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ABSTRACT

Phulia,V., Sardar, P., Sahu, N.P., Sanap, B.N., Shamna, N., Fawole, F.J. and Gupta, S. 2018. Effect
of detoxification methods on anti-nutritional factors and proximate composition of defatted Jatropha
curcas kernel meal. Animal Nutrition and Feed Technology, 18: 67-77.

A study was conducted to evaluate the effect of chemical treatment and solid state fermentation
on the anti-nutritional factors (ANFs) and proximate composition of defatted Jatropha kernel meal (DJKM).
The DJKM samples were treated with alkaline methanol (90% methanol containing 0.2M NaOH; CT-
1), alkaline ethanol (80% ethanol containing 0.1M NaOH; CT-2), highly alkaline methanol (90% methanol
and 3% NaOH; CT-3), modified ethanol (4-times extraction using 80% ethanol; CT-4) and modified
methanol (4-times extraction using 90% methanol; CT-5), in combination with moist heat treatment in
all cases. Another sample was treated by solid state fermentation (SSF) using Aspergillus niger fungus
(FT). The untreated sample was considered as control (JO). In comparison to control and the chemical
treated samples (CT-1, CT-2, CT-3, CT-4 and CT-5), SSF treated sample contained significantly (P <0.05)
lower levels of moisture and crude fibre, and higher levels of ether extract and total ash. However, these
parameters did not vary (P>0.05) among the control and chemically treated samples. Though the CP
content of FT sample was significantly higher than the control, it was found comparable to all the
chemically treated samples. The moisture and ether extract contents of control and treated samples
exhibited a reverse trend. Significantly lower and higer GE values were observed in CT-2 and CT-3,
respectively; however, it was not affected much due to other treatments. Results indicated that any of
the chemical treatments could not result in significant (P>0.05) removal of phytic acid and tannin,
whereas FT was able to significantly (P<0.05) remove 100% phytic acid and 65.79% tannin from
DJKM. However, all the treatments were equally effective in removal (100%) of trypsin inhibitor from
DJKM. It is concluded that among the different treatment methods used, solid state fermentation was
found to be the most effective method for removal of ANFs from DJKM.
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INTRODUCTION

Aquaculture is currently the fastest developing sector compared to all other terrestrial
farmed animal production systems. Future fish demand for the ever-increasing human
population can be met through technological interventions by implementing intensified
feed-based aquaculture system with increasing productivity but the shortage of feed
ingredients and increasing cost of conventional feed resources is posing a great challenge
to the sustainability of aquaculture sector (Fawole ef al., 2018). The feed cost typically
varies between 50 and 60% of production cost in intensified aquaculture system (Miles
and Chapman, 2011; FAO, 2012); therefore, cost effective, eco-friendly and quality feed
are the key to sustain the feed-based intensified aquaculture (Sanap et al., 2018). These
factors have stimulated researchers to explore the unconventional plant-based feed
ingredients which are not only of low cost, and easily available but also not competing
with human food and terrestrial animal feed sectors (FAO, 2008; Fawole et al., 2018).
Soybean meal is the most widely used plant-based feed ingredients in aquafeed but its
increasing price and competition with terrestrial animals and human beings for food and
feed have coerced several studies to find out suitable alternatives (Harter e al., 2011;
Kumar et al., 2012; Fawole et al., 2016; Phulia er al., 2017a,b; Shamna et al., 2015;
Shamna et al., 2017; Sanap et al., 2018).

Jatropha curcas is a multipurpose and drought-resistant small perennial tree/large
shrub, widely spread throughout the tropics and subtropics. Its seeds and kernels have
been reported to be containing 27-40% and 60 % oil, respectively (Makkar er al., 1998b).
This oil can be trans-esterified into biodiesel meeting the European and American biodiesel
standards (Azam et al., 2005). The kernel meal generated after oil extraction of J. curcas
is a rich source of CP (58-62%; Makkar et al., 2007; Makkar et al., 2008) and reported
to be of superior amino acids composition than soybean meal (except lysine) making it
a potential protein ingredient in aquafeeds. However, its direct utilization in animal diets
largely remain limited owing to the presence of highly toxic components - phorbol esters
(PEs) and other anti-nutritional factors such as phytic acid, trypsin inhibitor, tannin and
lectin, etc. (Makkar and Becker, 1997; Angel er al., 2015; Shamna et al., 2015).
Therefore, it is imperative to detoxify the kernel meal prior to its utilization in animal
feeds. Though heat labile anti-nutritional factors such as lectin and trypsin inhibitor can
be easily deactivated by moist heating/autoclaving, it is very difficult to degrade PEs and
phytic acid by heat treatment even at higher temperature (Phulia et al., 2017a). The PEs
exhibit their adverse effects through activation of protein kinase C (PKC) pathway,
which is involved in synthesis of phospholipid, protein and DNA, regulation of enzyme
activities through phosphorylation and dephosphorylation of protein, cell differentiation
and gene expression and thus responsible for carcinogenic and skin irritant effects (Wink
et al., 1997; Goel et al., 2007; Makkar and Becker, 2009, Devappa et al., 2010). Raw
or defatted seeds of Jatropha when force-fed to fish, chicks, pigs, goat, mice and rats
caused severe toxicity symptoms before death (Adam, 1974; Adam and Magzoub, 1975;
Liberalino et al., 1988; Chivandi ez al., 2000; Gadir et al., 2003; Angel et al., 2015).
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The adverse effects of phytic acid can be overcome through supplementation of mineral
mixture or microbial phytase enzyme in the diet (Sardar et al., 2007). Over the last two
decades, several approaches have been evaluated for detoxifying Jatropha by-products
(kernel meal, seed cake, protein concentrate and protein isolate). These approaches
include a range of physical (Makkar et al., 1998a), chemical (Makkar and Becker, 1997;
Aregheore et al., 2003; Martinez-Herrera et al., 2006; Chivandi et al., 2006; Rakshit
et al., 2008, Baocai et al., 2014; Li et al., 2015; Nokkaew and Punsuvon, 2015),
biological (Belewu and Sam, 2010; Joshi et al., 2011; Hassaan ef al., 2016; Shamna et
al., 2015; Phulia et al., 2017a,b) and radiation treatments (Diwani et al., 2011; Gogoi
et al., 2014; Sanap et al., 2018). But except for few studies, most of them have not
yielded satisfactory results. Thus, several alternative efforts are still undergoing to develop
economic, user-friendly and eco-friendly methods to produce completely detoxified
products. With this backdrop, the purpose of this study was to investigate effect of
various detoxification methods on proximate composition and anti-nutritional factors of
defatted Jatropha kernel meal (DJKM).

MATERIALS AND METHODS
Preparation of Jatropha kernel meal

J. curcas seeds procured from Genius Herbs, Coimbatore, India were deshelled
manually to obtain kernels. The kernels were ground with the help of a kitchen grinder
and defatted using diethyl ether (boiling point 40-60°C) in a soxhlet extraction apparatus
(Socsplus, Pelican equipments, Chennai, India) to obtain defatted Jatropha kernel meal
(DJKM). The DJKM was dried in oven at low temperature (50°C) and later packed in
air-tight polyethylene bags and stored at -20°C until further use.

Detoxification of DJKM

The DJKM samples were detoxified using three different chemical methods along
with solid state fermentation using Aspergillus niger as detailed below:

Alkaline methanol/ethanol plus moist heat treatment: This treatment was carried out
according to Makkar and Becker (2010) with some modifications. Exactly, 150 ml of
90% methanol containing 0.2M NaOH was added to 10g of DJKM (15:1 v/w) in round
bottom flask of refluxing unit of a solvent extraction apparatus at 65°C for 30 min. After
extraction was over, the mixture was cooled and filtered through Buchner funnel with
suction arrangements and using Whatman filter paper No. 1 to obtain the residue. While
filtering in Buchner funnel, the residue was washed with 120 ml of 90% methanol without
NaOH. The residue was then re-treated with 150 ml 90% methanol solvent (without NaOH)
through the same refluxing method. Finally, the residue was given hot water washings
for complete removal of both the solvent and the alkali. The residue was then given moist
heat treatment through autoclaving (121°C, 30 min) followed by freeze drying using
lyophilizer. The dried samples were designated as CT-1. The same procedurewas adopted
using ethanol; however, the extraction was carried out at 78°C using 80% ethanol
containing 0.1M NaOH. The treated sample was designated as CT-2.
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Highly alkaline methanol plus moist heat treatment.: Three steps chemical treatment with
90% methanol and 3% NaOH was employed in this treatment. In this detoxification
approach, 10g DJKM was mixed with 30 ml 90% methanol (1:3, w/v) in a 150 ml
beaker. The mixture was sonicated for 5 min and then incubated at 70°C for 15 min in
a water bath. Then the mixture was centrifuged (4500 X g; 15 min) and the supernatant
was carefully discarded. The meal was retreated with 30 ml 90% methanol following
the same procedure. The meal was freeze-dried using lyophilizer and 8g dried meal was
mixed with 8 ml 3% NaOH solution (1:1, w/v) in a 100 ml beaker and incubated at 70°C
for 5 min in a water bath. The alkali treated meal was further autoclaved (121°C, 30
min) and washed with hot water in muslin cloth to make it alkali free. The sample was
then lyophilized and the dried sample was stored at -20°C for further analysis. This
treatment was designated as CT-3.

Modified ethanol/methanol plus heat treatment: In this modified ethanol/ methanol mediated
detoxification approach, 10g DJKM was mixed with 50 ml of 80% aqueous ethanol or
90% aqueous methanol (1:5, w/v) in a 150 ml beaker. The mixture was heated on a
magnetic stirrer at 78°C or 65°C for 5 min for the methanol and ethanol treatments,
respectively. After heating, the mixture was filtered using Whatman filter paper No. 1.
The filtered residue was retreated (three times) in the same way. The residue was then
given moist heat treatment through autoclaving (121°C, 30 min) followed by freeze
drying using lyophilizer. The treated sampleswere designated as CT-4 and CT-5.

Solid state fermentation (SSF): The defatted meal was detoxified by SSF, as suggested
by Belewu and Sam (2010) using Aspergilius niger (MTCC 281) procured from Institute
of Microbial Technology (IMTECH), Chandigarh, India. The fungus was sub-cultured
in Czapek Yeast Extract Agar (CYA). The fungal spores were harvested in Tween-80
solution and diluted to achieve 107-10% spores/mL by serial dilution. Fermentation of
dried, cooled and autoclaved DJKM was done aerobically at 30°C using A. niger for a
period of three weeks. The fermented product was then autoclaved to stop the fungal
growth further. The fermented meal was then cooled and lyophilized to obtain dried
fermented Jatropha kernel meal (FT).

Analysis of proximate composition

Proximate composition of the detoxified DJKM samples was determined as per
AOAC (1995). The gross energy (GE) was calculated as per the formula given by Smith
(1981):

Gross energy (kcal/100g)=[5.64xCP (g/100g)+9.44xEE (g/100g)+4.11xTC (g/100g)]

Determination of anti-nutritional factors

Phytate or phytic acid estimation was carried out following the spectrophotometric
procedure of Vaintraub and Lapteva (1998) and phytate was expressed as % phytic acid
equivalent. The method used for the estimation of trypsin inhibitor (TI) was a modified
method of Makkar et al. (2007) and the activity was expressed in trypsin inhibitor units
(TIU, mg/g). Total tannin was estimated using spectrophotometric method as described
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by Makkar ez al. (2007). The reagent used was Folin-Ciocalteu reagent and the results
were expressed as percent tannic acid equivalent.

Statistical analysis

All the data were statistically analyzed using ANOVA in SPSS package version
16.0 and the significant difference between the means was determined by Duncan’s
multiple range tests. Comparisons were made at the 5% probability level.

RESULTS AND DISCUSSION

Results for the proximate composition of control and treated samples are given in
Table 1. The moisture content of the detoxified samples was significantly (P<0.05)
lower in FT group compared to all chemical treated groups (CT-1 to CT-5) and control
(JO). The decline in moisture content due to solid state fermentation of DJKM (FT) in
the present study was in agreement with earlier report of Belewu and Sam (2010). Xiao
et al. (2011) also did not found any variation in moisture/DM content in DJKM treated
with 90% methanol or ethanol. The result indicated an inverse relationship between ether
extract (EE) and moisture content in all treatment groups. The FT group exhibited
significantly highest (P <0.05) EE compared to all other treatments including control
(JO). The increased EE in FT group might be attributed to more lipogenic than lipolytic
abilities of fungus (Belewu et al., 2010).

In the present study, the chemically treated DJKM samples (CT-1 to CT-5) did
not show significant variation in terms of their crude protein (CP) contents. On the
contrary, an increase in the CP content with the chemically treated samples was observed
by Aregheore et al. (2003), Martinez-Herrera et al. (2006) and Xiao ef al. (2011) which

Table 1. Effect of detoxification methods on proximate compositions (%) and gross energy (kcal/100g)

of DJKM

Treatments® Moisture CP EE TA CF NFE GE
Jo 7.86° 57.83° 0.62° 9.65% 9.122 22.77%® 463.13%*
CT-1 8.17¢ 57.95%® 0.60° 9.68 9.16° 22.59° 463.08®
CT-2 8.142 57.97%* 0.61° 9.73° 9.15% 22.53° 462.94°
CT-3 8.04 57.96% 0.61° 9.62¢ 9.16 22.63° 463.41°
CT-4 8.18¢ 57.94%® 0.60° 9.66" 9.16° 22.62° 463.23%®
CT-5 8.04 57.95%® 0.61° 9.64 9.15% 22.64° 463.28®
FT 7.04° 58.0° 0.73¢ 9.85 8.50° 22.912 463.15®
SEM 0.092 0.017 0.011 0.019 0.051 0.036 0.048

"The treatments included: JO,Untreated defatted Jatropha kernel meal (DJKM); CT-1,90% methanol with 0.2M
NaOH plus autoclaving; CT-2,80% ethanol with 0.1 M NaOH plus autoclaving; CT-3,90% methanol & 3%
NaOH plus autoclaving; CT-4,80% ethanol plus autoclaving; CT-5,90% methanol plus autoclaving; FT, solid
state fermentation by fungas.

®Mean values in the same column with different superscripts differ significantly (P<0.05).
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has been attributed to a proportionately higher loss of non-protein components (Aregheore
et al., 2003). Our results are in corroboration with earlier findings of Belewu ef al.
(2010), Belewu and Sam (2010) and Oseni and Akindahunsi (2011), wherein they reported
increased CP resulted from fermentation of sample. The TA content was significantly
higher (P<0.05) in FT group compared to control (JO) and chemical treated samples
(CT-1 to CT-5). The TA content in control and treated samples varied between 9.62 and
9.85%, which was well within the reported value of Makkar et al. (1998b). The increased
CP and TA contents in fermented sample could be attributed to microbial source (Martinez-
Herrera et al., 2006). Significantly higher (P<0.05) CP, EE and TA contents in FT
group in the present investigation are in congruent with Hassaan er al. (2016) who
reported increases in these nutrients in Jatropha seed meal fermented by Bacillus
licheniformis and Bacillus pumilus compared to control.

The knowledge of dietary fibre is important in food analysis, as they are responsible
for the viscosity of the gastrointestinal contents, the intestinal transit time, absorption of
glucose and starch digestion (Adolfo Lutz Institute, 2005). The CF content was significantly
lowest (P<0.05) for FT group compared to all other treatments including control. In
agreement with the present finding, Hassaan e al. (2016) reported reduction in CF in
Jatropha seed meal fermented by B. licheniformis and B. pumilus which could be indicative
of CF degradation by fungal fibrolytic enzymes (Jacqueline and Visser, 1996). In contrary
to present observation, Martinez-Herrera et al. (2006) reported increased CF in Jatropha
kernel meal treated by 90% ethanol and 90% ethanol plus NaHCO, followed by autoclaving
(121°C, 25 min). Though significantly (P<0.05) lower and higer gross energy values
were observed in CT-2 and CT-3, respectively, it was not affected much due to other
treatments.

The effect of various detoxification methods on anti-nutritional factors of DJKM
is given in Table 2. The phytic acid content did not vary significantly (P>0.05) between
control and any of the chemical treatment groups, whereas it was not detected in FT
group indicating 100% removal. Similar to our results, Aderibigbe et al. (1997), Makkar
et al. (1997) and Martinez-Herrera et al. (2006) also did not observe any reduction in
phytic acid level by chemical treatment of Jatropha meal. Xiao ef al. (2011), however,
reported a significant reduction of phytic acid in Jatropha kernel meal treated by 90%
methanol and 90% ethanol. Phytic acid (8.61%) in the control group was found similar
to the reported value of 8.9% by Makkar and Becker (2009) and the values in all
chemically processed samples were very close to those reported by Aderibigbe et al.
(1997). However, in the present study, solid state fermentation of DJKM by A. niger
could able to remove phytic acid completely which might be mediated through phytate-
degrading fungal enzymes (Jacqueline and Visser, 1996). The high level of phytic acid
present in J. curcas meal might decrease the bioavailability of minerals (especially P,
Ca, Mg, Mn, Zn and Fe) by forming insoluble complexes. Phytic acid also decrease
protein digestibility through formation of undegradable complexes with protein and also
by reducing the activities of digesting enzymes such as trypsin and pepsin (Reddy and
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Table 2. Effect of detoxification methods on anti-nutritional factors of DJKM

Treatments® . Ph}ftate . . Tmn . . .”ljrypsin
(% phytic acid equivalent) (% tannic acid equivalent) inhibitor (mg/g)

JO 8.61* 0.38¢ 21.27°
CT-1 8.25° 0.342 ND*
CT-2 8.33* 0.37 ND

CT-3 8.37* 0.34 ND

CT-4 8.33* 0.36 ND

CT-5 8.28 0.35 ND

FT ND 0.13° ND

SEM 0.660 0.019 1.664

"The treatments included: JO, Untreated Jatropha kernel meal (DJKM); CT-1, 90% methanol with 0.2M NaOH
plus autoclaving; CT-2, 80% ethanol with 0.1 M NaOH plus autoclaving; CT-3, 90% methanol & 3% NaOH
plus autoclaving; CT-4, 80% ethanol plus autoclaving; CT-5, 90% methanol plus autoclaving; FT, solid state
fermentation.

®Mean values in the same column with different superscripts differ significantly (P<0.05).
“Not detected.

Pierson, 1994; Shamna et al., 2015). In corroboration to our finding, phytic acid in plant
tubers (Icacina mannii) was potentially removed by Saccharomyces cerevisiae fermentation
(Antai and Nkwelang, 1998). In addition, phytic acid in soybean, cowpea and ground
bean was effectively removed by R. oligosporous (Egounlety and Aworh, 2003). Hassaan
et al. (2016) reported 85.27 and 91.29% reduction phytate level in Jatropha seed meal
fermented by B. licheniformis and B. pumilus for a period of 9d, respectively.

In this study, the trypsin inhibitor content (21.27 mg/g) in the control group was
found to be within the reported range of 18.40-26.85 mg/g (Makkar et al., 1998b).
However, all the detoxification methods employed in the present study were able to
completely remove trypsin inhibitor from the DJKM. Trypsin inhibitors in JKM are
heat-labile and are completely removed by heat treatment at 121°C for 30 min (Aregheore
et al., 2003; Makkar and Becker, 2009). Contrary to our results, Aderbigbe et al. (1997)
found that autoclaving could inactivate the trypsin inhibitor levels by 83-99%. However,
Hassaan et al. (2016) reported 92.59 and 95.09% reduction of trypsin inhibitor in Jatropha
seed meal fermented by B. licheniformis and B. pumilusfor a period of 9d, respectively.
Trypsin inhibitors interfere with normal functioning of pancreatic proteolytic enzymes
in monogastric animals including fish, leading to severe growth depression (White et al.,
1989; Hajos et al., 1995).

There was no effect noticed on tannin content in DJKM detoxified by chemical
treatments, however, the FT group exhibited significant (P <0.05) removal of tannin by
65.79% which might have been mediated through tannin degrading fungal enzymes
(Jacqueline and Visser, 1996). Our findings corroborated the observation of Xiao et al.
(2011) and Ameen et al. (2011).
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In conclusion, solid state fermentation of DJKM using A. niger was found to be
a more effective method than the chemical treatments in terms of removal of antinutritional
factors (ANFs) and improving the proximate composition of DJKM.

ACKNOWLEDGEMENT

We gratefully acknowledge the Director and Vice Chancellor, ICAR-Central Institute
of Fisheries Education, Mumbai for providing the facilities to conduct this research
work. The first author duly acknowledges the UGC, New Delhi for awarding Rajiv
Gandhi National Fellowship to pursue his Ph.D. programme.

REFERENCES

Adam, S.E. 1974. Toxic effects of Jatropha curcas in mice. Toxicology, 2: 67-76.
Adam, S.E. and Magzoub, M. 1975. Toxicity of Jatropha curcas for goats. Toxicology, 4: 347-354.

Aderibigbe, A.O., Johnson, C.O.L.E., Makkar, H.P.S., Becker, K. and Foidl, N. 1997. Chemical
composition and effect of heat on organic matter- and nitrogen-degradability and some antinutritional
components of Jatropha meal. Animal Feed Science and Technology, 67: 223-243.

Ameen, O.M., Belewu, M.A., Onifade, O.0. and Adetutu, S.0O. 2011. Chemical composition of biologically
treated Jatropha curcas kernel cake. International Journal of Science and Nature, 2: 757-759.

Angel, G., Sardar, P. and Phulia, V. 2015. Effects of defatted Jatropha kernel meal on haematological
and serum biochemical parameters of Labeo rohita (Ham.) fingerlings. Journal of Experimental
Zoology India, 18: 619-623.

Antai, S.P. and Nkwelang, G. 1998. Reduction of some toxicants in Icacina mannii by fermentation with
Saccharomyces cerevisiae. Plant Foods for Human Nutrition, 53: 103-111.

Antony, U. and Chandra, T.S. 1998. Antinutrients reduction and enhancement in protein, starch, and
mineral availability in fermented flour of finger millet (Eleusine coracana). Journal of Agricultural
and Food Chemistry, 46: 2578-2582.

Aregheore, E.M., Becker, K. and Makkar, H.P.S. 2003. Detoxification of a toxic variety of Jatropha
curcas using heat and chemical treatments and preliminary nutritional evaluation with rats. South
Pacific Journal of Natural Science, 21: 50-56.

Azam, M.M., Waris, A. and Nahar, N.M. 2005. Prospects and potential of fatty acid methyl esters of
some non-traditional seed oils for use as biodiesel in India. Biomass and Bioenergy, 29: 293-302.

Baocai, L., Kuanjun, G., Huifen, Z., Cheng, X., Shiyun, J., Jing, H. and Weifeng, D. 2014. A method
of producing detoxified vegetable protein from biodiesel by product Jatropha curcas oil cakes.
Application no.: 201210369231.0. Publication no. CN 102835543 B.

Belewu, M.A. and Sam, R. 2010. Solid state fermentation of Jatropha curcas kernel cake: Proximate
composition and antinutritional components. Journal of Yeast and Fungal Research, 1: 44-46.

Belewu, M.A., Belewu, K.Y. and Ogunsola, F.O. 2010. Nutritive value of dietary fungi treated Jatropha
curcas kernel cake: Voluntary intake, growth and digestibility coefficient of goat. Agriculture and
Biology Journal of North America, 1: 135-138.

Chivandi, E., Erlwanger, K.H., Makuza, S.M., Read, J.S. and Mtimuni, J.P. 2006. Effects of dietary
Jatropha curcas meal on percent packed cell volume, serum glucose, cholesterol and triglyceride
concentration and alpha-amylase activity of weaned fattening pigs. Research Journal of Animal
and Veterinary Sciences, 1: 18-24.

Chivandi, E., Makuza, S.M., Erlanger, K.H., Mtimuni, J.P., Read, J.S. and Tivapasi, M. 2000. Effects
of dietary Jatropha curcas on the hematology of weaned pigs. Zimbabwe Veterinary Journal, 31:
83-91.

74



Detoxification of Jatropha karnel meal

Devappa, R.K., Makkar, H.P.S. and Becker, K. 2010. Are Jatropha curcas phorbol esters degraded by
rumen microbes? Journal of the Science of Food and Agriculture, 90: 2090-2097.

Diwani, G.I., El Rafei, Sh.A. and El Hawash, S.I. 2011. Ozone for phorbol esters removal from
Egyptian Jatropha oil seed cake. Advances in Applied Science Research, 2: 221-232.

Egounlety, M. and Aworh, O.C. 2003. Effect of soaking, dehulling, cooking and fermentation with
Rhizopus oligosporus on the oligosaccharides, trypsin inhibitor, phytic acid and tannins of soy
bean (Glycine max Merr.), cowpea (Vigna unguiculata L. Walp) and groundbean (Macrotyloma
geocarpa Harms). Journal of Food Engineering, 56: 249- 254.

FAO. 2008. Opportunities for addressing the challenges in meeting the rising global demand for food
fish from aquaculture. Committee on Fisheries: Sub-Committee on Aquaculture, Fourth Session,
Puerto Varas, Chile, 6-10 October 2008. COFI/AQ/IV/2008/6. Food and Agriculture Organization
of the United Nations, Rome, Italy.

FAO. 2012. State of World Fisheries and Aquaculture. Fisheries and Aquaculture Department. Food and
Agriculture Organization of the United Nations, Rome, Italy, p. 207.

Fawole, F.J., Sahu, N.P., Jain, K.K., Gupta, S., Shamna, N., Phulia, V. and Prabu, D.L. 2016.
Nutritional evaluation of protein isolate from rubber seed in the diet of Labeo rohita: Effects on
growth performance, nutrient utilization, whole body composition and metabolic enzymes activity.
Animal Feed Science and Technology, 219: 189-199.

Fawole, F.J., Sahu, N.P., Shamna, N., Phulia, V., Emikpe, B.O., Adeoye, A.A., Aderolu, A.Z. and
Popoola, O.M. 2018. Effects of detoxified Jatropha curcas protein isolate on growth performance,
nutrient digestibility and physio-metabolic response of Labeo rohita fingerlings. Aquaculture
Nutrition, https://doi.org/10.1111/anu.12660

Gadir, A., Onsa, T.O., Ali, W.E.M., El-Badwi, S.M.A. and Adam, S.E.I. 2003. Comparative toxicity
of Croton macrostachys, Jatropha curcas, Piper abyssinica seeds in Nubian goats. Small Ruminant
Research, 48: 61-7.

Goel, G., Makkar, H.P.S., Francis, G. and Becker, K. 2007. Phorbol esters: structure, biological
activity and toxicity in animals. International Journal of Toxicology, 26: 279-288.

Gogoi, R., Niyogi, U.K. and Tyagi, A.K. 2014. Reduction of phorbol ester content in Jatropha cake
using high energy gamma radiation. Journal of Radiation Research and Applied Sciences, 7: 305-
309.

Hajos, G., Gelencser, E., Pusztai, A., Grant, G., Sekhri, M. and Bardocz, S. 1995. Biological effects
and survival of trypsin inhibitors and agglutinin from soybean in the small intestine of the rat.
Journal of Agricultural and Food Chemistry, 43: 165-170.

Harter, T., Buhrke, F., Kumar, V., Focken, U., Makkar, H.P.S. and Becker, K. 2011. Substitution

of fishmeal by Jatropha curcas kernel meal: Effects on growth performance and body composition
of white leg shrimp (Litopenaeus vannamei). Aquaculture Nutrition, 17: 542:548.

Hassaan, M.S., Goda, A.M.A.-S. and Kumar, V. 2016. Evaluation of nutritive value of fermented de-
oiled physic nut, Jatropha curcas, seedmeal for Nile tilapia Oreochromis niloticus fingerlings.
Aquaculture Nutrition, 23: 571-584.

Instituto Adolfo Lutz, 2005. Métodos Fisico-quimicos Para Andlise de Alimentos, 4th ed. Ministry of
Health, National Health Surveillance Agency, Brasilia.

Jacqueline, E.W. and Visser, B. 1996. Biotechnology: building on farmers’ knowledge. In: Assessing
the Potential (Eds. J. Bunder and B. Haverkot), Macmillian Educational Ltd., Basingstoke,
London,

Kumar, V., Makkar, H.P.S. and Becker, K. 2012. Evaluations of the nutritional value of Jatropha curcas
protein isolate in common carp (Cyprinus carpio L.). Journal of Animal Physiology and Animal
Nutrition, 96: 1030-1043.

75



Phulia et al.

Li, Y., Chen, L., Lin, Y., Fang, Z.F., Che, L.Q., Xu, S.Y. and Wu, D. 2015. Effects of replacing
soybean meal with detoxified Jatropha curcas kernel meal in the diet on growth performance and
histopathological parameters of growing pigs. Animal Feed Science and Technology, 204: 18-27.

Liberalino, A.A.A., Bambirra, E.A., Moraes-Santos, T. and Viera, C.E. 1988. Jatropha curcas L.
seeds chemical analysis and toxicity. Brazilian Archives of Biology and Technology, 31: 539-550.

Makkar, H.P.S., Becker, K. and Schmook, B. 1998a. Edible provenances of Jatropha carcus from
Quinatana Roo state of Mexico and effect of roasting on and toxic factors in seeds. Plant Foods
for Human Nutrition, 52: 31-36.

Makkar, H.P.S. and Becker, K. 1997. Jatropha curcas toxicity: identification of toxic principles. In:
Proceedings of Fifth International Symposium on Poisonous Plants, 19-23 May, 1997, San Angelo,
Texas, USA.

Makkar, H.P.S. and Becker, K. 2009. Jatropha curcas, a promising crop for the generation of biodiesel
and value-added coproducts. European Journal of Lipid Science and Technology, 111: 773-787.

Makkar, H.P.S. and Becker, K. 2010. Method for detoxifying plant constituents (WIPO Patent Application
WO0/2010/092143).

Makkar, H.P.S., Aderibige, A.O. and Becker, K. 1998b. Comparative evaluation of non-toxic and toxic
varieties of Jatropha curcas for chemical composition, digestibility, protein degradability and
toxic factors. Food Chemistry, 62: 207-215.

Makkar, H.P.S., Francis, G. and Becker, K. 2008. Protein concentrate from Jatropha curcas screw-
pressed seed cake and toxic and antinutritional factors in protein concentrate. Journal of the
Science of Food and Agriculture, 88: 1542-1548.

Makkar, H.P.S., Siddhuraju, P. and Becker, K. 2007. A Laboratory Manual on Quantification of Plant
Secondary Metabolites. Humana Press, New Jersey, USA, pp. 101-105.

Martinez-Herrera, J., Siddhuraju, P., Francis, G., Davila-Ortiz, G. and Becker, K. 2006. Chemical
composition, toxic/antimetabolic constituents, and effects of different treatments on their levels,
in four provenances of Jatropha curcas L. from Mexico. Food Chemistry, 96: 80-89.

Miles, R.D. and Chapman, F.A. 2011. The Concept of Ideal Protein in Formulation of Aquaculture
Feeds. IFAS Extension, University of Florida, Gainesville, FL, USA, pp. 1-3.

Nokkaew, R. and Punsuvon, V. 2015. Multistage solvent extraction for high yield oil and phorbol esters
removal from Thai toxic Jatropha curcas meal. Walailak Journal of Science and Technology, 12:
299-301.

Oseni, O.A. and Akindahunsi, A.A. 2011. Some phytochemical properties and effect of fermentation on
the seed of Jatropha curcas L. American Journal of Food Technology, 6: 158-165.

Phulia, V., Sardar, P., Sahu, N.P., Fawole, F.J., Shamna, N. and Shupta, S. 2007b. Substitution of
soybean meal with fermented Jatropha kernel meal: effect on growth performance, body
composition, and metabolic enzyme activity of Labeo rohita. Fish Physiology and Biochemistry,
https://doi.org/10.1111/jwas.12379

Phulia, V., Sardar, P., Sahu, N.P., Shamna, N., Fawole, F.J., Gupta, S. and Gadhave, P.D. 2017a.
Replacement of soybean meal with fermented Jatropha curcas kernel meal in the diet of Labeo
rohita fingerlings: Effect on haemato-biochemical and histopathological parameters. Journal of
the World Aquaculture Society, https://doi:10.1111/jwas.12379

Rakshit, K.D., Darukeshwara, J., Raj, K.R., Narasimhamurthy, K., Saibaba, P. and Bhagya, S. 2008.
Toxicity studies of detoxified Jatropha meal (Jatropha curcas) in rats. Food and Chemical
Toxicology, 46: 3621-3625.

Reddy, N.R. and Pierson, M.D. 1994. Reduction in antinutritional and toxic components in plant foods
by fermentation. Food Research International, 27: 281-290.

76



Detoxification of Jatropha karnel meal

Sanap, B.N., Sardar, P., Sahu, N.P., Phulia, V., Shamna, N., Dasgupta. S., Pailan, G.H., Prabu, D.L.
and Datta, S. 2018. Utilization of electron beam irradiated Jatropha kernel meal in the diet of
Labeo rohita (Hamilton, 1822) fingerlings. Aquaculture Nutrition, https://doi.org/10.1111/anu. 12668

Sardar, P., Randhawa, H.S., Abid, M. and Prabhakar, S.K. 2007. Effect of dietary microbial phytase
supplementation on growth performance, nutrient utilization, body compositions and haemato-
biochemical profiles of Cyprinus carpio (L.) fingerlings fed soyprotein-based diet. Aquaculture
Nutrition, 13: 444-456.

Shamna, N., Sardar, P., Sahu, N.P., Pal, A.K., Jain, K.K. and Phulia, V. 2015. Nutritional evaluation
of fermented Jatropha protein concentrate in Labeo rohita fingelings. Aquaculture Nutrition, 21:
33-42.

Shamna, N., Sardar, P., Sahu, N.P., Phulia, V., Rajesh, M., Fawole, F.J., Pal, A.K. and Angel, G.
2017. Haemato-immunological and physiological responses of Labeo rohita fingerlings to dietary
fermented Jatropha curcas protein concentrate. Animal Feed Science and Technology, 232: 198-
206.

Vaintraub, I.A. and Lapteva, N.A. 1988. Colorimetric determination of phytate in unpurified extracts
of seeds and the products of their processing. Analytical Biochemistry, 175: 227-230.

White, C.E., Campbell, D.R. and Combs, G.E. 1989. Effect of moisture and processing temperature
on activities of trypsin inhibitor and urease in soybeans fed to swine. In: Recent Advances in
Antinutritional Factors in Legume Seeds (Eds. J. Huisman, T.F.B. van der Poel and I.E. Liener)
Puduc, Wageningen, The Netherlands, pp. 230-234.

Wink, M., Koschmieder, C., Sauerwein, M. and Sporer, F. 1997. Phorbol esters of J. curcas - biological
activities and potential applications. In: Biofuels and Industrial Products from Jatropha curcas
(Eds. G.M. Gubitz, M. Mittelbach and M. Trabi), Dbv-Verlag, Graz, pp. 160-166.

Xiao, J., Zhang, H., Niu, L., Wang, X. and Lu, X. 2011. Evaluation of detoxification methods on toxic
and antinutritional composition and nutritional quality of proteins in Jatropha curcas meal. Journal
of Agricultural and Food Chemistry, 59: 4040-4044.

77



