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ABSTRACT
The phenolic extracts of the seeds of African yam bean (Sphenostylis stenocarpa) were studied using different extraction solvents (70% ethanol, 80% acetone and acidic 70% acetone) and two heat treatment methods (dry heating on a hot
plate with acid-washed sea sand at 135˚C for 25 min and wet heating in an autoclave at 120˚C for 20 min). The study
examined the total phenolic content (TPC), total flavonoid content (TFC), and condensed tannin content (CTC) of the
seed extracts, as well as their free radical scavenging and antioxidant properties. The raw African yam bean seed was
dry heated in air oven at 100˚C for 5 min (control). Heat treatments application affected the phenolic contents of the
seeds significantly (p < 0.05). The free radical scavenging activity of the phenolics were done using 2,2-diphenyl1-picrylhydrazyl (DPPH). The effectiveness of the extract was determined using DPPH at 50 mg/g, 10 mg/g and 5 mg/g
of the extracts. At 5 mg/g, the extract was most effective indicating that higher concentration of extract gave higher antioxidant activity. The seed has high antioxidant capacity and an appreciable amount of phenolic extracts.
Keywords: African Yam Bean; Phenolics; DPPH Scavenging; Antioxidant Properties; Solvent Extraction; Heat
Treatment

1. Introduction
Evaluation of the antioxidant activities of natural substances has been of interest in recent years. Antioxidants
scavenge free radicals and reactive oxygen species and
can be extremely important in inhibiting oxidative mechanisms that lead to degenerative diseases [1]. Free
radicals have been implicated as playing a role in the
etiology of cardiovascular disease, cancer, Alzheimer’s
disease and Parkinson’s disease. The antioxidant capacity
of most plant food sources is usually associated with
their phenolic contents. Although plant polyphenols such
as tannins and flavonoids have problems of astringency
and protein binding which have grouped them under the
category of anti-nutrients [2,3], they have been found
useful as natural antioxidants in scavenging deleterious
free radicals released in the body by fat metabolism [4].
Since the well-known synthetic antioxidants, butylated
hydroxyanisole (BHA) and butylated hydroxytoluene
(BHT) are reported to confer some degree of carcinogenicity [5], current research efforts are channeled towards exploiting the antioxidant potentials of natural
phenolics. Such compounds are found to be abundant in
*
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fruits, vegetables, cereal grains and legumes. In a previous research work, high concentrations of phenolics with
strong free radical scavenging potentials were observed
in a tropical underutilized legume seed [4].
The African yam bean (Sphenostylis stenocarpa Hochst.
Ex A. Rich), a tropical under-exploited grain legume, is
grown in West Africa, as a security crop by peasant farmers, for both its edible seeds and tubers. The seed is usually
cooked as a local porridge mixed with other ingredients.
The mature seed contains on dry weight basis, 20.67%
protein, 5.81% fat, 3.87% ash and 60.09% carbohydrates
[6]. It has a characteristic problem of being hard-to-cook
and is largely underutilized as a minor grain legume, even
when it is an important food crop in tropical Africa. The
African yam bean will continue to be a valuable constituent of African peasant agriculture. Rural producers of bean
pudding (moin-moin) and bean cake (akara) sometimes
replace cowpea with African yam bean. Its inherent ability
to adapt to diverse environments might have contributed
largely to its survival and widespread use. There is no
known work on its innate anti-oxidative properties. The
present research examines the effect of heat treatment
and extraction solvent on the DPPH radical scavenging
capacity of the yam bean phenolics.
FNS
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2. Materials and Methods
2.1. Chemicals and Reagents
Folin-ciocalteu reagent, gallic acid, catechin, acetone,
ethanol, acetic acid, tannic acid, NaNO3, AlCl3, methanol,
Vanillin, H2SO4 hydrochloric acid (HCl), 2,2-diphenly-1picrylhydrazyl (DPPH), butylated hydroxytoluene (BHT),
butylated hydroxyanisole (BHA), linoleic acid and βcarotene. These chemicals were purchased from Lixokein
chemical Co. (Akure, Nigeria). All other reagents were
of analytical grade.

2.2. Preparation of Raw and Dry Heated African
Yam Bean
The matured seeds of Sphenostylis stenoscarpa were
purchased from the popularly known Oja Oba located at
Akure, Nigeria. The seeds (150 g) were dry heated with
acid-washed sea sand on an open hot plate (Tecator 1022,
Sweden) at 135˚C ± 2˚C for 25 min. During the heat
processing, frequent agitation of the seeds together with
the sand was done for 3 min using a glass rod for uniform heating of the seeds. The seeds were separated by
sieving and cleaned thoroughly. The raw and dry heated
seed samples were ground to a fine powder and stored in
a separate screw cap bottle at –20˚C before analysis.

2.3. Preparation of Wet Heated African Yam
Bean
As done to the raw and dry heat seed, the same processes
are followed in the wet heat seed. For the pressure –
cooking treatment, the seeds (100 g) were soaked in distilled water in the ratio of 1:10 (seed: water, W/V) for 24
h at room temperature (25˚C). After decanting the water,
the soaked seeds (seed: water 1:5 w/v) were subjected to
autoclaving for 20 min at 120˚C. Soon after decanting
the liquid, the autoclaved seeds were freeze dried. The
seeds were ground to a fine powder (particle size of
about 0.25 mm) and stored in separate screw cap bottles
at –20˚C before analysis as found in raw and dry heated
seed.

2.4. Solvent Extraction
Raw and processed ground seed samples (10 g) were extracted by stirring with 100ml of acidic 70% acetone,
80% acetone and 70% ethanol at 25˚C for 24 hr and filtered through Whatman No. 4 filter paper. The residues
were re-extracted with an additional 50 ml of 70% acetone for 3 hr. The extract was evaporated under reduced
pressure, using a rotary vacuum-evaporator at 40˚C and
the remaining water was removed by lyophilization. The
freeze-dried extract thus obtained was used directly for
total phenolics, total flavonoids and condensed tannins
Copyright © 2012 SciRes.

estimation and also for the assessment of antioxidant
capacity through DPPH chemical assay.

2.5. Determination of Total Phenolic Content
The total phenolic content (TPC) was determined by a
Folin-ciocalteu assay [7,8] using gallic acid (GA) as the
standard. The mixture of the sample solution (50 μL),
distilled water (3 ml), 250 μL of Folin-ciocalteu’s reagents solution and 70% Na2CO3 (750 μL) was vortexed
and incubated for 8min at room temperature. Then, a
dose of 950 μL of distilled water was added. The mixture
was allowed to stand for 2 hr at room temperature. The
absorbance was measured at 765 nm against distilled
water as a blank. The total phenol content was expressed
aus gallic acid equivalents (mg of GAE/g sample) through
the calibration curve of gallic acid. Linearity calibration
curve was 50 to 1000 µg/ml (r = 0.99).

2.6. Determination of Total Flavonoid Content
Total flavonoid content was determined using a colorimetric method described previously [4]. Briefly, a dose
of 0.25 ml of the seed extract or (+) – catechin standard
solution was mixed with 1.25 ml of distilled water in a
test tube, followed by adding 75 μL of a 50% NaNO2
solution. After 6 min, 150 μL of a 10% AlCl3·6H2O solution was added and was allowed to stand for another 5
min before adding 0.5 ml of 1 M NaOH. The mixture
was brought to 2.5 ml with distilled water and mixed
well. The absorbance was measured immediately against
the blank (the same mixture without the sample) at 510
nm using a UV-Visible spectrophotometer (UV 160,
shimadzu, Japan). The results were calculated and expressed as micrograms of (+) – catechin equivalents (mg
of CAE/g sample) using the calibration curve of (+) –
catechin. Linearity range of the calibration curve was 10
to 1000 μg/ml (r = 0.99). The extraction was conducted
in triplicate.

2.7. Determination of Condensed Tannin
Content
Analysis of condensed tannin content (CTC) was carried
out according to the method of Broadhurst and Jones [9]
and as modified by Xu and Chang [10]. To 50 μL of the
suitably diluted sample, 3 ml of a 4% methanol vanillin
solution and 1.5 ml of concentrated hydrochloric acid
were added. The mixture was allowed to stand for 15 min
and the absorption was measured at 500 nm against
methanol as a blank. The amount of condensed tannin
was calculated and expressed as mg catechin equivalents
(mg of CAE/g sample) using the calibration curve of (+)
– catechin. Linearity range of the calibration curve was
50 to 1000 μg/ml (r = 0.99). For each specific sample,
FNS
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triplicate extractions were performed and used for analyses.

2.8. Radical DPPH Scavenging Activity
DPPH-free radical scavenging capacity of legume extracts was evaluated according to the method of Chen
and Ho [11] as modified by Xu and Chang [10]. Briefly,
a dose of 0.2 ml of the tested seed extracts was added to
3.8 ml ethanol solution of DPPH radical (final concentration was 0.1 mM). The mixture was shaken vigorously
for 1min by vortexing and left to stand at room temperature in the dark for 30 min. Thereafter, the absorbance
for the sample (Asample) was measured using the UV 160
spectrophotometer at 517 nm against ethanol blank. A
negative control (Acontrol) was taken after adding DPPH
solution to 0.2 ml of the respective extraction solvent.
The percent of DPPH discolouration of the sample was
calculated according to the equation:
% discolouration = [1 – (Asample/Acontrol)] × 100.
The free radical scavenging capacity of the seed extracts was expressed as an equivalent of that of Trolox.
Every sample was extracted in triplicate and the results
were calculated and expressed as micromoles curve of
Trolox equivalents (TE) per gram of seed using the calibration curve of Trolox. Linearity range of the calibration
curve was 20 to 1000 μM (r = 0.99).

2.9. Statistical Analysis
Analyses were performed in triplicates. The data were
statistically evaluated using analysis of variance (ANOVA)
with SPSS 15.0. Duncan’s multiple range test was carried out in order to test any significant differences between the solvents used and the treatment methods. Also,
the DPPH was calculated in percentage. Significance
levels were defined using p = 0.05.

3. Results and Discussion
3.1. Total Phenolic Content
Natural phenolics exert their beneficial health effects
mainly through their antioxidant activity [12]. These compounds are capable of decreasing oxygen concentration,
intercepting singlet oxygen, preventing 1st—chain initiation by scavenging initial radicals such as hydroxyl radicals, binding metal ion catalysts, decomposing primary
products of oxidation to non radical species and breaking
chains to prevent continued hydrogen abstracttion from
substances [13]. Phenolic compounds contribute to the
overall antioxidant activities of the plant foods.
Total phenolic contents (TPC) of the extracts from raw,
dried and autoclaved samples of African yam bean using
different solvents are presented in Table 1. Seed extracts
from different extraction solvents differed significantly
Copyright © 2012 SciRes.
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Table 1. Effects of different extraction solvents and treatments methods on phenolic profiles of African yam bean.
Treatments

Solvents
Raw

Dry
a

Autoclave
b

1.320 ± 0.017 1.253 ± 0.011c

70% Ethanol

1.71 ± 0.035

80% Acetone

0.746 ± 0.025c 1.266 ± 0.015b 1.976 ± 0.015a

Acidic 70% Acetone 3.296 ± 0.020a 1.313 ± 0.015c 1.350 ± 0.017b
Data are expressed as mean ± standard deviation (n = 3); values within each
type of treatment method marked by the same letter within same column are
not significantly different (p < 0.05).

(p < 0.05) in their TPC. Meanwhile different extraction
method exhibited different TPC. The total phenolic contents of raw sample extracted by different solvents
ranged from 0.746 to 3.29 mg GAE/g, dry heated sample
ranged from 1.266 to 1.320 mg GAE/g and autoclaved
sample from 1.253 to 1.976 mg GAE/g.
Overall, the TPC of the treatment methods (raw, dry
and autoclave) was less affected by the different solvents
used as evidenced by their smaller variations in the range
of the TPC yields. The TPC extracted by the selected
solvents were in the following order from high to low;
acidic 70% acetone > 70% ethanol > 80% acetone for
raw sample, 70% ethanol > acidic 70% acetone > 80%
acetone for dry heated sample and 80% acetone > acidic
70% acetone > 70% ethanol for autoclaved treatment
sample.
These results suggested that acidic 70% acetone gave
the highest yields among the 3 solvents for extracting
total phenolics from raw sample and 70% ethanol was
the best for dry heated sample, where as 80% acetone
was the best for autoclaved seeds of African yam bean.
However, the extractable total phenolics (1.716 mg
GAE/g and 3.296 mg GAE/g) in raw samples using 70%
ethanol and acidic 70% acetone respectively were higher
than those of processed samples. Similarly, when drying
red grape pomace peels at a temperature of 100 and
140˚C, a significant reduction in both the total extractable polyphenols (18.6% and 32.6% respectively was
found [14]. Nonetheless, the dry heated seed sample had
the lowest concentration of the respective phenolic fractions possibly due to the poor extractability of phenolics
by the formation of cell wall polysaccharide complexes.

3.2. Total Flavonoid Content
Flavonoids are widespread plant secondary metabolites,
including flavones, flavanols and condensed tannins. Epidermiological studies suggest that the consumption of flavonoid-rich foods protects against human diseases associated with oxidative stress. In vitro, flavonoids from several plants sources have shown free-radical scavenging
activity and protection against oxidative stress. As comFNS
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The tannins of extracts obtained from raw, dry heated
and autoclaved seed samples of African yam bean using

70% ethanol, 80% acetone and acidic 80% acetone are
shown in the Table 3. Tannins are produced through the
process known as condensation of simple phenolics and
have a variety of molecular structures. Generally, they
are divided into hydrolysable and condensed proanthocyanidins (polymers of flavan-3-ols) [19]. Tannins are
biologically active compounds and may have beneficial
or adverse nutritional effects. Salunkhe et al. [20] suggested that phenolic substances occur primarily in the
seeds of certain pigmented cultivars of sorghum, millets
and legumes. Condensed tannins, the predominant phenolic compounds in legumes seeds were widely found in
lentil, pea, coloured soybean and common bean [21-24].
Tannins are found mainly in the testa and play an important role in the defense system of seeds that are exposed
to oxidative damage by many environmental forces [25].
The effects of various solvent extractions systems on
the recovery of condensed tannins from raw, dry heated
and autoclaved seed sample of African yam bean are
presented in Table 3. Legume extracts from different
extraction solvents differed significantly (p < 0.05) in
their condensed tannin content (CTC). The (CTC) of raw
sample ranged from 0.103 to 0.110 mg CAE/g; dry
heated sample ranged from 0.073 to 0.133 mg CAE/g
and autoclaved sample ranged from 0.060 to 0.090 mg
CAE/g. The CTC yields by the extracting solvents were
in the following order from high to low; acidic 70% acetone > dried sample and 80% acetone > acidic 70% acetone > 70% ethanol for autoclaved sample.
These results suggested that acidic 70% acetone was
the best for the extraction condensed tannins from raw
samples and 70% ethanol for dry heated seed samples
whereas 80% acetone was best for autoclaved sample.
The tannins extracted (0.110 mg CAE/g) from the raw
seed sample using acidic 70% acetone was higher than
the processed seed samples. The tannins which were observed in raw sample were also reported previously by
Enujiugha [2]. Nonetheless, the low concentration of dry
heated treatment of respective phenolic fraction possibly
due to the poor extractability of phenolics by the formation of insoluble tannin-protein and tannin-carbohydrate.

Table 2. Total Flavonoid content (mg catechin equivalents/
g).

Table 3. Condensed Tannin content (mg catechin equivalents/g).

ponents of vegetables and fruits, they are regularly contained in human food. However, there were only a few
reports on identification and quantification of flavonoids
in food legumes. For example, only several reports on
common beans [15,16] and peas [17] were documented.
In order to estimate the potential role of flavonoids on
antioxidant activity of raw, dry heated and autoclaved
samples, TFCs of the extracts were analysed and the results are presented in Table 2. Seed extracts from different extraction solvents differed significantly (p < 0.05) in
their TFC. The TFC of raw sample ranged from 0.076 to
0.223 mg CAE/g; dry heated from 0.190 to 1.016 mg
CAE/g and autoclaved sample ranged from 0.143 to
0.166mg CAE/g. The TFC yields by the extraction solvents were in the following order from high to low; 70%
ethanol, 80% acetone and acidic 70% acetone for raw
samples, 80% acetone, acidic 70% acetone, 70% ethanol
for dry heated samples and 80% acetone, 70% ethanol,
acidic 70% acetone for autoclaved sample. These results
suggested that 70% ethanol was the best among the 3
selected solvents for extracting flavonoids from raw sample and 80% acetone was the best for extracting total
flavonoids from dry heated and autoclaved samples.
However, the extractable total flavonoids (0.223 mg
CAE/g) in raw seed sample using 70% ethanol was higher than those of processed samples. Makkar and Singh
[18] reported that there was a decrease in the con- tent of
total proanthocyanidins in cassava and Leucaena leaves
(10.1% and 21.4%, respectively) when heated at 90˚C for
24 hours. Heat treatment could therefore be said to negatively affect the flavonoid content of similar un- derutilized leguminous crop seeds. This trend was observed in a previous study using African locust bean
seeds (Parkia biglobosa) [4]. However, high temeperature short time (HTST) process would most likely minimize the effect of heat treatment on flavonoids.

3.3. Condensed Tannin Content

Treatments

Solvents
Raw

Dry
a

Treatments

Solvents
Autoclave
b

Raw

Dry
b

Autoclave

70% Ethanol

0.223 ± 0.020 0.190 ± 0.010 0.146 ± 0.005

c

a

70% Ethanol

0.103 ± 0.015

0.133 ± 0.005 0.060 ± 0.010c

80% Acetone

0.180 ± 0.000b 1.016 ± 0.011a 0.166 ± 0.011c

80% Acetone

0.103 ± 0.011ab 0.113 ± 0.011a 0.090 ± 0.010b

Acidic 70% Acetone 0.076 ± 0.011c 0.426 ± 0.011a 0.143 ± 0.011b

Acidic 70% Acetone 0.110 ± 0.010a 0.073 ± 0.011b 0.063 ± 0.005b

Data are expressed as mean ± standard deviation (n = 3); values within each
type of treatment method marked by the same letter within same column are
not significantly different (p < 0.05).

Data are expressed as mean ± standard deviation (n = 3); values within each
type of treatment method marked by the same letter within same column are
not significantly different (p < 0.05).

Copyright © 2012 SciRes.
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3.4. Radical DPPH Scavenging Activity
The DPPH (50 mg/g of the extract) value of raw seed
sample as presented in Table 4 ranged from 0.083 to
0.090 μmol TE/g, dried sample from 0.076 to 0.083 μmol
TE/g and autoclaved sample from 0.076 to 0.083 μmol
TE/g. The DPPH value was affected by the extracting
solvents in the following order from high to low; acidic
70% acetone > 70% ethanol > 80% acetone of raw sample and acidic 70% acetone > 80% acetone > 70% ethanol of both dried and autoclaved samples. The result further suggested that acidic 70% acetone was the best for
extracting and DPPH antioxidant assay from raw, dry
heated and autoclaved seed samples.
The DPPH value using 10 mg/g of the extract of the
raw sample as shown in Table 5 ranged from 0.086 to
0.090 μmol TE/g; dry from 0.080 to 0.090 μmol TE/g;
and 0.080 to 0.090 μmol TE/g for autoclaved sample.
The DPPH value was affected by the extracting solvents
in the following order from high to low; acidic 70% acetone = 80% acetone > 70% ethanol of raw sample and
70% ethanol = 80% acetone > acidic 70% acetone for dry
heated sample, whereas acidic 70% acetone > 80% acetone > 70% ethanol for autoclaved sample. This suggested that acidic 70% acetone was the best for extracting and DPPH antioxidant assay of raw sample.
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For 5 mg/g of the extract, the DPPH value was affected by the extracting solvents in the following order
from high to low; acidic 70% acetone > 80% acetone >
70% ethanol for raw sample; 80% acetone > 70% ethanol
> acidic 70% acetone for dry heated sample whereas,
70% ethanol > 80% acetone > acidic 70% acetone in
autoclaved sample. Table 6 results suggest that acidic
70% acetone was the best for extracting and for DPPH
antioxidant assay from raw, dry heated and autoclaved
seed sample. Such a radical scavenging activity of untreated and treated seed extracts would be related to substitution of hydroxyl groups in the aromatic rings of
phenolics, thus contributing to their hydrogen donating
ability [26]. However, it could be inferred from the results that increasing the concentration of the phenolic
extract or reducing the level of the free radical (in this
particular instance, 2,2-diphenyl-1-picrylhydrazyl) in the
reaction mixture would ultimately raise the potency to
scavenge or chelate free radicals by the seed extract;
hence an increase in the antioxidant properties.

4. Conclusions

Data are expressed as mean ± standard deviation (n = 3); values within each
type of treatment method marked by the same letter within same column are
not significantly different (p < 0.05).

The results obtained indicated that the use of appropriate
solvent gives an effective determination of phenolic yield
and antioxidant activity. This study has shown that phenolic extracts from african yam bean seed have antioxidant power and the ability to scavenge free radicals.
Acidic 70% acetone was the most effective in the extraction of phenolic content. Extracts obtained from raw
seeds registered higher DPPH radical-scavenging activity
than both the dry- and wet-heat treated seed samples. The
study also showed that the higher the concentration of
extracts, the higher the capacity to scavenge free radicals.
Siddhuraju et al. [27] reported the elevated DPPH radical
quenching capacity of tannins extracted from the stem
bark of Cassia fistula. The DPPH radical-scavenging
efficiency of extracts from heated seed samples might
have also been partly contributed by the Maillard reaction products other than the phenolic constituents.

Table 5. DPPH scavenging capacity at 10 mg/g of extract (µ
mol trolox equivalents/g).

Table 6. DPPH scavenging capacity at 5 mg/g of extract
(µmol trolox equivalents/g).

Table 4. DPPH scavenging capacity at 50 mg/g of extract
(µmol trolox equivalents/g).
Treatments
Solvents
Raw

Dry

Autoclave

70% Ethanol

0.086 ± 0.005a

0.076 ± 0.005a

0.076 ± 0.005b

80% Acetone

0.083 ± 0.005a

0.080 ± 0.000a

0.083 ± 0.005ab

Acidic 70%
Acetone

0.090 ± 0.000a

0.083 ± 0.005a

0.090 ± 0.000a

Treatments

Treatments

Solvents

Solvents
Raw

Dry

Autoclave

70% Ethanol

0.086 ± 0.005a

0.090 ± 0.000a

0.080 ± 0.000b

80% Acetone

0.090 ± 0.000a

0.090 ± 0.000a

Acidic 70%
Acetone

0.090 ± 0.000a

0.080 ± 0.005c

Raw

Dry

Autoclave

70% Ethanol

0.070 ± 0.000b

0.083 ± 0.005a

0.066 ± 0.005a

0.086 ± 0.005a

80% Acetone

0.073 ± 0.005b

0.086 ± 0.005a

0.063 ± 0.005a

0.090 ± 0.000a

Acidic 70%
Acetone

0.090 ± 0.000a

0.060 ± 0.000b

0.050 ± 0.000b

Data are expressed as mean ± standard deviation (n = 3); values within each
type of treatment method marked by the same letter within same column are
not significantly different (p < 0.05).

Copyright © 2012 SciRes.

Data are expressed as mean ± standard deviation (n = 3); values within each
type of treatment method marked by the same letter within same column are
not significantly different (p < 0.05).
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