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ABSTRACT: The Jatropha curcas meal was detoxified by different methods, and the effect of detoxification was evaluated in this
study. The method that hydrolysis of enzymes (cellulase plus pectinase) followed by washing with ethanol (65%) had a significant
(p < 0.05) effect on the toxin, antinutritional components, and nutritional quality of proteins. After this treatment, the phorbolesters
(PEs) were decreased by 100%. The antinutritional components (phytates, tannins, saponins, protease inhibitor, and lectin
activities) were decreased to tolerable levels, which were lower than those in soybeanmeal. The crude protein in detoxified meal was
74.68%, and the total content of amino acids was 66.87 g/100 g of dry matter. The in vitro protein digestibility (IVPD) increased
from 82.14 to 92.37%. The pepsin-insoluble nitrogen was only 4.57% of the total nitrogen, and about 90% of the protein was true
protein. The protein-digestibility-corrected amino acid score (PDCAAS) of the meal was 0.75. The results showed that this
treatment was a promising way to detoxify J. curcas meal, and the nutritional quality of detoxified meal can be simultaneously
enriched and improved.
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’ INTRODUCTION

In recent years, biodiesel has been receiving considerable
attention as a renewable source of energy. Biodiesel can be
produced by transesterification of plant oils or animal fats. One of
the non-edible feedstocks that has received great attention as a
source of renewable energy is Jatropha curcas. J. curcas seeds
contain 40�55% oil, which can be easily converted into biodiesel
that meets American and European standards.1,2

After extraction of oil, the J. curcas meal is rich in protein
between 50 and 64%. Except for lysine, all other essential amino
acids in the meal have been reported to be higher concentrations
than those of the Food and Agriculture Organization (FAO)
reference pattern suggested for preschool children.3 However,
the J. curcas meal was found to be toxic to mice,4 rats, calves,
sheep, goats,5,6 humans,7 and chickens,8 which greatly restrict its
use. Some antinutritional components, such as saponin, phytate,
trypsin inhibitor, glucosinolates, amylase inhibitors, flavonoids,
vitexine, isovitexine,9 and cyanogenic glucosides, as well as toxic/
irritant compounds, such as curcin, β-D-glycosides of sitosterol,
and 12-deoxy-16-hydroxy phorbol,10�14 were reported in
J. curcas meal. Apart from these, phorbolesters (PEs) present at
high levels in the meal had been identified as the main toxic agent
responsible for toxicity. If the toxin can be removed, J. curcasmeal
could be used as a protein source for livestock feeds.

Various methods, water leaching, autoclaving, and acid and
alkali treatments, were adopted to detoxify J. curcasmeal, and the
detoxified meal was used to feed animals. However, a significant
reduction in the feed intake, growth, and nutrient balance was
found in the animals, and reduced protein digestibility in growing
goat kids was observed.15,16 The purpose of this study was to
investigate various methods, especially enzyme treatment, to

obtain a method that cannot only effectively remove or degrade
the toxin and antinutritional components but also improve the
nutritional quality of the detoxified meal.

’MATERIALS AND METHODS

Materials. J. curcas seeds were procured from Sichuan province,
China. Phorbol-12-myristate-13-acetate, standard phytic acid, diosgenin,
and tannic acid were obtained from Sigma Chemical Co. (St. Louis, MO).
Cellulase and pectinase (the enzyme activities of the cellulase and pectinase
were 126 filter paper units (FPUs) and 1.8 units/mg, respectively) were
obtained fromNovozymesA/S (Wuxi, China). All other chemical solvents
used were of analytical grade.
Detoxification Method. J. curcas seeds were deshelled and

ground. The ground kernel was defatted using a screw extru-
ding�expanding pretreatment technique at 90 �C, followed by petro-
leum ether extraction [boiling point (bp) = 40�60 �C]. The defatted
ground kernel of J. curcas meal was served as the control. The meal was
treated by the followingmethods: (i) The sample was not treated further
as a control. (ii) The sample was only treated with enzymes (cellulase
plus pectinase) for 1 h. The procedure was carried out under this
condition: cellulase (5 mg/g) and pectinase (10 mg/g) at 50 �C and pH
4.5�5.0 for 1 h. Hydrolysis was stopped by heated at 105 �C for 15 min.
Hydrolysates was clarified by centrifugation (4500g for 15 min), and
then the residue was freeze-dried and designated as a. (iii) After treated
by step ii, the sample was washed using 60% methanol (5:1, v/v) and
65% ethanol (5:1, v/v), respectively. The procedure was at 50 �C with
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constant stirring for 1 h. Then, the solvent was removed by centrifuga-
tion (4500g for 15min) and recovered. The residue was freeze-dried and
designated as b and c, respectively. (iv) The sample was only washed by
90% methanol (10:1, v/v) and 90% ethanol (10:1, v/v), respectively.
The procedure was at 50 �C with constant stirring for 2 h. Then, the
solvent was removed by centrifugation (4500g for 15 min) and
recovered. The residue was freeze-dried and designated as d and e,
respectively.
Determination of Proximate Composition.Moisture content,

crude protein (CP), lipid, neutral detergent fiber (NDF), acid detergent
fiber (ADF), and ash content were determined in accordance with the
standard methods of the Association of Official Analytical Chemists
(AOAC).17 Gross energy (GE) was estimated by an adiabatic bomb
calorimeter (IKA C7000).
Determination of Toxin and Antinutritional Components.

Determination of PEs by High-Performance Liquid Chromatography
(HPLC). The sample (2 g) was weighed and subsequently extracted with
methanol as described byMakkar and Aderibigbe.18 The PE content was
determined by HPLC (Agilent Technologies, Santa Clara, CA). The
four PE peaks appearing between 26 and 31 min were identified at
280 nm. The results were expressed as equivalent to a standard
(phorbol-12-myristate-13-acetate), which appeared between 34 and
36 min.
Determination of Phytohemagglutinating Activity. The lectin was

conducted by a hemagglutination assay in round-bottomed wells of
microtiter plates using 1% (v/v) trypsinized rabbit blood erythrocyte
suspension in phosphate buffered saline (PBS) (10 mM, pH 7.0).19 One
hemagglutinating unit (HU) was defined as the least amount of material
per milliliter in the last dilution giving positive agglutination.
Determination of the Trypsin Inhibitor Activity (TIA) and Phytic Acid

and Saponin Contents.TIAwas determined essentially according to Liu
et al.20 Phytic acid was determined by a colorimetric procedure
described by Vaintraub et al.21 Total saponin was determined using a
spectrophotometric method described by Hiai et al.22

Determination of Total Phenolics. Total phenolics were extracted
and determined by spectrophotometric methods described byMakkar.23

Total phenolics were quantified by the Folin�Ciocalteu reagent, and
results were expressed as tannic acid equivalents.
Nutritional Quality Evaluation. Determination of Amino Acid.

The amino acid composition was determined using an amino acid
analyzer (Agilent Technologies, Santa Clara, CA).23

Determination of the in Vitro Protein Digestibility (IVPD).The IVPD
was measured using a multi-enzyme technique and calculated using the
following regression equation: y = 234.84 � 22.56x, where y was IVPD
(%) and x was pH of the protein suspension after 20 min of digestion
with the enzyme solution.24

Determination of Buffer-Soluble Nitrogen, Non-protein Nitrogen,
and Pepsin-Insoluble Nitrogen. The sample (5 g) was homogenized in
100mLof phosphate buffer (0.05M, pH7.0) using an ultraturrax at 10000g
for 20 min and then filtered. A total of 10 mL of the filtrate was mixed with
10 mL of 20% trichloroacetic acid (TCA), refrigerated overnight, and
centrifuged (3000g for 10 min) to collect the supernatant. An aliquot
(10mL) of the supernatantwas analyzed for non-protein nitrogen, and total
soluble nitrogen was analyzed using the Kjeldahl analysis. Pepsin-insoluble
nitrogen was determined as described by Makkar et al.23 Results were
expressed as grams of CP per 100 g of dry matter (DM).
Determination of the Chemical Score. The chemical score was

calculated using the following formula:25

grams of essential amino acid in test protein
grams of total essential amino acid in test protein

� grams of total essential amino acid in egg protein
grams of essential amino acid in egg protein

Determination of the Essential Amino Acid Index (EAAI) and
Biological Value (BV). EAAI was calculated according to the method
by Oser,26 and BV was calculated using the formula by Oser.27

BV ¼ 1:09ðEAAIÞ � 11:7

Determination of the Nutritional Index (NI).NI was calculated using
the formula of Crisan and Sands.28

NI ¼ EAAI� percent protein
100

Determination of the Protein-Digestibility-Corrected Amino Acid
Score (PDCAAS). PDCAAS was calculated using the following
formula:29

PDCAAS ¼ amount of amino acid in test protein
amount of amino acid in reference protein

� digestibility of test protein

Statistical Analysis. All of the values, except the content of amino
acid, were expressed as the mean of triplicate determinations (standard
deviation) and subjected to one-way analysis of variance using SPSS
(version 13.0) software. Means were separated by Fisher’s protected
least significant difference (p < 0.05).

’RESULTS AND DISCUSSION

Proximate Composition. Results for the proximate composi-
tions of all of the treated samples were given in Table 1. The DM
varied from 93.61 to 97.85%. The moisture was very low (<6%),
which could prevent deterioration of meal, thus improving the
shelf life of this byproduct. The fiber (<10%NDF and <8%ADF)
in the current study was lower than that in soybean meal (17.2%
NDF and 12.2% ADF).30 Similar to previous publication results,
the GE was similar to that in the soybean meal.31 Thus, the
treated meal has a better nutrient profile than the control.
Toxin and Antinutritional Components. Results for the

toxin and antinutritional component levels of all of the treated
samples were given in Table 2. All of the PEs were removed (p <
0.05) from the defated meal after treatment with 60 or 65%
ethanol or methanol. In general, PEs are known to activate
protein kinase C, which in turn activates a cascade of signal
transduction reactions causing tumor promotion. Abud-Aguye
et al.32 had reported that feeding mice with PEs as low as 1mg/kg
of body weight caused death.
The residue of TIA in the control sample was 3.15 mg/g. TIA

is generally considered to be a toxic factor in J. curcas seeds. TIA
interferes with the normal functioning of pancreatic proteolytic
enzymes in non-ruminants, leading to severe growth
depression.33 Data indicated that different treatments had a
significant (p < 0.05) effect on TIA. The residues of TIA in all
samples in the present study were lower than that reported by
Aderibigbe et al. (5 mg/g).31

Lectin is also considered to be another toxic factor in J. curcas
seeds.34 The residue of lectin activity in the control sample was
very close to that reported by Makkar, Aderibigbe, and Becker.18

In comparison to the control sample, the values of lectin activity
in samples b (1.49 mg/mL) and c (1.35 mg/mL) were decreased
significantly (p < 0.05). The lectin activity can be easily inacti-
vated when the temperature was high.31
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The phytic acid content was significantly (p < 0.05) affected by
the treatments b�e but only slightly affected by the other
treatments (Table 2). The high level of phytic acid present in
J. curcas meal might decrease the bioavailability of minerals
(especially Ca2þ and Fe2þ). Phytic acid have also been impli-
cated in decreasing protein digestibility by forming complexes
and also interacting with enzymes, such as trypsin and pepsin.35

Phytic acid in all processed samples was very close to those
reported by Aderibigbe et al.31

Saponin in sample c was 0.93 g/100 g, which was lower than
that reported in soybean meal (4.7 g/100 g).9 The treatments b,
d, and e can reduce the total saponins by about 50% (Table 2).
However, treatment c significantly (p < 0.05) decreased the total
saponins by about 70%. Vasconcelos et al.30 had reported that
saponins were not destroyed by cooking. The reduction of
saponins, resulting from treatment c, was probably due to them
being extracted along with ethanol and the cell wall being
destructed by enzymes (cellulase plus pectinase). Treatment c
was the most effective way to remove the saponins compared to
the other treatments.
It is well-known that the enzymes (cellulase plus pectinase)

can destroy the plant cell wall, which is helpful to release
intracellular components. Therefore, the method of hydrolysis
of enzymes (cellulase plus pectinase) followed by solvent wash-
ing can be used to detoxify the PEs and antinutritional factors in
J. curcas meal. The data in the present study validate the effect
of enzymes. Treatment c will be a promising way to detoxify
J. curcas meal.

Nutritional Quality Evaluation. Results for the levels of CP,
buffer-soluble nitrogen, non-protein nitrogen, pepsin-insoluble
nitrogen, and IVPDs of all of the treated samples were given in
Table 3. TheCP increased from 59.64 to 74.86%. TheCP in sample
c was the highest at 74.86%, as compared to soybean meal (45.7%).
The buffer-soluble nitrogen and non-protein nitrogen were
7.32�8.42 and 4.48�5.61 g of CP/100 g of drymatter, respectively.
Only 4.34�9.0% (as a percentage of total CP) of the total nitrogen
of all samples was non-protein nitrogen, which, in jojoba, soybean,
sunflower, and rapeseedmeals, were 21�30, 2.9�7.8, 5.0, and 6.9%,
respectively,36 suggesting the presence of a high level (90%) of true
protein in the present study. The pepsin-digestible nitrogen of
sample c was very high (about 95%) (Table 3). The value of IVPDs
in the control sample was 82.14%. This low digestibility may be
possibly due to the high content of TIA presented in the J. curcas
meal and the denatured protein. Treatment c improved protein
digestibility by 10% (92.37%) better than treatments a, b, d, and e. It
may even be possibly due to the lower levels of tannins, which inhibit
the trypsin digestion in sample c, and the cell wall being destroyed by
cellulase and pectinase.
Results for the levels of amino acid composition of all of

the treated samples and soybean meal were given in Table 4.
In comparison to soybean meal, the data revealed an almost
similar pattern for all essential amino acids, except lysine and
sulfur-containing amino acids. The PDCAAS (Table 5) value
of detoxified meal obtained from treatment c was 0.75, which
was calculated from the amino acid composition analyzed (except
the sulfur-containing amino acids) and the reported value of

Table 2. Effect of Detoxification Treatments on Toxic and Antinutritional Componentsa

treatments

control a b c d e

PEsb 2.88 a (0.11) 2.47 b (0.24) 0.00 d (0.00) 0.00 d (0.00) 0.98 c (0.04) 1.16 c (0.08)

TIA (mg/g) 3.15 a (0.13) 2.93 a (0.01) 2.55 b (0.09) 2.47 b (0.06) 3.09 a (0.12) 3.12 a (0.24)

lectin activity (mg/mL)c 3.43 a (0.01) 3.41 a (0.17) 1.49 bc (0.00) 1.35 c (0.04) 1.46 bc (0.12) 1.62 b (0.10)

saponins (g/100 g)d 2.67 a (0.13) 2.62 a (0.09) 1.14 c (0.05) 0.93 d (0.09) 1.58 b (0.11) 1.46 b (0.06)

total phenolics (g/100 g)e 0.32 a (0.21) 0.28 ab (0.03) 0.12 bc (0.11) 0.09 c (0.02) 0.18 abc (0.06) 0.14 abc (0.07)

phytic acid (%) 10.04 a (0.39) 9.11 b (0.26) 7.01 c (0.31) 6.85 c (0.41) 7.28 c (0.23) 8.83 b (0.12)
aAll values are the mean of triplicate determinations (standard deviation). Values followed by different letters are significantly different (p < 0.05). a,
enzymatic treatment; b and c, enzymatic treatmentþ 60%methanol and 65% ethanol treatments, respectively; d and e, 90%methanol and 90% ethanol
treatments, respectively. bEquivalent to phorbol-12-myristate 13-acetate. cMinimum amount of the sample required to show agglutination in 1 mL of
final assay medium. dDiosgenin equivalents. eTannic acid equivalents.

Table 1. Effect of Detoxification Treatments on Proximate Compositions (%) and GE (MJ/kg)a

treatments

control a b c d e

DM 93.61 a (2.76) 95.34 a (2.51) 97.85 a (3.63) 96.82 a (1.31) 97.71 a (1.22) 96.47 a (3.06)

lipid 1.43 b (0.41) 1.52 ab (0.09) 1.73 ab (0.28) 1.87 a (0.18) 1.55 ab (0.11) 1.62 ab (0.11)

crude ash 9.91 a (0.31) 6.72 b (0.02) 6.73 b (0.03) 6.79 b (0.80) 7.07 b (0.36) 6.74 b (0.04)

crude fiber 5.09 a (0.52) 4.57 ab (0.61) 4.19 b (0.12) 4.22 b (0.29) 5.15 a (0.07) 5.07 a (0.09)

NDF 9.01 a (0.74) 7.95 b (0.68) 6.91 c (0.42) 6.09 c (0.91) 8.48 ab (0.04) 8.26 ab (0.01)

ADF 7.71 a (0.11) 6.65 b (0.04) 4.57 c (0.67) 4.69 c (0.15) 6.78 b (0.09) 6.49 b (0.26)

GE 18.12 a (0.41) 19.23 a (1.04) 19.01 a (1.21) 18.73 a (1.06) 18.45 a (1.07) 18.56 a (1.74)
aAll values are the mean of triplicate determinations (standard deviation). Values followed by different letters are significantly different (p < 0.05). a,
enzymatic treatment; b and c, enzymatic treatment þ 60% methanol and 65% ethanol treatments, respectively; and d and e, 90% methanol and 90%
ethanol treatments, respectively.
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Elvin-Lewis.36 The seed protein was rich in glutamic and aspartic
acids and similar to conventional oilseed proteins. Results for
nutritional indices of all of the treated samples were given inTable 5.
Data showed that treatment c can increase the nutritional quality of
protein. The detoxifiedmeal obtained by treatment c has a relatively
high content of protein (74.86%) and essential amino acids, good
digestibility (92.37%), high value of PDCAAS (0.75), and no
antinutrients and toxic factors. Therefore, it could be inferred that
the detoxified meal has a high availability of protein to animals.

’CONCLUSIONS

Detoxification methods for J. curcas meal are very important
because of the high content of toxin, antinutritional components,

and the difficulty in their digestion. The effective use of protein
in J. curcas meal as a source of food/feed, especially in a
developing country, is also important. Therefore, a simple
and inexpensive detoxification technique that changes the
composition of J. curcas meal and improves its acceptability is
necessary.

On the basis of the results of this study, it can be concluded
that no single method can remove or eliminate all of the
antinutrients and toxic factors. A combination of hydrolysis of
enzymes (cellulase plus pectinase) and washing with ethanol
(65%) brought about all of the desirable changes in J. curcasmeal.
This treatment significantly reduced PEs and antinutritional
components, such as phytates, tannins, the flatulence-causing
factors, saponins, protease inhibitor, and lectin activities. Among
all of the varieties studied, the detoxified meal by this treatment
had better nutritional indices (protein quality) than the other
treatments. In addition, the 65% ethanol treatment is more
economic and toxicologically feasible than the methanol treat-
ment. It can be concluded that this treatment was a promising
way to detoxify J. curcas meal.
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Table 3. Effect of Detoxification Treatments on Buffer-Soluble Nitrogen, Non-protein Nitrogen, Pepsin-Insoluble Nitrogen, and
IVPDs (g of CP/100 g of DM)a

treatments

control a b c d e

CP 59.64 e (0.25) 63.43 d (0.61) 68.52 b (0.22) 74.86 a (0.91) 62.82 d (0.06) 64.74 c (0.52)

IVPD 82.14 d (0.76) 85.21 c (0.4) 88.61 b (0.8) 92.37 a (0.82) 82.13 d (0.48) 84.38 cd (0.19)

pepsin-insoluble nitrogen 4.03 c (0.18) 4.31 ab (0.04) 4.35 ab (0.13) 4.57 a (0.19) 4.21 bc (0.04) 4.26 bc (0.24)

buffer-soluble nitrogen 7.69 bc (0.1) 7.32 c (0.1) 7.79 b (0.03) 8.42 a (0.06) 7.56 bc (0.5) 7.64 bc (0.08)

non-protein nitrogen 4.48 d (0.06) 4.53 d (0.09) 4.82 c (0.01) 5.61 a (0.02) 4.94 b (0.09) 4.80 c (0.02)
aAll values are the mean of triplicate determinations (standard deviation). Values followed by different letters are significantly different (p < 0.05) a,
enzymatic treatment; b and c, enzymatic treatmentþ 60%methanol and 65% ethanol treatments, respectively; d and e, 90%methanol and 90% ethanol
treatments, respectively.

Table 4. Effect of Detoxification Treatments on Amino Acid
Compositions (g/100 g of DM)a

treatments

amino acid control a b c d e

essential

cystine 0.47 0.52 0.49 0.66 0.34 0.38

methionine 0.64 0.71 0.69 0.96 0.49 0.58

valine 2.83 3.13 4.62 5.69 4.41 4.22

isoleucine 2.52 2.27 4.05 4.37 3.73 3.69

leucine 3.91 4.32 4.54 5.39 4.11 4.06

arginine 5.82 6.14 7.58 8.66 6.81 6.83

phenylalanine 2.51 2.76 3.57 3.97 3.32 3.26

histidine 1.30 1.43 1.67 2.28 1.88 1.51

lysine 1.38 1.48 2.61 3.41 2.42 2.37

threonine 1.96 2.16 2.83 3.28 2.58 2.47

non-essential

aspartic acid 4.86 5.36 5.82 6.41 5.11 5.31

proline 2.89 3.09 1.93 2.13 1.69 1.73

serine 2.48 2.68 3.08 3.35 2.72 2.81

glutamic acid 8.98 9.88 6.99 7.67 4.86 6.38

glycine 2.43 2.37 3.04 3.67 2.84 2.77

alanine 2.65 2.92 3.34 3.93 2.41 3.05

tyrosine 1.44 1.58 1.01 1.04 0.88 0.92

totals 49.07 52.8 57.89 66.87 50.6 52.45
a a, enzymatic treatment; b and c, enzymatic treatmentþ 60%methanol
and 65% ethanol treatments, respectively; d and e, 90% methanol and
90% ethanol treatments, respectively.

Table 5. Effect of Detoxification Treatments on Nutritional
Indicesa

treatments

control a b c d e

EAAI 65.78 65.99 76.47 82.28 74.57 72.92

BV 60 60.23 71.65 77.16 69.58 67.78

NI 32.27 41.86 52.4 61.59 46.84 47.2

PDCAAS 0.51 0.54 0.67 0.75 0.62 0.61
a a, enzymatic treatment; b and c, enzymatic treatmentþ 60% methanol
and 65% ethanol treatments, respectively; d and e, 90% methanol and
90% ethanol treatments, respectively.
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