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Abstract: Jatropha curcas seeds are considered good and moderate source of the micro and macro-
elements. Essential micro-elements, i.e. Mn, Fe and Zn were detected at mean concentration 28.37,
0.38 and 47.13 mg/kg, respectively. However, Cu, Ni, Pb, Cr and Co were not detected. Besides, very
important macro-elements, i.e. K (103.13 mg/kg), Ca (32.21 mg/kg), Na (8.44 mg/kg), Mg (109.89
mg/kg) and P (185.17 mg/kg) were also detected. Soaking and roasting as processing methods caused
reduction in the content of micro and macro-elements. This reduction ranged from 3.49 to 19.79
mg/kg. However, germination caused reduction in Fe content. These reduction ranged from (15.91 to
17.35 %) in non-defatted and defatted kernel seeds, respectively. Moreover, the germination
significantly increased their Zn content. These increase ranged from (120.75 to 125.55 %) in non--
defatted and defatted kernel seeds, respectively. Macro-elements content had a significantly increased
by germination, the levels of K, Ca, Mg and P were 25.09, 15.39, 7.84 and 6.09 %, respectively in
non-defatted kernel seeds. Germination defatted kernel seeds had significantly increased the levels of
K, Ca, Mg and P were 27.83, 18.12, 8.72 and 7.77 %, respectively. Autoclaving as processing
methods caused low reduction in the content of micro and macro-elements than soaking and roasting.
This reduction ranged from 3.39 to 11.36 mg/kg. Autoclaving resulted in the greatest retention of all
minerals.  Data proved that germination was the best method which caused an increase in different
elements followed by autoclaving.
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INTRODUCTION

Jatropha curcas (Physic Nut) is a tropical plant belonging to family of Euphorbiaceae, is a drought-
resistant multipurpose small tree of significant economic importance because of its several industrial and
medicinal uses. This plant thrives on degraded and poor stony soils and it's resistant to drought (Makkar et
al., 2008).

Jatropha curcas considered a wild oilseed plant of the tropics is now being credited as a most promising
biofuel crop. Jatropha plants grow on poor degraded soils and are able to ensure a reasonable production of
seeds with very little inputs.  Jatropha plants start yielding from the second year of planting but in limited
quantity. If managed properly, it starts giving 4-5 Kg of seed per tree production from the fifth year onwards
and seed yield can be obtained up to 40-50 years from the day of planting (Garnayak et al., 2008).

Jatropha curcas the new cultivated and promising crop is convcient to adapt in Egypt for increasing the
local planted production (MSEA, 2008). Growers of Jatropha are increasingly demanding seeds in Egypt for
the production of biofuel. In 2004–05, the area planted with J. curcas was about 238 feddan, increased seven
times to about 1666 feddan in 2007. The rate of increase is 175%, which is really very high (MSEA, 2008). 

Jatropha curcas seeds are rich in various micro-elements, i.e. manganese, iron, and zinc which recorded
28.37, 0.38 and 47.13 mg/kg, respectively as well as macro- elements, i.e., potassium, calcium, sodium,
magnesium and phosphorous, which recorded 103.13, 34.21, 8.44, 109.89 and 185.17 mg/kg, respectively
(Abou Arab and Abu-Salem, 2010).

Minerals are inorganic substances, present in all body tissues and fluids and their presence is necessary
for the maintenance of certain physicochemical processes which are essential to life (Eruvbetine, 2003). Copper,
iron and zinc are known to be essential and may enter the food materials from soil through mineralization by
crops, food processing or environmental contamination (Onianwa et al., 2001).

Potassium is an essential nutrient and has important role in the synthesis of amino acids and proteins
(Nzikou et al., 2009). Also, potassium and sodium are required to maintain osmotic balance of the body fluid
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and the pH of the body, muscle regulation and nerve irritability, glucose absorption control and enhancement
of normal retention of protein during growth (Food and Nutrition Board, 2000). Calcium is a coordinator
among inorganic elements, for example excess amount of K, Mg or Na in the body can be corrected by Ca
and also adequate quantity of Ca in the diet assist in Fe utilization (Fleck, 1976). Calcium is the major
component of bone and assists in teeth development. Also, plays an important role in strengthening the tissues
and bones the body (Brody, 1994). Magnesium is an activator of many enzymes systems maintains the
electrical potential in nerves (Shills and Young, 1992). Besides, magnesium and zinc are also known to prevent
cardiomyopathy, muscle degeneration, growth retardation, alopecia, dermatitis, immunologic dysfunction,
gonadal atrophy, impaired spermatogenesis, congenital malformations and bleeding disorders (Chaturvedi et al.,
2004). Magnesium plays a significant role in photosynthesis, carbohydrate metabolism, nucleic acids and
binding agents of cell walls (Nzikou et al., 2009). Ilelaboye and Pikuda (2009) have reported that phosphorus
is an essential component of nucleic acid and nucleoproteins, which are responsible for cell division
reproduction and heredity. On the other hand, magnesium is very important in humans, especially in the
formation of bones and teeth. The mineral content of plants can be significantly influenced by variety, location,
and environmental conditions (Rao, 1996). The information of minerals in Jatropha curcas seeds are scantly
in the literature.

Processing methods, such as soaking, germination roasting and autoclaving has been reported to improve
the nutritional properties of plant seeds (Yagoub and Abdella, 2007).

Some simple and inexpensive processing techniques, such as soaking, germination and cooking are
commonly employed for legumes (Prodanov et al., 2004). Processing techniques cause important changes in
the biochemical, nutritional and sensory characteristics of legumes.

Soaking is an integral part of a number of treatments, such as germination, cooking and fermentation. It
consists of hydration of the seeds in water for a few hours. (Prodanov et al., 2004). In many parts of the
world, legumes are often consumed after soaking and germination, during which the nutritional value is
enhanced. During germination of food grains, it has been reported that certain minerals and vitamins were
increased (Sangronis and Machado 2007).

The detailed information on the processing alternatives is scantly. The aim of the present study was to
investigate the effect of some various processing methods such as soaking, germination, roasting and
autoclaving on the mineral contents of Egyptian Jatropha curcas seeds. This study could provide some basic
information, which would help determine in an application, for Jatropha curcas seeds in food production.

MATERIALS AND METHODS

Materials:
Sample materials:

Jatropha species (Jatropha curcas L.) were purchased from Luxor City, Luxor Governorate, Egypt that
harvested at April, 2009. The sample was cleaned manually to remove all foreign materials such as dust, dirt,
small branches and immature seeds (Fig.1). The cleaned and graded seeds were de--hulled to gain access to
a cream-coloured endosperm, which is the sample material. The portions of sample materials were blended to
powder (0.5 mm) form with a high-speed blender (Braun KMM 30 mill, type 3045, CombiMax, Germany),
then stored in an air tight polyethylene bags and kept in a refrigerator prior to analysis. 

Fig. 1: Seeds, kernels and shells of Jatropha curcas
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Chemicals and Reagents:
All used chemicals and reagents (sodium hydrogen carbonate, sodium hydroxide, sodium hypochlorite,

calcium hydroxide, methanol, ethanol, and diethyl ether) were purchased from Sigma chemical Co. (St. Louis,
Mo, USA).  The used water was distilled using water distillation apparatus (D 4000).

Standard of minerals:
Micro-elements, i.e. copper (Cu), manganese (Mn), iron (Fe), zinc (Zn), nickel (Ni), lead (Pb), chromium

(Cr) and cobalt (Co) as well as macro-elements, i.e. potassium (K), calcium (Ca), sodium (Na), magnesium
(Mg) and phosphorus (P) were provided by (Merck, Darmstadt, Germany). The working standards were
prepared from the individual stock solution (1000 mg/L).

Methods:
Effect of Some Processing Methods on the Mineral Contents of J. Curcas Seeds:
Processing Methods:

The processing methods were (soaking, germination, roasting and autoclaving) after each step for every
particular processing method samples were dried at 40 ºC in hot air oven and ground in a Braun (KMM 30)
mill to pass through a 0.5 mm sieve screen. The powdered samples were stored in polyethylene bags under
refrigeration (4 ºC) until analysis for their mineral content.

1) Soaking:
Seeds were soaked in distilled water at ratio of 1:10 (w/v) at room temperatures (25 ± 2°C) for 12 h.

2) Germination:
The seeds were germinated at room temperatures (25 ± 2 °C) for 5 days by keeping them in trays lined

with wet filter paper.

3)  Roasting:
The seeds were generally roasted on treys at 160 ºC/30 min according to the method of (Yanez et al.,

1986).

4) Autoclaving:
The seeds were autoclaved using (SELECT) at 15 atmospheric pressure (121 °C) in distilled water (1:10

w/v) for 10 min.

Sample Preparation:
The whole and kernel seeds were grounded, using a mechanical grinder (Braun KMM 30 mill). Each

whole seeds and kernel seeds were divided into two portions.  The first portion not defatted and the second
portion defatted in Soxhlet apparatus, using diethyl ether (boiling point of 40-60 ºC), for 16 h (fat <1%). The
defatted seeds were air dried at room temperature (25 ± 2°C) and stored in a separate plastic container at 4
ºC until required for further analysis.

Determination of minerals:
Determination of micro-elements i.e. copper (Cu), manganese (Mn), iron (Fe), zinc (Zn), nickel (Ni), lead

(Pb), chromium (Cr) and cobalt (Co) were determined according to the method of A.O.A.C (2000) using
Atomic Absorption Spectrophotometer, Perkin-Elmer 2380, with flame atomization (air-acetylene) 60-20,
equipped with a 10cm burner, was used for the flame atomic absorption measurement of the metals. Maximum
absorbance was obtained by adjusting the cathode lamps at specific slit width and definite wave length as
recommended by the method as follows: 0.7, 324.8 nm (Cu); 0.2, 279.5 nm (Mn); 0.2, 248.3 nm (Fe); 0.7,
213.9 nm (Zn); 0.7, 228.8 nm (Ni), 0.7, 283.3 nm (Pb); 0.7, 357.9 nm (Cr) and 0.2, 240.7 nm (Co)
respectively. The flame photometer was applied for macro-elements: potassium (K), calcium (Ca), sodium (Na)
and magnesium (Mg) determination according to the methods described by Pearson (1976). While
Spectrophotometric method was used for determination of the phosphorus (P) content of the tested samples
using ammonium molybdate as outlined in the A.O.A.C (2000).

Statistical analysis:
The results were statistically analyzed by analysis of variance and least significant difference (L.S.D.) at

0.05 levels according to the method described by Snedecor and Cochran (1980).
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RESULTS AND DISCUSSION

Mineral Contents of Non- Defatted and Defatted Jatropha Curcas:
Mineral contents of non- defatted and defatted Jatropha samples (whole and kernel seeds) were determined

and data presented in Tables 1 and 2. Data in Tables 1 shows that the micro-elements of non- defatted
Jatropha samples (whole and kernel seeds) were detected in different concentrations. Mean levels of Zn and
Mn were higher in whole seeds than those detected with kernel seeds. In contrast, Fe concentration in kernel
seeds was higher than those recorded with whole seeds. These results confirmed statistically, which significant
differences (P< 0.05) observed between these levels in whole and kernel seeds.

Regarding to micro-elements of defatted Jatropha samples (whole and kernel seeds), data in Table 2
indicated that the highest mean level of micro-elements in both defatted whole and kernel seeds was Zn,
followed by Mn and Fe. The values of Zn and Mn were higher in defatted kernel seeds than those determined
in whole seeds. Analysis of variance confirmed that which significant differences (P< 0.05) was observed.

Table 1: Mineral contents of non-defatted whole and kernel from raw seeds of J. curcas
Elements Concentration mg/kg (on dry weight basis)

---------------------------------------------------------------------------------------------------------------------------
Whole seeds Kernel seeds LSD at 5 %

Micro-elements
Copper (Cu) Nd Nd -
Manganese (Mn) 28.37a ± 0.03 0.79b ± 0.03 5.98
Iron (Fe) 0.38b ± 0.01 0.44a ± 0.01 7.39
Zinc (Zn) 47.13a ± 0.03 42.13b ± 0.01 7.43
Nickel (Ni) Nd Nd Nd
Lead (pb) Nd Nd Nd
Chromium (Cr) Nd Nd Nd
Cobalt (Co) Nd Nd Nd
Macro-elements
Potassium (K) 103.13b ± 0.03 109.52a ±4.42 7.21
Calcium (Ca) 32.21b ±4.47 51.41a ±3.49 0.60
Sodium (Na) 8.44b ± 0.03 8.83a ±2.01 6.18
Magnesium (Mg) 109.89a ± 0.03 102.29b ± 0.03 7.21
Phosphorus (P) 185.17a ±2.21 165.33b±1.0 n.s
-All values are means of triplicate determinations ± standard deviation (SD).
-Means within rows with different letters are significantly different (P < 0.05).
- Nd: not detectable n.s: non-significant

The micro-elements are essential in human diet.  Zinc requires maintaining the functioning of the immune
system (Kudirat and Funmilayo, 2011). Iron is present in cytochrome oxidase (enzyme) which is involved in
energy metabolism (NAS, 1976).

The detected levels of minor-elements in the present study were generally lower than the permissible levels
recorded by (CAC, 2003) and USDA (2003); which reported that the safe limit of Mn, Fe and Zn consumption
in legumes are (3.0 – 10.0), 100 and 100 mg/ kg, respectively. However, Zn and Mn contents surpassed the
NRC/NAS (1989) requirement for infants (Zn, 5.0 and Mn, 0.3-1.0 mg/100g).

Table 2: Mineral contents of defatted whole and kernel from raw seeds of J. curcas
Elements Concentration mg/kg (on dry weight basis)

---------------------------------------------------------------------------------------------------------------------------
Whole seeds Kernel seeds LSD at 5 %

Micro-elements 
Copper (Cu) Nd Nd -
Manganese(Mn) 32.17a± 1.0 2.56b± 0.02 1.60
Iron (Fe) 0.91b ±0.02  0.98a ±0.02  0.02
Zinc (Zn) 52.11a ± 1.0 46.11b ± 1.0 2.27
Nickel (Ni) Nd Nd Nd
Lead (pb) Nd Nd Nd
Chromium (Cr) Nd Nd Nd
Cobalt (Co) Nd Nd Nd
Macro-elements
Potassium (K) 157.50b±2.0 163a.50 ±2.0 4.53
Calcium (Ca) 40.12b ±3.0 55.12a ±2.0 5.79
Sodium (Na) 9.22b±0.02 9.62a ±0.02 1.60
Magnesium (Mg) 119.32a ±3.0 112.32b ±2.0 5.78
Phosphorus (P) 197.03a±2.0 85.03b ±3.0 5.78
-All values are means of triplicate determinations ± standard deviation (SD).
-Means within rows with different letters are significantly different (P < 0.05).
- Nd: not detectable 
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On Comparing the content of these micro-elements in Jatropha with the other seeds, results indicated that,
Zn content of Jatropha seeds are considerably low to the value (364.76 mg/kg) in Psohocarpus tetragonlobus
and the value (273.34 mg/kg) in Eugenia uniflora (Amoo et al., 2006). On the other hand, Mn content in
Jatropha was higher than those reported in mucuna bean seed (10.00 mg/kg) (Ravindran and Ravindran, 1988).
However, the value of Fe in Jatropha was lower than the Fe content (20.0- 81.0 mg/kg) of some under-
exploited leguminous seeds reported by Balogun and Fetuga (1986).

The other micro-elements (Cu, Ni, Pb, Cr and Co) in the present study were not detected in any of the
analyzed samples. This means that the previous elements were not accumulated in the plant.

Macro-element contents in non-defatted Jatropha (whole and kernel seeds) were determined and the data
recorded in Table 1. Kernel seeds contained K, Ca and Na at levels higher than those detected in whole seeds.
However, Mg and P were detected at levels higher in whole seeds than those reported in kernel seeds.
Statistical analysis proved that significant differences (P< 0.05) were detected with these elements between
whole and kernel seeds. In the same table, data showed that the highest mean values was P in both whole and
kernel seeds.

The content of macro-elements in defatted Jatropha (whole and kernel seeds) were also determined (Table
2). Data proved that kernel seeds contained K, Ca and Na at levels higher than those detected in whole seeds.
In contrast, Mg and P were detected in whole seeds at levels higher than those recorded in kernel seeds.
Analysis of variance confirmed those phenomena, which significant differences (P< 0.05) were observed
between the values of macro-elements in defatted whole and kernel seeds. Phosphorus was the highest mean
values of macro-elements detected in the whole seeds analyzed samples, however, these values are
comparatively lower than the content (830 mg/kg) in Mucuno utilis (IIelaboye and Pikuda, 2009). The values
of K and Mg followed the content of P in Jatropha. The content of Mg in Jatropha is lower than the content
of Mg (889.0 mg/kg) in Cajanus cajan (Oloyo, 2004) and the content of Mg (11000 mg/kg) in Mucuno utilis
bean (Ravindran and Ravindran, 1988). On the other hand, Ca and Na were detected in different Jatropha
samples at lowest levels. The content of Ca in Jatropha samples were lower than the value (1040 mg/kg) in
Mucuno utilis (Iyoyi and Egharevab 1998). These results indicate that macro-elements under investigation does
not meet the recommended dietary allowance (NRC/NAS. 1989)  which recorded that the recommended pattern
for infants (mg/100 g) were (120-200), (500-700), 600 and 500, respectively.

Although, the content of macro-elements in some cases is lower in Jatropha, these elements are very
important. Phosphorus is an essential component of nucleic acid and nucleoproteins, which are responsible for
cell division reproduction and heredity. Potassium is an essential nutrient and has important role in the
synthesis of amino acids and proteins (Nzikou et al., 2009). Magnesium is very important for human, especially
in the formation of bones and teeth. Also, Calcium plays an important role in strengthening the tissues and
bones of the body (IIelaboye and Pikuda, 2009).

From these results, Jatropha seeds consider good or moderate source of benefit micro-elements (Mn, Fe,
and Zn) as well as macro-elements (K, Ca, Na, Mg and P).

Effect of Some Processing Methods on the Mineral Contents of Non-defatted and Defatted Jatropha Curcas
Seeds:
Soaking:

Soaking is a simple technological treatment that is often used to prepare complementary foods at home.
Moreover, it can be a simple prolongation of the obligatory washing of the seeds and can also have other
advantages, such as facilitating dehulling or swelling of seeds (Lestienne et al., 2005).

Effect of soaking on the mineral contents of non-defatted and defatted Jatropha curcas seeds was studied
and data presented in Tables 3 and 4.

In non-defatted whole and kernel seeds (Table 3), micro-elements (Mn, Fe and Zn) were affected and
reduced significantly (P< 0.05) due to soaking. With whole seeds, the reduction of Mn, Fe and Zn were 14.06,
15.79 and 11.73 %, respectively due to soaking. On the other hand, these reductions were 11.39, 13.64 and
8.47 %, respectively in the case of soaking non-defatted kernel seeds. 

The same pattern was observed with defatted whole and kernel seeds (Table 4). Soaking defatted whole
seeds caused reduction 11.94, 12.09 and 9.52 % of Mn, Fe and Zn, respectively. However, these reductions
were 9.77, 11.22 and 6.42 % with soaking in the case of defatted kernel seeds.

Macro-element contents of non-defatted as well as defatted Jatropha seeds as affected by soaking were
also determined (Tables 3 and 4). Data proved that significant effects (P< 0.05) were observed. In non-defatted
whole seeds, the reduction of K, Ca, Na, Mg and P were 13.79, 12.36, 19.79, 10.04 and 7.95 % due to
soaking, respectively. Whereas in kernel seeds, the reduction was 6.63, 11.53, 16.99, 9.52 and 6.60 %,
respectively (Table 3).
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The same pattern was observed with defatted whole and kernel seeds (Table 4). Soaking caused reduction
ranged between (6.05 to 18.66 %) and (5.16 to 15.70 %) with whole and kernel seeds, respectively. 

These results indicate that soaking reduced about 10 % mineral contents of Jatropha seeds. On the other
hand, the reduction of micro and macro-elements contents of defatted and non-defatted whole seeds were
higher than those detected with defatted and non-defatted kernel seeds. These reductions may be due to the
leaching out of minerals in the soaking water (Nithya et al., 2006 and El-Maki et al., 2007). The low zinc (Zn)
values in the plant might be due to poor soil content of zinc (Echendu et al., 2009). These results are
agreement with those reported by Udensi et al. (2010) who showed that soaking for 25 hr of Mucuna
Flagellipes seeds resulted product with lowest mineral contents of P, Mg, Ca, Na and K.

In parallel with the decrease as values in soaked samples, there was decrease in the Ca, P and K levels
relative to the raw bambara groundnut seeds (Omoikhoje et al., 2006).

Table 3: Effect of soaking on the mineral contents (mg/kg dry weight basis) of non-defatted Jatropha curcas seeds)
Elements Non-defatted whole seeds Non- defatted kernel seeds

-------------------------------------------------------------------- ----------------------------------------------------------------------------
Control Content Reduction LSD Control Content Reduction LSD
(Untreated) (mg/kg) (%) at 5 % (Untreated) (mg/kg) (%) at 5 %

Micro-elements
Copper (Cu) Nd - - - Nd - - -
Manganese (Mn) 28.37a±2.0 24.38b±3.0 14.06 2.70 0.79a±0.02 0.70b±0.02 11.39 1.88
Iron (Fe) 0.38a±0.03 0.32b±0.02 15.79 0.02 0.44a±0.02 0.38b±0.03 13.64 1.80
Zinc (Zn) 47.13a±3.0 41.60b±3.0 11.73 2.50 42.13 a ± 3.0 38.5b±2.0 8.47 2.50
Nickel (Ni) Nd Nd - - Nd Nd - -
Lead (Pb) Nd Nd - - Nd Nd - -
Chromium (Cr) Nd Nd - - Nd Nd - -
Cobalt (Co) Nd Nd - - Nd Nd - -
Macro-elements
Potassium (K) 103.13a±2.0 88.91b±2.0 13.79 4.00 109.52a ±2.0 102.26b±2.0 6.63 4.30
Calcium (Ca) 34.21a±1.0 29.98 b±2.0 12.36 2.80 51.41a ±2.0 45.48 b±2.0 11.53 4.26
Sodium (Na) 8.44 a±0.03 6.77b±0.02 19.79 0.03 8.83 a ±0.02 7.33 b±0.02 16.99 0.93
Magnesium (Mg) 109.89a±2.0 98.86 b±2.0 10.04 4.75 102.29 a ±2.0 92.55 b±2.0 9.52 4.50
Phosphorus (P) 185.17 a ±2.0 170.44b±3.0 7.95 4.66 165.33 a ±2.0 154.42b±2.0 6.60 4.32       
-All values are means of triplicate determinations ± standard deviation (SD)                        
- Means within rows with different letters are significantly different (P < 0.05).                       
- Nd: not detectable         

Table 4: Effect of soaking on the mineral contents (mg/kg dry weight basis) of defatted Jatropha curcas seeds basis)
Elements Defatted whole seeds Defatted kernel  seeds

-------------------------------------------------------------------- -------------------------------------------------------------------------
Control Content Reduction LSD Control Content Reduction LSD
(Untreated) (mg/kg) (%) at 5 % (Untreated) (mg/kg) (%) at 5 %

Micro-elements
Copper (Cu) Nd - - - Nd - - -
Manganese (Mn) 32.17a±1.0 28.33b±2.0 11.94 2.83 2.56 a ±0.02 0.31b±0.02 9.77 0.02
Iron (Fe) 0.91 a±0.02 0.80b±0.02 12.09 0.02 0.98 a ±0.02 0.87b±0.02 11.22 0.02
Zinc (Zn) 52.11 a±1.0 47.13b ±2.0 9.52 2.81 46.11a ±2.0 43.15b±1.0 6.42 3.98
Nickel (Ni) Nd Nd - - Nd Nd - -
Lead (Pb) Nd Nd - - Nd Nd - -
Chromium (Cr) Nd Nd - - Nd Nd - -
Cobalt (Co) Nd Nd - - Nd Nd - -
Macro-elements
Potassium (K) 157.50a±3.0 140.12b±2.0 11.03 5.40 163.50a±3.0 155.02b±2.0 5.19 5.22
Calcium (Ca) 40.12 a ±1.0 35.36 b±2.0 11.86 2.82 55.12 a ±3.0 49.48 b±2.0 10.23 5.09
Sodium (Na) 9.22 a ±0.03 7.50b±0.02 18.66 0.03 9.62 a ±0.02 8.11 b±0.02 15.70 0.02
Magnesium (Mg) 119.32 a ±2.0 103.30b±3.0 9.24 4.75 112.32a ±2.0 102.39b±2.0 8.84 4.80
Phosphorus (P) 197.03 a±3.0 185.11b±2.0 6.05 4.31 82.03 a ±2.0 77.80 b±3.0 5.16 4.81
- All values are means of triplicate determinations ± standard deviation (SD)
- Means within rows with different letters are significantly different (P < 0.05).
- Nd: not detectable

Germination:
Effect of germination on the mineral contents of non-defatted and defatted Jatropha curcas seeds was

studied and data presented in Tables 5 and 6. Germination is a natural biological process of all superior plants
by which the seed comes out of its latency stage (Sangronis and Machado, 2007).

During the germination there are certain changes that could occur as far as the quality and type of
nutrients within the seed. These changes can vary depending on the type of vegetable, the variety of the seed
and the conditions of germination (Dhaliwal and Aggarwal, 1999).
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In non-defatted whole and kernel seeds (Tables 5), micro-elements (Fe and Zn) were affected significantly
(P<0.05) due to germination. With kernel seeds, the reduction of Fe was 15.91 %. Moreover, the germination
of non-defatted kernel seeds significantly increased their Zn content to 120.75 %.

The same pattern was observed with defatted kernel seeds (Table 5). Germination defatted kernel seeds
caused reduction 17.35 % of Fe. However, the germination of defatted kernel seeds significantly (P<0.05)
increased their Zn content to 125.55 %. These increase may be due to presence of zinc in a large number of
enzymes and other proteins, where it plays an important structural role which may be zinc did not leaching
out in the soaking water (Lestienne et al., 2005).

On the other hand, data proved that Mn content was not affected in both non-defatted and defatted kernel
seeds due to the germination which elements were appeared as it is (Tables 5 and 6).

Macro-element contents of non-defatted as well as defatted Jatropha seeds as affected by germination were
also determined (Tables 5 and 6). Data proved that significant effects (P<0.05) were observed. In non- defatted
kernel seeds had a significantly (P<0.05) increased the levels of K, Ca, Mg and P were 25.09, 15.39, 7.84 and
6.09 %, respectively.  The same pattern was observed with defatted kernel seeds (Tables 6). Germination had
significantly (P<0.05) increased of K, Ca, Mg and P were 27.83, 18.12, 8.72 and 7.77 %, respectively. On the
other hand, data proved that germination was slightly affected on the content of Na in non-defatted and
defatted kernel seeds which these elements were appeared as it is (Tables 5 and 6).

Table 5: Effect of germination on the mineral contents (mg/kg dry weight basis) of non-defatted Jatropha curcas seeds
Elements Non-defatted whole seeds Non- defatted kernel  seeds

---------------------------------------------------------------------- ---------------------------------------------------------------------
Control Content Reduction Control Content Increase Reduction LSD
(Untreated) (mg/kg) (%) (Untreated) (mg/kg) (%) (%) at 5 %

Micro-elements
Copper (Cu) Nd - - Nd - - - -
Manganese (Mn) 28.37 Ng - 0.79a±0.02 0.80a±0.02 - - 0.88
Iron (Fe) 0.38 Ng - 0.44a±0.02 0.37b±0.02 - 15.91 0.80
Zinc (Zn) 47.13 Ng - 42.13b ± 3.0 93.0 a ±3.0 120.75 - 2.51
Nickel (Ni) Nd Ng - Nd Nd - - -
Lead (Pb) Nd Ng - Nd Nd - - -
Chromium (Cr) Nd Ng - Nd Nd - - -
Cobalt (Co) Nd Ng - Nd Nd - - -
Macro-elements
Potassium (K) 103.13 Ng - 109.52b ±2.0 137.0a±2.0 25.09 - 4.91
Calcium (Ca) 34.21 Ng - 51.41b ±2.0 59.32 a ±2.0 15.39 - 4.27
Sodium (Na) 8.44 Ng - 8.83 a ±0.02 8.52 b±0.02 - 3.51 0.94
Magnesium (Mg) 109.89 Ng - 102.29b±2.0 110.31a ±2.0 7.84 - 4.51
Phosphorus (P) 185.17 Ng - 165.33 b ±2.0 175.41 a ±3.0 6.09 - 4.32
- All values are means of triplicate determinations ± standard deviation (SD)
- Means within rows with different letters are significantly different (P < 0.05).
- Nd: not detectable  -Ng: not germination

Table 6: Effect of germination on the mineral contents (mg/kg dry weight basis) of defatted Jatropha curcas seeds
Elements Defatted whole seeds Defatted kernel seeds

---------------------------------------------------------------------- ---------------------------------------------------------------------
Control Content Reduction Control Content Increase Reduction LSD
(Untreated) (mg/kg) (%) (Untreated) (mg/kg) (%) (%) at 5 %

Micro-elements
Copper (Cu) Nd - - Nd - - - -
Manganese (Mn) 32.17 Ng - 2.56 a ±0.02 2.58 a ±0.02 - - 0.03
Iron (Fe) 0.91 Ng - 0.98 b ±0.02 0.81a ±0.02 - 17.35 0.02
Zinc (Zn) 52.11 Ng - 46.11b ±2.0 104.0a ±2.0 125.55 - 3.98
Nickel (Ni) Nd Ng - Nd - - - -
Lead (Pb) Nd Ng - Nd - - - -
Chromium (Cr) Nd Ng - Nd - - - -
Cobalt (Co) Nd Ng - Nd - - - -
Macro-elements
Potassium (K) 157.50 Ng - 163.50b±3.0 209.0a±3.0 27.83 - 3.20
Calcium (Ca) 40.12 Ng - 55.12 b  ±3.0 65.11 a ±3.0 18.12 - 5.09
Sodium (Na) 9.22 Ng - 9.62 a ±0.03 9.43ab±0.02 - 1.98 0.02
Magnesium (Mg) 119.32 Ng - 112.32 b ±2.0 122.11 a ±3.0 8.72 - 4.80
Phosphorus (P) 197.03 Ng - 82.03b ±2.0 88.40 a ±3.0 7.77 - 4.70
- All values are means of triplicate determinations ± standard deviation (SD)                        
- Means within rows with different letters are significantly different (P < 0.05).                       
- Nd: not detectable -Ng: not germination             
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Regarding to the effect of germination, on micro and macro-elements of defatted and non-defatted kernel
seeds, Fe contents were decrease. This reduction due to leaching of solid matter in soaking water (Enujiugha
et al., 2003). On the other hand, the presence of tannin and phytic acid in seeds coat as inhibitors was
demonstrated to reduce Fe absorption by chelating the iron ion (McDonald et al., 1996). Further decline in Fe
levels after dehulling was observed, which may be contributed to presence of these minerals in hull portion
(Enujiugha et al., 2003). Our results are good agreement with those reported by Lee and Karananithy (1990)
who stated that the loss of divalent metals Fe was low during germination due to their bending to protein and
also, the formation of a phytate-cation-protein complex.

Trugo et al., (2000) observed that germination of L. albus, P. vulgaris and G. max reduced iron content.
These results may be a consequence of previous soaking and lixiviation of the grain during germination. A
fact to be considered is that the phytic acid tends to bind cations such as iron. The phytic acid in hydrolyzed
as a consequence of germination, which gives way to suppose that these elements showed now, be more
bioavailable for the human body (Augustin and Klein, 1989). This mainly an additional benefit attributed to
germinated seeds (Trugo et al., 2000).

Germination caused also, increase in K, Ca, Mg and P. similar results was reported by Mubarak (2005)
with mung bean seeds might be due to the increased ash value of the germinated seeds may have a accounted
for the increase of the levels of K, Ca, Mg and P this observation agrees with the study on the affect of
processing on the nutritive value of soybean (Osho et al., 1995). This reduction is in agreement with those
reported by Omoikhoie et al. (2006) who revealed that germinated bambara groundnut seeds has significantly
(P<0.05) higher value in K and Mg levels by 27.8 and 5.9 %, respectively. Sangronis and Machado (2007)
reported that germination caused significantly increased the content of Ca of white bean by 8.4 %, 5.0 % for
black bean and 17.2 % for pigeon beans.

Roasting:
Effect of roasting on the mineral contents of non-defatted and defatted Jatropha curcas seeds was studied

and data presented in Tables 7 and 8. In non- defatted whole and kernel seeds (Table 7), micro-elements (Mn,
Fe and Zn) were affected and reduced significantly (P<0.05) due to roasting. With whole seeds, the reduction
of Mn, Fe and Zn were 8.18, 10.53 and 8.34 %, respectively. On the other hand, these reductions were 1o.13,
18.18 and 4.53 % with roasting kernel seeds. The same pattern was observed with defatted whole and kernel
seeds (Table 8). Roasting defatted whole seeds caused reduction 6.37, 9.89 and 6.16 % of Mn, Fe and Zn,
respectively. However, these reductions were 8.20, 17.35 and 3.49 % with roasting in the case of defatted
kernel seeds.

Micro-element contents of non-defatted as well as defatted Jatropha seeds as affected by roasting were also
determined (Tables 7 and 8). Data proved that significant effects (P<0.05) were observed. In non-defatted
whole seeds, the reduction of K, Ca, Na, Mg and P were 15.43, 20.91, 11.66, 8.79 and 6.72 and 7.67 %,
respectively (Table 7). The same pattern was observed with defatted whole and kernel seeds (Table 8) which
decreased elements by (5.21 to 16.50 %) and (6.17 to 17.49 %), respectively was observed.

Although roasting caused reduction of mineral contents in Jatropha seeds, most elements were affected at
the lower degree in defatted and non-defatted whole seeds than those detected with defatted and non-defatted
kernel seeds, i.e. Mn, Fe, K, Ca, Na, Mg and P. In contrast, the reduction of Zn in defatted and non-defatted
kernel seeds was higher than those reported with whole seeds. These reduction of mineral, probably due to
soluble minerals leached into processing with long time and higher temperature (Edem et al., 1994) and might
be attributed to the loss of nutrients (Malik et al., 2002). These results are agreement with Chitra et al. (1996)
who reported reduction of Ca, Mg and Fe contents in all legumes as well as Okorie (2010) who showed that
roasting decreased Ca, Mg, Fe, P, K and Mn of Artocarpu communis seeds.

Table 7: Effect of roasting on the mineral contents (mg/kg dry weight basis) of non-defatted Jatropha curcas seeds
Elements Non-defatted whole seeds Non- defatted kernel  seeds

---------------------------------------------------------------- ----------------------------------------------------------------------------
Control Content Reduction LSD Control Content Reduction LSD
(Untreated) (mg/kg) (%) at 5 % (Untreated) (mg/kg) (%) at 5 %

Micro-elements
Copper (Cu) Nd - - - Nd - - -
Manganese (Mn) 28.37a±2.0 26.05b±2.0 6.18 2.72 0.79a±0.02 0.71b±0.03 10.12 1.88
Iron (Fe) 0.38a±0.02 0.34b±0.02 10.53 0.02 0.44a±0.03 0.36b±0.03 18.18 1.80
Zinc (Zn) 47.13a±3.0 43.20b±2.0 8.34 2.60 42.13a ± 3.0 40.22b±2.0 4.53 2.51
Nickel (Ni) Nd Nd - - Nd Nd - -
Lead (Pb) Nd Nd - - Nd Nd - -
Chromium (Cr) Nd Nd - - Nd Nd - -
Cobalt (Co) Nd Nd - - Nd Nd - -
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Table 7: Continue
Macro-elements
Potassium (K) 103.13a±2.0 87.22b±2.0 15.43 4.00 109.52a ±2.0 102.26b±2.0 17.20 4.31
Calcium (Ca) 34.21a±1.0 27.50 b±2.0 19.61 2.83 51.41a ±3.0 45.48 b±2.0 20.91 4.27
Sodium (Na) 8.44a±0.03 7.90b±0.02 6.40 0.03 8.83 a ±0.02 7.33 b±0.02 11.66 0.94
Magnesium (Mg) 109.89a±2.0 102.50b±2.0 6.72 4.76 102.29 a ±2.0 92.55 b±2.0 8.79 4.51
Phosphorus (P) 185.17a ±2.0 170.97b±3.0 6.67 4.75 165.33 a ±2.0 154.42b±2.0 7.88 4.32
- All values are means of triplicate determinations ± standard deviation (SD)
- Means within rows with different letters are significantly different (P < 0.05).
- Nd: not detectable

Table 8: Effect of roasting on the mineral contents (mg/kg dry weight basis) of defatted Jatropha curcas seeds 
Elements Defatted whole seeds Defatted kernel seeds

----------------------------------------------------------------- ----------------------------------------------------------------------------
Control Content Reduction LSD Control Content Reduction LSD
(Untreated) (mg/kg) (%) at 5 % (Untreated) (mg/kg) (%) at 5 %

Micro-elements
Copper (Cu) Nd - - - Nd - - -
Manganese (Mn) 32.17a±1.0 30.12b±2.0 6.37 2.83 2.56 a ±0.02 2.35b±0.02 8.20 0.03
Iron (Fe) 0.91 a±0.02 0.82b±0.02 9.89 0.02 0.98 a ±0.02 0.81b±0.02 17.35 0.02
Zinc (Zn) 52.11 a±1.0 48.90b ±2.0 6.16 2.80 46.11a ±2.0 44.50b±1.0 3.49 3.90
Nickel (Ni) Nd Nd - - Nd Nd - -
Lead (Pb) Nd Nd - - Nd Nd - -
Chromium (Cr) Nd Nd - - Nd Nd - -
Cobalt (Co) Nd Nd - - Nd Nd - -
Macro-elements
Potassium (K) 157.50a±3.0 137.80b±2.0 12.51 5.40 163.50a±3.0 140.55b±3.0 14.04 5.24
Calcium (Ca) 40.12 a ±1.0 33.50 b±2.0 16.50 2.82 55.12 a ±3.0 45.48 b±2.0 17.49 5.09
Sodium (Na) 9.22 a ±0.02 8.74b±0.02 5.21 0.03 9.62 a ±0.02 8.60 b±0.02 10.60 0.02
Magnesium (Mg) 119.32 a ±2.0 111.98b±3.0 6.15 4.76 112.32 b ±2.0 103.99b±2.0 7.42 4.80
Phosphorus (P) 197.03 a±3.0 185.0b±2.0 6.11 4.32 82.03 a ±2.0 76.97 b±2.0 6.17 4.81
- All values are means of triplicate determinations ± standard deviation (SD)
- Means within rows with different letters are significantly different (P < 0.05).
- Nd: not detectable

Autoclaving:
Effect of autoclaving on the mineral contents of non-defatted and defatted Jatropha curcas seeds was

studied and data presented in Tables 9 and 10. In non-defatted whole and kernel seeds (Table 9), micro-
elements (Mn, Fe and Zn) were affected and reduced significantly (P< 0.05). With whole seeds, the reduction
of Mn, Fe and Zn were 6.59, 7.89 and 7.07 %, respectively. On the other hand, these reductions were 8.86,
11.36 and 3.39 %, respectively in non-defatted kernel seeds. 

The same pattern was observed with defatted whole and kernel seeds (Table 10). Autoclaving defatted
whole seeds caused reduction 5.97, 8.79 and 5.99 % of Mn, Fe and Zn, respectively. However, these
reductions were 7.42, 8.16 and 3.45 % with autoclaving in the case of defatted kernel seeds.

Macro-element contents of non-defatted as well as defatted Jatropha seeds as affected by autoclaving were
also determined (Tables 9 and 10). Data proved that significant effects (P< 0.05) were observed. In non-
defatted whole seeds, the reduction of K, Ca, Na, Mg and P were 10.69, 10.18, 5.92, 5.36 and 6.51 % due
to autoclaving, respectively. Whereas in kernel seeds, the reduction was 5.95, 7.61, 8.15, 7.96 and 5.58 %,
respectively (Table 9). 

The same pattern was observed with defatted whole and kernel seeds (Table 10). Autoclaving caused
reduction ranged between (4.99 to 9.52 %) and (4.54 to 6.96 %) with whole and kernel seeds, respectively. 

Table 9: Effect of autoclaving on the mineral contents (mg/kg dry weight basis) of non-defatted Jatropha curcas seeds
Elements Non-defatted whole seeds Non- defatted kernel  seeds

----------------------------------------------------------------- ----------------------------------------------------------------------------
Control Content Reduction LSD Control Content Reduction LSD
(Untreated) (mg/kg) (%) at 5 % (Untreated) (mg/kg) (%) at 5 %

Micro-elements
Copper (Cu) Nd - - - Nd - - -
Manganese (Mn) 28.37a±3.0 26.50b±2.0 6.59 2.21 0.79a±0.02 0.72b±0.02 8.86 0.02
Iron (Fe) 0.38a±0.02 0.35b±0.02 7.89 0.02 0.44a±0.02 0.39b±0.02 11.36 0.02
Zinc (Zn) 47.13a±2.0 43.80b±2.0 7.07 2.25 42.13 a ± 3.0 40.70b±2.0 3.39 2.18
Nickel (Ni) Nd Nd - - Nd Nd - -
Lead (Pb) Nd Nd - - Nd Nd - -
Chromium (Cr) Nd Nd - - Nd Nd - -
Cobalt (Co) Nd Nd - - Nd Nd - -
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Table 9: Continue
Macro-elements
Potassium (K) 103.13a±3.0 92.11b±2.0 10.69 3.14 109.52a ±3.0 103.0b±3.0 5.95 3.25
Calcium (Ca) 34.21a±2.0 30.50 b±2.0 10.84 1.85 51.41a ±3.0 47.50 b±2.0 7.61 3.11
Sodium (Na) 8.44 a±0.02 6.94b±0.02 5.92 1.81 8.83 a ±0.02 6.11 b±0.02 8.15 0.93
Magnesium (Mg) 109.89a±3.0 104.0 b±3.0 5.36 3.82 102.29 a ±3.0 94.15 b±2.0 7.96 3.21
Phosphorus (P) 185.17 a ±3.0 17312b±3.0 6.51 3.91 165.33 a ±3.0 156.11b±3.0 5.58 3.70
- All values are means of triplicate determinations ± standard deviation (SD)
- Means within rows with different letters are significantly different (P < 0.05).
- Nd: not detectable

Table 10: Effect of autoclaving on the mineral contents (mg/kg dry weight basis) of defatted Jatropha curcas seeds 
Elements Defatted whole seeds Defatted kernel  seeds

------------------------------------------------------------------ ----------------------------------------------------------------------------
Control Content Reduction LSD Control Content Reduction LSD
(Untreated) (mg/kg) (%) at 5 % (Untreated) (mg/kg) (%) at 5 %

Micro-elements
Copper (Cu) Nd - - - Nd - - -
Manganese (Mn) 32.17a±2.0 30.25b±2.0 5.97 1.27 2.56 a ±0.02 2.37b±0.02 7.42 0.02
Iron (Fe) 0.91 a±0.02 0.83b±0.02 8.79 0.02 0.98 a ±0.02 0.90b±0.02 8.16 0.02
Zinc (Zn) 52.11 a±3.0 48.99b ±2.0 5.99 2.25 46.11a ±2.0 44.52b±2.0 3.45 2.18
Nickel (Ni) Nd Nd - - Nd Nd - -
Lead (Pb) Nd Nd - - Nd Nd - -
Chromium (Cr) Nd Nd - - Nd Nd - -
Cobalt (Co) Nd Nd - - Nd Nd - -
Macro-elements
Potassium (K) 157.50a±3.0 142.50b±3.0 9.52 3.21 163.50a±3.0 156.0b±3.0 4.54 3.11
Calcium (Ca) 40.12 a ±1.0 36.50 b±2.0 9.02 2.10 55.12 a ±3.0 51.23 b±2.0 7.06 2.35
Sodium (Na) 9.22 a ±0.03 8.76b±0.02 4.99 1.32 9.62 a ±0.02 8.95 b±0.02 6.96 0.02
Magnesium (Mg) 119.32 a ±3.0 112.95b±2.0 5.34 3.60 112.32a ±3.0 106.0b±3.0 5.63 3.51
Phosphorus (P) 197.03 a±3.0 186.25b±3.0 5.47 4.18 82.03 a ±3.0 77.98 b±2.0 4.94 2.28
- All values are means of triplicate determinations ± standard deviation (SD)
- Means within rows with different letters are significantly different (P < 0.05).
- Nd: not detectable 

Obtained results indicate that autoclaving exhibited little effect on mineral content of Jatropha seeds. 
These results are in agreement with those reported by Chitra et al. (1996) who reported that autoclaving
exhibited reduction affect on Ca, Mg and Fe in all legumes. Also, due to its leaching out into discarded water.
Jesu, s et al. (2003) reported that heating to 120 °C at 1 atm for 30 min caused reduction of calcium content
in lentils.

Autoclaving resulted in the greatest retention of minerals (Na, Mg and Fe) this may be attributed to
autoclaving by steam only (Mansour and El-Adawy, 1994).

Conclusion:
It could be concluded that Jatropha curcas seeds are considered good or moderate source of micro (Mn,

Fe and Zn) and macro-elements (K, Ca, Na, Mg and P) elements. However, Cu, Ni, Pb, Cr and Co were not
detected in the different collected samples. Soaking and roasting as processing methods caused reduction in
the detected elements at different levels. The reduction might be due to the leashing out of minerals in the
soaking water and the temperature of the roasting. Whereas, germination caused a significant increase in some
detected elements at different levels. Such increase might be due to the increased ash value of the germinated
seeds may have accounted for the increase of the levels of elements. Autoclaving as a processing method
caused low reduction in the content of micro and macro-elements than soaking and roasting. Autoclaving
resulted in the greatest retention of all minerals. From the present study, data showed that germination was
the best method which caused increasing in different elements followed by autoclaving.   
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