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ABSTRACT

Aim: The micronutrients and antinutrients of leaf extracts of Pterocarpus soyauxii and 
Pterocarpus santaiinoides were investigated.
Methods: The leaf extracts were air-dried for 7 days and pulverized using a mechanical 
homogenizer, and then passed through a 0.5 mm size mesh sieve. They were subjected 
to atomic absorption spectrophotometry, standard titrations, and quantitative assay for 
micronutrients, vitamins, and antinutrients determinations, respectively.
Results: The micronutrients assay revealed the presence of calcium (Ca2+), potassium (K+), 
copper (Cu2+), zinc (Zn2+), iron (Fe2+), magnesium (Mg2+), manganese (Mn2+), and phos-
phorous (P) in the two plant samples. The highest micro element found was potassium 
(K+) and least was copper (Cu2+) with 882.00 mg/100 g and 0.31 mg/100 g in Pterocarpus 
santalinoides respectively, while Pterocarpus soyauxii has (K+) with 736.00 mg/100 g and 
(Cu2+) with 0.48 mg/100 g. Statistical differences (p < 0.05) were observed in Ca2+, K+, Cu2+, 
Fe2+, and Mn2+ amount, while non-significant differences were found in Zn2+, Mg2+, and P 
when comparatively tested. The results obtained revealed the presence of two fat-sol-
uble vitamins (vitamins A and E) and two water-soluble vitamins (B2 and C). Vitamin C 
content was found to be higher in Pterocarpus santalinoides (21.09 mg/100 g) and lower 
in Pterocarpus soyauxii (14.61 mg/100 g), while least vitamin content recorded was vita-
min E with 0.02 mg/100 g and 0.03 mg/100 g in Pterocarpus soyauxii and Pterocarpus 
santalinoides, respectively. Other quantified antinutrients were alkaloids, oxalates, and 
cyanogenic glycosides, which ranges from 0.07% to 2.50%. Significant difference (p < 
0.05) was observed in oxalate, alkaloid, and cyanogenic glycosides amount of the two 
specimens.
Conclusion: The result showed that the leaf extracts contain appreciable number of 
micronutrients, vitamins, and low level of antinutrients and could contribute to the rec-
ommended dietary allowance of the body.
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Introduction

The significance of nutrition in public health 
problems has been a subject of intense renewed 
interest and has also widened the horizon of 
the roles of nutrients in food [1,2]. Nutrition 
is the science of food and its relationship to 
health. The nutritive value of food defines what 
a food is made of and its impact on the body as it 
relates to cholesterol, fat, salt, and sugar intake. 

Nutrients are categorized as either macronutrients 
(needed in relatively large amounts) or micronutri-
ents (needed in small quantities). Macronutrients 
include carbohydrates, fats, fiber, proteins, and 
water, while micronutrients are minerals and vita-
mins [3].

Vegetables are fresh edible portion of herbaceous 
plants, whose part or parts are eaten as supporting 
food or main dishes. They may be aromatic, bitter 
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or tasteless [4], generally succulent and consumed 
as a side dish with starchy staples [5]. The green 
leaves of vegetables are rich in retinol (vitamin A), 
vitamin B complex, folic acid, vitamin C, and min-
eral elements such as calcium, iron, zinc, potassium, 
copper, magnesium, and phosphorus [6–10]. In the 
world today, there are several reports on the nutri-
tional benefits of vegetable species; one of these 
includes Pterocarpus soyauxii and Pterocarpus san-
talinoides [9–11].

Pterocarpus soyauxii and Pterocarpus santaiinoi-
des are called “Oha” and “Nturukpa”, respectively, 
in Igbo land (Figure 1). They belong to the genus, 
Pterocarpus, which is tropically and sub-tropically 
distributed and belong to the family Leguminosae. 
There are about 60 species of the genus Pterocarpus, 
of which 20 of these are found in African coun-
tries such as Nigeria, Cameroon, Sierra Leone, and 
Equatorial Guinea. Pterocarpus is coined from two 
Greek words “Pteran” meaning wing and “Karpos” 
meaning fruit, thereby it has a meaning winged 
fruit [11].

Pterocarpus soyauxii (oha) is a tree about 27–34 
m tall, girth up to 3.3 m with undivided stem. It has 
a reddish grey-bark which detaches in flakes, slash 
white and exuding a red gum. Its leaves are com-
pound with 11–13 leaflets, alternate, and lateral 
leaflets with veins which are crowded, but disappear 
before leaf margins. Its fruits are obliquely orbicular, 
compressed in dehiscent pods, 6.9 cm with numer-
ous prick thorns, and it is monoecious [11]. The 
plant is native to west tropical Africa and occurs in 
mixed deciduous and evergreen forests. It requires 
much light and moist soil to grow properly [11].

On the other hand, Pterocarpus santalinoides tree 
grows 9–12 m tall with a trunk up to 1 m in diam-
eter and flaky bark. The leaves are pinnate, 10–20 
m long with leaflets. The flowers are orange-yellow 
produced in panicles. The fruit is a pod, 3.5–6.0 cm 
long with a wing extending three-quarters around 
the margin. Pterocarpus santalinoides is monoe-
cious, and has flowering from December to March. 
It could be found in river banks, usually on sandy 
and moist soils [11].

The leaves of Pterocarpus santalinoides contain 
alkaloids, flavonoids, tannins, saponins, and phe-
nols which are known to have antimicrobial activity. 
The presence of flavonoids also indicates the medic-
inal value of Pterocarpus santalinoides because they 
are antioxidants and free radical scavengers which 
prevent oxidative stress, and also, have strong anti-
cancer activity protecting the cell against all stages 
of carcinogenesis [12,13]. 

The aim of the present study is to compare the 
micronutrients, vitamins, and antinutrients of 
Pterocarpus soyauxii and Pterocarpus santalinoides.

Materials and Methods

Collection and preparation of samples

Fresh leaves of Pterocarpus soyauxii and Pterocarpus 
santalinoides were harvested fresh from the farm 
located at Afugiri, Umuahia North Local Government, 
Abia State, Nigeria and were identified at the 
Department of Plant Science and Biotechnology of 
the Abia State University. The leaves of the different 
samples were handpicked, rinsed with tap water, and 
then with deionized water. These samples were air-
dried for 7 days. The dried samples were pulverized 
using a mechanical homogenizer, and then passed 
through a 0.5 mm size mesh sieve. Each of the sam-
ples was stored in an air-tight plastic container until 
analysis and properly labeled.

Determination of micronutrients composition

Exactly, 1 g of the sample was weighed and predi-
gested for a short period of time (75°C for 10 min-
utes) in 69% HNO3 and 30% H2O2 (w/v: 10 ml) 
and later heated at 120°C. The digested solutions 
were filtered using Whatman filter paper No. 1 and 
diluted to 50 ml with deionized water. The concen-
trations of the micronutrients in the digested solu-
tions were determined using an atomic absorption 
spectrophotometer [14].

Vitamin contents

Standard spectrophotometric methods of 
Association of Official Analytical Chemists [15] 
and Okwu [16] were used in the determination of 
Vitamins A, B2, and E, while Vitamin C was deter-
mined using a titrimetric method [16].

Antinutrient estimation

Alkaloid content was quantitatively determined 
by the methods of Harborne [17] and cyanogenic 
glycosides were determined using the methods of 
Obadoni and Ochuko [18].

Oxalate determination

The titration method as described by Day and 
Underwood [19] was used for oxalate estimation. 
One gram of sample was weighed into 100 ml con-
ical flask. Seventy-five milliliter of 3 M H2SO4 was 
added and stirred for 1 hour with a magnetic stir-
rer. This was filtered using a Whatman filter paper 
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No. 1. Twenty-five milliliter of the filtrate was then 
taken and titrated while hot against 0.05 M KMnO4 
solution until a faint pink color persisted for at least 
30 seconds [1]. The titer value was recorded.

Equation:

C2O4
2− + 8H+ + MnO4  2CO2 + 4H2o + Mn2+

The ion ratio is 1:1

Using the formula

MaVa = MbVb

Where,

Ma = molarity of oxalate solution

Va = volume of oxalate solution

Mb = molarity of potassium permanganate solution

Vb = volume of potassium permanganate solution

The relationship of the Ma can be given as:

g/l = molarity × molar mass

% oxalate = X   X 20    X    100 X 100

1     1000        20        2

Where,

X = weight of oxalate obtained by multiplying molar 
mass and 

molarity of oxalate

20a = volume of extract aliquot taken for analysis

1000 = reference volume for molar concentration

100a = total volume of extract

20b = volume of extract aliquot taken for analysis

100b = scaling factor to convert to percentage

5 = weight of sample taken for analysis

Molar mass of oxalate is given as 90 g/mol  
(12 × 2 + 16 × 4 × 2)

Statistical analysis of data

The experimental data were analyzed for statis-
tical significance by t-test using the GraphPad 
Prism® statistics software package, version 7.03. 
All determinations were done in triplicate. Mean 
and standard deviations (SD) were calculated using 
Microsoft Excel program and the probability tested 
was at 95% level of significance, so as to establish 
research hypothesis.

Results

Micronutrient composition of Pterocarpus soyauxii 
and Pterocarpus santalinoides

Table 1 showed the results obtained from the 
micronutrient contents of Pterocarpus soyauxii and 
Pterocarpus santalinoides. Calcium (Ca2+), potas-
sium (K+), copper (Cu2+), zinc (Zn2+), Iron (Fe2+), 
magnesium (Mg2+), manganese (Mn2+), and phos-
phorous (P) were appreciably present in the two 
samples. However, significant differences were 
observed in Ca2+, K+, Cu2+, Fe2+, and Mn2+, while 
non-significant difference was found in Zn2+, Mg2+, 
and P when compared to each other (p < 0.05).

Vitamin content of Pterocarpus soyauxii and 
Pterocarpus santalinoides

Vitamin Screening of Pterocarpus soyauxii and 
Pterocarpus santalinoides was shown in Table 2.  
Two fat-soluble vitamins (Vitamins A and E) 
and two water-soluble vitamins (B2 and C) were 
evaluated. Vitamin C content was found more in 
Pterocarpus santalinoides (21.09 mg/100 g) and 
less in Pterocarpus soyauxii (14.61 mg/100 g), 

Table 1. Micronutrient composition of Pterocarpus 
soyauxii and Pterocarpus santalinoides.

Samples (mg/100 g)

Parameters Pterocarpus soyauxii Pterocarpus santalinoides
Ca2+ 243.00 ± 1.00a 257.00 ± 1.00b

K+ 736.00 ± 1.58a 882.00 ± 3.00b

Cu2+ 0.48 ± 0.03a 0.38 ± 0.01b

Zn2+ 3.44 ± 0.02a 3.61 ± 0.05a

Fe2+ 22.16 ± 0.01a 19.63 ± 0.03b

Mg2+ 256.00 ± 3.00a 286.00 ± 2.00a

Mn2+ 3.65 ± 0.02a 3.15 ± 0.03b

P 327.00 ± 2.00a 348.00 ± 4.00a

Values are mean ± SD for triplicate determination. Values in 
the same row bearing the same letter of the alphabet are not 
statistical difference (p < 0.05).

Table 2. Vitamin content of Pterocarpus soyauxii and 
Pterocarpus santalinoides.

Samples (mg/100 g)

Parameters Types Pterocarpus soyauxii Pterocarpus 
santalinoides

Vitamin A Fat Soluble 2.75 ± 0.01a 2.91 ± 0.01a

Vitamin B2 Water Soluble 0.10 ± 0.03a 0.19 ± 0.03a

Vitamin C Water Soluble 14.61 ± 0.04a 21.09 ± 0.03b

Vitamin E Fat Soluble 0.02 ± 0.00a 0.03 ± 0.00a

Values are mean ± SD for triplicate determination. Values in 
the same row bearing the same letter of the alphabet are not 
statistical difference (p < 0.05).



134 J Complement Med Res • 2018 • Vol 7 • Issue 2

Emmanuel Okezie, Ugbogu Eziuche Amadike, Uwadinachi Adaugo, Okeke Sonachi, Achulonu Victor

while the least vitamin content was Vitamin E with 
(0.02 mg/100 g and 0.03 mg/100 g) in Pterocarpus 
soyauxii and Pterocarpus santalinoides, respectively.

Antinutrient content of Pterocarpus soyauxii and 
Pterocarpus santalinoides

The antinutrient screening of Pterocarpus soyauxii 
and Pterocarpus santalinoides was expressed in per-
centage (Table 3). From the result, alkaloids, oxa-
lates, and cyanogenic glycosides were quantified. 
There was a significant difference on oxalate at (p 
< 0.05), while there were no significant differences 
observed in alkaloids and cyanogenic glycosides 
parameter when comparatively evaluated.

Discussion

The mineral, vitamin, and antinutrient composi-
tions of leaf extracts of Pterocarpus soyauxii and 
Pterocarpus santalinoides were evaluated using 
standard analytical procedures.

Micronutrients are comprised of vitamins and 
minerals, which are required in small quantities to 
ensure normal metabolism, growth, and physical 
well-being. The chief nutritive significance of green 
leafy vegetables is their richness in minerals and 
vitamins [3]. Minerals are also required for basic 
body functions such as heartbeat, muscle contrac-
tions, movement, growth, and regulatory processes 

[20]. Studies on the micronutrient composition 
of Pterocarpus soyauxii and Pterocarpus santali-
noides as shown in (Table 1) revealed appreciable 
amounts of Calcium (Ca2+), potassium (K+), copper 
(Cu2+), zinc (Zn2+), Iron (Fe2+), magnesium (Mg2+), 
manganese (Mn2+), and phosphorous (P) in the 
tested samples.

The values obtained showed that the calcium 
content was greater in P. santalinoides (257.00 ± 
1.00 mg/l00 g) than P. soyauxii (243.00 ± 1.00 mg/
l00 g). However, these values are higher than the 
values reported for Amaranthus hybridus L. (44.15 
mg/l00 g) Akubugwo et al. [21] and lower than the 
recommended dietary allowance (RDA) for calcium 
(l000 mg/day) [22].

The potassium content of P. soyauxii and P. san-
talinoides had (736.0 ± 1.58 mg/100 g) and (882.0 
± 3.00 mg/100 g), respectively. These quantified 
amounts were found higher than those reported 
for other leafy vegetables studied in Nigeria, 
whose ranges are (405.03–301.01 mg/100 g) [23]. 
Potassium helps to regulate heart beat and muscle 
functioning [24].

Copper contributes in hemoglobin formation, 
red blood cells in iron and energy metabolism [25]. 
It also helps in elastin formation, a vital skin pro-
tein that helps to keep skin healthy and flexible, also 
helps in collagen formation, another vital protein 
for building bones, muscles, and connective tissues. 
It is needed to maintain healthy nerves and joints. 
It is not necessary to supplement this mineral as 
excessive copper intake can lead to toxicity. Toxic 
levels of copper can cause vomiting, joints and mus-
cle pain, and with extreme overdosing it can even 
be fatal [2,26]. The copper contents were (0.48 ± 
0.01 mg/100 ) and (0.38 ± 0.01 mg/100 g) for P. 
soyauxii and P. santallnoides, respectively. These 
values are slightly discordant with those obtained 
from other leafy vegetables studied in Nigeria 
(0.51–0.67 mg/100 g) [23]. The RDA of copper is 

Table 3. Antinutrient content of Pterocarpus soyauxii and 
Pterocarpus santalinoides.

Samples (%)

Antinutrients Pterocarpus soyauxii Pterocarpus santalinoides
Alkaloids 2.06 ± 0.12a 2.50 ± 0.20a

Oxalates 1.69 ± 0.01a 0.46 ± 0.02b

Cyanogenic 
glycosides 0.07 ± 0.00a 0.09 ± 0.00a

Values are mean ± SD for triplicate determination. Values in 
the same row bearing the same letter of the alphabet are not 
statistical difference (p < 0.05).

Figure 1. (A) Pterocarpus soyauxii and (B) Pterocarpus santalinoides.
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0.9 mg/day [25] which indicates that the vegetables 
studied, when taken in adequate amounts can meet 
this RDA of copper.

Zinc supports healthy immune system, helps in 
wound healing, synthesis of DNA and maintenance 
of sense of taste. It also helps in normal growth 
and development during pregnancy, childhood, 
and adolescence. It is essential for growth and sex-
ual development in man [27] and important in cell 
proliferation and protein synthesis [28]. The result 
of the zinc content of the studied vegetables, P. 
soyauxii (3.44 ± 0.02 mg/100 g) and P. santalinoi-
des (3.61 ± 0.05 mg/100 g) is compared well with 
3.88 mg/100 g reported for Amaranthus hybridus 
L. [21]. The investigated vegetables are rich in zinc, 
because they met the RDA of zinc for children (1–3 
years), 3.0 mg/day [22].

Iron plays numerous biochemical roles in the 
body, including oxygen binding in hemoglobin and 
acting as an important catalytic centre in many 
enzymes such as the cytochrome oxidase [29]. Iron 
content of P. soyauxii (22.16 ± 0.01 mg/100 g) and 
P. santalinoides (19.63 ± 0.03 mg/100 g) was higher 
than the RDA for iron (8 mg/day) [25] indicating 
that the studied vegetable could be recommended 
in diets for reducing anemia, which affects over one 
million people worldwide [30].

Magnesium is known to prevent cardiomyopathy, 
muscle degeneration, growth retardation, alopecia, 
dermatitis, immunologic dysfunction, gonadal atro-
phy, impaired spermatogenesis, congenital mal-
functions, and bleeding disorders [31]. The present 
study showed magnesium contents (256.0 ± 3.00 
mg/100 g) for P. soyauxii and (286.0 ± 2.00 mg/100 
g), which were higher than the RDA of Mg (240 mg/
day) showing that the studied vegetables are rich in 
magnesium.

Manganese content of P. soyauxii (3.65 ± 0.02 
mg/100 g) and P. santalinoides (3.15 ± 0.03 mg/100 
g) is compared well to the report from some other 
leafy vegetables in Nigeria (3.91 mg/100 g) [23] 
and higher than the RDA for manganese (1.8 mg/
day) showing that P. soyauxii and P. santalinoides 
are rich sources of manganese, which is a compo-
nent of several metalloenzymes e.g., superoxidase 
dismutase.

The phosphorous content are (327.00 ± 2.00 
mg/100 g) and (348.0 ± 4.0 mg/l00 g) for P. soyauxii 
and P. santalinoides, respectively, which were lower 
than the RDA for phosphorous (800 mg/day). 
Therefore, its adequate intake can yield the RDA of 
800 mg. The soil of the area from which these vege-
table are derived can be enriched with calcium and 

phosphorous fertilizer to enhance their content in 
these studied vegetables. Phosphorous has been 
implicated in growth and maintenance of bones, 
teeth, and muscles [32].

Vitamins are an essential organic nutrient, most 
of which are not synthesized, or only in insuffi-
cient amounts in the body and are mainly obtained 
through food. When their intake is inadequate, 
vitamin deficiency disorders are the consequences. 
Vitamins are vital to health and need to be consid-
ered when determining nutrition security. They also 
serve as biocatalysts as well as precursors to vari-
ous body factors and cofactors. They are classified 
based on their solubility to aqueous and lipid sol-
vents; water-soluble and fat-soluble [33] and have 
specific health benefits. For example, consumption 
of vegetables rich in vitamin A will promote good 
sight and boost immune system [34]. The vitamin 
screening of Pterocarpus soyauxii and Pterocarpus 
santalinoides was shown in Table 2. Two fat-soluble 
vitamins (Vitamins A and E) and two water-soluble 
vitamins (B2 and C) were evaluated. Vitamin C con-
tent was found higher in Pterocarpus santalinoides 
(21.09 mg/100 g) and less in Pterocarpus soyauxii 
(14.61 mg/100 g) which serves as a biological anti-
oxidant in aqueous environment, while the least 
vitamin content was recorded in Vitamin E with 
(0.02 mg/100 g and 0.03 mg/100 g) in Pterocarpus 
soyauxii and Pterocarpus santalinoides, respec-
tively, when compared to other examined vitamins. 
Despite the least recorded value of vitamin E, it still 
has a crucial role to play when absorbed in the body 
as a signaling molecule and also helps in the inhi-
bition of platelet aggregation [35]. The tested plant 
samples are good sources of B complex and can be 
used in the maintenance of good health in humans 
and animals when consumed appreciably [36].

The antinutrient content of the studied vege-
tables indicated the alkaloid contents as 2.06% 
± 0.12% and 2.50% ± 0.20% for P. soyauxii and P. 
santalinoides, respectively. Pure isolated plant alka-
loids are used as medicinal agents for analgesic, 
antispasmodic, and bactericidal effects [37,38]. As 
shown in the results (Table 3), P. santalinoides has 
higher alkaloid content than P. soyauxii and this 
may be attributed to its efficacy in soup preparation 
for nursing mothers immediately after leaving the 
labor room instead of P. soyauxii.

Oxalate content of Pterocarpus soyauxii (1.69% 
± 0.11%) and Pterocarpus santalinoides (0.45% ± 
0.22%) are higher than those reported for the leafy 
vegetables studied in Nigeria (0.27% and 0.38%), 
respectively [39], but lower than the critical value 
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of oxalate consumption (2.0%–5.0%) [40]. This 
indicates that the oxalate level of the tested plant 
may not cause kidney disease, which is associated 
with the consumption of diet, high in oxalate when 
consumed adequately [41].

Cyanogenic glycosides content of Pterocarpus 
soyauxii (0.07% ± 0.00%) and Pterocarpus san-
talinoides (0.09% ± 0.00%) were lower than those 
reported for the same vegetables as (0.34% and 
0.42%), respectively [39] and also, lower than the 
critical level, 200 mg/kg. Toxicity of cyanogenic gly-
coside shows symptoms of diarrhea, vomiting, and 
heart failure in human. Its level in leafy vegetables 
can be reduced during processing such as soaking, 
boiling or frying [42].

Conclusion

It can be inferred from the present study that 
leaf extracts of Pterocarpus soyauxii (Oha) and 
Pterocarpus santalinoides (Nturukpa) harvested 
from Afugiri, Umuahia North L.G.A Abia State, 
Nigeria, contain an appreciable amount of vitamins 
and mineral elements, and low level of antinutrients. 
Although, the antinutrient contents of these vege-
tables are low, they should be removed to improve 
their nutritional quality by soaking and washing. 
Therefore, these plants could serve as supplemen-
tary diet supplying the body with micronutrients, 
hence, contributing to the alleviation of micronutri-
ent deficiencies, if consumed in sufficient amount.
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