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Background: Plants contain diverse phytochemicals with different solubility levels, depending 
on their molecular charges and polarity. This study was conducted to examine the effects of three 
extraction solvents in their pure and aqueous forms: absolute petroleum ether, acetone and ethanol 
on the phytochemical profile and antioxidant activities of Manihot esculenta leaves extracts.

Methods: The preliminary phytochemical investigations were performed, using standard 
procedures. The in vitro antioxidant properties were estimated by: 1,1-Diphenyl-2-Picryl-Hydrazyl 
(DPPH), Hydrogen peroxide (H2O2) scavenging activity, Ferric Reducing Antioxidant Power 
(FRAP) and Ferric Thiocyanate (FTC).

Results: The phytochemical analyses revealed the occurrence of an array of compounds: alkaloids, 
flavonoids, cardiac glycosides, tannin phenols, saponins and anthraquinones, the concentration of 
which varied with the solvent type. A considerable presence of all phytochemicals was found in the 
aqueous ethanol. The extracts from pure solvents were much less effective against DPPH synthetic 
radical than those 50% diluted. The petroleum ether extract provided the least antiradical activity, 
while the aqueous ethanol was the richest. The scavenging effect of the extracts on H2O2 varied 
in this order: 50% ethanol > absolute ethanol > ascorbic acid > 50% acetone > absolute acetone 
> 50% petroleum ether > absolute petroleum ether. Similarly, the results of the FRAP and FTC 
methods agreed largely with those of the DPPH and H2O2. Thus, the results of antioxidant activity 
positively correlated with the phytochemical results, with the aqueous ethanol showing the 
maximum activity overall.

Conclusion: The results indicated that the extraction solvents considerably affected the 
phytochemical contents and the antioxidant activities of the tested extracts. These extracts can 
potentially serve as the alternative sources of natural antioxidant preparations.
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Introduction

Free radical is defined as an atom or mol-
ecule with unpaired electrons. Reactive 
Oxygen Species (ROS), like oxygen sin-
glets, hydroxyl ions, superoxide ions and 
hydrogen peroxide, are potent reactive 

and toxic molecules, generated routinely in all cells dur-

ing metabolism [1]. The ROS cause serious oxidative in-
jury to proteins, enzymes, lipids and DNA strands through 
peroxidation and covalent bnding, leading to tissue injury 
[2]. Free radicals are associated with the development of 
different conditions, such as inflammation, cancer and neu-
rodegeneration, hence justifying numerous studies on the 
effects of antioxidants in the prevention and treatment of 
various disease processes [3]. 
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An antioxidant molecule works by slowing down or pre-
venting oxidation of other molecules unlike oxidation that 
involves electron transfers from one substance to an oxi-
dizing agent [2]. Oxidation reactions generate free radicals, 
which kick start the chain reactions leading to cellular dam-
ages [1]. An antioxidant serves to terminate these chain re-
actions by eliminating free radical intermediates and stop 
other oxidants from oxidizing beneficial molecules [3]. 

Natural and synthetic antioxidants, such as butylated hy-
droxyl anisol, butylated hydroxyl toluene and tetra-butyl-
hydro-quinine, act by scavenging free radicals [4]. How-
ever, synthetic antioxidants are not favored because of 
concerns over their safety; structural instability and carci-
nogenicity [4]. In general, synthetic antioxidants are mostly 
harmful to human health [5]. In contrast, natural antioxi-
dants, such as phytochemicals, are safer alternatives than 
the synthetic ones since they offer various therapeutic prop-
erties and are devoid of known side effects [5]. In recent 
years, plant phytochemicals have been widely investigated 
for their protective effects against various chronic degen-
erative diseases and are known for their therapeutic poten-
tials as antimutagenic, anticancer and antimicrobial effects. 
Therefore, they are increasingly in demand [6]. 

Manihot esculenta Crantz (M. esculenta), a widely grown 
tropical plant, is greatly valued for its nutritional and me-
dicinal properties [7]. While M. esculenta is known for its 
positive qualities, which explain its extensive cultivation, 
there are a number of severe limitations associated with it. 
This plant contains various bioactive compounds, such as 
cyanogenic glycosides that are injurious to human health 
[7]. During its breakdown, this plant releases Hydrogen Cy-
anide (HCN), which is toxic to humans [7]. Consequently, 
the consumption of inadequately processed M. esculenta 
can lead to serious health complications and even death [8].

Longer processing techniques, such as grating, drying, 
fermenting and pounding the tubers to powder or granu-
lar products are used in Africa and Latin America, where 
high cyanide contents are found in tubers of the plant [7]. 
To reduce the toxicity of M. esculenta leaves before con-
sumption, pounding followed by boiling has been recom-
mended [7]. Another method commonly used to remove the 
cyanogens in M. esculenta leaves involves pounding them 
until they are well macerated, and then washing the mate-
rial twice in water double their weight to reduce the cyanide 
content to 8% [9]. Extra washing has been reported to re-
duce the cyanide content even to 3% [9].

The leaves and seeds of M. esculenta are traditionally 
used to relieve hemorrhoids, headache, fever and rheu-
matic conditions. Also, in Nigeria, the leaves are used to 

treat ringworms, abscesses, tumors, sores and conjunctivitis 
[10]. Various beneficial properties, such as the nutritional 
value, phenolic and flavonoid contents, antioxidant and an-
tiradical properties, inhibitory potential against pancreatic 
lipase and xanthine oxidase of M. esculenta leaf extracts 
have been reported [11, 12]. However, environmental fac-
tors are said to influence the types, contents and antioxidant 
activities of the extracts [13]. 

Also, extraction solvents have been reported to signifi-
cantly affect the phytochemicals and antioxidant activities 
of this plant [14]. Further, the ability to dissolve the anti-
oxidant compounds has been reported to be influenced by 
the solvent polarity [15]. Sultana et al. [16] reported that 
higher contents of phenolic and antioxidant activity of the 
plant material are obtained from aqueous organic solvents 
rather than the absolute solvents. Therefore, this study was 
designed to evaluate the best solvent with the highest phy-
tochemical and antioxidant activities of M. esculenta, using 
three solvent systems. 

Materials and Methods

Extraction Solvents: The following three solvents were 
used in this study:

Petroleum ether in water (50:50 v/v);

Ethanol in water (50:50 v/v);

Acetone in water (50:50 v/v) 

The absolute forms of the above solvents were also used 
separately in the extraction processes.

The chemicals and reagents included: 1, 1-Diphenyl-
2-Picrylhydrazyl (DPPH), Dimethyl Sulfoxide (DMSO), 
ascorbic acid, Linoleic acid, ethanol, acetone, and petro-
leum ether were supplied by Sigma-Aldrich (St. Louis, 
MO, USA). Sodium hydroxide, potassium hydroxide, ace-
tic anhydride, sodium carbonate, sodium acetate were ob-
tained from Baker (The Netherlands). All of the chemicals 
and solvents were of analytical grades. 

Collection and Treatment: The leaves of M. esculenta 
plant were collected from the main campus of the Delta 
State University and authenticated at the Department of 
Plant Science, University of Benin, Benin City, Edo State-
Nigeria. The plant samples were given the voucher number: 
UBHM372. The leaves were properly washed with water 
three times, and air-dried for two weeks in the shade. They 
were pulverized in a pestle and mortar. Fifty grams of leaves 
were extracted at room temperature in 200 ml of 50% etha-
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nol for 24 h. The procedure was repeated for 24 h, after 
which, the combined extracts were concentrated to dryness 
at 40° C under vacuum and refrigerated until further analy-
ses. The extraction processes were also repeated separately 
with the absolute forms of petroleum ether, ethanol and ac-
etone, and the resultant extracts were refrigerated.

Phytochemical Screening: The preliminary qualitative 
phytochemical test was performed to detect the presence of 
alkaloids, tannins, saponins, flavonoids, cardiac glycoside, 
phenols and anthraquinone, using standard procedures as 
described previously [17-19]. All phytochemical and an-
tioxidant samples were examined in triplicate throughout 
this study.

Antioxidant properties

Radical Scavenging Activity: The radical scavenging 
activity of the M. esculenta leaves extracts were evaluated 
by the 1,1-Diphenyl-2-Picryl-Hydrazyl (DPPH) method, as 
described earlier [20]. The percentage of the scavenging 
activity was calculated using the following equation: Per-
cent scavenging of DPPH = [(A0 ̶ A1)/A0] ×100.

Where A0= absorbance of the control, and A1= absor-
bance of the extracts.

Hydrogen Peroxide Scavenging Activity: The per-
cent scavenging of H2O2 was estimated by the following 
equation: Percent scavenging activity of H2O2 = [(A0 ̶  
A1)/A0] ×100. Where A0 and A1 were the absorbance of 
the control and the test extracts, respectively [21]. 

Ferric Reducing Antioxidant Power (FRAP) Assay: 
The ferric reducing antioxidant capacity of the extracts 
was evaluated as described earlier [22]. An increase in 
the absorbance of the reaction mixture constituted a 
rise in the reducing capacity.

Ferric Thiocyanate (FTC) in Linoleic Acid System: 
The antioxidant activity of the M. esculenta leaves ex-
tracts was estimated by the linoleic acid system, as de-
scribed previously [23]. An increase in the absorbance 
of the reaction mixture represented a rise in the linoleic 
acid peroxidation capacity.

Statistical Analyses: In this paper, the data are pre-
sented as the Mean±SD. One-way Analyses of Variance 
(ANOVA) with Tukey post hoc test was used to compare 
the differences among the extract samples at P<0.05.

Results

Radical Scavenging Activity: The results of DPPH radi-
cal scavenging activity of the extract samples are shown 
in Figure 1. The pure solvent form of petroleum ether was 
significantly less potent against DPPH synthetic radical 
scavenging than its 50% aqueous preparation. With respect 
to the antiradical activity, the ethanol extracts were the most 
potent while the acetone extracts had moderate activity. 
Regardless of the solvents used, the DPPH scavenging ac-
tivities of the extracts were concentration-dependent. Thus, 
the best antiradical activity was obtained from the extract 
of absolute ethanol (IC50=29.49±1.02), while the extract 
from absolute petroleum ether gave the highest IC50 value 
(71.41±2.68), indicating its poor scavenging activity. 
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Figure 1. DPPH free radical scavenging activity of different solvent extracts of M. esculenta and ascorbic acid. Results: 
Mean±SD (n=3) 

A = Aqueous ethanol (ethanol: water 50:50 v/v); B = Absolute ethanol; C = Aqueous acetone (acetone: water 50:50 v/v); D = 
Absolute acetone; E = Aqueous petroleum ether (petroleum ether: water 50:50 v/v), and F = Absolute petroleum ether 
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Figure 2. H2O2 radical scavenging activity of different solvent extracts of M. esculenta and ascorbic acid 

Results: Mean±SD (n=3)

A = Aqueous ethanol (ethanol: water 50:50 v/v); B = Absolute ethanol; C = Aqueous acetone (acetone: water 50:50 v/v); D = 
Absolute acetone; E = Aqueous petroleum ether (petroleum ether: water 50:50 v/v); and F = Absolute petroleum ether 

Table 1. IC50 in DPPH and H2O2 radical scavenging activities of different solvent extracts of M. esculenta and ascorbic acid 

IC50
Mean±SD

AA A B C D E F

DPPH 6.23±0.6 31.77±2.2 29.49±1.0 36.75±2.8 35.77±1.5 49.18±1.9 71.41±2.7

H2O2 41.80±0.5 23.88±1.2 32.60±2.1 51.57±2.6 58.75±5.5 110.78±12.2 154.83±5.0

Mean±SD (n=3) 

AA = Ascorbic acid; A = Aqueous ethanol (ethanol: water 50:50 v/v); B = Absolute ethanol; C = Aqueous acetone (acetone: 
water 50:50 v/v); D = Absolute acetone; E = Aqueous petroleum ether (petroleum ether: water 50:50 v/v); F = Absolute 
petroleum ether
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Figure 3. Ferric reducing antioxidant power (FRAP) of different solvent extracts of M. esculenta and ascorbic acid

Results: Mean±SD (n=3)

A = aqueous ethanol (ethanol: water 50:50 v/v); B = absolute ethanol; C = aqueous acetone (acetone: water 50:50 v/v); D = 
absolute acetone; E = aqueous petroleum ether (petroleum ether: water 50:50 v/v), and F = absolute petroleum ether 
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Hydrogen Peroxide Scavenging Activity: As shown 
in Figure 2, the scavenging effect of the extracts on hy-
drogen peroxide was concentration-dependent (10-100 
μg/ml). The extracts obtained from the 50% and abso-
lute ethanol displayed even stronger H2O2 scavenging 
activity (IC50=23.88±1.21 and 32.60±2.07) than that 
from the standard, ascorbic acid (IC50=41.80±0.55). 
As shown in Table 1, the scavenging activities of the 
extracts from the 50% and absolute acetone were 
IC50=51.57±2.63 and 58.75±5.54, respectively.

 The IC50 values of the extracts in scavenging hy-
drogen peroxide varied significantly (P<0.05). In terms 
of the IC50 values, the scavenging activities of the ex-
tracts obtained from various solvents and the standard 
ascorbic acid against hydrogen peroxide were in this 

order: 50%ethanol > absolute ethanol > ascorbic acid > 
50% acetone > absolute acetone > 50% petroleum ether 
> absolute petroleum ether.

Total Antioxidant Activity: The antioxidant activities 
of the M. esculenta leaves extracts, as evaluated by the 
FRAP assay, were dependent on their capacity to reduce 
ferric ions to their ferrous form. As shown in Figure 3, 
the results revealed that the ethanol extracts had signifi-
cantly higher FRAP values than those obtained for the 
acetone and petroleum ether extracts (P<0.05). The anti-
oxidant activity of the absolute petroleum ether was the 
lowest among other extracts.

Ferric Thiocyanate (FTC) in Linoleic Acid System: 
Figure 4 represents the time-course (12-96 h) curves of 
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Figure 4. Antioxidant activity of different solvent extracts of M. esculenta by Ferric Thiocyanate (FTC) method 

Results: Mean±SD (n=3)

A = Aqueous ethanol (ethanol: water 50:50 v/v); B = Absolute ethanol; C = Aqueous acetone (acetone: water 50:50 v/v); D = 
Absolute acetone; E = Aqueous petroleum ether (petroleum ether: water 50:50 v/v), and F = Absolute petroleum ether. 

Table 2. Preliminary qualitative phytochemical analysis of the six extracts of M. esculenta leaves extracts

S / N Phytochemical Petroleum 
Ether

50%
Ether

Pure 
Acetone

50%
Acetone

Pure 
Ethanol 50% Ethanol

1 Alkaloids + ++ ++ +++ ++ +++

2 Saponins - - - + + +++

3 Flavonoids + ++ + ++ ++ +++

4 Tannins + + + ++ ++ +++

5 Cardiac glycosides + ++ + + ++ +++

6 Phenol - + - + + ++

7 Anthraquinones - - - + + ++

Concentration of Phytochemicals: +++ High; ++ Moderate; + Low; - Absent
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the antioxidant activity of the M. esculenta leaves extracts 
versus the controls by FTC method. The results demon-
strated that all extracts had noticeable antioxidant activi-
ties, which progressed over time. The order of increase in 
the absorbance at 96 h incubation was as follows: Control 
> petroleum ether >50% petroleum ether > absolute ac-
etone >50% acetone > absolute ethanol >50% ethanol. 
However, the ranking order for the inhibition efficiency 
of the extracts and controls was reverse, and agreed 
with that seen in the FRAP method above (P<0.05). 
Among the extracts, the lowest absorbance was noted 
for the 50% ethanol extract and peroxide formation at 
the observed intervals. 

Effects of Solvents on Phytochemicals: The qualitative 
phytochemical analyses showed high concentration of al-
kaloids, tannins, saponins, flavonoids, cardiac glycoside 
and low concentration of phenol and anthraquinone in the 
50% ethanol (Table 2). Similarly, all of the phytochemicals 
were detected in the 50% petroleum ether extracts except 
for saponins and anthraquinone. Also, there were low con-
centration of all of the seven phytochemicals in the absolute 
ethanol and 50% acetone extracts. Conversely, saponins, 
phenols and anthraquinones were absent in the absolute 
acetone extract. Also, low concentrations of alkaloids, fla-
vonoids, tannins and cardiac glycoside were found in the 
petroleum ether extract. The presence of all tested phyto-
chemicals per solvent types was in the following order: 
50% ethanol > absolute ethanol > 50% acetone > absolute 
acetone >50% petroleum ether > absolute petroleum ether 

Discussion

The preliminary qualitative phytochemical evaluation of 
the M. esculenta leaves revealed the presence of alkaloids, 
cardiac glycosides, flavonoids, phenols, saponins, anthra-
quinone and tannins. These secondary metabolites have 
been reported to have numerous therapeutic and biological 
properties [24, 25]. The results showed that the aqueous 
solvents were more effective than the pure ones in terms 
of the phytochemical contents and the antioxidant activities 
they exhibited.

In the present study, the extracts exhibited concentration 
dependent (10-100 µg/mL) and substantial scavenging 
effects on the DPPH radical activity. A similar trend of 
DPPH free radical scavenging activity has also been re-
ported earlier [26]. Among the different solvent extracts 
tested, the ethanol extracts of M. esculenta leaves exhib-
ited the highest DPPH radical scavenging activity. This 
could have been as a result of the presence of higher con-
tent of flavonoids, essential biocompounds, required for 
the scavenging activity of the extracts. Next to ethanol, the 

acetone extract of M. esculenta showed effective DPPH 
scavenging activity, which might also be ascribed to the 
presence of tannins and phenolics in the extracts. This ob-
servation agrees with earlier reports that found higher an-
tioxidant capacities were noted with highly polar solvents 
than for those with low polarity [11].

 The DPPH assay is a common spectrophotometric tech-
nique used for determining the activity of antioxidants. The 
advantage of this process is that the antioxidant activity is 
usually measured at an ambient temperature, so the danger 
of heat-induced breakdown of the tested molecule is elimi-
nated. Free radical scavenging is the known mechanisms 
through which lipid oxidation is inhibited by antioxidants 
[27]. Disparities in the polarity of antioxidants may be the 
reason for the observed variations in the activities. Besides, 
solvent polarity is known to play a vital role in rising solu-
bility of phenolic biocompounds [28].

The scavenging effect of M. esculenta extracts on H2O2 
was concentration-dependent. The 50% and absolute etha-
nol extracts displayed even stronger H2O2 scavenging activ-
ity than the standard ascorbic acid. The activities of 50% 
and absolute acetone were fairly moderate, while the petro-
leum ether extracts were least effective in scavenging hy-
drogen peroxide compared to the other extracts. Hydrogen 
peroxide naturally occurs at low concentrations in the hu-
man body, air, water, plants, food and microorganisms [29].

It is promptly decomposed into water and oxygen, which 
may then produce hydroxyl radicals (OH), capable of initi-
ating lipid peroxidation and DNA damage. Therefore, the 
observed effect of the ethanol extracts of M. esculenta ef-
ficiently scavenging hydrogen peroxide may be attributed 
to the presence of phenolic groups that donate electrons to 
hydrogen peroxide, thereby neutralizing it into water [5]. 
Solvents, like ethanol, methanol and their mixtures with dif-
ferent amounts of water have been used in the extraction of 
phenolics, particularly from plant materials [30]. It has also 
been reported that changes in solvent polarity affect their 
ability to dissolve antioxidant compounds, thereby altering 
or influencing the estimation of their activity [15].

In this study, the antioxidant activities of M. esculenta leaves 
extracts were also assessed by the FRAP method, which was 
based on the capacity to reduce ferric ions to their ferrous 
form. The results showed that ethanol extracts had reasonably 
higher FRAP values than the acetone extracts, which in turn 
displayed higher activity than the petroleum ether extracts. 
Thus, the antioxidant activity of 50% and absolute petroleum 
ether preparations were the lowest. The highest antioxidant 
activity was exhibited by the standard ascorbic acid. Thus, the 
total antioxidant capacity of M. esculenta leaves was signifi-
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cantly higher in the ethanol extracts than in other extracts, and 
varied according to the solvent type. There were considerable 
differences among the total antioxidant activity of all extracts, 
and between controls and the extracts. This observed activ-
ity may be ascribed to the presence of secondary metabolites, 
such as phenols and flavonoids in M. esculenta. There was 
strong association between the presence of phenols, tannins 
and flavonoids detected during the phytochemical screening 
and the observed radical scavenging activity, demonstrating 
that the phytochemical constituents may be the major con-
tributors to the antioxidant potential of M. esculenta [31, 32].

The results obtained from the FTC method indicate that all 
extracts of the plant had a significant measure of antioxidant 
activity, whereby it increased over time for the tested sam-
ples. The inhibition efficacy noticed in this method agreed 
largely with that observed in the FRAP method. Of the ex-
tracts estimated, the lowest absorbance was detected for the 
ethanol extracts with the corresponding minimum peroxide 
formation at the time intervals observed. As seen in other 
antioxidant activities, the extracts with greater flavonoid or 
phenolic constituents showed lower absorbance as a result 
of minimum peroxidation. The antioxidant activities of ex-
tracts are largely dependent upon the solvent used, due to the 
diverse antioxidant potentials of the compounds with varying 
polarity [33]. Phenolic compounds are commonly credited 
for the antioxidant activities of most plant extracts [34]. The 
phenolic contents of plants are also dependent on the solvent 
types, the polarity and a number of intrinsic (i.e. genetic) and 
extrinsic factors, such as environmental, developmental stage 
and handling methods [35]. 

Conclusions

The extracting solvents considerably affected the phy-
tochemistry and antioxidant activities of the extracts. The 
results showed that ethanol (absolute and 50% diluted) had 
the maximum concentration of phytochemicals, which cor-
related well with the antioxidant results. The ethanol ex-
tracts also showed the highest antioxidant capabilities based 
on the DPPH, H2O2 radicals scavenging and FRAP assays. 
Thus, it can be concluded that the extracts obtained using 
high polarity solvent, like ethanol, were comparatively 
more effective radical scavengers than those using less po-
larity solvents, such as acetone and petroleum ether. 
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