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ABSTRACT 
 

The present study investigated the nutritional and phytochemical properties of seeds oils and flours 
from Pachira aquatica seed cultivated in Nigeria. Proximate composition and phytochemical 
composition were determined by standard methods while mineral content of the seed flours and oil 
was determined using Thermo Scientific iCAP 6200 Inductively Coupled Plasma Optical Emission 
Spectrometer (ICP-OES) and Agilent 7900 Inductively Coupled Plasma Mass Spectrometer (ICP-
MS). The oil which was extracted using Soxhlet extraction method had a yield of 44.43%. The 
proximate composition of the flour gave carbohydrate 18.12%; moisture 9.74%; protein 19.90%; 
ash 4.11%; fat 44.43; fibre 3.70%; while phytochemicals showed that phenol was 4.90 mg/100 g; 
Tannins 0.76 mg/100g; flavonoids 0.68 mg/100 g; glycosides 17.54%; saponins 6.03% and 
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alkaloids 10.68%. Macro-element concentrations from the seed oil and seed flour respectively were 
63.55 and 10611.74 mg/Kg K; 22.38 and 628.44 mg/Kg Mg; 67.55 and 4007.86 mg/Kg P; 52.65 
and 1387.00 mg/Kg Ca; 17.95 and 35.23 mg/Kg Na. Micro-elements were 4.18 mg/Kg and 24.59 
mg/Kg Cu; 4.43 mg/Kg and 40.16 mg/Kg Fe; 1.50 and 9.61 mg/Kg Mn; 2.92 mg/Kg and 25.68 
mg/Kg Zn; 2.74 mg/Kg and 15.40 mg/Kg Al; 0.82 ( mg/Kg103) and 2.27 ( mg/Kg103) Ni; 1.11 ( 
mg/Kg103) and 3.30 (mg/Kg103); 3.55 (mg/Kg103) and 17.19 (mg/Kg103) B; 0.20 (mg/Kg103) and 
0.40 ( mg/Kg103) Mo; 0.01 (mg/Kg103) and 0.03 (mg/Kg103) Se. 
Toxic elements recorded 0.17 and 0.85 µg/Kg Cr; 0.18 and 0.23 µg/Kg Co; 0.01 and 0.01 µg/Kg 
As; 0.01 and 0.02 µg/Kg Cd; and 0.09 and 0.11 µg/Kg Pb for the seed oil and seed flour 
respectively. The investigation showed that Pachira aquatica seed is safe and nutritious for 
domestic purposes and industrial applications. The energy value indicates that the seed is a good 
alternative source of energy and could be taken when energy given food is required as it falls within 
the recommended energy dietary allowances especially for children.  The bioactive properties of 
Pachira aquatica seed shows that it has medicinal potential worth exploring for pharmacological 
purposes. 
 

 
Keywords: Pachira aquatica seed; seed oil; proximate; phytochemical; minerals composition; Nigeria. 
 

1. INTRODUCTION 
 
Pachira aquatica is a tree belonging to the 
Bombacaceae family. It is commonly known by 
different names such as Malabar chestnut, Brazil 
nut, Brown nut, Wild cocoa, French peanut, 
Guinea peanut, Money tree, Lucky tree and Epa 
igi (Yoruba language). Pachira aqautica is 
believed to have originated from Brazil but has 
sporadically extended to almost all parts of the 
tropics and subtropics while being a component 
of urban forestry in the temperate regions [1,2,3]. 
Uses of the plant is wide including being used as 
foods, medicines, fibre, dyestuff, wood etc. It is 
now being intentionally cultivated, and has 
become naturalized in many areas of the tropics 
for its edible seeds. In some parts of Africa, the 
paste from the ground seeds are used as a 
thickener in stews and sauces while the roast 
seed is sometimes used to make a beverage and 
taste like cocoa. The seeds can also be ground 
into a flour and used to make a bread. In a few 
communities, oil is extracted from the seeds and 
used for cooking [4,5,6]. Studies have shown that 
the plant is possess hypoglycaemic effect [7] and 
is used to ameliorate different ailments including 
stomach ache, ulcers, diabetes, bacterial 
infections, skin rashes and sores, and used as 
blood purifier [8]. 
 
Many plants with enormous bioactive potentials 
exist and containing beneficial phytochemicals 
but only a few of the known plants have been 
characterized and used in pharmaceutical 
studies, impacting the healthcare system in 
positive ways [9,10,11]. The use of 
phytochemicals for chemotherapy has assumed 
a very central stage more especially as 

alternatives to synthetic drugs; and so there are 
ongoing studies to look for natural alternatives for 
drug use and development [12]. Hence, the 
present study investigated the nutritional and 
bioactive compounds of Pachira aquatica seed 
oil and extracts. This will add value to its utility 
and possibly promote its inclusion in human 
nutrition, livestock feeds and as a natural or 
bioactive component in food supplements. 
 

2. MATERIALS AND METHODS 
 

2.1 Sample Collection 
 
The samples were collected from Irewolede 
estate in Ilorin, Kwara State; identified at the 
herbarium of the Department of Plant Biology 
(Voucher number UILH/001/2019/1383), Faculty 
of Life Sciences, University of Ilorin, Kwara State. 
The mature pods of Pachira aquatica were 
plucked from the trees and dried in oven at 50oC 
for 5 hours. The seeds were removed from the 
pods and dried a second time. The seed coat of 
the seeds was mechanically removed and stored 
in sealed containers in a dry and cool place for 
further analysis.  
 

2.2 Proximate Analysis 
 
The proximate compositions (moisture, ash, fat, 
fibre and protein) of Pachira aquatica seed flour 
was determined according to standard methods 
of AOAC [13] on the ground sample, was carry 
out at Nigerian Stored Products Research 
Institutes, Ilorin (NSPRI). Proximate analyses 
were carried out on the samples using standard 
AOAC methods [14]. Moisture content was 
determined using a hot air oven, by drying the 
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sample at 105°C± 2°C until a constant weight 
was obtained. Total fat was determined by Bligh 
and Dyer method using chloroform/methanol 
(1/1, v/v). Crude protein content was determined 
by converting the nitrogen content obtained by 
Kjeldahl's digestion method (N = 6.25). Ash 
content was determined after combustion for 20 
h at 550°C. Total carbohydrate was determined 
by difference [15]. 

 
2.3 Minerals/Metal Determination 
 
Pachira aquatica seed flour of 1.0 g was weighed 
into separate conical flasks and wet digested 
using HNO3, H2SO4 and H2O2 mixture [16]. The 
micro, macro and toxic metals content was 
determined using Thermo Scientific iCAP 6200 
Inductively Coupled Plasma Optical Emission 
Spectrometer (ICP-OES) and Agilent 7900 
Inductively Coupled Plasma Mass Spectrometer 
(ICP-MS) were used according the method 
describe by AOAC [13] carried out at ICP – MS 
Laboratory, Central Analytical Facilities 
Stellenbosh University, South Africa. 
 

2.4 Phytochemical Screening 
 
Phytochemical tests were carried out on the 
Pachira aquatica seed flour, and Pachira 
aquatica seed oil extracts using standard 
procedures to identify the constituents as 
described by Sofowara [17], Trease and Evans 
[18] and Edeoga et al. [19]. 
 
2.4.1 Test for tannins 
 
About 0.5 g of each samples were boiled in 20 
mL of water in a test tube and then filtered. A few 
drops of 0.1% ferric chloride was added and 
observed for brownish green or a blue-black 
colouration. 
 
2.4.2 Test for saponin  
 
About 2 g of each sample were boiled in 20 mL 
of distilled water in a water bath and filtered. 10 
mL of the filtrate was then mixed with 5 mL of 
distilled water and shaken vigorously for a stable 
persistent froth. The frothing was then mixed with 
3 drops of olive oil and shaken vigorously, then 
observed for the formation of emulsion. 
 
2.4.3 Test for flavonoids 
 
A portion of each samples were heated with 10 
mL of ethyl acetate over a steam bath for 3 min. 

The mixture was filtered and 4 mL of the filtrate 
was shaken with 1 mL of dilute ammonia 
solution. A yellow colouration indicated a positive 
test for flavonoids. 
 
2.4.4 Test for steroids 
 
2 mL of acetic anhydride was added to 0.5 g of 
each sample with 2 mL H2S04. The colour 
change from violet to blue-green indicated the 
presence of steroids. 
 
2.4.5 Test for terpenoids (salkowski test) 
 
5 mL of each sample were mixed in 2 mL of 
chloroform, and concentrated H2S04 (3 mL) then 
carefully added to form a layer. A reddish-brown 
colouration of the interface was formed to show 
positive results for the presence of terpenoids. 

 
2.4.6 Test for Glycosides (Keller-Kiliani Test) 
 
To 0.5 g of each sample, 5 mL water was added 
with 2 mL of glacial acetic acid containing one 
drop of ferric chloride solution and 1 mL of 
concentrated sulphuric acid was added. A brown 
ring at the interface indicated the presence of 
glycosides. 
 

2.5 Phytochemical Quantitative Analysis 
 
2.5.1 Total phenolic content determination 
 
The total phenolic content of the samples was 
determined by taking 20 μL of the extract in a 
screw capped 11-mL test tube, together with 1.6 
mL distilled water and Folin-Ciocalteu reagent 
(100 μL). All were mixed with each other, then 
300 μL of 20% Na2CO3 solution added and well 
shaken in a shaking water bath at 40°C for 30 
min and total phenolic content determined from 
the standard curve plotted by using gallic acid as 
standard at 760 nm according to the method of 
Anwar et al. [20].  
 
2.5.2 Total flavonoid content determination 

 
The total flavonoid (TF) content of the sample 
and extract was quantified according to the 
method described by Dewanto et al. [21] and the 
results determined as catechin equivalents 
(mg/100 g of dry weight). At a concentration of 1 
mg/mL, the extracts were diluted with 4 mL of 
water in a 10 mL volumetric flask. Initially, 0.3 mL 
of 5% NaNO2 solution was added to each 
volumetric flask; at 5 min, 0.3 mL of 10% AlCl3 
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was added; and at 6 min, 2 mL of 1.0 mol/L 
NaOH was added before 2.4 mL water was 
added to the reaction flask and mixed well. 
Absorbance of the reaction mixture was read at 
510 nm. 
 
2.5.3 Tannins determination 
 
The method described by Wahab and Elabor [14] 
was used. 0.2 g of sample and extract was 
measured into a 50 mL beaker. 20 mL of 50% 
methanol added and covered with paraffin and 
placed in a water bath at 77-80°C for 1 h and 
stirred with a glass rod to prevent lumping. The 
extract was quantitatively filtered using a double 
layered Whatman No.1 filter paper into a 100 mL 
volumetric flask using 50% methanol to rinse. 
This was then made up to mark with distilled 
water and thoroughly mixed. 1 mL of sample 
extract was then pipette into 50 mL volumetric 
flask; 20 mL distilled water, 2.5 ml Folin-Denis 
reagent and 10 mL of 17% Na2C03 then added 
and mixed properly. The mixture was made up to 
mark with distilled water, mixed well and allowed 
to stand for 20 min till a bluish-green colouration 
developed. Standard Tannic Acid solutions of 
range 0-10 ppm were treated similarly as 1 mL of 
sample above. The absorbances of the Tannic 
Acid Standard solutions as well as samples were 
read after colour development on a 
Spectrophotometer at a wavelength of 760 nm. 
Percentage tannin was calculated using the 
formula: 
 
Tannin (%) 

=
 Absorbance of sample x Average gradient x Dilution factor 

Weight of sample x 10,000
 

(1) 
 

2.5.4 Alkaloids determination 
 

Five (5 g) of the samples and extract were 
placed in a 250mL beaker and 200mL of 10% 
acetic acid (CH3CO2H) in ethanol (C2H5OH) 
added. The mixture was then covered and 
allowed to stand for 4 hours at room 
temperature. It was then filtered with filter paper 
and the filtrate concentrated on a water bath until 
it reached a quarter of its original volume. 
Concentrated NH4OH was then added drop wise 
until precipitation was complete. The mixture was 
allowed to settle and the precipitate collected on 
a weighed filter paper and washed with dilute 
NH4OH. The precipitate, alkaloid, was then dried 
and weighed. The percentage alkaloid is 
calculated by difference according to Obdoni and 
Ochuko [22] and Ifemeje et al. [23]. 
 

% Alkaloid =  W2-W1 x100   
     Wt of sample                      (2) 

 
where, W1 = Weight of empty filter paper 
 
W2 = Weight of filter paper + Alkaloid 
 
2.5.5 Total saponins determination 
 
Five (5 g) of the sample and extract was put into 
20 % acetic acid in ethanol and allowed to stand 
in a water bath at 500C for 24 hours. This was 
filtered and the extract was concentrated using a 
water bath to one-quarter of the original volume. 
Concentrated NH4OH was then added drop-wise 
to the extract until the precipitate was complete. 
The whole solution was allowed to settle and the 
precipitate was collected by filtration and 
weighed. The saponin content was weighed and 
calculated in percentage [13,23]. 
 

% Saponin =  W2-W1 x100  
               Wt of sample             (3) 

 
where, W1 = Weight of filter paper 
W2 = Weight of filter paper + residue 
 
2.5.6 Glycosides determination  

 
To 1 g of extract in a beaker, 5 ml of aqueous 
methanol was added and mixture allowed 
standing for 10 minutes. From the mixture 1 mL 
of the extract was taken into a 100 mL beaker 
and 1 mL of 2% solution of 3,5-DNS (Dinitro 
salicylic acid) and 1 mL of 5% aqueous NaOH 
added. It was boiled for 2 minutes in a water bath 
at 95–100oC until brick red precipitate was 
observed. An empty Whatman filter paper No. 
42(125 mm) was weighed and used to filter the 
boiled sample. The filter paper with the absorbed 
residue was dried in an oven at 500C till dryness 
and the filter paper reweighed. The percentage 
cardiac glycoside was calculated as described by 
Ifemeje et al. [23]. 
 

% Glycoside = (Wt of filter paper+ Residue) 
–(wt of filter paper)/ Wt of sample x 100 

        (4) 
 

3. RESULTS 
 
The result showed the proximate composition of 
the Pachira Aquatica seed flour, minerals 
element and phytochemical composition present 
in the seed flour and the seed oil. 
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Table 1. Proximate composition of Pachira aquatica seed flour 
 

Sample Moisture 
content (%)  

Protein content 
(%) 

Ash content 
(%) 

Fat content (%) Fibre content 
(%)  

Carbohydrate 
content (%) 

Energy 
(Kcal/100g) 

seed flour 9.74±0.12 19.90±0.26 4.11±0.03 44.43±0.70 3.70±0.18 18.12±0.40 547.14±0.32 
Values are means ± standard deviation of duplicate determination. Means with the different superscripts in the same rows are significantly (P< 0.05) different 

 
Table 2. Macro element presents in Pachira aquatica seed flour and seed oil 

 

Minerals   Pachiral seed oil (mg/kg) Pachira aquatica seed flour (mg/kg) 
K 63.55±0.21 10611.74±1.88 
Mg 22.38±0.54 628.44±1.86 
P 67.55±0.64 4007.86±0.48 
Ca 52.65±0.08 1387.00±0.17 
Na 17.95±0.33 35.23±0.81 

Values are means ± standard deviation of duplicate determination. Means with the different superscripts in the same rows are significantly (P< 0.05) different 
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Table 3. Trace micro element presents in Pachira aquatica seed flour and seed oil 
 
Minerals   Pachira seed oil (mg/kg) Pachira aquatica seed flour (mg/kg) 
Cu 4.18±0.04 24.59±0.26 
Fe 4.43±0.03 40.16±1.36 
Mn 1..50±0.09 9.61±0.57 
Zn 2.92±0.17 25.68±1.53 
Ni (10

3
) 0.82±0.31 2.27±0.10 

Al 2.74±0.30 15.40±0.56 
Ba (10

3
) 1.11±0.06 3.30±0.67 

B (103) 3.55±0.07 17.19±0.30 
Mo (103) 0.20±0.00 0.40±0.01 
Se (10

3
) 0.01±0.00 0.03±0.00 

Values are means ± standard deviation of duplicate determination. Means with the different superscripts in the 
same rows are significantly (P< 0.05) different 

 

Table 4. Toxic metal element presents in Pachira aquatica seed flour and seed oil 
 

Minerals   Pachira seed oil (µg/Kg) Pachira seed flour (µg/Kg) 
Cr 0.17±0.00 0.85±0.02 
Co 0.18±0.01 0.23±0.01 
As 0.01±0.00 0.01±0.00 
Cd 0.01±0.00 0.02±0.00 
Pb 0.09±0.01 0.11±0.01 
Values are means ± standard deviation of duplicate determination. Means with the different superscripts in the 

same rows are significantly (P< 0.05) different 
 

Table 5. Phytochemical screening test of Pachira aquatica seed flour 
 

Test/sample Pachira aquatica seed flour 
Phenol + 
Tannin + 
Flavonoid + 
Saponin + 
Alkaloid + 
Steroid + 
Glycoside + 

+ means positive 
 

Table 6. Phytochemical quantitative determination of Pachira aquatica seed flour 
 

Sample Pachira aquatica seed flour 
Phenol (mg/100 g) 4.90±0.01 
Tannins (mg/100 g) 0.76±0.00 
Flavonoid (mg/100 g) 0.68±0.01 
Glycosides (%) 17.54±0.55 
Saponins (%) 6.03±0.22 
Alkaloids (%) 10.68±0.47 
Values are means ± standard deviation of duplicate determination. Means with the different superscripts in the 

same rows are significantly (P< 0.05) different 
 

4. DISSCUSSION 
 

4.1 Proximate Composition of Pachira 
aquatica Seed Flour 

 
The results of the proximate composition of the 
dried seed powder of Pachira aquatica, on wet 

matter basis is given in Table 1. It is observed 
that dried seed powder of Pachira aquatica is a 
good source of lipid (44.43%). The crude fat 
values obtained for Pachira aquatica seed flour 
are similar to those reported for Amazonian seed 
(44.1%) [24] but slightly lower than the result 
reported for pumpkin seed (47.0-49.2%) [25] 
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conophor seeds (47.9 –51.1%) [26] and those 
reported for Pachira aquatica seed (53.90%) 
[27]. The crude protein value was lower than the 
one reported for Cashew nut flour (25.3%) [28], 
but close to the one reported for pigeon pea 
(21.6%) [29] and slightly higher than that of 
Pachira aquatica seed reported by Jorge and 
Luzia, [30] (11.86%) and Oliveira et al. [27] 
(12.9%). However, the difference in the protein 
and lipid contents observed between this work 
and other author cited may be explained by the 
difference in the moisture content of the seed 
powder, agricultural practices and geographical 
region. The moisture content was 9.74% which 
was higher than the values reported by Jorge 
and Luzia, (3.89%) [30]; however, it is within the 
recommended limit for plant flours of 15% 
established by law [31], which ensures higher 
quality, because the drier the flour, the higher its 
microbiological stability. The ash content value 
obtained in this study agrees with the acceptable 
ash range values of legumes at 2. 4 - 5.0% [32]. 
However, the fibre (3.70%) did not meet 
recommended dietary allowance (RDA) values 
for children, adults, pregnant and breast-feeding 
mothers of 19-25%, 21-38%, 28% and 29% 
respectively [33]. Therefore, Pachira aquatica 
fruit seed is not a good source of dietary fibre for 
humans, however, it could be recommended for 
low fibre feed formulation or supplementation. 
The Pachira aquatica seed flour exhibited energy 
value (547.14 Kcal/100 g) which indicates that 
the seed is a good alternative source of energy 
and could be taken when energy given food is 
required and falls within the recommended 
energy dietary allowances for children [34] while 
the extracted residues can be a good source of 
pretentious food for animal feed or any other 
food formulation.  
 
4.2 Macro Element Presents in Pachira 

aquatica Seed Flour and Pachira 
aquatica Seed Oil 

 
Mineral compositions and concentrations of the 
seed are shown in Table 2. High macro-mineral 
contents including potassium, phosphorus, 
magnesium and calcium was present; indicating 
that the seed could significantly contribute to the 
mineral intake in humans.  
 
The potassium content was between 63.55 and 
10611.74 mg/kg and showed a significant 
(p<0.05) difference. The highest potassium value 
was recorded by for Pachira aquatica seed flour 
and the lowest for Pachira aquatica seed oil. 
Potassium is an essential nutrient and has an 

important role in the synthesis of amino acids 
and proteins [35]. High intake of potassium has 
been reported to protect against increasing blood 
pressure and other cardiovascular risks [36]. This 
shows that Pachira aquatica seed flour can be 
used for animal feed or other food formulation. 
The amount of potassium content founds in this 
experiment were lower than the one reported for 
Terminalia catappa seed (4116.30 mg/100 g dry 
weight) by Monnet et al. [37] and the values 
reported for Pachira aquatica seed flour are 
higher than the 536.00 mg/100 g reported in 
Baobab (Adansonia digitata) seed flour by 
Adubiaro et al. [38]. 
  
Sodium content ranged from 17.95 to 35.23 
mg/kg with Pachira aquatica seed oil having the 
lowest value and Pachira aquatica seed flour the 
highest value, with an observed significant 
(p<0.05) difference. The result found in all the 
samples were lower than the 8.42 mg/100g 
reported in Baobab (Adansonia digitata) seed 
flour by Adubiaro et al. [38]. Sodium content in 
combination with potassium is involved in proper 
maintenance of acid-base balance and nerve 
transmission in the body system. The variation of 
sodium to potassium in this work is of significant 
importance particularly for hypertensive patients 
[39]. Na/K ratio of less than one is recommended 
whereas 0.282 and 0.003 were obtained in this 
study for Pachira aquatica seed oil and Pachira 
aquatica seed flour implying that these could be 
suitable in ameliorating sodium-related health 
risk issues. 
 
Pachira aqutica seed oil has the lowest value of 
67.55 mg/kg for phosphorus and falls below the 
recommended daily intake of phosphorus (700 – 
1250 mg/kg); while the Pachira aquatica seed 
flour was above the recommended daily intake. 
The phosphorus content found were higher than 
Moringa oleifera seed powder (0.619 mg/kg) as 
indicated by Kawo et al. [40] but lower than 
baobab (Adansonia digitata) seed flour (480 
mg/100 g) and chicha seed (701.44 mg/100 g) as 
reported by Adubiaro et al. [38] and Fráguas et 
al. [41] respectively. 
 
The Calcium content were significantly (p<0.05) 
different from each other and ranged from 52.65 
to 1387.00 mg/kg. These values were lower than 
those obtained for Bischofia javanica seed (710 
mg/100 g) by Indra et al. [42]. Calcium content 
for Pachira aquatica seed flour values fall within 
the Recommended Dietary Allowance (RDA) [33] 
of 800-1300 mg/kg while for Pachira aquatica 
seed oil was below the RDA. Calcium is one of 
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the major components of bones and teeth. It is 
necessary for blood clotting and muscle 
contraction. 
 
Phosphorus is related to calcium in activity for 
bone, teeth and muscles growth and 
maintenance [39]. The availability of calcium in 
the body depends on calcium to phosphorus ratio 
and the presence of antinutritional factors. For 
good calcium intestinal absorption, Ca:P ratio of 
1:1 is required [39]. Ca:P ratio obtained for the 
edible part of Pachira aquatica seed oil and 
Pachira aquatica seed flour, were 1:1.3 and 1:3 
which indicates that the seed required to be 
supplemented with calcium rich diet to maintain 
Ca/P balance and to prevent mineral and 
osmotic imbalance. 
 
Magnesium is an element which has a 
connection with circulatory diseases and calcium 
metabolism in the bones [43], it is also involved 
in bone mineralization, the building of protein, 
enzyme action, normal muscular contraction and 
transmission of nerve impulses. The magnesium 
content in this study are from 22.38 and 
628.44mg/kg and they were significantly (p<0.05) 
different from each other. Pachira aquatica               
seed oil falls within the recommended Dietary 
Allowance (RDA) for magnesium 30-350 mg/kg. 
The value obtained in this study were                      
lower than Bischofia javanica seed (610 mg/100 
g) as reported by Indra et al. [42] and                    
chicha seed (277.32 mg/100 g) by Fráguas et al. 
[41]. 
 

4.3 Trace Micro Element Presents in 
Pachira aquatica Seed Flour and 
Pachira aquatica Seed Oil 

 
The results of micro elements were shown on the 
Table 3. The concentration of copper in the 
samples were below the recommended safe limit 
of World Health Organization/Food and 
Agricultural Organization (WHO/FAO) [40], 
Codex alimentary commission of 10.00 mg/kg 
but falls within the maximum safe level given by 
Standard Organization of Nigeria (SON) (20 
mg/kg). The Recommended Dietary Allowance 
(RDA) for copper is given as between 0.9-2.0 
mg/kg [44]. The crop can be used as supplement 
in food where copper is deficient. Pachira aqutica 
seed oil has the lower value of 4.18±mg/kg for 
copper and Pachira aquatica seed flour has 
highest value 24.59mg/kg. The results found 
were lower than those reported for Baobab 
(Adansonia digitata) seed flour (4.26 mg/100 g) 
by Adubiaro et al. [38], and chicha seed (2.93 

mg/100 g) as reported by Fráguas et al. [41] The  
lowest concentration value were in Pachira 
aquatica seed oil due to low solvent polarity 
hexane solvent during extraction of the oil. 

 
Zinc is a ubiquitous essential trace element 
necessary for normal growth of animals and is 
present in a host of enzymes in the human body 
and foods. The zinc content of the samples 
varied significantly from 2.92 and 25.68mg/kg 
which is within the safe limit of 100mg/Kg 
recommended by WHO for spices [45]. Unsafe 
levels of Zn can lead to respiratory system 
damage, stress and inhibition of normal growth 
and maturation [42]. The result also showed that 
the samples in whatever form were a good 
source of Zn and is capable of supplying the 
Recommended Dietary Allowance for Zn which is 
put at between 8-11 mg/kg.  

 
The iron content present in the samples were 
significantly (p<0.05) different from each other. 
Iron is an essential micro nutrient for 
haemoglobin formation, normal functioning of 
central nervous system (CNS) and in oxidation of 
carbohydrate, protein and fat [46]. The iron 
content of most of the samples falls within the 
safety limit (300 mg/kg) [45]. The values found 
were lower than those reported for Pachira 
glabra leaves (128.71 mg/100 g) by Oni et al. [2], 
but higher than the one for Bischofia javanica 
seed (2.33 mg/100 g) by Indra et al. [42]. The 
Recommended Dietary Allowance for Iron is in 
the range of 8-15 mg/kg. The samples had 
appreciable amount of iron, its consumption 
could be encouraged for menstruating and 
lactating women. 
  
Manganese content from Table 3 showed a 
significant difference (p<0.05) between sample 
concentrations ranging from 1.50 and 9.61 mg/kg 
with Pachira aquatica seed oil having the lower 
value while Pachira aquatica seed flour highest 
value. The amount of manganese found in 
chicha seed (0.66 mg/100 g) as reported by 
Fráguas et al. [41] was lower than the present 
study, however, Pachira aquatica seed oil was 
lower than it.  Manganese is a component of the 
antioxidant enzyme superoxide dismutase 
(SOD), which is present in all aerobic cells, 
where it is required for the de-toxification of 
oxygen metabolites. Manganese functions in the 
body normal skeletal growth and development, 
normal connective tissue growth and 
development, glucose utilization and protein and 
nucleic acid metabolism [47]. 

 



 
 
 
 

Sunday et al.; AIR, 21(12): 1-15, 2020; Article no.AIR.64332 
 
 

 
9 
 

Nickel is an essential element in animals [48] and 
has been speculated to play a role in the 
maintenance of membrane structure, control of 
prolactin, nucleic acid metabolism or as a 
cofactor in enzymes. It appears that most dietary 
intakes would provide sufficient amounts of this 
element [49]. Nickel (Ni) containing < 0.05ppm 
developed increases skin pigmentation of the 
legs, swollen hocks and thickening of the legs 
near the joints. These signs are not apparent in 
chicks fed the same diet supplemented with 2-5 
ppm nickel [48]. The Nickel content in this study 
were lower than the one found in Adansonia 
digitata seeds (0.002 mg/g) by Abubakar et al. 
[50] 
 

Aluminum content was 2.74 mg/Kg for Pachira 
aquatica seed oil and 5.5 mg/Kg in Pachira 
aquatica seed flour with a significant (p<0.05) 
different from each other. The result found in all 
the samples were lower than the values found in 
Moringa oleifera seed powder (144mg/kg) as 
indicated by Kawo et al. [40]. 
 
The other micro elements, in descending order 
by quantity, were Boron (3.55 and 17.19µg/kg), 
Barium (1.11 and 3.30 µg/kg), Molybdenum (0.20 
and 0.40 µg/kg) and Selenium (0.01 and 0.03 
µg/kg) for Pachira aquatica seed oil and flour 
respectively. 
 
These trace microelements are essential 
components of biological structures and play a 
key role in a variety of the processes necessary 
for life by mediating in vital biochemical 
reactions. Excessive levels higher than needed 
for biological functions, of these elements can be 
toxic for the body health. Therefore, it has been 
found that the imbalances in the optimum levels 
of trace elements may adversely affect biological 
processes and are associated with many fatal 
diseases, such as cancers. In this study the 
concentrations of the essential elements appear 
to be lower which is within safety limit according 
to WHO [51]. 
 

4.4 Toxic Metal Elements in Pachira 
aquatica Seed Flour and Pachira 
aquatica Seed Oil 

 
Table 4 shows Pb accumulation in the samples 
was found to below the maximum limits of 
WHO/FAO [52], 0.5ppm and below the maximum 
limit of 1ppm recommended by the Standard 
Organization of Nigeria (SON). The Pb 
accumulation in the samples were 0.09 µg/kg in 
Pachira aquatica seed oil and 0.11µg/kg in the 

seed flour with a significant (p<0.05) difference. 
The result found were lower than that obtained in 
Pachira glabra leaves (1.35 mg/100g) by Oni et 
al. [2]. Lead is not essential in normal functioning 
in human and is a known metal that damages the 
liver, kidneys, brain, central nervous and 
reproductive systems of man [53]. According to 
the Agency for Toxic Substances and Disease 
Registry (USA), Pb exposure has been attributed 
to consumption of contaminated fruits and grains 
[54]. 
 

Other heavy metal in this study including Cd 
(0.50 mg/kg), Cr (1.0 mg/kg), Ar (0.10 mg/kg) 
and Co (1.0 mg/kg) were detected below 
maximum limit of WHO/FAO [40], however, 
presence of heavy metals could possibly be due 
to environmental and soil factors. However, the 
levels of heavy metals found in the results were 
within the regulatory limits, suggesting that they 
may not impose any health risk. 
 

4.5 Phytochemical Screening Test of 
Pachira aquatica Seed Flour 

 
The Pachira aquatica seeds flour was screened 
for the presence of the following secondary 
metabolites: alkaloids, glycosides, flavonoids, 
tannins, steroids, phenols and saponins. The 
results of the phytochemical screening showed 
the presence of all the secondary metabolites 
analyzed in the sample shown on Table 4. 
 
The presence of these phytochemicals in the 
sample is quite instructive as this lends 
credence to the use of the plant for medicinal 
purposes. A lot of plants contain non-toxic 
glycosides that can be hydrolyzed to give 
phenolic compounds   that   are   toxic   to   
microbial   pathogens [55,56]. The saponin 
content was found to be present in the sample. 
Saponins possess the property of precipitating 
and coagulating red blood cells [57]. It also 
foamed in aqueous solution and has hemolytic 
effect and can also bind on cholesterol sites. 
These properties make saponins present in the 
plant to exhibit medicinal properties [57] and this 
therefore supports the findings in this present 
study that extracts of the plants may be useful in 
chemotherapy of mycotic infections which the 
antimicrobial studies revealed [58]. Alkaloids 
found can be corroborated with literature reports 
which indicate that naturally occurring alkaloids 
and their synthetic derivatives have analgesic, 
antispasmodic and bactericidal activities [59]. 
They exhibit marked physiological activity when 
administered to animals. Classes of alkaloids 
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are among the major powerful poisons known 
and despite being poisonous; some of the 
alkaloids are known to be useful in correcting 
renal disorders [60]. The use of some plants for 
medicinal purpose, in the traditional treatment of 
diseases is due to the presence of flavonoids 
and saponins [61,62]. The presence of flavonoid 
was evident to show that plants containing this 
can be used as diuretic, laxative, emollient and 
poultice [63] therefore; the use of plants rich in 
saponins and other Hyptis species in traditional 
medicine lends credence to the medicinal 
potentials of the plant. Tannins in some 
medicinal plants have been found to be 
responsible for the antiviral and antibacterial 
activities exhibited by such plants [64,65]. 
Therefore, Pachira aquatica seed could probably 
be a source of phytochemicals for the treatment 
of bacterial infections. Phenolic compounds like 
tannins present in plant cells are inhibitors of 
many enzymes (proteolytic   and   hydrolytic) 
used by plant pathogens. Other compounds 
such as saponins have antifungal   properties 
[56,66]. Therefore, these phytochemicals 
detected in this study may be responsible for the 
antimicrobial   potency and also lend credence 
to the claims of traditional application of the 
plant as remedies for various ailments. 
 
4.6 Phytochemical                Quantitative 

Determination of Pachira aquatica 
Seed Flour 

 
Phytochemicals possess many ecological and 
physiological roles and they are widely 
distributed as plant constituents [67]. As a 
consequence of their antioxidant properties, 
phytochemicals exhibit a wide range of biological 
effects. Plants contain many bioactive chemical 
substances that produce definite physiological 
and biochemical actions in the human body. 
These bioactive constituents include alkaloids, 
tannin, flavonoids and phenolic compounds [68]. 
 
The result of the Pachira aquatica seed flour is 
presented in Table 5 based on wet matter shows 
that the alkaloids (10.68%) present in the result 
is higher than 6.40 % reported in Baobab 
(Adansonia digitata) seed flour by Adubiaro et al. 
[69] and also higher than the values reported by 
Okwu and Ezinne [70] on Brachstegia eurycoma 
seed (0.50 mg/100g) and Mucuna flagellipes 
seed (0.77 mg/100g). Pure, isolated plant 
alkaloids and their synthetic derivatives are used 
as a basic medicinal agent for its analgesic, 
antispasmodic and bacterial effects [71,59]. They 
exhibit marked physiological activity when 

administered to animals.  Most plant parts used 
in the cure of diseases have been reported to 
contain traces of alkaloids. For instance, 
Azadirachta indica used in the cure of malaria 
contains alkaloids. According to Okwu and 
Omodamiro [72], Alkaloids at low concentration 
are therapeutically significant natural plant 
product owning to their analgesics, 
antispasmodic and anti-bacterial properties. 

 
The result of the saponins content 6.03% is 
higher than 2.43% reported in Ceiba Pentandra 
by Chisom et al. [73] and 2.06% reported in 
Baobab (Adansonia digitata) seed flour by 
Adubiaro et al. [38] and Chisom et al. [73]. 
Saponins have bitter taste which could be 
associated with pharmacologic potentials, 
including hemolytic activities and beneficial effect 
on blood cholesterol levels, bone health, cancer 
and the stimulation of immune system [57]. 
Properties of saponins include formation of 
foams in aqueous solution, hemolytic activity and 
cholesterol binding properties and bitterness. 
Saponins natural tendency to ward off microbes 
makes it a good candidate for treating fungal and 
yeast infections. These compounds served as 
natural antibiotics, which help the body to fight 
infections and microbial invasion [58]. These 
compounds also appear to greatly enhance the 
effectiveness of certain vaccines. Plant saponins 
help humans to fight fungal infections, combat 
microbes and viruses, boost the effectiveness of 
certain vaccines and knock out some kinds of 
tumor cells, particularly lung and blood cancers 
[57]. They also lower blood cholesterol there by 
reducing heart disease. The most outstanding 
and exciting prospects for saponins are how they 
inhibit or kill cancer cells. They may also be able 
to do it without destroying normal cells on the 
process, as is the mode of some cancer fighting 
drugs. [59] reported that cancer cells have a 
more cholesterol type compounds on their 
membranes than normal cells. Saponins 
therefore bind cholesterol and thus interfere with 
cells growth and division. 

 
The result of the cardiac glycoside content in 
Pachira aquatica seed flour (17.54%) is higher 
than the value reported by Chisom et al.[73] 
(14.25%) for Bombax Buonopozense leaves and 
higher than the value 0.32% reported in Baobab 
(Adansonia digitata) seed flour by Adubiaro et 
al.[38]. 
 
The flavonoid content reported for the samples 
were lower than the values obtained by 
Okoronkwo et al.[74] for utu (Icacina 
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Senegalensis)(2.82%) and Sycamore (Ficus 
Sycomorus)(3.63%) seeds, but slightly higher 
than the value obtained in Baobab (Adansonia 
digitata) seed flour (0.65 mg/100 g) by Adubiaro 
et al. [38]. The biological functions of flavonoids 
apart from its antioxidant properties include 
protection against allergies, inflammation, free 
radicals, platelet aggregation, microbes, ulcers, 
hepatoxins, viruses and tumors [62]. Flavonoids 
reduced cancers by interfering with the enzymes 
that produce estrogen for example; flavonoids 
inhibit estrogen synthesis, an enzyme that binds 
estrogen to receptors in several organs [61]. 
Some flavonoids behave as a powerful protective 
agent against inflammatory disorders.  
 

Tannins content obtained in the sample was 
lower than the value obtained in Baobab 
(Adansonia digitata) seed flour (2.05 mg/100g) 
by Adubiaro et al. [38]. The presence of tannins 
implied that the samples have astringent and 
anti-microbial properties [64] and may be 
considered for treating a wide variety of ailments 
including inflammation, liver injury, kidney 
problems, hypertension, stomach problems and 
inhibition of reactive oxygen species [65]. 
 
In baobab seeds flour, the same family of 
Bombacaceae the amount of polyphenol 
obtained is 0.32 mg/100g by Adubiaro et al. [38] 
which is lower than the obtained in the present 
study (4.90mg/100g). Phenols, which are 
commonly found in both edible and non-edible 
plants, are one of the main secondary 
metabolites present in plants and have been 
reported to have multiple biological effects, 
including antioxidant activity. They are essential 
for the plant growth and reproduction, and are 
produced as a response for defending injured 
plant against pathogens [56]. According to 
reports from studies [66], the phenol in the 
samples could indicate their apparent 
antimicrobial potential, which could be 
considered in the treatment of typhoid fever and 
other bacterial infection. 

 
The differences in the result from this study and 
those obtained by other researchers can be due 
to difference in seed sample, limited studies on 
Pachira aquatica seed flour and geographical 
location of the sample plant. 
 
5. CONCLUSION 
 
The study showed that Pachira aquatic is 
economically viable because of the high oil yield 
(44.43%). The energy value indicates that the 

seed is a good alternative source of energy and 
could be taken when energy given food is 
required as it falls within the recommended 
energy dietary allowances for children. The 
seeds could be used for food and nutraceutical 
applications. The bioactive properties of Pachira 
aquatica seed have great potential and are worth 
exploring for pharmacological purposes.  
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