
Heat detoxification of Jatropha cucasmeal and its effect on productive and
reproductive performance of quail
Youssef A. Attia,* Mayada R. Farag,y Mohammed A. Al-Harthi,* Fulvia Bovera,z Adel D. Alqurashi,*
Alessandro Di Cerbo,x and Mahmoud Alagawany#,1

*Department of Agriculture, Faculty of Environmental Sciences, King Abdulaziz University, Jeddah 21589, Saudi
Arabia; yForensic Medicine and Toxicology Department, Veterinary Medicine Faculty, Zagazig University, Zagazig
44111, Egypt; zDepartment of Veterinary Medicine and Animal Production, University of Napoli Federico II, via F.
Delpino,1, 80137, Napoli, Italy; xSchool of Biosciences and Veterinary Medicine, University of Camerino, Matelica

62024, Italy; and #Poultry Department, Agriculture Faculty, Zagazig University, Zagazig 44511, Egypt
ABSTRACT Jatropha is a large, multipurpose,
drought-tolerant plant with many traits and great
potential as a biofuel crop. It originates from Central
America but is now distributed throughout the tropics,
including Africa and Asia. The study determines
whether the dietary inclusion of raw Jatropha cucas
meal (RJM, 3.5%) had negative impacts on the repro-
ductive and productive performances of male Japanese
quail as well as whether these impacts could be miti-
gated by heating the jatropha meal at 100°C for 24 or 48
h (JH24 or JH48 respectively). One hundred twenty
healthy mature male quails at the age of 12 wk were
assigned randomly to 4 treatments. Every treatment
had 6 replicates, with 5 birds per replicate. The RJM
caused a considerable decline in fertility and a high mor-
tality rate in quail, whereas heat-treated jatropha meal
(JH24 or JH48) decreased these unwanted effects. The
RJM significantly increased triglycerides, aspartate ami-
notransferase (AST), and alanine aminotransferase
(ALT), while reducing total protein and albumin. These
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values returned to normal in the JH24 and JH48 groups.
The RJM significantly reduced the testosterone and
increased estradiol and hepatic content of vitellogenin
(Vtg) and estrogen receptor alpha (ERa) while they
were normal in JH48 group. Superoxide dismutase
(SOD) and catalase (CAT) activities, and the reduced
glutathione (GSH) content in testicular tissues were
significantly reduced in the RJM group when compared
to control. Protein carbonyl (PC), malondialdehyde
(MDA), and 8-hydroxy 2 deoxyguanosine (8-OHdG)
levels were significantly increased in the RJM group
when compared to control. Heating of JM for 48 h
reduced the 8-OHdG and MDA levels toward the control
level better than JH24 and restored PC to normal.
Based on the obtained results, The toxic components in
JM could be eliminated through heat treatment, and
extending the treatment duration to 48 h is recom-
mended for transforming the potentially harmful jatro-
pha meal into an alternative protein source for livestock
nutrition.
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INTRODUCTION

Jatropha plant is a medicinal herb that has powerful
potentials for use both medicinally and nutritionally
and belongs to Euphorbiaceae family (Barros et al.,
2015; Saleh et al., 2023). The jatropha plant has a life-
span of more than 50 yr, and can grow even in soils that
are poor in their nutrient contents (Openshaw, 2000;
Saeed et al., 2017). Recently, there has been more focus
on using unconventional feedstuffs in poultry diets in
developing countries (Hafez and Attia, 2020; Alagawany
et al., 2022 ). Jatropha is used for bio-diesel production,
and the oil extraction from its seeds produces enormous
amounts of cake or meal as by-products rich in carbohy-
drates, crude protein, and essential amino acids (except
for lysine), which meet the reference proteins of FAO
(Harinder et al., 2008; Taufiq-Yap et al., 2011). These
characteristics make jatropha meal a promising alterna-
tive source of protein for feeding livestock and poultry.
The majority of the poisonous effects of Jatropha spp.

are caused by its antinutritive ingredients, which include
saponins, tannins, proteases, alkaloids, and toxic
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substances such as phytate, lectins, and forbol esters,
which restrict its usage for feeding animals (Saetae and
Suntornsuk, 2011, Pelletier et al., 2015). The seeds of
Jatropha curcas exhibited some toxicity in broilers
(Pasaribu et al., 2010), quails, (Agboola and Adenuga,
2015) livestock (Chivandi et al., 2006; Ferreira et al.,
2011) rats and mice (Panigrahi et al., 1984). In mice,
rats, and rabbits, raw jatropha oil-induced skin lesions
and gastrointestinal problems (Gandhi et al., 1995) and
inhibited rat pup delivery (Odusote et al., 2002). Aceto-
nitrile extract from oil or jatropha seeds caused biochem-
ical and histopathological changes (Abd-Elhamid,
2004). Reducing the antinutritive and toxic constituents
of jatropha meal is, therefore, crucial before being used
as an alternative feed ingredient for poultry and animal
(Annongu et al., 2010; Agboola and Adenuga 2015; Sala-
zar et al., 2021).

To be able to utilize the jatropha meal as source of
protein in the diet of livestock, the anti-nutritive com-
pounds particularly phorbol esters need to be removed.
About 70−75% of phorbol esters are separated from the
pressed cake after oil extraction, while 25 to 30%
remains in the pressed cake (Devappa et al., 2010).
Therefore, its degradation is very important to make the
cake safe for using. Several methods including physical
and chemical have been tested for their efficiency for the
phorbol esters degradation (Devappa and Swamylin-
gappa, 2008). Most treatments used a combination of
alkalis, solvent extraction and high temperatures
(Zimila et al., 2018) which are neither specific nor
environmentally friendly and expensive. Meanwhile, the
use of heat treatment only (autoclave) reduced lectin
and anti-trypsin in seed meal (Aderibigbe et al., 1997).
On the other hand, physical detoxification of Jatropha
seed kernel with micro wave treatment showed good
results by reducing phorbol esters content to 86.29%
(Abou-Arab et al., 2019). Our previous study showed
that heat treatment of J. curcas meal in oven for 24 or
48 h reduced phorbol esters content (Farag et al., 2018).
So, it is hypothesized that heating treatment of J. curcas
meal is expected to reduce anti-nutritional and toxic
components, while the crude protein content is retained
and to show beneficial effects on quail health. Although
previous studies have utilized detoxification methods for
jatropha, these studies have not sufficiently elucidated
the repercussions of including raw jatropha in avian
diets on reproductive outcomes. Therefore, this study
aims to examine the harmful effects of dietary inclusion
of raw jatropha meals on the reproductive and produc-
tive performances of male Japanese quail and to assess
the impact of heat treatments of the meals as an
environmentally friendly detoxifying technique.
MATERIALS AND METHODS

Source and Preparation of Jatropha Meal

Seeds of J. curcas were exposed to processing to
obtain the meal as previously described in Farag et al.
(2018). The meal was partitioned into 3 portions. The
first part was kept without heating (raw jatropha meal:
RJM). The second part was heated for 24 h at 100°C in
an oven (JH24). The third part was heated for 48 h at
100°C in an oven (JH48). The AOAC method was used
to evaluate the proximate analysis of raw and heated
jatropha (AOAC, 2006) (Supplementary Table 1).
Phorbol ester (PEs) content was determined as men-
tioned in (Makkar et al., 1997, 2007). Herein, the result-
ing PEs in a heat-treated meal of jatropha is 0.091 mg/g
in JH24 and 0.068 mg/g in JH48, which came in line
with that found in non-toxic varieties of J. curcas (Mak-
kar et al., 1998).
Experimental Design and Diet Formulation

One hundred and twenty healthy mature male quails
(Coturnix coturnix japonica) at the age of 12 wk (initial
BW: 240.75§ 1.11 g) were assigned randomly to 4 treat-
ments. Every treatment had 6 replicates, with 5 birds
per replicate. For 8 wk (12 to 20 wk old), birds were fed
4 treatment diets (Supplementary Table 2) as follows:
1) control diet without jatropha meal; 2) diet with 3.5%
raw jatropha meal (RJM); 3) diet containing 3.5% JM
heated for 24 h (JH24); and 4) diet with 3.5% JM heated
for 48 h (JH48). According to NRC (1994) recommenda-
tions, all tested diets were formulated to provide the
nutrients that Japanese quails need. Conventional cages
(each floor space /bird = 300 cm2 and the dimensions of
60 £ 50 £ 30 cm3) were used to house the birds under
hygienic conditions and at 7 h dark: 17 h light cycle
along the experiment. Fresh water and feed in the form
of a mash were provided to birds all the time. The
drinker and feeder spaces were 4 cm and 3.7 cm, respec-
tively. Daily assessments of the birds’ health were moni-
tored throughout the trial.
Data Collection

Data was gathered 8 wk after feeding quails on the
experimental diets (12−20 wk old). The body weight
(BW) of each bird was recorded at the beginning of the
feeding trial (initial BW) and the end of the feeding trial
(final BW). Feed intake (FI) was taken every week and
calculated as grams of consumed feed over 7 d divided
by the number of birds in each group.
Evaluation of Male Fertility

During the experiment, 120 healthy mature female
quails at the age of 12 wk were used to determine the fer-
tility percentage. For evaluating male fertility, the male
quails were allowed to have a natural mating with
females at 1:1 ratio. Eggs from the last 5 experimental
days were collected from each group and kept at 15°C to
18°C. Eggs (n = 100 eggs/treatment) were then incu-
bated in an automatic incubator at 60% humidity and
37.6°C. On the 16th incubation day, the eggs were bro-
ken and classified as infertile or fertile based on macro-
scopic appearances. The formula determined fertility %:
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Fertility % = (number of fertile eggs/ total eggs
set) £ 100.
Preparation of Samples and Biochemical
Analyses

At the experimental end, samples (n = 6/treatment)
of blood were collected by the brachial vein venipunc-
ture followed by centrifugation for 15 min at
(2,100 £ g), and the obtained sera were kept at �20°C
till analyzed. The following parameters were evaluated
in serum total cholesterol, triglycerides (TG), low-den-
sity lipoprotein (LDL) cholesterol and high-density lipo-
protein (HDL) cholesterol albumin, total protein,
aspartate transaminase (AST), and alanine transami-
nase (ALT) by the use of commercially available bio-
diagnostic kits from Biodiagnostic Co (29 El-Tahrir St.
Dokki, Giza, Egypt). Testes (n = 6/treatment) were dis-
sected and portioned into 2 portions, and the first one
was immediately preserved (at −80°C) for detection of
Vtg and Era mRNA expressions. The second one was
fixed in buffered neutral formalin (10%) for histopatho-
logical examination.
Analysis of Serum Reproductive Hormones

Estradiol (E2) and testosterone concentrations (n=6/
treatment) were estimated in serum by ELISA kits
(Cat.-No.: DE4399 and DE1559 respectively) (DEME-
DITEC Diagnostics GmbH; D-24145 Kiel-Wellsee, Ger-
many), following the directions of the manufacturer.
Extraction of RNA and Quantitative Real-
Time PCR of Era and VTg

Quantitative real-time polymerase chain reaction
(RT-PCR) was utilized to determine the mRNA
expression levels for the Era and Vtg in frozen testicular
tissues (6/treatment) as previously decribed in Khalil
et al.(2017) using the following specific primer pairs: ER
a F: 50- CTTGCAGACAGAGAATTAGTGCACA-30
and R: 50-GTTAAATCCACAAATCCTGGAACTC-
30 (GenBank accession no. AF442965), Vtg F: 50-
GAAAACCCTGAGCAACGGATAG-30 and R: 50-
TGGAACATCATCATGGAAATCTTG-30 (GenBank
accession no. AF199490) and the housekeeping gene
(b-actin) F: 50-AAATTGTGCGTGACATCAAGGA-
30 and R: 50-GAGGCAGCTGTGGCCATCT-30 (Gen-
Bank accession no. AF199488).
Biomarkers of Antioxidant Status

Testes specimens (n = 6/treatment) were homoge-
nized in PBS (potassium phosphate buffer: pH 7.4)
(10% w/v) and exposed to centrifugation for 15 min at
3,000 rpm. The obtained supernatants were utilized to
measure the activities of SOD (superoxide dismutase)
and CAT (catalase) and the content of GSH (reduced
glutathione) using the kits from BioM�erieux, Marcy
l’etoile, France, following the directions of the manufac-
turer.
Biomarkers of Oxidative Stress

Malondialdehyde (MDA) and protein carbonyls
(PC) were investigated as markers of oxidative damage
of lipids and protein in the testes using commercial kits
(Cat No. ab118970, ab126287 respectively) from Abcam
Co, UK. While 8-OHdG (8 -hydroxy-2-deoxyguanosine)
was measured (n = 6/treatment) to assess the DNA oxi-
dation in serum using ELISA kits (Cat No. MBS261211)
from MyBiosource.com, San Diego, California following
the directions of the manufacturer.
Histopathological Investigation

Specimens from the testes (n = 6/treatment) were
gathered and fixed in neutral buffered formalin (10%),
followed by dehydration in ethanol (70−100%), clearing
in xylene, and embedding in paraffin. Paraffin sections
(5-micron thickness) were prepared and stained with HE
stain (hematoxylin and eosin) (Bancroft and Gamble
2008) and then microscopically investigated.
Statistical Analysis

Data were subjected to the ANOVA procedure for a
completely randomized design using the GLM proce-
dures of SAS (version 14.2, 2016). The replicate was the
experiment unit. The normality of data distribution was
tested with the Shapiro-Wilks test of normality (SAS,
2016). The differences among treatments were deter-
mined using the Post-hoc Newman-Keuls test (P <
0.05).
RESULTS

Effect on Production and Reproduction of
Birds

Table 1 showed that RJM resulted in a significant (P
< 0.001) decline in final body weight (FBW) and FI
than control diets, while heated meals (JH24 and JH48)
significantly improved FBW and FI, particularly JH48,
which restored FBW to control value. RJM recorded the
lowest fertility rate when compared with the control or
treated jatropha meal groups (P < 0.001). At wk 20 of
age, the mortality rate was significantly higher in RJM
and was reduced in heated groups, especially JH48; how-
ever still higher than the control.
Effect on Liver Function Markers

The albumin (P < 0.001) and total protein
(P = 0.003) contents showed a significant reduction in
quails fed on RJM compared to the control. At the same
time, they were restored to normal in both heated
groups (JH24 and JH48). The ALT (P < 0.001) and AST



Table 2. Effects of dietary jatropha seed meal supplement on liver functions of male Japanese quail at 20 wk of age.

Parameters

Jatropha meal (3.5%)

Control RJM JH24 JH48
1P-value

Liver functions2

TP (g/dL) 4.03 § 0.37a 2.45 § 0.06b 3.77 § 0.15a 3.68 § 0.09a 0.003
Albumin (g/dL) 2.25 § 0.09a 1.86 § 0.17b 2.17 § 0.08a 2.28 § 0.06a <0.001
AST (U/L) 60.22 § 0.69b 79.14 § 3.88a 65.42 § 3.47b 60.41 § 1.36b 0.004
ALT (U/L) 13.75 § 0.71b 39.99 § 3.39a 17.83 § 2.03b 13.87 § 0.64b <0.001

1Overall treatment P-value.
2Total protein (TP), aspartate transaminase (AST), and alanine transaminase (ALT).
abDifferent superscripts within a row are significantly different (P < 0.05).

Table 1. Effect of dietary jatropha meal on productive and reproductive performance of male Japanese quail at 20 wk of age.

Items

Jatropha meal (3.5%)

Control RJM JH24 JH48
1P-value

Productive performance
IBW (g) 241.20 § 0.41 241.00 § 0.28 240.90 § 0.66 240.56 § 1.24 0.942
FBW (g) 250.88 § 0.40a 235.20 § 0.41c 246.16 § 0.60b 249.60 § 1.15a <0.001
DFI (g/bird) 25.60 § 0.05a 21.06 § 0.28d 22.38 § 0.05c 23.98 § 0.19b <0.001
Reproductive performance, %
Fertility (%) 84.66 § 0.61a 39.70 § 0.72d 70.33 § 0.32c 80.61 § 0.15b <0.001
Mortality (%) 1.04 § 0.03d 19.30 § 0.41a 10.45 § 0.11b 3.64 § 0.06c <0.001

1Overall treatment P-value. Initial body weight (IBW), final body weight (FBW), daily feed intake (DFI).
abcdDifferent superscripts within a row are significantly different (P < 0.05).
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(P = 0.004) activities were significantly increased in the
RJM group and returned to the control value in both
heated groups (Table 2).
Effect on Lipid Profile Biomarkers

Table 3 showed that triglycerides and vLDL were sig-
nificantly (P < 0.001 and 0.030) increased with 3.5% RJ
relative to control while their levels in JH24 and JH48
groups returned to normal. While, the levels of total,
LDL, and HDL- cholesterol did not significantly differ
among groups.
Effect on Reproductive Hormones

Data in Table 3 showed that birds fed on an RJM-sup-
plemented diet had the lowest value of testosterone
Table 3. Effects of dietary jatropha seed meal supplement on lipid pa
wk of age.

Parameters Control RJM

Lipid parameters2

TG (mg/dL) 262.33 § 8.19b 288.00 § 1.73a

vLDL 52.46 § 2.55b 57.60 § 3.87a

TC (mg/dL) 271.00 § 1.53 269.00 § 4.51
HDL (mg/dL) 161.67 § 5.17 160.33 § 4.84
LDL (mg/dL) 76.11 § 0.76 76.17 § 0.99
LDL/HDL ratio 0.47 § 0.01 0.47 § 0.01
Reproductive Hormones
Testosterone (ng/mL) 2.33 § 0.17a 0.85 § 0.39b

Estradiol (ng/mL) 6.79 § 0.38c 52.18 § 1.26a

1Overall treatment P-value
2Triglycelides (TG), very low density lipoprotein (vLDL), total cholesertol

(LDL) cholesterol.
abcDifferent superscripts within a row are significantly different (P < 0.05).
(P = 0.013) and the highest estradiol (P < 0.001) value
than the JH24 group. While JH24 restored them to con-
trol values.
Effect on mRNA Expression of Hepatic ERa
and Vtg

The expression of ERa and Vtg were significantly
upregulated in the RJM-supplemented group relative to
the control. JH24 significantly reduced their values, but
the JH48 returned them to control values (Figure 1).
Antioxidant and Oxidative Stress Status

The CAT (P = 0.001) and SOD (P = 0.003) activities
and the content of GSH (P < 0.020) in testicular tissues
were significantly decreased by RJM inclusion compared
rameters and reproductive hormones of male Japanese quail at 20

Jatropha meal (3.5%)

JH24 JH48
1P-value

262.30 § 6.33b 262.30 § 6.33b <0.001
52.46 § 2.98b 52.46 § 2.98b 0.030
270.00 § 3.21 270.00 § 3.21 0.966
158.00 § 7.02 158.00 § 7.02 0.979
75.66 § 1.02 75.66 § 1.02 0.942
0.47 § 0.01 0.47 § 0.01 0.986

1.60 § 0.18ab 2.22 § 0.24a 0.013
40.51 § 1.26b 7.80 § 0.12c <0.001

(TC), high-density lipoprotein (HDL) cholesterol, low-density lipoprotein



Figure 1. Effects of dietary jatropha meal on Vtg and ERa. The
data points without the same superscripts (a-c) are significantly differ-
ent (1-wayANOVA) at the level of P < 0s.05.
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to the control. Heating of JM or 24 h succeeded in ele-
vating the SOD and CAT activities; however, they were
still lower than the control, while in JH48, their activi-
ties were normal. The GSH content was returned to con-
trol values in JH24 and JH48 groups (Table 4).

The PC, MDA, and 8-OHdG levels showed the high-
est values in the RJM group (P < 0.001). Heating of JM
for 48 h reduced the 8-OHdG and MDA levels toward
the control level better than JH24 and restored PC to
normal (Table 5).
Histopathological Findings

Heated Jatropha at 48h induced reproductive recov-
ery and sperm production. The histological effects of
Jatropha on the testis germinal epithelium were studied
using transverse sections of the testis. Here the control
Table 4. Effect of dietary jatropha meal on antioxidant biomarkers in

Parameters Control RJM

Antioxidant biomarkers2

SOD (mg/g tissue) 0.22 § 0.01a 0.12 § 0.01b

CAT (mg/g tissue) 0.34 § 0.02a 0.21 § 0.01b

GSH (mg/g tissue) 0.23 § 0.02a 0.16 § 0.01b

1Overall treatment P-value.
2Superoxide dismutase (SOD), catalase (CAT), reduced glutathione (GSH)
abDifferent superscripts within a row are significantly different (P < 0.05).

Table 5. Effect of dietary jatropha meal on oxidative stress biomarke

Parameters Control RJM

Oxidative stress biomarkers2

MDA (nmol/g tissue)2 0.16 § 0.01d 0.45 § 0.01a

PC (nmol/g tissue)2 6.13 § 0.33b 13.53 § 0.58a

8-OHdG (ng/mL)2 0.27 § 0.01d 0.51 § 0.01a

1Overall treatment P-value.
2Malondialdehyde (MDA), Protein carbonyl (PC), 8-hydroxy 2 deoxyguano
abcdDifferent superscripts within a row are significantly different (P < 0.05).
testis appears normal with well-organized seminiferous
tubules (ST), each investigating the spermatic epithe-
lium layers containing cells in different developmental
stages, including; spermatogonia at the peripheral zone
(sg), spermatocytes (Sc), and sperms (sp) in the central
zone (Figure 2A). On the other side, Raw jatropha has a
toxic effect on the general architecture of seminiferous
tubules that appeared scattered with significant vacuo-
lation and progressed atrophy with the deletion of germ
cells (black stars) (Figure 2B). Heated jatropha at 24h
could rescue the formation of the sperm in a few seminif-
erous tubules. However, other tubules degenerated with
disorganized germinal epithelium and hypoplasia (green
stars) (Figure 2C). Interestingly, heating for 48 h could
effectively break down the toxic effect of raw Jatropha
as the testis appeared normal with multiproduced
sperms in side tubules (Figure 2D).
DISCUSSION

It has become clear from the current investigation
that is adding RJM to quail diets significantly reduced
feed consumption and final body weight. In line with
these findings, RJM has been shown to reduce FI and
live weight increase in both chicks (El Badwi et al.,
1992) and laying Japanese quails (Abd El-Hack et al.,
2017). Reduced nutritional intake, particularly protein,
which is crucial for maintaining the body’s protein and
promoting the growth of birds, may cause quails’ low
productivity.
These undesirable effects may be returned to RJM’s

low nutritional values, which were revealed by proxi-
mate analysis. RJM has higher levels of fats and lower
levels of crude protein than treated meals, according to
our prior research (Farag et al., 2018). Due to the
increased concentration of poisonous and antinutritive
testicular tissue of male Japanese quail at 20 wk of age.

Jatropha meal (3.5%)

JH24 JH48
1P-value

0.16 § 0.01ab 0.22 § 0.01a 0.003
0.27 § 0.01b 0.34 § 0.01a 0.001
0.22 § 0.02a 0.23 § 0.02a 0.020

rs in testicular tissue of male Japanese quail at 20 wk of age.

Jatropha meal (3.5%)

JH24 JH48
1P-value

0.30 § 0.00b 0.22 § 0.02c <0.001
6.04 § 0.29b 6.00 § 0.45b <0.001
0.45 § 0.01b 0.32 § 0.01c <0.001

sine (8-OHdG)

https://www.abcam.com/8-hydroxy-2-deoxyguanosine-elisa-kit-ab201734.html


Figure 2. Photomicrograph of Hematoxylin−Eosin (H&E) stained sections of the (A) control group showing that testis appeared normal with
well-organized seminiferous tubules (ST) with spermatogonia (sg), spermatocytes (Sc), and sperms (sp), (B) Testis from the JR group showing scat-
tered seminiferous tubules with vacuolation and atrophy with deletion of germ cells (black stars), (C) Testis from the JH24 group showed the forma-
tion of sperms in a few seminiferous tubules; however, some tubules still showed degenerated and disorganized germinal epithelium and hypoplasia
(green stars), (D) Testis from the JH48 group appeared normal with multiproduced sperms inside tubules.
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substances such as phorbol esters, lectin, anti-trypsin,
phytate, and curcin, RJM has a low nutritional value
(Makkar and Becker, 2009; Barahona et al., 2010). RJM
inclusion in the diet resulted in lectin accumulation that
negatively affects protein synthesis, whereas anti-tryp-
sins inhibit trypsin and chymotrypsin activity (Bara-
hona et al., 2010). Phytate, however, decreased the
availability of nutrients for animals through its binding
to proteins, minerals, and carbohydrates (Martinez-Her-
rera et al., 2006; Saleh et al., 2023). Additionally, it has
been noted that the combination of these substances
might have detrimental effects on the digestive system,
such as gastroenteritis, which reduces nutrient utiliza-
tion and, as a result, decreases female growth and egg
production in females (Burrows and Tyrl, 2001; Salazar
et al., 2021).

On the other hand, treating JM by heating in an oven
for 48 h enhanced the productive performance of birds;
however still under control values, and this could be
explained by the findings of (Pasaribu et al. 2010; Abd
El-Hack et al., 2017; Farag et al. 2018) who reported
that heating of JM resulted in positive changes in the
contents of crude lipid and protein than an untreated
meal with increasing the time of treatment. The current
improvements might be returned to the reduction in the
content of phorbol ester in both treated meals
(0.091 mg/g in JH24 and 0.068 mg/g in JH48), which is
considered to be safe for animals where the permissible
limit is 0.09 (Makkar et al. 1998). Additionally, heating
as a physical treatment method has been shown to
reduce the quantities of heat-labile lectin and anti-tryp-
sin, the 2 poisonous and antinutritive components of
raw jatropha that have been shown to have adverse
effects (Aderibigbe et al. 1997; Ojediran et al., 2014).
Likewise, heat treatment had a good impact on reducing
antinutritional factors but had a small effect on saponin
and phorbol esters (Ojediran et al., 2014).
According to this study, the fertility rate of the JH24

and JH48 groups was higher than those of the RJM
group. The hazardous component phorbol ester in the
residual oil of untreated Jatropha meal may be to blame
for the detrimental effects on reproductive characteris-
tics (El Badwi and Adam, 1992). Additonally the lower
level of tesosteron in RJM fed group could explain the
reduced fertility in this group.
The mortality rate increased when RJM was added to

quail meals, but it was reduced by heating the meal for
24 h and a more reduction of mortality was observed
after heating for 48 h. As previously demonstrated, 5%
heat-treated JM was thought to be the safest level for
growing Japanese quail. However, levels beyond 10% of
JM enhanced the mortality rate (Agboola and Adenuga
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2015). Additionally, according to Gross et al. (1997),
adding raw JM to a fish diet resulted in hundred percent
mortalities, while chemically treating meals could
decrease the mortalities to 8% indicating the high sensi-
tivity of such species to the toxic component of aw jatro-
pha . Likewise, the inclusion of RJM in the diet led to
deaths in rats (Rakshit et al., 2008) and broilers (Pasar-
ibu et al.,2010). Earlier studies in broilers, Sumiati et al.
(2007); Ojediran et al. (2014) reported reduced feed con-
sumption, 100% mortalities, and liver damages as a
result of jatropha’s antinutritional components. The
buildup of harmful substances in the body is the best
explanation for the high mortality rate (Farag et al.,
2018).

In both the JH24 and JH48 groups, the albumen and
total protein were lowered with RJM but returned to
normal after heating. The adverse effects of phorbol
ester, the primary toxic compound of raw jatropha
meal, caused necrosis and degeneration of hepatic cells,
the primary site of synthesis of protein (Areghore et al.,
2003), which may be the cause of the hypoproteinemia
and consequently reuced albumin level seen in the RJM
group. These findings concur with earlier research on
laying Japanese quails (Barahona et al., 2010; Farag
et al., 2018). Reddy and Salunkhe (1982) similarly link
decreases in total proteins to the birds’ ineffective pro-
tein utilization, which leads to lower digestibility. The
physiological indices alteration can affect characteristics
related to the health of birds (Emam et al., 2023).

Our findings also showed that RJM in male quail diets
causes a notable rise in the liver enzymes ALT and ALT.
Increased liver enzyme levels in the serum are a sign of
liver injury, indicating that RJM’s cytotoxic actions on
the liver cells caused these enzymes to leak from injured
hepatic cells into the bloodstream (Nabil et al., 2011).
Compared to the other liver enzymes, the ALT enzyme
is the most sensitive indicator of liver damage and can
quantitively evaluate the severity of liver damage
(Aniagu et al., 2004). Our findings concur with those
made by Kaneko (1989) and Farag et al. (2018), who
discovered that jatropha had a significant impact on the
ALT enzyme.

The results showed that the 3.5% RJM resulted in sig-
nificantly higher triglyceride levels than the control
group despite no changes in total cholesterol, HDL, or
LDL cholesterol contents. According to Farag et al.
(2018), the detrimental effects of RJM on liver functions
and structure could account for the altered hepatic lipo-
genesis.

Vitellogenesis (Vtg) is a normal process in mature
females, and vitellogenin (Vtg) is a marker of it. In ovip-
arous animals, the liver ordinarily produces and secretes
vitellogenin (the precursor of estrogen-induced egg pro-
tein) in females. However, male and immature animals
lack vitellogenin but it can be induced by estrogen and
xenobiotics (Specker and Sullivan, 1994). For this, quan-
tification of Vtg and ERa is of importance during the
evaluation of exposure to xenoestrogen such as atrazine,
bisphenol A and DDT in wild animals and in in vitro
and in vivo studies (de la Casa-Resino et al., 2012; El
Gawish et al., 2013; Osachoff et al., 2016) to determine
the extent of environmental pollution with estrogenic
compounds.
Herein, RJM altered both ERa andVtg. Upon heating

of RJM, particularly JH48, the expression of ERa and
Vtg returned to the baseline values. The significant
induction of these proteins might be returned to the
vitellogenesis induction in hepatic tissue following RJM
exposure, as previously observed in Farag et al (2018),
where xenoestrogen substances can interact with bind-
ing sites of estrogen receptors resulting in the transcrip-
tions of estrogen-responsive genes and productions of
egg proteins such as Vtg. For this, the present data sug-
gest that RJM may be an estrogenic substance that
might disrupt the endocrine systems and affect repro-
duction.
Besides energy and protein, the hormones of reproduc-

tion have a significant role in regulating the reproductiv-
ity in birds, including hatchability and fertility
(Wingfield, 2005). Herein, the male hormone (testoster-
one) in RJM and JH24 groups was lower than in other
groups, while the opposite was observed for estradiol.
The altered hormonal assay could explain the decreased
fertility percentages and suggest the harmful effects of
RJM on the function of the testes, which is supported by
the histological changes in the testicular tissue of the
RJM-treated group. It’s interesting to note that heating
jatropha meal for 48 h significantly reduced the majority
of the negative impacts of RJM on reproduction hor-
mones and brought them close to control levels.
Histopathological study of the testes from RJM group

exhibited marked alterations and structural disturban-
ces in the RJM group, which could be a primary
response to the ROS production and lipid, protein, and
DNA oxidation observed in the testicular tissue of males
in RJM group and this agrees with Khan et al., (2015)
who stated that oxidative damage could alter the testic-
ular membrane leading to the Leydig cells and spermato-
genic degeneration, thereby causing disruption of
spermatogenesis and reduction spermatic count, and
consequently lowering the male fertility.
The histological alterations became less prominent in

JH24 group and mild in JH48 group, indicating that
lengthening the time of heat treatments could reduce
the negative impacts of RJM on the structure and func-
tion of testicular tissue. This suggests that the extended
heating period was more helpful in the destruction or
lowering of the activity of antinutritive and toxic com-
pounds in jatropha meal without additional treatments
to levels making the resulting meal suitable for feeding
animals, and this agreed with Farag et al. (2018) with
quails and Alatise et al. (2014) with fish, which tolerated
substitutions of soybean by boiled jatropha meal to
30%. While disagreed with Areghore et al. (2003), Chiv-
andi et al. (2006), and Martinez-Herrera et al. (2006),
where physical treatment with heat required additional
chemical treatments to reduce the activity of Saponin,
phorbol ester, lectin, and trypsin inhibitors in JM. This
difference might be attributed to the small amount of
JM for inclusion in the diet of male quails and the
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different degrees and times of hearing in the present
study. Therefore, more studies were recommended to
give a right judgment on the accurate level of JM which
would induce only beneficial effects on animal health.
CONCLUSIONS

From the current observation, it is evident that the
presence of poisonous and antinutritive substances in
the raw meal of J, curcas could adversely affect the pro-
duction and reproduction abilities of male quails and
thus restricts its utilization in the feeding of poultry and
animals. While, treating J.s curcas meal by heating for
extended periods (24 or 48 h) could diminish the activity
of such undesirable components without adverse effects
on production and reproduction abilities of male quails.
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