancing intake (Rongfeng et al., 2023). Idan et
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al., (2020) describes feed intake as a measure of
diet appreciation, selection and consumption by
animals. The increased DMI (p<0.05) observed
could also be due to the increased CPI, as Saro et
al., (2020) reported a positive correlation
between crude protein intake and dry matter
intake.

The crude protein intake was a reflection of the
crude protein content of the cake; this agreed with
the reports of Asaolu et al (2012; Lee et al.,2020).
It also agreed with the works of Belewu and
Popoola (2007), Miszkikiewics et al. (2004) and
Regassa et al. (2022) who all reported a higher
crude protein intake for animals fed fungus-
treated feedstuffs.

The value obtained for ether extract intake could
be due to the addition of fermented Jatropha
curcas kernel cake in the diet of WAD goats as
ether extract was observed to increase in the bio-
chemically treated Jatropha curcas kernel cake.
This is in line with the report of Ogunjemite and
Ibhaze (2020 ; Arietal. (2012), and Belewu and
Fagbemi (2007) who reported improved ether
extract intake for WAD goat fed fungus treated
feedstuff.

The higher Crude fibre intake in the treatment
groups was in line with the works of Omotoso et
al., 2023; Belewu et al. (2007). This also showed
that that there was effective chewing and a
healthy ruminal function as a result of the high
fibre content of the diet.
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The NDF, ADF and ADL intake noted in this
study could be as a result of the dry materials used
in the formulation of the diets. Roger et al.
(1996), Oni et al. (2006) and Akinyemi et al.,
(2020) all reported that the use of dried materials
affects the chemical composition leading to a
higher intake of these fibre fractions. ADF and
NDF intake are reported to be enhanced by
including fermented feedstuff in a diet (Ettu and
Onwuka, 2014; Sadeghi et al., 2024). Cellulose
and Hemicellulose intake depends on the level of
intake of NDF, ADF and ADL, hence the factors
that influence them also have a resonating effect
on hemicelluloses and cellulose (Arigbede et al.,
2006; Oni et al., 2006 and Demirgiil and Oztiirk
(2021)).

The observed weight gain may be due to the
ability of the WAD goats to efficiently utilize the
diet for body weight gain. This was in line with
the report of Shalu et al (2004) and Teixera et al.,
(2024) that an efficient utilization of nutrients
that provides energy and protein is required for
growth in goats. The observed higher weight gain
of the animals on bio-chemically treated Jatropha
curcas kernel cake could be ascribed to the more
efficient feed utilization by the animals as
indicated by their low feed conversion ratios
compared to the control, and this is in line with
the reports of Belewu et al. (2003), Belewu and
Fagbemi (2007) and Li et al., 2015 for fungal
treated shea butter cake, cassava and Jatropha
curcas kernel meals respectively. It could also be
due to the voluntary dry matter intake and the by-
pass of the nutrients from the rumen resulting in
digestion and absorption in the abomasum and
duodenum (Otukoya and Babayemi, 2007,
Thakur et al., 2024). The animals did not show
any signs of Jatropha toxicity during the duration
of the experiment, this may be due to the
reduction to tolerable levels of phorbol ester as a
result of the bio-chemical treatment. Devappa et
al (2012) reported a reduction in phorbol ester as
a result of the oxidative properties of hydrogen
peroxide, as phorbol ester is highly susceptible to
oxidative degeneration. Furthermore, Penicillium
expansum secretes the enzyme esterase (Donaghy
and Mckay, 1996) which may have helped in
reducing the phorbol ester to a tolerable level,
hence the acceptability of the feed. The Solid-
state fermentation can also act as an oxidative
sink for hydroxyl radicals generated during

cake
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oxidative degradation, potentially reducing the
extent of oxidation in the cake. This corroborates
the assertion of Zhao et al, 2021 that
fermentation affects antioxidants activities in
plant based food materials. The high
digestibilities observed in this study is in line with
the findings of Bhat et al. (1996), Jaquelin et al.
(1996) Xu et al. (2022), this could be due to the
reduction to below tolerable level of the anti-
nutrients in the Jatropha kernel cake. This
confirms the assertions of Belewu et al. (2010)
and Xu et al. (2022) that, reduction in levels of
anti-nutrients  improves  digestibility. The
improvement in the dry matter digestibility across
the treatment agreed with the observations of
Belewu and Adeniyi (2001); Belewu and
Ogunsola (2010). The reduced level of tannin in
the treated samples could be the reason why the
intake and nutrient digestibility of goats on the
treated samples were higher than that obtainable
for the control. Also, the Saponin reduction in the
diet with treated cake samples could have helped
in the uptake of nutrients by the animals, as
saponin (Ali, 2011) was reported to reduce the
uptake of some essential nutrients.

The crude protein digestibility observed in the
Treatments could be due to the ability of the
Pennicillum  expansum/hydrogen  peroxide
treatment to detoxify the Jatropha curcas kernel
cake. Arigbede et al. (2006), Belewu and
Ogunsola (2010) Ajomiwe et al., (2024) and
Shokri and Jarpa-parra (2025) reported that
protein supplementation enhanced digestibility.
The crude protein digestibility recorded by
animals in this study could also be due to the
reduction in the phytate content, as phytate is
known to form complexes with protein making it
unavailable (Kumar and Singha, 2018). This
report agreed with the reports of FAO (1990) that
phytate forms a complex with protein thereby
inhibiting its digestion.  The increase in the
digestibility and intake obtained in this study
were directly proportional, and this agreed with
the submissions of Anil et al. (1993); Provenza
(1995); Cho et al. (2007) and Kim et al. (2007)
that improvement in the nutrient digestibility of
animals could be due to the feeding of fermented
feedstuff in their diets. The fermentation process
could have conferred a by-pass status on the cake
hence making it escape ruminal degradation and
available only in the abomasum and small
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intestine for digestion and absorption (Calvo-
lerma et al., 2022). Makkar et al. (1997), Alatise
etal., (2014) and Yinuo et al., (2018) all reported
that Jatropha curcas cake has a significant
amount of by-pass protein which will be available
to the animals post-rumen.

The high crude fibre digestibility values also
suggest that the diets were highly degraded in the
rumen. This was similar to the results of
Eniolorunda et al. (2008) who suggest that high
digestibility of crude fibre fractions clearly show
the ability of ruminants to utilize structural
carbohydrates, for nutritional benefits. It also
supports the findings of Akinfemi et al. (2009)
and Takizawa et al., (2023) suggests an increase
in the activities of fibrolytic microbes as a result
of the available nutrients (protein, energy and
minerals) proportions that enhance their growth
and multiplication. The results of the digestible
nutrient intake observed in this study could be
due to a drastic reduction to tolerable levels of the
anti-nutrients and toxins in the cake, and it could
also be due to the addition of fermented cake in
the diets of the animals. This was in line with the
works of Oboh and Akindahunsi (2003) and
Emmanuel et al., (2024) that the fermentation of
cassava peels enhanced protein digestibility and
crude protein content. The higher digestible
nutrient intake observed in the treatment groups
could also be attributed to the high crude protein
intake, when compared to the control and this was
in line with the assertion of Bello and Tsado,
(2013).

The similar trend between weight gain and the
feed conversion ratio can be attributed to the
influence of better nutrient density and quality of
nutrients available for utilization. This is similar
to the reports of Asaolu et al. (2012), Gaillard et
al., (2020)

Conclusion

The inclusion of bio-chemically treated Jatropha
curcas kernel cake in the diet of WAD goats
showed encouraging results in the intake and
digestibility of the animals. It can be concluded
that the treatment was effective in reducing the
phorbol ester level to tolerable levels making
Jatropha curcas kernel cake an alternative
protein source in the diet of WAD goats. It also
helped the utilization of the experimental diet
weight gain.
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