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Results: Results of the analysis showed the presence of polyphenols, flavonoids, alka-
loids, cardiac glycosides, coumarins, saponins, terpenoids, steroids, triterpenoid saponins,
carotenoids, phlobatannins and tannins in the leaf, stem bark and root of all the solvent
extracts. Flavonoids were present in the highest amount in the ethyl acetate extracts of the
leaf (7.35% = 0.02%), stem bark (4.12% =+ 0.01%) and root (3.35% =+ 0.02%) followed
by polyphenols in the methanol extracts of leaf (4.62% =+ 0.02%), stem bark
(2.77% = 0.05%) and root (2.49% =+ 0.02%). Poly-acetylated compounds were absent in
all the solvent extracts of the leaf, stem bark and root. However, some anti-nutritional
agents such as oxalates, phytates and cyanates were present in all the solvent extracts
of the leaf, stem bark and root except the ethyl acetate. Phytates were high in the aqueous
solvent of the leaf (6.12% =+ 0.00%) but low in the stem bark (1.00% =+ 0.05%) and root
(0.89% =+ 0.03%). Proximate composition showed appreciable amounts of total carbo-
hydrate (36.33% =+ 0.72%), crude protein (26.00% =+ 0.47%) and reducing sugars
(5.87% = 0.14%) in the leaf, while crude fat was more in the stem bark
(16.70% =+ 0.30%). There was corresponding substantial energy in the leaf
[(1514.77 £ 20.87) kJ/100 g] and stem bark [(907.00 = 8.52) kJ/100 g]. Moisture and ash
contents of the leaf, stem bark and root were within acceptable limits for the use in drugs
formulation. The mineral composition showed substantial amounts of important elements
such as Fe, Ca, Na, Mg and Zn. Others were P, K and Se.

Conclusions: The outcome of this study suggests that the leaf, stem bark and root of
J. curcas have very good medicinal potentials, meet the standard requirements for drug
formulation and serve as good sources of energy and nutrients except for the presence of
some anti-nutritional elements predominant in the leaf.

1. Introduction

Jatropha curcas (J.

multipurpose shrub [11.

*Corresponding author:

of the plant family Euphorbiaceae, and an uncultivated non-

food wild species with branched and erect parts growing up to

curcas) or physic nut is a non-edible 6 m in height and predominantly found in tropical and sub-
It is a medicinal herb that is a member  tropical regions of the world [2.3].

The Greek root (jatros) from which the genus name Jatropha
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different countries for centuries [5].
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Many studies have been done to demonstrate the efficacy of
J. curcas against a wide array of bacteria and fungi [3]. Results
of several studies also revealed that J. curcas had anticancer and
antitumour properties [6.7]. Other medicinal plants have been
studied using modern scientific approaches. However, only
few drugs of plant origin could reach clinical uses; for this
reason, a special effort is needed for the development of
herbal drugs having therapeutic ability [8]. Medicinal plants
have a long tradition of use outside of conventional medicine.
It is becoming more main stream as improvement in clinical
research shows the value of herbal medicine in the treatment
and prevention of disease [9].

Medicinal plants have continued to play important roles in
the development of new drugs and effective health care systems
in many countries, developed and less-developed countries
alike. In a review of plant contribution to drug development,
Newman et al. observed that at least 119 chemical substances of
plant origin can be considered as important drugs that are used in
one or more countries [10]. Of the 119 drugs, 74% were
discovered as a result of chemical studies directed at the
isolation of the active substances from plants
traditional medicine. Numerous plant products in the form of
decoction, tincture, tablets and capsules have been clinically
used for the treatment of different ailments and diseases
including cancer. Synthetic analogues in some cases have also
been prepared to improve the efficacy and decrease the side
effects of parent compounds. Traditional medicine using plant
extracts continues to provide health coverage for over 80% of
the world's population, especially in the developing world [11].

Indeed, traditional medicine is a potential source of new
drugs and a source of cheap starting products for the synthesis of
known drugs. Some examples include reserpine from Rauvolfia
species, vinblastine from Catharanthus roseus or the discovery
of a contraceptive in the zoapatle (Montanoa tomentosa) [12].

Plant chemicals from carbohydrates, fats, protein, vitamins
and minerals, are parts of our body composition and chemistry.
Plant medicine remains indispensible to modern pharmacology
and clinical practice. Many of the current drug discovery and
development process are plant-based and new medicines derived
from plants are inevitable.

The increasing population of the world (especially the third
world countries) requires that the search to accommodate this
increase be broadened in the use of various plants so as to ensure
easy reach and minimization of certain health care problems
through meeting up with the nutritional and medicinal needs.
Paucity therefore demands the evaluation of the medicinal and
nutritional values of the leaf, stem bark and root of J. curcas
through determination of phytochemical, proximate and mineral
constituents of J. curcas.

used in

2. Materials and methods
2.1. Equipment, chemicals and reagents

Materials used in laboratory included beaker, measuring
cylinder, porcelain dish, test tubes, spatula, conical flasks and
retort stands. Filter paper (Whatman No. 1), mortar and pestle,
analytical and mechanical weighing balance were also used.

All chemicals and reagents used in this work were of
analytical grade and they included ferric chloride solution,
Fehling's solution A and B, hydrochloric acid (concentrated and
dilute), sodium bicarbonate, sodium hydroxide and dilute

ammonia solution. Tetraoxosulphate (VI) acid, glacial acetic
acid, lead acetate, 10% alcoholic solution of naphthol, Mayer's
reagent, Dragendorff's reagent, picric acid solution (Hager's re-
agent), Wagner's reagent, ethanol, methanol, ethyl acetate and
distilled water were also included among others.

2.2. Collection and preparation of the plant materials

The leaf, stem bark and root of J. curcas were collected from
Bedia farm in Obudu, Obudu Local Government Area, Cross
River of Nigeria. Identification and authentication (identification
no: 67) was done by Frank I. Apejoye of Botany Department,
University of Calabar.

2.2.1. Processing of the plant materials

The leaf, stem bark and root of J. curcas were collected and
air dried at room temperature in Medical Biochemistry Labora-
tory, Cross River University of Technology Okuku Campus,
Nigeria for 14 days for use in the determination of phytochem-
icals, anti-nutrients investigation, proximate composition and
mineral elements. The samples were ground into powder using a
pulverizer and stored in an air tight bottle prior to use for anal-
ysis. The ground samples were used for the analysis of proxi-
mate composition and minerals content. After weighing 200 g,
each of the ground sample of the leaf, stem bark and root was
dissolved in 1000 mL each of deionised water, ethanol, methanol
and ethyl acetate and was kept in the refrigerator for 72 h. The
extract was filtered using a chess cloth and Whatman filter paper
No. 1 (24 cm), to obtain filtrates of the respective solvents of
water, ethanol, methanol and ethyl acetate which were then used
for phytochemicals estimation spectrophotometrically.

2.3. Proximate analysis

The analysis of the proximate composition of J. curcas leaf,
stem bark and root was carried out using the official methods of
analysis of the Association of Official Analytical Chemists
[13,14],

2.3.1. Energy value
This was calculated (kJ/100 g) using the equation:

Energy value = (37 x fat) + (17 x carbohydrate) + (17 x protein)

2.4. Phytochemical analysis

Phytochemical analysis for tannins, phenolics, flavonoids,
saponins, carotenoids, sesquiterpenoids, cardiac glycosides and
alkaloids were carried out according to known and standard
methods. Tannins and phlobatannins were estimated using the
Folin-Denis spectrophotometric method [15]. Saponin and
triterpenoid saponin content were determined using the method
of Liener [16], and modified by Hudson and El-Difrawi [17].
Flavonoids, alkaloids and sesquiterpene lactones
determined by ethyl acetate extraction and gravimetric
measurement, the alkaline precipitation and gravimetric method
and the double extraction and gravimetric measurement,
respectively as described by Harborne [18]. Total oxalate was
determined according to the procedure of Day and Underwood
[19]. Phytate content was determined using the method

were
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described by Reddy and Love [20]. Hydrocyanic acid content was
determined using the alkaline titration method of Association of
Official Analytical Chemists [21].

2.5. Mineral analysis

Minerals were determined after the dried powdered samples
were first digested with nitric acid and perchloric acid and the
filtered aliquots were used for the determination of Na, K, Ca,
Mg, P, Fe, Cu, Zn, Se, Cr, Co and Mn content. K and Na were
determined by the flame photometric method. Fe, Cu, Zn, Mn,
Cr, Co, Se, Ca and Mn were determined by atomic absorption
spectrophotometric method described by James [22], and
Association of Official Analytical Chemists [21].

2.6. Statistical analysis

All determinations were done in triplicates and data were
expressed as mean *+ SEM. These data were subjected to
ANOVA using SPSS 16.0 and statistical significance was ob-
tained at P < 0.05.

3. Results

3.1. Phytochemical composition of the leaf, stem bark
and root of J. curcas

The results of the phytochemical composition of the leaf of
J. curcas in four solvent extracts were given in Table 1. The
results of phytochemicals of aqueous extract showed the pres-
ence of polyphenols, flavonoids, alkaloids, cardiac glycosides,
coumarins, saponins, terpenoids, steroids, triterpenoid saponins,
carotenoids, phlobatannins, tannins, oxalates, phytates and cy-
anates. Polyacetylated compounds and volatile organic com-
pounds (VOCs) were absent in the aqueous extract of the leaf of
J. curcas. Results of phytochemicals of ethanol extract showed
the presence of polyphenols, flavonoids, alkaloids, cardiac gly-
cosides, coumarins, saponins, terpenoids, steroids, triterpenoid
saponins, carotenoids, phlobatannins, tannins, oxalates, phy-
tates, cyanates and VOCs. Polyacetylated compounds were

Table 1

absent in the ethanol extract of the leaf of J. curcas. Results of
phytochemicals of methanol extract showed the presence of
polyphenols, flavonoids, alkaloids, cardiac glycosides, couma-
rins, saponins, terpenoids, steroids, triterpenoid saponins, ca-
rotenoids, phlobatannins, tannins, oxalates, phytates, cyanates
and VOCs. Polyacetylated compounds were absent in the
methanol extract of the leaf of J. curcas. Results of phyto-
chemicals of ethyl acetate extract showed the presence of
polyphenols, flavonoids, alkaloid, cardiac glycosides, couma-
rins, saponins, terpenoids, steroids, triterpenoid saponins, ca-
rotenoids,  phlobatannins, and tannins. Polyacetylated
compounds, oxalates, phytates, cyanates and VOCs were absent
in the ethyl acetate extract of the leaf of J. curcas.

The results of the phytochemical composition of the stem
bark of J. curcas in four solvent extracts were given in Table 2.
The results of phytochemicals of aqueous extract showed the
presence of polyphenols, flavonoids, alkaloids, cardiac glyco-
sides, coumarins, saponins, terpenoids, steroids, triterpenoid
saponins, carotenoids, phlobatannins, tannins, oxalates, phy-
tates, cyanates and polyacetylated compounds and VOCs were
absent in the aqueous extract of the stem bark of J. curcas.

Results of phytochemicals of ethanol extract showed the
presence of polyphenols, flavonoids, alkaloids, cardiac glyco-
sides, coumarins, saponins, terpenoids, steroids, triterpenoid
saponins, carotenoids, phlobatannins, tannins, oxalates, phy-
tates, cyanates and VOCs. Polyacetylated compounds were ab-
sent in the ethanol extract of the stem bark of J. curcas.

Results of phytochemicals of methanol extract showed
the presence of polyphenols, flavonoids, alkaloids, cardiac
glycosides, coumarins, saponins, terpenoids, steroids, tri-
terpenoid saponins, carotenoids, phlobatannins, tannins, oxa-
lates, phytates, cyanates and VOCs. Polyacetylated compounds
were absent in the methanol extract of the stem bark of
J. curcas.

Results of phytochemicals of ethyl acetate extract showed the
presence of polyphenols, flavonoids, alkaloids, cardiac glyco-
sides, coumarins, saponins, terpenoids, steroids, triterpenoid
saponins, carotenoids, phlobatannins and tannins. Polyacetylated
compounds, oxalates, phylates, cyanates and VOCs were absent
in the ethyl acetate extract of the stem bark of J. curcas.

Phytochemical composition of different solvent extracts of the leaf of J. curcas [w/w, dry mass basis (%)].

Phytochemicals Aqueous extract

Ethanol extract

Methanol extract Ethyl acetate extract

Polyphenols 3.37 £ 0.01 4.45 + 0.01° 4.62 + 0.02*° 4.44 + 0.00*
Flavonoids 4.42 +0.02 6.67 = 0.00° 7.22 + 0.01*° 7.35 + 0.02%°
Alkaloids 0.65 + 0.05 1.55 + 0.05% 1.58 + 0.01* 1.62 + 0.00*
Cardiac glycosides 0.21 = 0.04 0.46 = 0.05° 0.51 = 0.01* 0.54 = 0.00?
Coumarins 0.11 = 0.01 0.44 + 0.05° 0.54 + 0.00° 0.41 + 0.00?
Saponins 0.25 = 0.01 231 + 0.00° 235+ 0.01* 241 + 0.01*°
Terpenoids 0.72 = 0.01 1.81 + 0.01° 2.44 + 0.00*° 2.78 + 0.01*°
Steroids 1.46 + 0.04 3.55 + 0.00* 3.88 + 0.05%° 3.71 = 0.01*
Triterpenoid saponins 0.21 = 0.01 0.22 = 0.00 0.24 + 0.00* 0.27 = 0.01*°
Polyacetylated compounds 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00
Carotenoids 1.09 = 0.00 0.94 = 0.01* 1.12 + 0.00*° 1.66 + 0.01*°
Phlobatannins 0.34 % 0.00 0.38 + 0.05 0.47 + 0.01* 0.48 + 0.02°
Tannins 0.06 + 0.01 0.04 + 0.00 0.15 = 0.00*° 0.02 = 0.00?
Oxalates 1.15 = 0.00 1.09 + 0.01* 1.02 + 0.00*° 0.00 + 0.00*°
Phytates 6.12 = 0.00 5.93 + 0.03 5.88 + 0.05 0.00 + 0.00*°
Cyanates 0.10 = 0.00 0.02 + 0.00 0.10 = 0.05 0.00 = 0.00?
VOCs 0.00 = 0.00 0.14 + 0.00* 0.56 % 0.05*° 0.00 = 0.00°

Values are expressed as mean + SEM (n = 3). *Values are significant at P < 0.05 compared with aqueous extract. Values are significant at P < 0.05

compared with ethanol extract.



Table 2

Atamgba Agbor Asuk et al./Asian Pac J Trop Biomed 2015; 5(8): 650-657

Phytochemical composition of different solvent extracts of the stem bark of J. curcas [w/w, dry mass basis (%)].
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Phytochemicals Aqueous extract Ethanol extract Methanol extract Ethyl acetate extract
Polyphenols 245 + 0.04 2.54 + 0.00 2.77 + 0.05%° 2.62 + 0.01*
Flavonoids 3.61 + 0.04 3.70 £ 0.05 3.95 + 0.01*° 4.12 + 0.01*°
Alkaloids 0.48 + 0.01 1.54 + 0.05° 1.57 + 0.00* 1.59 + 0.01?
Cardiac glycosides 0.15 = 0.01 0.44 + 0.01* 0.52 % 0.00*° 0.55 + 0.02*°
Coumarins 0.17 + 0.00 0.41 + 0.01° 0.42 + 0.01° 0.37 + 0.02°
Saponins 0.22 + 0.02 2.27 + 0.03* 2.31 % 0.00* 2.35 + 0.00*°
Terpenoids 0.64 = 0.00 1.65 = 0.02° 2.25 + 0.01*° 2.42 + 0.00*°
Steroids 1.27 + 0.01 3.23 + 0.05% 3.55 + 0.02*° 3.67 + 0.01*°
Triterpenoid saponins 0.15 + 0.00 0.19 + 0.00* 2.21 + 0.00* 0.23 = 0.01*°
Polyacetylated compounds 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00
Carotenoids 0.60 = 0.00 0.68 + 0.01* 1.07 + 0.01*° 1.42 + 0.01*°
Phlobatannins 0.29 + 0.01 0.34 = 0.00° 0.42 + 0.01*° 0.45 + 0.00*°
Tannins 0.05 = 0.01 0.03 + 0.00 0.14 + 0.01*° 0.01 = 0.00?
Oxalates 1.11 + 0.01 1.04 + 0.00 0.81 = 0.01*° 0.00 = 0.00*°
Phytates 1.00 + 0.05 0.75 + 0.01* 0.53 + 0.01*° 0.00 + 0.00*°
Cyanates 0.11 = 0.00 0.02 = 0.01* 0.11 = 0.00° 0.00 = 0.00?
VOCs 0.00 = 0.00 0.17 = 0.01* 0.65 = 0.01*° 0.00 = 0.00°

Values are expressed as mean = SEM (n = 3). *Values are significant at P < 0.05 compared with aqueous extract. "Values are significant at P < 0.05

compared with ethanol extract.

The results of the phytochemical composition of the root of
J. curcas in four solvent extracts were given in Table 3. The
results of phytochemicals of aqueous extract showed the pres-
ence of polyphenols, flavonoids, alkaloids, cardiac glycosides,
coumarins, saponins, terpenoids, steroids, triterpenoid saponins,
carotenoids, phlobatannins, tannins, oxalates, phytates and cy-
anates. Polyacetylated compounds and VOCs were absent in the
aqueous extract of the root of J. curcas.

Results of phytochemicals of ethanol extract showed the
presence of polyphenols, flavonoids, alkaloids, cardiac glyco-
sides, coumarins, saponins, terpenoids, steroids, triterpenoid
saponins, carotenoids, phlobatannins, tannins, oxalates, phy-
tates, cyanates and VOCs. Polyacetylated compounds were ab-
sent in the ethanol extract of the root of J. curcas.

Results of phytochemicals of methanol extract showed the
presence of polyphenols, flavonoids, alkaloids, cardiac glyco-
sides, coumarins, saponins, terpenoids, steroids, triterpenoid
saponins, carotenoids, phlobatannins, tannins, oxalates,

Table 3

phytates, cyanates and VOCs. Polyacetylated compounds were
absent in the methanol extract of the root of J. curcas.

Results of phytochemicals of ethyl acetate extract showed the
presence of polyphenols, flavonoids, alkaloids, cardiac glyco-
sides, coumarins, saponins, terpenoids, steroids, triterpenoid
saponins, carotenoids and phlobatannins. Polyacetylated com-
pounds, tannins, oxalates, phytates, cyanates and VOCs were
absent in the ethyl acetate extract of the root of J. curcas.

3.2. Proximate composition of the leaf, stem bark and
root of J. curcas

Table 4 shows the proximate compositions of the leaf, stem bark
and root samples. The carbohydrate, protein and moisture content
occurred in appreciable amounts. The fibre and ash content were
also high and suggested the high nutritive value of J. curcas.

The results of the proximate composition of the leaf of
J. curcas showed the presence of moisture, crude fat, crude

Phytochemical composition of different extracts of the root of J. curcas [w/w, dry mass basis (%)].

Pytochemicals Aqueous extract Ethanol extract Methanol extract Ethyl acetate extract
Polyphenols 2.23 £ 0.01 2.32 + 0.00* 2.49 + 0.02% 2.35 + 0.01%°
Flavonoids 2.92 + 0.04 2.95 + 0.01 3.11 + 0.01* 3.35 + 0.02%
Alkaloids 0.38 + 0.00 1.60 + 0.05* 1.57 = 0.05% 1.57 £ 0.02*
Cardiac glycosides 0.12 + 0.03 0.41 + 0.05* 0.48 + 0.00° 0.48 + 0.05*
Coumarins 0.15 = 0.00 0.29 = 0.01* 0.33 + 0.01* 0.26 + 0.01*
Saponins 0.22 + 0.01 2.26 + 0.05* 2.29 + 0.01* 2.31 + 0.00*
Terpenoids 0.56 + 0.01 1.44 + 0.00° 1.76 + 0.00*° 2.11 + 0.00™°
Steroids 0.94 + 0.03 3.12 = 0.01* 3.22 + 0.01*° 3.42 + 0.01*°
Triterpenoid saponins 0.14 = 0.02 0.20 + 0.00* 0.21 = 0.01* 0.22 + 0.00*
Polyacetylated compounds 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00
Carotenoids 0.35 = 0.03 0.41 = 0.00 0.87 + 0.05™° 1.14 = 0.05*°
Phlobatannins 0.25 = 0.01 0.31 = 0.01* 0.38 + 0.02* 0.35 £ 0.01*
Tannins 0.04 = 0.00 0.01 + 0.00* 0.09 + 0.01*° 0.00 + 0.00*
Oxalates 1.07 = 0.01 0.96 + 0.05 0.77 = 0.01*° 0.00 = 0.00*°
Phytates 0.89 + 0.03 0.44 + 0.03" 0.32 + 0.00* 0.00 = 0.00™°
Cyanates 0.12 + 0.01 0.01 + 0.00* 0.12 = 0.00° 0.00 + 0.00*
VOCs 0.00 = 0.00 0.12 + 0.00* 0.33 + 0.01*° 0.00 = 0.00°

Values are expressed as mean = SEM (n = 3). *Values are significant at P < 0.05 compared with aqueous extract. "Values are significant at P < 0.05

compared with ethanol extract.
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Table 4 Table 6

Proximate analysis of the leaf, stem bark, and root of J. curcas (%). Heavy metals compositions of leaf, stem bark and root of J. curcas (%).
Parameters Leaf Stem bark Root Parameters Leaf Stem bark Root
Moisture 11.90 + 0.17 577 +0.07% 977 £ 0.06" Pb 0.030 = 0.000  0.030 =+ 0.010 0.040 = 0.000
Crude fat 12.30 + 0.29 16.70 = 0.30™*  6.80 = 0.16?‘ Ar 0.000 + 0.000  0.000 + 0.000* 0.010 = 0.000"
Crude protein 26.00 + 0.47 470 £ 0.20" 5.66 021" Cd 0.020 = 0.000  0.010 + 0.000% 0.030 = 0.000
Total 36.33 = 0.72 12.23 £ 0.32"*  15.00 = 0.47" Cr 0.010 = 0.000  0.010 + 0.000 0.020 + 0.000
carbohydrate Hg 0.002 + 0.000  0.001 + 0.000*  0.002 = 0.000

*’a #*

Fll:;)(;fllcin 587 £ 0.14 0.52 £ 0.03 1.27 = 0.05 Values are expressed as mean + SEM (n = 3). “Values are significant at
sugar & P < 0.05 compared with the leaf. “Values are significant at P < 0.05 for
Ashcontent 1410012 1183007 793 +0.12°  stem bark compared with the root.
Crude fibre 17.67 £ 027  50.53 = 0.64"" 43.33 = 0.54°
Energy 1514.77 + 20.87 907.00 + 8.52"* 602.93 = 4.19"
value (P > 0.05) difference among them, while Cd and Hg recorded a
(kJ/100 g)

Values are expressed as mean + SEM (n = 3). “Values are significant at
P < 0.05 compared with the leaf. *Values are significant at P < 0.05 for
stem bark compared with the root.

protein, total carbohydrate and reducing sugar, ash content,
crude fibre and energy value.

The results of the proximate composition of the stem bark of
J. curcas showed the presence of moisture, crude fat, crude
protein, crude carbohydrate, total reducing sugar, ash content,
crude fibre and energy value.

The results of the proximate composition of the root of
J. curcas showed the presence of moisture, crude fat, crude
protein, crude carbohydrate, total reducing sugar, ash content,
crude fibre and energy value.

3.3. Mineral profile

The mineral compositions of the plant samples were pre-
sented in Table 5. Fe, Ca, Mg, Na and Zn were presented in
appreciable quantities. The results of the mineral composition of
the leaf of J. curcas showed the presence of Fe, Ca, Na, Mg, K,
Al, Zn, P and Se. The results of the mineral composition of the
stem bark of J. curcas showed the presence of Fe, Ca, Na, Mg,
P, Al, Zn, P and Se. The results of the mineral composition of
the root of J. curcas showed the presence of Fe, Ca, Na, Mg, P,
Al, Zn, P and Se.

3.3.1. Heavy metals

The heavy metals compositions of the plant samples were
presented in Table 6. The results of Pb and Cr compositions of
the leaf, stem bark and root of J. curcas showed no significant

Table 5
Mineral compositions of leaf, stem bark and root of J. curcas [mg/100 g,
dry mass basis (%)].

Parameters Leaf Stem bark Root

Fe 7033 £3.66  61.33 + 1.96 62.00 + 1.89
Ca 65.00 + 1.41  56.67 = 1.19™*  50.00 = 0.47"
Na 47.00 £ 124 2467 +1.19™* 3133 + 1.18"
Mg 12730 £ 237 43.00 £ 2.16™*  80.67 = 1.19"
K 1.95 + 0.11 0.67 = 0.12" 0.40 + 0.05"
Al 11.40 + 0.17 4.04 +0.14™° 3.00 £ 0.17"
Zn 50.67 +1.96 1433 +1.66™*  26.67 +2.13"
P 447 +0.23 0.70 = 0.09" 1.33 +0.12"
Se 0.46 + 0.02 0.30 = 0.05 0.20 = 0.05"

Values are expressed as mean = SEM (n = 3). “Values are significant at
P < 0.05 compared with the leaf. *Values are significant at P < 0.05 for
stem bark compared with the root.

significant (P < 0.05) difference only between the stem back and
root. That of Ar showed a significant (P < 0.05) difference
between the leaf and the stem bark compared with the root.

4. Discussion

The medicinal and nutritional potentials of the leaf, stem
back and root of J. curcas were assessed in this study through
quantitative determination of the relative distribution of phyto-
chemicals in four different solvents and the proximate compo-
sition and minerals content. Plants are known to play prominent
roles in the treatment of diseases as some species especially the
Euphorbia have been reported to possess antitumour and anti-
cancer activities [23.24]. They are also known to express anti-
proliferative, antimicrobial and inhibition of HIV-1 infection
[25-271. J. curcas belongs to Euphorbia family and has strong
potentials for use both medicinally and nutritionally. The
results obtained from this study show that there is relative
distribution of phytochemicals in solvents. The determination
of their presence is a factor of the solvent used as their
presence was the highest when methanol and ethyl acetate
solvents were used and the lowest when aqueous solvent was
used comparatively. For example, aqueous, ethanol, methanol
and ethyl acetate extracts of flavonoids of the leaf were
442% =+ 0.02%, 6.67% = 0.00%, 722% =+ 0.01%,
7.35% + 0.02% respectively; aqueous, ethanol, methanol and
ethyl acetate extracts of flavonoids of stem bark were
3.61% == 0.04%, 3.70% = 0.05%, 3.95% = 0.01%,
4.12% + 0.01% respectively and aqueous, ethanol, methanol
and ethyl acetate extracts of flavonoids of root were
292% =+ 0.04%, 2.95% =+ 0.01%, 3.11% = 0.01%,
3.35% + 0.02% respectively. However, the use of ethyl acetate
recorded the absence of anti-nutritional agents such as oxa-
lates, phytates and cyanates as well as VOCs, but this was not
the case with other solvents.

There is relative increase in the phytochemicals content as
one moves from the root to the leaf. In other words, the phy-
tochemicals content of the J. curcas plant is the highest in the
leaf and the lowest in the roots irrespective of the solvents used.
This would also mean that the leaf should have a higher potential
to express the benefits of phytochemicals than other parts of the
plant.

The presence of flavonoids in appreciable amount was found
in the leaf [(4.42 + 0.02)% — (7.35 £ 0.02)%]. Polyphenols and
flavonoids are known to exercise anti-oxidative activities, pro-
tection against allergies, inflammation, platelet aggregation,
microbes, ulcers, hepatic toxicity, viruses and tumour [28-30].
This therefore means that all the plant parts of J. curcas
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especially the leaf, strongly exhibit the potentials mentioned
above including that of an anti-carcinogenic and anti-
ulcerative agent [28].

Saponins and steroids are also present in appreciable but safe
amounts in the leaf, stem bark and root, meaning that they have
great potentials as fertility agents. Levels <10% are considered
safe and non-toxic as high saponin levels have been associated
with gastroenteritis, manifested by diarrhoea and dysentery [311.

There is a significant amount of alkaloids in the ethanol,
methanol and ethyl acetate extracts of leaf (1.55% + 0.05%,
1.58% = 0.01%, 1.62% =+ 0.00% respectively), stem bark
(1.54% + 0.05%, 1.57% + 0.00%, 1.59% = 0.01% respectively)
and root (1.60% + 0.05%, 1.57% + 0.05%, 1.57% =+ 0.02%
respectively) compared with the aqueous extract. Alkaloids are
one of the most efficient therapeutically significant bioactive
substances in plants. Pure isolated alkaloids and the synthetic
derivatives are used as basic medicinal agents because of their
analgesic, antispasmodic and bactericidal properties [321.

The results of the phytochemicals taken together show that
indeed the leaf, stem bark and root of J. curcas possess strong
potentials for medicinal use and would also serve as agents for
the treatment of a wide range of diseases and infections.

The results obtained from proximate analysis of leaf, stem bark
and root of J. curcas establish the fact that they can be used as rich
carbohydrate sources. The carbohydrate content in the leaf is
significantly higher than in the stem and root. Carbohydrates
serve as a source of energy and aid digestion and the assimilation
of other nutrients. Moreover, some carbohydrates in these plants
have medicinal value. The proximate analysis revealed moisture
contents for the leaf (11.9% +0.17%), stem bark (5.77% + 0.07%)
and root (9.77% + 0.06%) fell within the acceptable limits of
about 6%—15% for most vegetable drugs [33].

Total ash value recorded for the leaf, stem bark and root
belongs to the range given for some official drugs such as Citrus
leaf (7.0%), neem leaf (11.6%) and Atropa leaf (16%) [331.
However, there are higher values of the total ash of the leaf
and stem bark than the root of J. curcas. This would also
mean that the mineral content of the leaf and stem bark are
higher than in the root. The total ash value is a diagnostic
purity It represents both physiological and non-
physiological ash. Physiological ash is the ash inherent in the
plant due to biochemical processes and the non-physiological
ash contaminants from the environment. These may be car-
bonates, phosphates, nitrates, sulphates, chlorides and silicates
of various metals which were taken up from the soil [33]. The
non-physiological ash component of the total ash could be
reduced by rinsing the fresh plant material several times in clean
water before drying and processing for medicinal uses.

Crude fibre content of the stem bark is higher than that of the
root and leaf. This has nutritional implications that fibre prevents
diverticulosis and aids absorption of trace elements in the gut as
well as helps in the elimination of undigested food materials
through the bowel [34.35]. The energy values for the leaf
[(1514.77 = 20.87) kJ/100 g], stem bark [(907.00 + 8.52) kJ/
100 g] and root [(602.93 = 4.19) kJ/100 g] were high thus
making them good nutritional sources of energy.

There were abundance of Fe, Ca, Na, Mg, Zn and Al in the
leaf, stem bark and root of J. curcas. Fe is important in immune
function, cognitive development, temperature regulation and
energy metabolism [36]1. It is also required for the synthesis of
haemoglobin and myoglobin while its deficiency causes
anaemia. It is therefore an important diet in pregnant and

index.

nursing women, infants and elderly people to prevent anaemia
and other related diseases [37]. Ca along with P is required for
formation and maintenance of bones and teeth. It is also
required in blood clothing and muscle contraction [36]. Mg is
needed in over 300 enzymes that utilize adenosine
triphosphate. It contributes to DNA and RNA synthesis during
cell proliferation. It is important for nerve and heart function
as well as release of insulin and ultimate insulin action on
cells and it decreases blood pressure by dilating arteries and
preventing abnormal heart rthythm [36]. Deficiencies in animals
lead to irritability, convulsion and even death. Zn and Se are
components of antioxidative enzymes, superoxide dismutase,
catalase and glutathione peroxidase. Zn also is required for the
function of over 200 enzymes and is important in growth and
sexual development in man [38]. Al has no nutritional benefits
but is present in foods, drugs and cosmetics and in most parts
of the body. It is also not toxic except in high concentrations,
but the presence of high levels of Mg protects against such an
outcome [39].

Na is the major element of the extracellular fluid and is a key
factor in retaining body fluid. In conjunction with K, through
creation of electrical potential, nerve impulses are conducted and
the contraction of muscles is enabled. It participates in facili-
tating the absorption of nutrients such as glucose and amino
acids in the small intestine. However, high levels of Na are
associated with hypertension and high blood pressure. The
presence of Ca, Mg and K collectively are known to reduce
hypertension and blood pressure as well as used in the preven-
tion and treatment of high blood pressure [36]. Therefore, their
presence in the leaf, stem bark and root gives a positive
weight to the nutritional importance of the J. curcas plant.

The heavy metals assayed are in highly insignificant amounts
and therefore do not exhibit any toxic effect. High levels of anti-
nutritional agents such as oxalates, phytates and cyanates were
more in the leaf than in the stem bark and root and their levels
appeared increased in polar solvents than in non-polar. Oxalates
tend to render Ca unavailable by binding to plasma Ca ion to
form complexes [40.41]. Phytates binds with Fe, Mg and Ca as
well as proteins, decreasing their bioavailability [42]. The
levels of cyanates were low and non-toxic in all the plant
parts and high levels of cyanates are considered deleterious as it
inhibits cytochrome oxidase which leads to energy deprivation
and consequently death. However, if the problem of anti-
nutrients persist, solvents like ethyl acetate can be used for the
extraction of the plant parts of J. curcas as their presence is
excluded using this solvent.

Plant medicine is considered safer and better for human
health than synthetic drugs. This is because human beings have
co-evolved with plants over the past decades. We eat plant, drink
their juices, ferment and distil libations from them and consume
them in a thousand forms. The present study has shown the
phytochemical, proximate and mineral compositions of the leaf,
stem bark and root of J. curcas. The phytochemical assay in
different solvent extracts has demonstrated the relative absorp-
tion of these phytochemicals and their gradual increased pres-
ence from the root to leaf. The rich array of phytochemicals in
all the plant parts in this study presents J. curcas as a plant with
very good potential for medicinal use and in the possible treat-
ment of diabetes, malaria, cardiovascular, hepatic infections and
myriad of other diseases. The proximate and mineral contents
with low moisture content and good ash value (all falling within
standards) have also added to their usefulness in drugs
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formulation. These plant parts present good nutritional sources
with high energy values and rich sources of macronutrients and
micronutrients, however this is dominant in the leaf. The pres-
ence of relatively high levels of some anti-nutrients especially in
the leaf is the main set back in the plant which can be remedied
either through the selective use of the extraction solvent or by
adopting some separation approaches.

Conflict of interest statement
We declare that we have no conflict of interest.

References

[1] Jiang H, Wu P, Zhang S, Song C, Chen Y, Li M, et al. Global
analysis of gene expression profiles in developing physic nut
(Jatropha curcas L.) seeds. PLoS One 2012; 7: €36522.

[2] Liu WK, Ho JC, Qin G, Che CT. Jolkinolide B induces neuroen-
docrine differentiation of human prostate LNCaP cancer cell line.
Biochem Pharmacol 2002; 63: 951-7.

[3] Saetae D, Suntornsuk W. Antifungal activities of ethanolic extract
from Jatropha curcas seed cake. J Microbiol Biotechnol 2010;
20(2): 319-24.

[4] Sabandar CW, Ahmat N, Jaafar FM, Sahidin I. Medicinal property,

phytochemistry and pharmacology of several Jatropha species

(Euphorbiaceae): a review. Phytochemistry 2013; 85: 7-29.

Igbinosa OO, Igbinosa EO, Aiyegoro OA. Antimicrobial activity

and phytochemical screening of stem bark extracts from Jatropha

curcas (Linn). Afr J Pharm Pharmacol 2009; 3(2): 58-62.

Patil D, Roy S, Dahake R, Rajopadhye S, Kothari S, Deshmukh R,

et al. Evaluation of Jatropha curcas Linn. leaf extracts for its

cytotoxicity and potential to inhibit hemagglutinin protein of

influenza virus. Indian J Virol 2013; 24(2): 220-6.

Dada EO, Ekundayo FO, Makanjuola OO. Antibacterial activities

of Jatropha curcas (Linn) on coliforms isolated from surface wa-

ters in Akure, Nigeria. Int J Biomed Sci 2014; 10(1): 25-30.

Pan SY, Zhou SF, Gao SH, Yu ZL, Zhang SF, Tang MK, et al.

New perspectives on how to discover drugs from herbal medicines:

CAM's outstanding contribution to modern therapeutics. Evid

Based Complement Altern Med 2013; http://dx.doi.org/10.1155/

2013/627375.

Liu CF, Zhang YH, Kong S, Tsui I, Yu Y, Han FJ. Applications

and therapeutic actions of complementary and alternative medicine

for women with genital infection. Evid Based Complement Altern

Med 2014; http://dx.doi.org/10.1155/2014/658624.

[10] Newman DJ, Cragg GM, Snader KM. The influence of natural
products upon drug discovery. Nat Prod Rep 2000; 17: 215-34.

[11] Kayombo EJ, Uiso FC, Mahunnah RL. Experience on healthcare
utilization in seven administrative regions of Tanzania. J Ethnobiol
Ethnomed 2012; 8: 5.

[12] Zhu F, Qin C, Tao L, Liu X, Shi Z, Ma X, et al. Clustered patterns of
species origins of nature-derived drugs and clues for future bio-
prospecting. Proc Natl Acad Sci U S A 2011; 108(31): 12943-8.

[13] Association of Official Analytical Chemists International. Official
method of analysis of AOAC International. 17th ed. Gaithersburg:
Association of Analytical Communities; 2003.

[14] Hussain J, Rehman NU, Al-Harrasi A, Ali L, Khan AL,
Albroumi MA. Essential oil composition and nutrient analysis of
selected medicinal plants in Sultanate of Oman. Asian Pac J Trop
Dis 2013; 3(6): 421-8.

[15] Shabbir M, Khan MR, Saeed N. Assessment of phytochemicals,
antioxidant, anti-lipid peroxidation and anti-hemolytic activity of
extract and various fractions of Maytenus royleanus leaves. BMC
Complement Altern Med 2013; 13: 143.

[16] Liener IE. Toxic constituents of plant foodstuffs. New York: Aca-
demic Press; 1969.

[5

—_

[6

=

[7

—

[8

—

[9

—

[17] Hudson BJF, El-Difrawi EA. The sapogenins of the seeds of four
lupin species. J Plant Foods 1979; 3: 181-6.

[18] Harborne JB. Phytochemical methods: a guide to modern tech-
niques of plant analysis. 3rd ed. New Delhi: Springer Pvt Ltd;
2008.

[19] Day RA, Underwood AL. Quantitative analysis. 5th ed. New
Delhi: Prentice-Hall Publications; 1986, p. 701.

[20] Reddy MB, Love M. The impacts of food processing on the
nutritional quality of vitamins and minerals. Adv Exp Med Biol
1999; 459: 99-106.

[21] Association of Official Analytical Chemists. Official methods of
analysis of AOAC International. 18th ed. Washington DC: Asso-
ciation of Official Analytical Chemists; 2010.

[22] James CS. Analytical chemistry of food. New York: Chapman &
Hall; 1995.

[23] Monteiro Lde S, Bastos KX, Barbosa-Filho JM, de Athayde-
Filho PF, Diniz Mde F, Sobral MV. Medicinal plants and other
living organisms with antitumor potential against lung cancer. Evid
Based Complement Altern Med 2014; http://dx.doi.org/10.1155/
2014/604152.

[24] Saedi TA, Md Noor S, Ismail P, Othman F. The effects of herbs
and fruits on leukaemia. Evid Based Complement Altern Med 2014,
http://dx.doi.org/10.1155/2014/494136.

[25] Zhang H, Guo ZJ, Xu WM, You XJ, Han L, Han YX, et al.
Antitumor effect and mechanism of an ellagic acid derivative on
the HepG2 human hepatocellular carcinoma cell line. Oncol Lett
2014; 7(2): 525-30.

[26] Kirbag S, Erecevit P, Zengin F, Guvenc AN. Antimicrobial ac-
tivities of some Euphorbia species. Afr J Tradit Complement Altern
Med 2013; 10(5): 305-9.

[27] Abreu CM, Price SL, Shirk EN, Cunha RD, Pianowski LF,
Clements JE, et al. Dual role of novel ingenol derivatives from
Euphorbia tirucalli in HIV replication: inhibition of de novo
infection and activation of viral LTR. PLoS One 2014; 9: €97257.

[28] Syed DN, Chamcheu JC, Adhami VM, Mukhtar H. Pomegranate
extracts and cancer prevention: molecular and cellular activities.
Anticancer Agents Med Chem 2013; 13(8): 1149-61.

[29] Georgiev V, Ananga A, Tsolova V. Recent advances and uses of
grape flavonoids as nutraceuticals. Nutrients 2014; 6(1): 391-415.

[30] Gutierrez-Orozco F, Failla ML. Biological activities and bioavail-
ability of mangosteen xanthones: a critical review of the current
evidence. Nutrients 2013; 5(8): 3163-83.

[31] Awe IS, Sodipo OA. Purifications of saponins of root of Blighia
sapida. Niger J Biochem Mol Biol 2001; 16(3): 201-4.

[32] Ahmad A, Husain A, Mujeeb M, Khan SA, Najmi AK,
Siddique NA, et al. A review on therapeutic potential of Nigella
sativa: a miracle herb. Asian Pac J Trop Biomed 2013; 3(5): 337-52.

[33] Ehiabhi OS, Omoregie EH, Comfort OE, Folashade KO. Phyto-
chemical and proximate analyses and thin layer chromatography
fingerprinting of the aerial part of Chenopodium ambrosioides
Linn. (Chenopodiaceae). J Med Plant Res 2012; 6: 2289-94.

[34] Chiba M, Tsuji T, Nakane K, Komatsu M. High amount of dietary
fiber not harmful but favorable for Crohn disease. Perm J 2015;
19(1): 58-61.

[35] Dhingra D, Michael M, Rajput H, Patil RT. Dietary fibre in foods:
a review. J Food Sci Technol 2012; 49(3): 255-66.

[36] Wardlaw GM, Hampl JS, DiSilvestro RA. Perspectives in nutri-
tion. 6th ed. New York: McGraw Hill; 2004.

[37] Geissler C, Singh M. Iron, meat and health. Nutrients 2011; 3(3):
283-316.

[38] Kawade R. Zinc status and its association with the health of ado-
lescents: a review of studies in India. Glob Health Action 2012; 5:
7353.

[39] Schauss AG. Minerals and human health: the rationale for optimal
and balanced trace element levels. Utah: trace Minerals. 2015.
[Online] Available from: http://www.traceminerals.com/research/
humanhealth [Accessed on 1st April, 2015]

[40] Andualem B, Gessesse A. Proximate composition, mineral content
and antinutritional factors of Brebra (Millettia ferruginea) seed


http://refhub.elsevier.com/S2221-1691(15)00113-6/sref1
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref1
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref1
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref2
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref2
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref2
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref3
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref3
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref3
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref4
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref4
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref4
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref5
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref5
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref5
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref6
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref6
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref6
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref6
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref7
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref7
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref7
http://dx.doi.org/10.1155/2013/627375
http://dx.doi.org/10.1155/2013/627375
http://dx.doi.org/10.1155/2014/658624
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref10
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref10
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref11
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref11
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref11
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref12
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref12
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref12
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref13
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref13
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref13
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref14
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref14
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref14
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref14
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref15
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref15
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref15
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref15
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref16
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref16
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref17
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref17
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref18
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref18
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref18
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref19
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref19
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref20
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref20
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref20
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref21
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref21
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref21
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref22
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref22
http://dx.doi.org/10.1155/2014/604152
http://dx.doi.org/10.1155/2014/604152
http://dx.doi.org/10.1155/2014/494136
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref25
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref25
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref25
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref25
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref26
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref26
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref26
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref27
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref27
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref27
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref27
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref28
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref28
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref28
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref29
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref29
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref30
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref30
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref30
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref31
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref31
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref32
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref32
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref32
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref33
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref33
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref33
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref33
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref34
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref34
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref34
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref35
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref35
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref36
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref36
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref37
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref37
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref38
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref38
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref38
http://www.traceminerals.com/research/humanhealth
http://www.traceminerals.com/research/humanhealth
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref40
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref40

Atamgba Agbor Asuk et al./Asian Pac J Trop Biomed 2015; 5(8): 650-657 657

flour as well as physicochemical characterization of its seed oil. [42] Agbaire PO. Levels of anti-nutritional factors in some common
Springerplus 2014; 3: 298. leafy edible vegetables of Southern Nigeria. Afr J Food Sci Technol
[41] Yang J, Punshon T, Guerinot ML, Hirschi KD. Plant calcium 2012; 3(4): 99-101.

content: ready to remodel. Nutrients 2012; 4(8): 1120-36.


http://refhub.elsevier.com/S2221-1691(15)00113-6/sref40
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref40
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref41
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref41
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref42
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref42
http://refhub.elsevier.com/S2221-1691(15)00113-6/sref42

	The biomedical significance of the phytochemical, proximate and mineral compositions of the leaf, stem bark and root of Jat ...
	1. Introduction
	2. Materials and methods
	2.1. Equipment, chemicals and reagents
	2.2. Collection and preparation of the plant materials
	2.2.1. Processing of the plant materials

	2.3. Proximate analysis
	2.3.1. Energy value

	2.4. Phytochemical analysis
	2.5. Mineral analysis
	2.6. Statistical analysis

	3. Results
	3.1. Phytochemical composition of the leaf, stem bark and root of J. curcas
	3.2. Proximate composition of the leaf, stem bark and root of J. curcas
	3.3. Mineral profile
	3.3.1. Heavy metals


	4. Discussion
	Conflict of interest statement
	References


