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ABSTRACT: The physico-chemical properties, chemical composition, oil
constants, minerals content and antinutrients present in Jatropha curcas
seeds were determined. Jatropha fruits contain 3 seeds inside a brown outer
husk. The seed it self consists of a white kernel with outer black coat (shell).
The average weight of fruit and seed were 2.59 and 0.62 gm, respectively. The
percentages of seed, husk, kernel and shell were 72.01, 27.99, 65.24 and
34.76%, respectively. The seed kernel was rich in protein (26.15%) and lipid
(51.16%). The contents of starch, total soluble sugars and free reducing
sugars were 9.97%, 10.24% and 4.52%, respectively. Jatropha seed oil is
liquid at room temperature, soluble in organic solvents. Physical properties
such as viscosity, specific gravitg/, colour and refractive index of Jatropha oil
were 52.60 (cSt), 0.879 (gm/cm~), 4.0 yellow and 1.4735, respectively. The
acid, saponification and iodine values of Jatropha seed oil were 5.58 mg
KOH/gm oil, 192 mg KOH/gm oil, and 102.29 mg l,/gm oil, respectively. The
major fatty acids found in the oil sample were oleic (44.11%), linoleic
(33.19%), palmitic (13.42%) and stearic (6.85%) acids. The flour levels of
essential amino acids, except lysine, were higher than that of the FAO/WHO
reference protein for a five year old children. Trypsin inhibitor (24.37 TIA/mg
protein), phytic acid (7.87 mg/ g flour), tannins (0.03 mg/g flour) and
hemagglutinin (118 HU/g flour). Jatropha seed flours are rich in P (2041), K
(1044.80), Mg (1033.58), Ca (514) and Na (101.76 mg/100gm flour).

Key word: Jatropha curcas, physical properties, Composition, Fatty acids,
Oil properties, Amino acids, Antinutritional factor, Minerals.

INTRODUCTION

Jatropha curcas is a drought-resistant shrub or tree belonging to the
family Euphorbiaceae. Jatropha curcas is also referred to as physic nut,
purging nut, pinoncillo, habb-el-meluk, black vomit nut, American purging
nut, barbados purging nut, big purge nut. It can easily be propagated by
cutting or seeding and it grows rapidly. The plant grows readily in swamp or
shade and quick growing and survives in poor stony soils and considered to
have originated in central and South America but presently grows in most of
the tropics. (Heller, 1996).

In the tropics, Jatropha curcas is traditionally used for medicines and as
hedges (Jones and Miller, 1992). It use as green manure to rise grown on
loamy acid soil was reported (Scherchan et al., 1989). In addition, the plant is
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cultivated mainly to produce oil. A seed yield of about 5 tons per year from a
one hectare plantation has been achieved (Makkar and Becker, 1997); such
yield can produce 2 tons of oil and 1 ton of protein-rich seed flour. The seeds
of Jatropha curcas are a good source of oil, which can be used also in
medicines, soap, and cosmetics manufacture in various tropical countries.
(Makkar et al., 1998).

The defatted flour has been found to contain a high amount of protein,
which ranged between 50% and 62%. Except for lysine all other essential
amino acids in Jatropha curcas flour protein have been reported to be in
higher concentrations than those of the FAO/WHO reference pattern
suggested for pre-school children (Makkar et al., 1998). In addition to the
more common toxic varieties, a non-toxic variety of Jatropha curcas seeds,
that contained negligible amounts of phorbolesters, but similar levels of
trypsin inhibitors, lectin activity and phytic acid compared to the toxic
variety, has been reported (Makkar and Becker, 1999). The non-toxic seed
kernels are consumed by local people after roasting. The hydrothermally
processed defatted flour of the non-toxic variety did not show any toxicity to
rats (Makkar and Becker, 1999), but the toxic variety show poisoning in
humans after accidental consumption of seeds have been recorded. The oil
is toxic but can serve as fuel for diesel engines, indicating its potential as a
renewable energy source. The seed flour left after extraction of oil is
presently used as a fertilizer and is not suitable for animal feed as it is toxic
to fish, monogastrics and ruminants. The main toxic agent has been
identified to be phorbol esters. The oil extracted from the seeds can be used
as a substitute for diesel after transesterification. Biodiesel has currently
high demand in the United States and Europe and being promoted in a big
way in countries such as India. The residual protein-rich seed cake,
remaining after extraction of the oil, could form a protein-rich ingredient in
feeds for poultry, pigs, cattle and even fish if it could be detoxified.

The aim of this research is to determine the chemical composition and
physical characteristics of Jatropha curcas seeds and some characteristics
of Jatropha curcas oil and also some antinutritional components i,e trypsin
inhibitor activity, tannin, phytic acid, and hemagglutinin contents of Jatropha
curcas seed flour.

MATERIALS AND METHODS

1. Materials

Jatropha curcas seeds were obtained from Aswan farm, Egypt, during the
summer season of 2005. The seeds were hand sorted to remove wrinkled,
moldy seeds and foreign materials then stored in polyethylene bags in the
refrigerator (~5 C) until used.
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2. Methods
2.1. Physical properties of seeds

2.1.1. Weight of fruits:

The dry fruits were weighed, counted and the husk was separated from
the seeds. The weights of seeds, and husks were recorded (50 times) and the
average was recorded.

2.1.2. Weight of seeds:

Ten handfuls of seeds were randomly taken from the Jatropha curcas. The
weight of each handful and the number of seeds in it were used to calculate
the average weight of seed in each handful. The shells carefully removed and
the weights of kernels and shells were recorded.

2.2. Proximate chemical composition:

The contents of moisture, crud fat, ash, total protein (N x 6.25), and crude
fiber were determined according to AOAC (1995) in seeds, shell, Kernel and
flour. Carbohydrate was determined by difference.

2.3. Physical properties of Jatropha oil:
2.3.1. Specific gravity:

The specific gravity was determined by finding the ratio of the density of
oil to that of water using a relative density bottle at room temperature
(Pearson, 1981).

2.3.2. Refractive index: ]
Refractive index was determined as described by Pearson (1981) at 28 C
using Abbe refractometer.

2.3.3. Viscosity:
The viscosity of oil sample was measured as Cm pois using viscometer
ICI Co Research equipment-London at 50 C.

2.3.4. Colour:

The colour of oil sample was determined by a Lovibond tintometer using a
5.25 inch cell. The yellow filter was fixed at 35 and the intensity of red was
measured according to the AOCS (1973).

2.4. Chemical characterization of Jatropha oil:
The values of acid, Saponification and iodine were determined according
to AOCS (1973).

2.5. Fatty acid composition:
2.5.1. Identification and determination of fatty acids by gas liquid
chromatograph (GLC):
The method described by Farag et al. (1981) was applied for determination
of fatty acids by GLC. The methyl esters of fatty acids obtained from oil and
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standard materials were analyzed with a Pye Unicam Series 304 gas
chromatograph equipped with dual flame ionization detector and dual
channel recorder. The separation of fatty acid methyl esters was conducted
using a coiled glass column (1.5 m x 4 mm) packed with Diatomite (100-120
mesh) and coated with 10% polyethylene glycol adipate (PEGA). The column
oven temperature was programmed at 8 C/min from 70C tol190C, then
isothermally at 190 C for 25 min with nitrogen flow rate at 30 ml/min.

2. 6. Amino acids

Amino acids were determined by using atomic amino acid analyzer
according to the method described by Moore and Stein (1963). Hydrolysis
was performed in the presence of 6 M HCl at 110C for 24 hr. Sulfur
containing amino acids were determined after performing acid oxidation.

2.7. Antinutritional factors:

2.7.1. Tannins (as tannic acid):
Total tannins were determined colorimitricaly as described in Makkar and
Goodchild (1996).

2.7.2. Phytic acid:
Phytic acid was determined according to the method of Wheeler and
Ferrel (1971).

2.7.3. Determination of trypsin inhibitor activity:

Trypsin inhibitor activity was determined according to the method of
Kakade et al., (1969). The results were recoded is trypsin unit inhibited (TUI)
per gram protein or flour.

2.7.4. Determination of hemagglutinin activity:
The hemagglutinin activity in Jatropha curcas flours was estimated
according to the method of Liener and Hill (1953).

2. 8. Minerals content:

Different minerals and some heavy metals in Jatropha flour were
determined according to AOAC (1995).

The flour was wet digested using concentrated sulfuric acid and
perochloric. The minerals were determined in the clear solution using Atomic
Absorption Spectrophotometer (SOLAAR — UNICAM 989).

2.9. Statisticial analysis:

All data represent means of triplicate determinations and are expressed
as mean + standard deviation. A one way analysis of variance (SAS, 1988)
was carried out significance differences were determined at (P<0.05).
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RESULTS AND DISCUSSION

1. Physical characteristics

The physical characteristics of Jatropha seeds are shown in Table (1). In
fact Jatropha fruits contain 3 seeds inside a brown outer husk. The seed it
self consists of a white kernel with outer black coat (shell). These fractions
are show in Fig. (1). Therefore, it is necessary to determine the properties of
each fraction compared to the others. Particularly the weight, its percentage
in the total seed (whole kernel + shell) and the different ratios between these
different fractions. This will give a clear idea about the most valuable fraction
of Jatropha seed.

The average weight of kernel, shell and husk was 0.4, 0.22 and 0.69 gm
respectively. The percentages of these fractions are 65.24, 34.76 and 27.99%
for kernel, shell and husk, respectively. Our findings are in a good agreement
with that of Makkar et al.(1998).

Table (1): Some physical characteristics of Jatropha curcas seeds.

Jatropha fractions

Fruit weight (gm) 2.59 +0.27
Seed% 72.01+1.23
Husk% 27.99+1.16
Seed weight (gm) 0.62 £ 0.03
Kernel% 65.24 +1.10
Shell% 34.76 +1.10

Mean + standard division

2. Chemical Composition

The chemical composition of seed, kernel and shell of Jatropha curcas
are shown in Table (2). Chemical composition was significantly (p<0.05)
different in seed, kernel and shell. Jatropha curcas kernel contained the
highest (p<0.05) level of lipid (51.16 %) then in seed (35.23%) and in shell
(0.96%) and protein in kernel (26.15%), then in seed (23.12%) and in shell
(2.34%). While, Jatropha kernel had the lowest (p<0.05) content of moisture
(6.02%) , then in seed (6.22%) and in shell (7.01%) , ash (3.83%) , then in seed
(5.18%) and in shell (5.91%), crude fiber (2.67%) then in seed (12.89%) and in
shell (81.22%). finally, the highest (p<0.05) content of carbohydrates was
found in seed (17.36%), then in kernel (10.17%) and in shell (2.56%) . Of
course these changes are due to the removal of the outer coat (shell) which
mainly consists of crude fiber and total ash. This trend was also clear in the
chemical compositions of shell. It showed a marked increase in total crude
fiber but total carbohydrates decreased.
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Fig 1
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Table (2): Proximate chemical composition of Jatropha curcas seeds,
kernels, and shells.

Components (%)

Moisture
Total proteins
Total lipids
Total ash

Crude fibers

Jatropha curcas fractions

6.22 +0.02°
23.12+0.02°
35.23 +0.02"
5.18 +0.06"
12.89 + 0.07°

6.02 + 0.02°
26.15 + 0.03%
51.16 + 0.06%
3.83 +0.04°
2.67 +0.03°

7.01 +0.04%
2.34 + 0.04°
0.96 + 0.02°
5.91 + 0.02°
81.22 + 0.04%

0.05451
0.1794
0.0793
0.0901

0.10317

0.08395

10.17 + 0.05"

Total carbohydrates | 17.36 + 0.04° 2.56 + 0.04°

Each value in the table + Standard deviation of three replicates.
Means in the same row with different letters are significantly different (p< 0.05).
Total carbohydrates were determined by difference.

From the results in Table (2) it is very clear that the kernel of Jatropha
seeds is the most valuable fraction to be used in the field of food and
nutrition compared to whole seed which comes in the second stage.
Meanwhile shells could be used as feed or other non-food uses.

The differences found in the chemical composition of these fractions were
significant (p<0.05) from the statistical point of view. Generally, these data
agree well with that obtained by (Banerjee, 1989; Aderibigbe et al., 1997,
Liberalino et al., 1998; Makkar et al., 1998 and Martinez — Herrera et al., 2006).

3. Carbohydrate fractions of Jatropha seed flours

The major carbohydrate fractions i,e total soluble sugars, free reducing
sugars and starch of Jatropha curcas seed flour are presented in Table (3).
The content of total soluble sugars, free reducing sugars and starch of
Jatropha curcas seed flours were 9.97%, 10.24% and 4.52%, respectively. Our
findings are in a good agreement with those of Martinez — Herrera et al.,
(2006).

From data and results in Tables (2, 3) we can say that the produced
Jatropha curcas seed flour in this study is quite high in protein, total ash and
low in lipids and starch which represent a good material to be used in
different food industries. Also, there are another advantages it has a good
white colour without any off flavour which fits to many food products.
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Table (3): Carbohydrate fractions of Jatropha curcas flours (on dry weight
basis).

Jatropha fractions

Total soluble sugars% 10.24 + 0.07

Free reducing sugars% 4.52 + 0.026
Starch% 9.97 + 0.04

Is the mean of three replicates + SD.

4. Characteristic of Jatropha seeds oil:

4.1. Physical and chemical properties of Jatropha seeds oil:

Physical properties (viscosity, specific gravity, colour and refractive
index) and chemical properties (acid value, saponification and iodine values)
of Jatropha seed oil are show in Tables (4 and 5). The viscosity, specific
gravity, colour and refractive index of Jatropha oil were 52.60 (cSt), 0.920
(gm/Cm?®), 4.0 yellow and 1.4735, respectively.

The refractive index of Jatropha seed oil is 1.4735 which is quite close to
that of sunflower oil (1.4693), cotton oil (1.4675) and corn oil (1.4681). This
means that the Jatropha seed oil could be used as a cooking oil if it is free
from any toxic substances or any other health harming factors.

The colour of Jatropha seed oil is yellow which resumples most of
vegetable oils. Our findings regarding to other seeds oil physical properties
are similar to that reported by Diligent Tanzania Ltd. As reported in the feet
note of Table (4).

The acid value of Jatropha seed oil is 5.58 mg KOH/gm oil which is very
high indicating that lipase enzyme in the kernel is highly active therefore, it is
very important to inactivate the enzyme by any heat treatment (dry or moist)
after harvesting the seeds are keeping it under cold temperature (~5°C)
during storage before oil extraction.

The Saponification value is very high reporting a value of 192 mg KOH/gm
oil and that means short chain fatty acids are predominant in Jatropha seed
oil composition.

The iodine value was also high about 102.29 mg I,/gm oil indicating a high
percentage of unsaturation in this oil. This is quite true since it contains
79.25% total unsaturated fatty acids compared to 20.75% of saturated fats.
The chemical properties of Jatropha seed oil reported by Diligent Tanzania
Itd which was included in Table (5) for comparison indicate that the oil
chemical properties of Jatropha seed cultivated in Egypt is quite similar to
that of Tanzania.
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Table (4): Some physical characteristics of Jatropha seeds oil.

Colour 4.0 yellow (Golden yellow)
Viscosity at 30°C (cSt) 52.60 + 0.001
Specific gravity (gm/cms) 0.920 + 0.00

Refractive index (20°C) 1.4735+ 0.0

Flash Point * 240 °C

State * Liquid at room temperature
Solubility ! Organic solvent — insoluble in water
Appearance * Similar to castor oil

Odour * Similar to castor oil

! From. Diligent Tanzania Ltd.
Material Safety Data Sheet Ill Physical Data.

Table (5): Some chemical characteristics of Jatropha curcas seed oil.

Properties
Jatropha seed oil Diligent reference’

Acid value (mg KOH/ g) 5.58 + 0.09 1.24-4.24
Saponification value(mg KOH/ g) 192 +4 169.9 - 197
lodine value (mg I2/ Q) 102.29 £ 1.06 97.1-111.6

Y From. Diligent Tanzania Ltd.
Material Safety Data Sheet Il Physical Data.

4.2. Fatty acid composition

The fatty acid composition of the oil in Jatropha curcas seeds is recorded
in table (6) also the data of free fatty acids reported by Diligent company
included. Both data are very similar. The fatty acids found in the oil sample
were oleic, linoleic, linolenic, palmitic, myristic and stearic. The major fatty
acids in the oil sample were oleic and linoleic acid .The results showed that
the oil is composed mainly of unsaturated fatty acids (79.254%). The results
obtained are very similar to those reported by (Banerji et al., 1985; Heller,
1996 and Martinez-Herrera et al., 2006).

From the previous results about the oil properties of Jatropha seed oil it is
a healthy oil due to the presence of the unsaturated fatty acids i,e. oleic,
linoleic (44.1, 33.19%) which protect the body from the heart diseases and
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reduce the blood cholesterol and triglycerides. Also it is susptible to
oxidation and rancidity therefore; it requires a good handling and storage to
keep and protect its nutritional quality and avoid its oxidation.

Table (6): Fatty acid composition of Jatropha curcas seed oil.

Oleic acid (18:1)
Linoleic acid (18:2)
Linolenic acid (18:3)
Palmitoleic acid (16:1)

Total non-saturated fatty acid
Myristic acid (14:0)

Palmitic acid (16:0)

Stearic acid (18:0)

Total saturated fatty acid

5. Amino acid composition

The amino acid composition of the Jatropha flour is presented in Table
(7). Also the patterns of soybean and reference profile of the FAO/WHO
(1990) were included for comparison. The results of amino acid profiles of
Jatropha seed flour revealed the following:

1- The contents of essential amino acid of leucine, isoleucine, therionine and
valine except lysine either comparable or higher than that of soybean
flour. Most of essential amino acid contents of the different Jatropha seed
flours were higher than the suggested reference pattern of FAO/WHO
(1990) for preschool children (2-5 years old). These findings may focus the
interest of using Jatropha seed flour as a good source for essential amino
acids in different food products.

2- The lower concentration was observed only for sulpher containing amino
acids cystine and methionine in addition to tyrosine. The contents of
these acids were slightly lower than that present either in soybean protein
(Vasconcelos et al, 1997) or the reference pattern of FAO/WHO (1990).

3- The major non- essential amino acid was glutamic followed by arginine
and aspartic with value of 15.80, 11.85, and 8.16, respectively. Histidine,
serine and glycine were found in higher concentration than that in
soybean. Due to the higher contents of arginine and glutamic acid found
in Jatropha seed flours from the nutrition point of views it give a good
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potential for its utilization in food products as a source of protein and
amino acid. Our findings are in a good agreement with those of Martinez —
Herrera et al., (2006).

Table (7): Amino acid profile of Jatropha curcas flour as compared to
soybean and FAO/WHO" (1990) patterns.

Amino acid Jatropha
(gm/100 gm protein curcas

Leucine
Isoleucine
Lysine
Methionine
Cystine
Tyrosine
Phenylalanine
Tryptophan
Threonine
Valine

Aspartic acid
Histidine
Proline
Serine
Glutamic acid
Glycine
Alanine
Arginine

FAO/WHO" (1990) reference pattern suggested for pre-school children (2-5 years old).
ND: not determined.

Soybean FAO/WHO'!
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6. Antinutritional factors

The results in Table (8) represented the trypsin inhibitor, tannins, phytic
acid and Hemagglutinin of Jatropha flour. The contents of trypsin inhibitor,
tannins, phytic acid and Hemagglutinin in Jatropha flour were 24.37 TIA /mg
flour, 0.03 mg/gm flour, 7.87 mg/gm flour and 118 HU/gm flour, respectively.
Trypsin inhibitor and hemagglutinin are heat-labile and can be partially or
completely denatured when exposed to elevated temperature. However,
phytic acid could be reduced through termination.

Table (8): Antinutritional factors of Jatropha curcas flour.

Trypsin inhibitor (TUl/mg protein)

Tannins (Tannic acid) mg/gm flour
Phytic acid (mg/gm flour)
Hemagglutinin activity (HU/gm flour)

7. Minerals
The contents of macro elements (Na, K, Ca, Mg and P) and micro minerals

(Fe, Mn, Zn and Cu) and some heavy metals i,e Pb and Cad of Jatropha flour

are included and shown in Tables (9). The results proved that:

a) Macro minerals (Na, K, Ca, Mg and P) contents were 101.05, 1044.80, 514,
1033.53 and 2045 mg/100gm flour, respectively.

b) Micro minerals (Fe, Zn, Mn, Cu, Pb and Cad.) contents of Jatropha flour
were 10.46, 10.33, 6.583, 1.33, 0.0 and 0.0 (mg/100 gm flour), respectively.
This may add an advantage to Jatropha seed flour to be used as a good
source for micro elements to improve the nutrition status of children
(Peace and Aladesanmi, 2008).

Also it is very interesting point to declare that the flours of Jatropha seed
were completely free from the toxic heavy metals such as Pb and Cad. this
finding increases its potential uses in different food products as a safe and
good source for mineral nutrients.

Table (9): Some minerals contents of Jatropha curcas flour (mg/100gm flour).

Macro minerals
K Ca Mg
1044.80 514 1033.53
Micro minerals
Mn Zn Cu Pb
10.33 1.33 0.0
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Table (7): Amino acid profile of Jatropha curcas flour as compared to soybean and FAO/WHO'! (1990)
patterns.

Amino acid Jatropha
(gm/100 gm protein

Soybean FAO/WHO!

curcas

Leucine
Isoleucine
Lysine
Methionine
Cystine
Tyrosine
Phenylalanine
Tryptophan
Threonine
Valine

Aspartic acid
Histidine
Proline
Serine
Glutamic acid
Glycine
Alanine
Arginine

FAO/WHO" (1990) reference pattern suggested for pre-school children (2-5 years old).
ND: not determined.
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