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ABSTRACT 

Medicinal plants are considered as rich sources of phytoconstituents which may be useful 
in drug development. In this study the methanol extracts of Hymenocardia acida stem 
bark, Crateva adansonii and Pterocarpus erinaceus leaves were screened for their 
phytochemical constituents and in vitro antioxidant properties using standard 
procedures. Results revealed the presence of flavonoids, phenols, saponins, and alkaloids 
in all the plants extracts. Quantitative phytochemical determination of the plants extracts 
showed that the flavonoid content of extracts ranged between 52.62 ± 0.03 mg/g and 
68.31± 0.03 mg/g, phenols; 61.33 ± 0.03 mg/ml and 75.02 ± 0.04 mg/ml and total 
phytate content; 3.97± 0.02 mg/ml and 9.39 ± 0.03 mg/ml. The antioxidant activity of 
the plant extracts is in a dose dependent manner. H. acida showed the highest free radical 
scavenging activity (IC50=128.83 µg/ml), for 1, 1,-diphenyl-2-picrylhydrazyl (DPPH) 
compared to other extracts and significantly lower (at P < 0.05) than the standard 
(ascorbic acid) being (IC50 =101.83 µg/ml). It also has a higher lipid peroxidation 
inhibition (90.91 ± 0.05 %) when compared to other extracts and standard. The result of 
this study showed that methanol extracts of H. acida, has significantly higher antioxidant 
activity at P < 0.05 compared to C. adansonii and P. erinaceus. The antioxidant activities 
exhibited by these plants could be due to the presence of phytoconstituents, and could 
serve as a source of antioxidant. 
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INTRODUCTION 

Medicinal plants contain 
phytoconstituents that may be used for 
therapeutic purposes and as precursors 
in drug development [1]. Many of such 
plants known to be used traditionally to 
alleviate symptoms of illnesses have 
been screened and shown to have 
medicinal values include; Crateva 
adansonii, Walthera indica, 
Hymenocardia acid, Pterocarpus 
erinaceus [2, 3, 4]. The medicinal value of 
these plants lies in their bioactive 
phytochemical constituents that produce 
definite physiological action [5]. 
Phytochemicals are chemical 
compounds that occur naturally in plants 
and which may affect health and are not 
generally considered as essential 
nutrients [6]. 
Free radicals have the capacity of 
attacking the healthy cells of the body, 
leading to loss of structure and function. 
Free radicals are very reactive unpaired 
electron in their valance shell; as a result, 
they can attack the nearest stable 
molecule and elicit a chain reaction [7, 8], 
which stimulate apoptosis; program cell 
death, and can provoke various 
cardiovascular, neurological and 
physiological disorders [9, 10]. Damage 
to cell caused by these free radicals tends 
to play a role in aging process and 
associated degenerative diseases of 
aging such as cancer, cardiovascular 
disease, cataracts, immune system 
decline, and brain dysfunction [11]. This 
is because they are useful to the body 
when moderately produced or strictly 
regulated. The reactive free radicals 
produced include hydroxyl radicals, 
superoxide radicals as well as excited or 
singlet oxygen [12]. Antioxidants are 
scavengers of oxidation process, even at 
relatively small concentration and thus 
have diverse physiological role in the 
body [12].  Antioxidant compounds like 

phenol, polyphenols and flavoniods 
present in plants inhibit the mechanism 
that produce free radicals which may 
leads to degenerative disease [13]. 
Largely, plants containing phenolic 
compounds are most powerful natural 
antioxidants and are highly valued for 
their antioxidant, anti-ageing anti-
microbial effects. Antioxidants have been 
widely used as ingredients in dietary 
supplements and exploited to maintain 
health and prevent oxidative stress-
mediated diseases [14, 15, 16].  

Several studies on the extracts of Crateva 
adansonii, Hymenocardia acida and 
Pterocarpus erinaceus have been 
reported for their various medical uses 
which include treatment of ear 
infections, syphilis, jaundice, yellow 
fevers infections [3, 17, 18, 19, 20].  
These plants have also been reported to 
have anti-microbial, anti-trypanosoma, 
anti-inflammatory, and anti-sickling 
properties [21, 22, 17, 23]. This paper 
evaluated the phytoconstituents and 
comparative antioxidant activity of C. 
adansonii, H. acida and P. erinaceus. 
 
 
MATERIALS AND METHODS 
 
Plant Materials 
The plant materials were selected on an 
ethno pharmacological basis. The stem 
bark of Hymenocardia acida, leaves of 
Crateva adansonii and Pterocarpus 
erinaceus were collected in July 2017, 
from Bosso Local Government area in 
Niger State, Nigeria. They were identified 
by a Botanist in the Department of Plant 
Biology, Federal University of 
Technology Minna, Nigeria. 

Preparation of Crude Extracts 
The fresh leaves of C. adansonii, P. 
erinaceus and stem bark of H. acida were 
washed with clean-water and air dried at 
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room temperature (28o C – 30o C) for one 
week, pulverized into powder using a 
grinder mill and stored in an air-tight 
containers until required. One hundred 
gram (100g) of the powdered plant 
sample was extracted under reflux with 
methanol at 45˚ C for 2 hours. The extract 
was filtered using muslin cloth and 
Whatman (No.1) filter paper, and the 
resulting methanol extract was 
concentrated in a water bath (400C) and 
the percentage yield determined using 
the formula below:  
 

P (%) =
Weight(g)𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑛𝑐. 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 

𝑤𝑒𝑖𝑔ℎ𝑡 (𝑔)𝑜𝑓 𝑡ℎ𝑒 𝑠𝑎𝑚𝑝𝑙𝑒 𝑙𝑒𝑎𝑓
𝑋100 

 
Where P= percentage yield 

 
The dried extract was stored in a 
refrigerator until required. 
 
Phytochemical Analysis 
Qualitative Screening 
Chemical tests were carried out on 
methanolic extracts of Crateva 
adansonii, Hymenocardia acida and 
Pterocarpus erinaceus, to identify the 
secondary metabolites using standard 
procedures as described by [24, 25, 26, 
27]. 

Test for Flavonoids  

 Exactly 0.1g of the extract was heated 
with 10 ml of ethyl acetate in a test tube 
over a steam bath for 3 mins. The 
mixture was filtered and 4 ml of the 
filtrate was shaken with 1 ml of dilute 
ammonia solution. Yellow coloration 
indicates the presence of flavanoids [24, 
25]. 

Test for Terpenoids  
Exactly 0.2g of  each plant methanol leaf 
extract was mixed with 2ml of 
chloroform, and 3ml of concentrated 
H2SO4 was carefully added to form a 
layer. A reddish brown colouration of the 
interface formed, which shows positive 

result for the presence of terpenoids [24, 
25]. 

Test for Tannins  
Exactly 0.5g of the extract was boiled in 
20ml of water in a test tube and then 
filtered. A few drops of 0.1% ferric 
chloride was added to the filtrate and 
observed for brownish green or blue 
black colouration [24, 25]. 

Test for Cardiac Glycosides (Keller-killani 
test). 
Exactly 0.5g of each plant extract was 
mixed with 2 ml of glacial acetic acid 
containing one drop of ferric chloride 
solution, followed by the addition of 1 ml 
concentrated sulphuric acid. Brown ring 
formed at the interface indicated deoxy-
sugar characteristics of cardenoloides.  A 
violet ring may appear beneath the 
brown ring, while in the acetic acid layer; 
a greenish ring may also form just 
gradually throughout the thin layer [24, 
28]. 
 
Test for Reducing Sugars (Benedict Test)  
Exactly 0.5 g of the plant extract was 
mixed thoroughly with 30ml of benedicts 
reagents and placed in a boiling water 
bath for 5 minutes. The formation of a 
brick red precipitate indicates reducing 
sugar [24, 28]. 

Test for Alkaloids  
Exactly 0.5g of extract was stirred with 5 
ml of 1% aqueous HCl in steam bath, few 
drops of picric acid solution was added 
to 2 ml of the extract. The formation of 
reddish brown precipitate was taken as a 
preliminary evidence for the presence of 
alkaloids [26, 28]. 

Test for Anthraquinones (Borntrager’s 
test)  
Exactly 0.5g of plant extract was shaken 
with 5ml chloroform, the chloroform 
layer was filtered and 0.5ml of 10% 
ammonia was added to the filtrate. The 
mixture was shaken thoroughly, the 
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formation of pink/violet or red, yellow 
colour in the ammonia phase indicates 
the presence of anthraquinones [24, 28]. 

Test for Steroids (Salkowski reaction) 

Exactly 0.5g of methanol extract of each 
plant was mixed with 2ml of chloroform 
and a few drop of conc. H2SO4 was added 
to form a layer. Reddish colour observed 
at interphase indicates the presence of 
steroidal ring. 

Test for Saponins  

Exactly 2.0g of the extract was boiled in 
20ml of distilled water in a test tube of 
boiling water bath and filtered. 10ml of 
the filtrate was mixed with 5ml distilled 
water and was shaken vigorously to the 
formation of a stable froth. The froth was 
mixed with drop of olive oil and was 
shaken vigorously for the formation of 
emulsion thus a characteristic of 
saponins [24, 28]. 

Quantitative Phytochemical Screening of 
Methanol Extracts of Hymenocardia 
acida, Stem bark, Crateva adansonii and 
Ptericarpus erinaceus Leaves. 

Determination of Total Phenol  
The total phenolic contents of each 
sample were determined using a Folin–
Ciocalteu assay method [29, 30] and the 
absorbance measured at 765nm. The 
reaction mixture contained 100µg/ml of 
plant extracts, 0.5 ml of the Folin–
Ciocalteu reagent (1:10v/v), and 1 ml of 
10 % sodium carbonate and 7.5 ml of 
distilled water. After 45 minutes of 
reaction at ambient temperature, the 
absorbance at 765 nm was measured 
using a UV-visible spectrophotometer 
(Shimadzu UV-1800 series). A 
calibration curve of various 
concentration (0.016, 0.008, 0.004, 
0.002 and 0.001 mg/ml, r2= 0.995) of 
gallic acid as standard was plotted. The 
results were expressed on a dry weight 

basis (dw) as mg gallic acid equivalents 
(GAE), per 100 g of dry sample. 

Determination of Total Flavonoid 
Total flavonoid was determined using 
aluminum chloride colorimetric method 
[31]. Quercetin was used as the standard 
for the calibration curve. Exactly 
100µg/ml of the diluted sample was 
added into test tube containing 1.5ml of 
methanol. 0.1ml of 10% AlCl3 solution 
and 0.1ml sodium acetate (NaCH3COO־) 
and 2.8ml of distilled water. After 
incubation at room temperature for 
30min, the absorbance of the reaction 
mixture was measured at 415nm using 
spectrophometer (Shimadzu UV-1800 
series). The amount of 10% AlCl3 was 
substituted by the same amount of 
distilled water in blank. 
 
Determination of Phytic Acid Content 
 The phytic acid content was determined 
using a modified indirect colorimetric 
method of [32]. The method depends on 
an iron phosphorus ratio of 4:6 and is 
based on the ability of standard ferric 
chloride to precipitate phytate in dilute 
HCI extract of the sample. 5g of the 
sample was extracted with 20ml of 3% 
trichloroacetic acid and filtered. 5ml of 
the filtrate was used for the analysis; the 
phytate was precipitated as ferric 
phytate and converted to ferric 
hydroxide and soluble sodium phytate 
by adding 5ml of IM NaOH. The 
precipitate was dissolved with hot 3.2M 
HNO3 and the absorbance was taken 
immediately at 480nm. Preparation of 
standard curve for phytic acid was done 
as follows: standard curve of different Fe 
(NO3)3 concentrations was plotted 
against the corresponding absorbance of 
spectrophotometer to calculate the ferric 
iron concentration. The phytate 
phosphorus was calculated from the 
concentration of ferric iron assuming 4:6 
iron: phosphorus molar ratio.  
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Antioxidant Assay  

DPPH Radical Scavenging Activity 
DPPH radical scavenging activity was 
carried out using the method of [33]. To 
1.0 ml of 100.0 μM DPPH solution in 
methanol, equal volume of the test 
sample in methanol of different 
concentration (50,100, 150,  200 & 250 
μg/ml)  was added and incubated in dark 
for 30 minutes. The change in coloration 
was observed in terms of absorbance 
using a spectrophotometer (Shimadzu 
UV-1800) at 517 nm. 1.0 ml of methanol 
instead of test sample was added to the 
control tube. The different concentration 
of ascorbic acid was used as reference 
compound. Percentage of inhibition was 
calculated using the equation below: 

PI (%)

=
Absorbance of control − Absorbance of 𝑡𝑒𝑠𝑡 

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
𝑋100 

 
Where PI = Percentage of inhibition 
 
IC50 value were calculated using Graph 
pad prism 5.0. 

 

Determination of Lipid Peroxidation 
Capacity of the Plant Extracts 

Lipid peroxidation activity of plant 
extracts were evaluated by 
thiobarbituric acid reactive substances 
(TBARS) assay following the method of 
[36]. With slight modifications where 
ferrous sulfate used to activate lipid 
peroxidation and butanol was used in 
place of n-butanol and pyridine solution. 
The egg yolk homogenate (10% v/v, in 
ultrapure distilled water) was used as 
lipid rich media. The different 
concentrations (125–2000 μg/ml) of 
plant extracts were prepared from stock 
solution. The plant extract (50 μl) was 
mixed with egg homogenate (250 μl) in 
test tube and volume was adjusted up to 
500 μl by distilled water. Finally, ferrous 
sulfate (25 μl, 0.07 M) was added to 

reaction mixture and incubated at 25 °C 
for 30 min to induce lipid peroxidation. 
Following the incubation period, 750 μl 
of acetic acid (20% v/v, pH 3.5), 750 μl of 
thiobarbituric acid (0.8% w/v prepared 
in 1.1% w/v sodium dodecyl sulfate) and 
25 μl of trichloro acetic acid (20% w/v) 
were added to reaction mixture and 
incubated further for 60 mins in boiling 
water bath. After cooling, 1-butanol 
(3 ml) was added and was centrifuged 
(Centifuge 80-2 made by Life assistance 
U.K) at 940×g for 10 min. The upper 
organic layer was used to measure the 
absorbance at 532 nm by UV- visible 
spectrophotometer (Shimadzu UV-1800 
series). Lipid peroxidation inhibition 
activity was evaluated using the non-
linear regression functionality in Graph 
Pad Prism (dose-response analysis). 

Data Analysis: Data were subjected 
Analysis of Variance (ANOVA) SPSS 21.0, 
2013 to compare the mean while ducan 
multiple range was used to separate the 
means where significant differences 
were observed. Data were expressed as 
mean and Standard Error of Mean 
(±SEM) of triplicate determinations. 
Significant was considered at p < 0.05. 
 

RESULTS 

Table 1 shows the result of percentage 
yield of extracts expressed in g/100g.  It 
was observed that Crateva adansonii had 
the highest yield, with 23.5 g per 100 g of 
sample followed by Pterocarpus 
erinaceus with a yield of 16.57 g and 
Hymenocardia acida with 13.68 g per 
100g. 

Table 2 shows results of qualitative 
phytochemical screening of methanol 
extracts of Hymenocardia acida stem 
bark, Crateva adansonii and Pterocarpus 
erinaceus leaves. It was observed that 
flavonoids, tannins, saponins and phenol 
were present in all the extracts.  
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Quantitative Phytochemical Analysis of 
Methanol Extracts of Hymenocardia acida 
Stem bark, Crateva adansonii  and 
Pterocarpus erinaceus Leaves 

Table 3 shows the quantitative 
phytochemical contents of the extracts of 
Hymenocardia acida, Crateva adansonii 
and Pterocarpus erinaceus expressed in 

mg/g. It was observed that Pterocarpus 
erinaceus had higher phytochemical 
content with phenol and flavonoids 
content of 62.14 ± 0.02 and 61.3368.31 
± 0.03 respectively while Hymenocardia 
acida had higher phytate content of 9.39 
± 0.03 and Crateva adansonii had the 
least content of all the phytochemical 
tested. 
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Table 1: Percentage yield of plant samples 

 

 

 

 

 

Table 2: Qualitative Phytochemical Constituents of Methanol Extract of Hymenocardia 
acida Stem bark, Crateva adansonii and Pterocarpus erinaceus Leaves  

Compound 
screened 

Hymenocardia acida Crateva adansonii Pterocarpus erinaceus 

Alkaloids + + _ 

Flavonoids + + + 

Saponins + + + 

Phenols + + + 

Steroids + + + 

Terpernoids + + _ 

Tannins 
 

+ + 
 

+ 
 

Cardiac 
glycoside 

_ + _ 

Key:  -   Not detected  + Detected 

 

  

 

 

 

 

 

 

 

Plant sample % yield 

Hymenocardia acida 13.68 

Crateva adansonii  23.5 

Pterocarpus erinaceus 16.57 
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Table 3 : Quantitative Phytochemical Analyses of Methanol Extracts of Hymenocardia 
acida Stem bark, Crateva adansonii and Pterocarpus erinaceus Leaves 

Compound 
screened for 

Hymenocardia acida
 (mg/g) 

Crateva adansonii 
(mg/g) 

Pterocarpus erinaceus 
(mg/g) 

Phenol 62.14a ± 0.02 61.33a ± 0.03 75.02a ± 0.04 

Phytate 9.39b ± 0.03 3.97b ± 0.02 7.4b ± 0.05 

Flavonoid 52.62c ± 0.03 55.48c ± 0.06 68.31c ± 0.03 

Data are express in the average of triplicate determinations ± S.E.M. Values with different letters are 
significantly different at p < 0.05. 

DPPH Antioxidant Activity 

The DPPH scavenging activity of 
methanol extracts of H. acida stem bark, 
C. adansonii and P. erinaceus leaves 
(Figure1) showed that H. acida methanol 

stem bark extract had significantly p < 
0.05) higher DPPH scavenging activity 
followed by P. erinaceus methanol leaf 
extract and then methanol leaf extract C. 
adansonii  had the least DPPH 
scavenging activity. 

 

Figure 1: DPPH scavenging activity of methanol extracts of H. acida stem bark, C. adansonii and 
P. erinaceus leaves. 
*Values with different letters are significantly different at p <0.05 

b
b

b
b b

c c
c c

c

d
d

d
d

d

a

a

a
a a

H. acida y = 0,4449x 
C. adansonii y = 0,049x 

P. erinaceus y = 0,1384x 

standard y = 0,221x 

0 50 100 150 200 250 300

-20

0

20

40

60

80

100

120

Concentration µg/ml

D
P

P
H

sc
av

en
gi

n
g

A
ct

iv
it

y
(%

)

H. acida

C. adansonii

P. erinaceus

Standard

Madaki et al.      International Journal of Applied Biological Research 2020 



61 
 

 

 

Inhibition of Lipid Peroxidation of 
Extracts 

Figure 2 showed that the percentage 
inhibition of lipid peroxidation of 
methanol extracts of H. acida stem bark 
was observed to be significantly higher 

(P < 0.05) than standard ascorbic acid 
and followed by   Crateva adansonii 
methanol leaf extract and Pterocarpus 
erinaceus methanol leaf extract had the 
least percentage inhibition of lipid 
peroxidation. 

 

Figure 2: Percentage inhibition of lipid peroxidation methanol extracts of Hymenocardia 
acida stem bark, Crateva adansonii and Pterocarpus erinaceus leaves 

Values with different letters are significantly different at P < 0.05 

 

DISCUSSION 

The percentage (%) yield result revealed 
that the methanol extract of Crateva 
adansonii gave the highest yield followed 
by Pterocarpus erinaceus and 
Hymenocardia acida which could be due 
to plant part variation. Qualitative 
screening of the extracts revealed the 
presence of phenols, tannins, flavonoids, 
and saponins in all the plant extracts, 
which gives credence to the use of these 
plants in traditional medicine. 

Quantitatively, phenol and flavonoids 
were found to be the most abundant in 
Pterocarpus erinaceus while phytate 
was found to be highest in Crateva 
adansonii. Flavonoid and phenolic 
compounds can exert protective 
mechanism and prevention of heart 
related diseases through the inhibition of 
cyclooxygenase and lipooxygenase 
activities of macrophages [35].  They are 
free radical scavengers, super 
antioxidants which prevent oxidative 
stress and prevent other degenerative 
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diseases [36]. Phenolic compounds 
retard lipid peroxidation with their most 
important role serving as defense 
against pathogens and therefore may be 
used in human pathogen control [37]. 
The antioxidant effect exerted by these 
extracts may be due to the presence of 
flavonoids and phenolic contents. 

A large number of plants have been 
shown to contain phytochemicals which 
are viable sources of antioxidants that 
acts by upsetting the molecular events 
involved in the initiation, promotion and 
progression of degenerative diseases 
[16]. The free radical scavenging ability 
of the extracts was determined using 
DPPH photometric assay. It was found 
that Hymenocardia acida has the highest 
reductive potential at 50 % inhibition of 
DPPH scavenging activity (IC50=128.83 
µg/ml) compared to other plants and 
significantly lower than standard 
(101.83 µg/ml).  

The Hymenocardia acida stem bark 
extract showed the highest percentage 
lipid peroxidation inhibition at all 
concentrations except at a concentration 
of 200 µg/ml where Crateva adansonii is 
highest (83.70 ± 0.05 %). Although this 
study showed that methanol extracts of 
Hymenocardia acida, has higher 
antioxidant properties compared to 
Crateva adansonii and Pteriocarpus 
erinaceus, this finding was consistent 
with [38], who previously reported 
the strong reductive capacity of 
phenol-rich extracts. The three plant 
extracts showed antioxidant activity and 
could be a source of antioxidants for the 
prevention of degenerative disease 
associated with oxidative stress.  

CONCLUSION 

From the results of the study, it could be 
concluded that plants with higher phenol 
and flavonoid content had better in vitro 
antioxidant properties. The 
demonstrated in vitro  antioxidant and 

antilipid peroxidation effects of all the 
plant extracts; methanol extracts of 
Hymenocardia acida, C. adansonii and 
Pteriocarpus erinaceus may be the 
rationale behind some of its folkloric 
uses and also may be responsible for 
some of its pharmacological effects. 
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