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Abstract  Nutraceutical foods are thought to play an important role in the prevention and management of 
cardiovascular diseases, diabetes, obesity and some cancers. This study was undertaken to screen the commonly 
grown Zambian market classes of common beans for nutraceutical value based on the antioxidant activities (DPPH 
and FRAP) and total polyphenolic profiles. Phenolic phytochemical profiles were determined using Folin Ciocalteu 
assay and aluminium chloride colorimetric method. The total polyphenol content ranged from 37.3 to 123.7 mg 
GAE / 100 g DW. Red beans consistently displayed the highest total polyphenol contents in both the methanolic and 
aqueous extracts, followed by grey mottled, brown and white. Tannin concentration ranged from 10.2 to 55.4 mg 
GAE / 100 g DW for the aqueous and from 3.1 to 53 mg GAE / 100 g DW for the 70% methanol extract. Flavonoid 
concentration ranged from 42.1 to 62.6 mg quercetin equivalents / 100 g DW (aqueous extraction) and 95.2 to 123.5 
mg quercetin equivalents / 100 g DW (70% methanol extraction). The various classes of common beans displayed 
varying antioxidant activities. The bean extracts exhibited DPPH free radical scavenging activities with pseudo first-
order rate constants (K) ranging between 0.006 min-1 and 0.053 min-1 and FRAP derived antioxidant power between 
1.69 and 6.88 Fe2+ / 100 g DW. The red market class displayed the highest antioxidant activity in the aqueous extract, 
but showed little difference with the grey mottled beans in the methanolic extract. Ranking the market classes based 
on the free radical scavenging capacities and the FRAP-derived total antioxidant power, the following order was 
observed: red beans > grey mottled beans > brown beans > white beans. On a comparative basis, white beans 
displayed far lower antioxidant activities compared to the others. 
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1. Introduction 
Plant-derived phenolic compounds are important as 

nutraceutical constituents in our diet. They have 
antioxidant properties and may protect against major 
clinical conditions such as heart disease and cancer in 
which reactive oxygen species (i.e., superoxide anion, 
hydroxyl radicals and peroxy radicals) are involved [1,2]. 
Plant phenolics represent one of the major groups of 
compounds acting as primary antioxidants or free radical 
terminators [3,4]. Reactive oxygen species are generated 
through normal metabolism, environmental factors such as 
pollution, radiation, pesticides and cigarette smoke in 
which oxygen participates in the reactions. These species 
attack cellular components such as DNA, lipids and 
proteins and are thought to be an initiating factor for 
several chronic diseases [5]. Dietary antioxidants may 
prevent these cellular components from oxidative damage 
and do this by undergoing oxidation themselves [6]. 

Antioxidant properties that have been described for plant-
derived phenolic compounds include: stabilisation of 
unpaired electrons [7]; scavenging of free radicals from 
lipid peroxidation [8]; and the ability to chelate transition 
metal ions, which results in the inhibition of the reactive 
oxygen species production [2]. In view of the possibility 
that the antioxidant potential of plant-derived phenolic 
compounds may reduce the risk of developing chronic 
diseases, it is important to have a clear idea of the 
phenolic antioxidant compounds that plant foods contain. 
Common beans is one of the most important plant food 
whose contribution to the world nutrition is significant 
especially in developing countries where they are the main 
source of protein to the poor majority. They are raw 
materials of food crops for many regions of the world 
where they are eaten in large quantities on a daily basis as 
a rich source of protein, resistant starch, and dietary fibre 
[9]. They are also an excellent source of nutraceutical 
constituents such as fiber, protease inhibitors, phytic acid, 
and polyphenols such as tannins [10]. Further, legumes 
play important roles in the prevention of chronic diseases 
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such as diabetes, cancer, hypertension and obesity [11]. 
The physiological effects of common beans may be due to 
the presence of abundant phytochemicals including 
polyphenolics, which possess both anticarcinogenic and 
antioxidant properties [12,13,14]. In this study, the 
Zambian market classes of common beans were 
investigated for their antioxidant activities and phenolic 
profiles in order to establish their nutraceutical value.  

2. Materials And Methods 

2.1. Sample Collection 
Four market classes of common beans (red, grey 

mottled, white and brown) commonly grown in Zambia 
were obtained directly from the farmers immediately after 
harvest. These four classes of beans are shown in Figure 1. 
In order to make the samples representative, an attempt 
was made to collect the seeds of each market class from 
15 farmers in each growing area with not less than 0.5 kg 
per farmer and later mixed homogenously per market class. 

 
Figure 1. Market classes of common beans investigated 

2.2. Preparation of the Extracts  
Raw dry common beans were ground into powder of 

the same consistency using a coffee grinder (Braun, 
Mexico). The 70% methanol extracts were obtained using 
Ultrasound-Assisted Extraction (UAE) from the seed flour 
[15]. Approximately 15 g of seed powder in 150 ml of 
70% methanol was sonicated for 30 minutes at 25°C using 
the Eumax UD500SH 40 kHz ultrasonic bath. After 
extraction, the mixture was centrifuged at a speed of 
10,000 rpm for 15 minutes in Beckman Coulter JE 
centrifuge. The resulting supernatant was first 
concentrated to 30 mL by evaporation under reduced 
pressure in a rotary evaporator (Buchi R-210 model, 
Switzerland) to remove methanol. The extract was then 
frozen at -80°C and freeze dried to obtain a powdered 
methanolic extract using the Telstar LyoQuest -85 freeze 
dryer. The freeze dried extracts were stored at -4°C until 
further analysis 

2.3. Determination of Total Polyphenols  
Powdered samples of common beans (5 g) were placed 

in 50 mLl of 70% methanol or water and sonicated for 30 
minutes at 25°C followed by centrifugation at 10,000 rpm 
for 15 minute at 4°C to obtain a clear supernatant. Total 
polyphenols were then determined by the Folin Ciocalteu 
assay according to the method of [16]. To 100 µL of 
sample extract, 400 µL of distilled water was added 
followed by the addition of 250 µl Folin Ciocalteu reagent. 
20% Sodium carbonate (1.25 mL) was then added and the 
mixture was incubated for 40 min. Absorbancies were 
read at 725 nm after 40 minutes using a spectrophotometer 
(Ultrospec 1000 model, England) against the blank (70% 
methanol or water) depending on whether it was the water 
or 70% methanol extract. The amount of total polyphenols 

was calculated as gallic acid equilvalents from the 
calibration curve of gallic acid standard solution and 
expressed as mg gallic acid equivalents/ 100 g DW. The 
experiment was conducted three times and all 
measurements were performed in triplicate. 

2.4. Determination of Tannins 
The determination of tannins was performed using the 

Polyvinylpolypyrrolidone (PVPP) tannin binding assay as 
described by Makkar et al. [16]. Approximately 100 mg 
PVPP was placed in 100 x12 mm test tubes. One mL of 
distilled water was added to the test tubes containing 
PVPP followed by the addition of 1 mL of sample extract. 
The tube was vortexed, and kept at 4°C for 15 minutes. 
After 15 minutes at 4°C, the tube was vortexed again and 
then centrifuged for 10 minutes at 10,000 rpm. The 
supernatant has only simple phenolics other than tannins 
(the tannins would have been precipitated along with the 
PVPP). Total polyphenols of the supernatant was 
measured as described in section 2.3 and results of non 
tannin phenols were expressed as mg gallic acid 
equivalents / 100 g DW. The amount of polyphenols 
bound to PVPP as tannin was calculated by subtracting the 
total polyphenols in the supernatant after the PVPP assay 
from the amount of total polyphenols determined without 
PVPP. The experiment was conducted three times and all 
measurements were performed in triplicate. 

2.5. Extraction and Analysis of Total 
Flavonoids 

Flavonoids were extracted from common beans samples 
by the ultrasound-assisted system as described by [17]. 
Powdered sample (5 g) was placed in 50 mL of 70% 
methanol or water and was sonicated for 30 minutes at 
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25°C followed by centrifugation at 10,000 rpm for 15 
minute at 4°C to obtain a clear supernatant. Analysis of 
total flavonoids was done using the aluminium chloride 
colorimetric method according to [18]. About 500 µL of 
70% methanolic extract was mixed separately with 1.5 mL 
of methanol, 100 µL of 10% aluminium chloride, 100 µL 
of 1 M potassium acetate and 2.8 mL of distilled water. 
The absorbance of the solutions was measured after 30 
minutes at 414 nm using a spectrophotometer (Ultrospec 
1000 model, England). The amount of total flavonoids 
was calculated as quercetin equivalents (mg / 100g DW) 
using a calibration curve of quercetin standard solution. 
The experiment was conducted three times and all 
measurements were performed in triplicate.  

2.6. Determination of Free Radical 
Scavenging Activity of Common Beans  

DPPH stable free radicals are reduced to DPPH-H 
leading to discoloration from purple to yellow and 
consequently a decrease in absorbance. The degree of 
discoloration indicates the scavenging potential of the 
antioxidant compounds [19]. This assay therefore involves 
the measurement of hydrogen atom transfer or electron 
donation from a potential antioxidant to free radical 
molecules [20]. First, it was important to study the kinetic 
behaviour of the extracts towards DPPH free radicals 
when the freeze dried extracts from each market class 
were added at the same concentration. The knowledge of 
the kinetics of atom transfer is important because free 
radicals in the organism are short-lived species, implying 
that the impact of a substance as an antioxidant depends 
on its fast reactivity towards free radicals [21]. The free 
radical scavenging kinetic determinations were adapted 
from [21]. Under the experimental conditions used, the 
DPPH concentration was in large excess with respect to 
that of the extracts in order to follow pseudo first-order 
kinetics. This was done to exhaust the hydrogen donating 
capacity of the extracts. The excess concentration of 
DPPH (200 mM) was determined to be the optimum 
concentration after performing a number of runs with the 
extracts. This was the only way the excess DPPH 
concentration could be determined since it was not posible 
to work it out based on the DPPH: antioxidant molar 
ratios as the antioxidants in the extracts were not pure 
compounds. In the assessement of the kinetic behaviour, 2 
mL of the extracts were added at the same concentration 
(400 µg / mL) to 2 mL of DPPH radical solution (200 mM) 
prepared in 95% methanol. The reaction was run at room 
temperature within a time period of 80 minutes. The 
absorbances of the mixture were automatically measured 
every 10 seconds using the spectrophotometer at 517 nm 
connected to a computer and the output was displayed 
using SWIFT 1000 software (Ultraspec 1000 model, 
England). From the reaction between an antioxidant and 
DPPH;  

(DPPH) + (Y-H) → DPPH-H + (Y), it can be deduced 
that: 

 [ ] [ ][ ]d DPPH k DPPH Y H
dt

− = −   (1) 

Considering that DPPH was in excess and therefore the 
experiment was under pseudo first-order conditions, one 
can say: 

 oInA InA kt= −  (2) 

Where A0 is the absorbance of the reaction mixture (DPPH 
and the extract) at t = 0; A is the absorbance of the 
reaction mixture (DPPH and extract) at time t.  

The pseudo first order rate constant ‘k’ for the reaction 
of the antioxidants in the extracts and DPPH in the first 
seconds of the reaction was calculated from the slopes of 
InA versus time plots. 

The percentage of DPPH remaining at any time t can be 
determined as: 

 
0

% 100t
remaining

A
DPPH X

A
=  (3)[21] 

Where A0 is the initial absorbance and At is the absorbance 
at time = t, both measured at 517 nm respectively. Plots of 
percentage DPPH versus time were constructed to show 
the disappearance pattern of the DPPH with time in the 
presence of each extract. 

2.7. Determination of Ferric Reducing 
Antioxidant Power (FRAP)  

The FRAP assay was used to determine the ferric 
reducing antioxidant power of the common beans [22]. 
The method measures the ferric reducing ability of the 
antioxidants compounds in the extracts. At low pH, ferric-
2,4,6-tri-2-pyridyl-s-triazine (TPTZ) complex (Fe3+ TPTZ) 
is reduced to the ferrous form Fe2+ in the presence of the 
antioxidant producing an intense blue colour with an 
absorption maximum at 593 nm. Powdered sample of 
common beans (5 g) in 50 mL of 70 % methanol or water 
was sonicated for 30 minutes at 25°C followed by 
centrifugation at 10,000 rpm for 15 minutes at 4°C to 
obtain a clear supernatant. Working FRAP reagent was 
prepared by mixing 25 mL of acetate buffer (300 mM, pH 
3.6); 2.5 ml ferric chloride solution (prepared by 
dissolving 54 mg ferric chloride in 10 ml distilled water) 
and 2.5 mL TPTZ solution (prepared by dissolving 31 mg 
TPTZ in 40 mM HCl at 50°C). The mixture was placed in 
a water bath at 37°C for 10 minutes. The assay was 
performed as follows: 1 mL of water and 80 µL of the test 
sample were pipetted into a cuvette. About 600 µL of the 
incubated FRAP reagent was added to the cuvette and 
mixed by inversion. A reagent blank was prepared as 
above with 80 µL water added instead of the test sample. 
The change in absorbance was recorded at 593 nm using a 
spectrophotometer after exactly 4 minutes (Ultrospec 1000 
model, England). The amount of Fe2+ produced from the 
reduction of Fe3+ by the extract was calculated from the 
standard curve prepared from ferrous sulphate solution 
and results were expressed as mg Fe2+ / 100 g dry sample. 
The experiment was conducted three times and all 
measurements were performed in triplicate 

2.8. Statistical Analysis 
Statistical analysis was performed using S-PLUS 6 

Windows Professional 2001. Experimental results were 
expressed as mean values ± standard error. Data was 
analysed using one way analysis of variance (ANOVA) 
model. Values at p < 0.05 were considered statistically 
significant. Correlation coefficients of variable parameters 
were analysed by Pearson correlation test. 
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3. Results And Discussions 

3.1. Total Polyphenol and Tannins  
Table 1 presents the results of the total polyphenol and 

tannins concentrations of the four market classes of 
common beans. Total polyphenol concentrations for the 
four market classes in both extracts were significantly 
different (p < 0.05). The red market class had the highest 
total polyphenol contents in the aqueous and 70% 
methanol extracts, followed by the grey mottled, brown 
and last, the white. The red market class showed stronger 
absorption than the rest at 280 nm when the aqueous was 
scanned spectrophotometrically between 200 and 400 nm 
(see Figure 2). The results of the present study are close to 
the range (64 – 95 mg GAE / 100 g DW) reported by [23] 
and less than the range (117 to 427 mg GAE / 100 g DW) 
reported by [24] for the twelve different market classes of 
common beans from Italy. Values from 223 to 1247 mg 
GAE / 100 g DW of total polyphenols for various 

common beans cultivars, which is very different from 
what has been observed in this research were reported by 
[25]. In polyphenol research, several authors have 
reported different findings on the total polyphenol 
concentration of common beans. This may be attributed, 
in part, to the fact that the samples are from diverse 
growing areas with different environmental conditions, 
and furthermore, the methods and the solvents used in the 
extraction of polyphenol compounds differ. The varietal 
effect may also play a significant role. Previous authors 
have reported that due to the lack of standardization of the 
analytical methods, concentrations for polyphenols in a 
given food are often not easily comparable [26,27]. 

The results for tannin concentration ranged from 10.2 to 
55.4 mg GAE / 100 g DW for the aqueous and from 3.1 to 
53 mg GAE / 100 g DW for the 70% methanol extract. 
The grey mottled and white beans consistently 
demonstrated the highest and the lowest tannin 
concentration respectively.  

Table 1. Total polyphenol contents and tannin concentrations of common beans 
Market classes of common beans Total polyphenols (mg GAE / 100 g DW) Tannins (mg GAE / 100 g DW) 

Aqueous 
   

Brown 61.6 ± 1.1c 24.7 ± 0.7c 
Red 105.4 ± 0.5a 51.3 ± 2.0b 

 Grey mottled 90.3 ± 3.8b 55.4 ± 1.3a 
 White 45.2 ± 1.4d 10.2 ± 0.2d 

70% methanol 
   

Brown 60.2 ± 3.8c 19.6 ± 1.7c 
Red 123.7 ± 4.3a 49.4 ± 2.7b 

 Grey mottled 85.4 ± 2.9b 53.1 ± 1.6a 
 White 37.3 ± 2.6d 3.1 ± 0.2d 

For each extract (aqueous or 70% methanol), means in the same column with different superscripts were significantly (p <0.05) different. 

 
Figure 2. Results of the spectrophotometric scanning at 200 nm to 400 nm for the aqueous extract of common beans 

3.2. Total Flavonoid Concentration 
Flavonoids are pigments responsible for seed coat 

colour in common beans [28]. The flavonoid concentrations 
of the four market classes of common beans grown in 

Zambia are shown in Table 2. The concentrations of 
flavonoids in the aqueous extract were generally lower 
than in the 70% methanol extract. Flavonoid concentration 
ranged from 42.1 to 62.6 mg quercetin equivalents / 100 g 
DW (aqueous extraction) and 95.2 to 123.5 mg quercetin 
equivalents / 100 g DW (70% methanol extraction). The 
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concentrations obtained in the present study are in 
agreement and slightly greater than the range (19 – 84 mg 
quercetin equivalents / 100 g DW) obtained by [29] for 
twenty three Italian varieties of common beans. Total 
quercetin ranging from 5 to 41 mg / 100g DW for twenty 
landraces of common beans grown in different regions of 
Uttarakhand, which is lower than in our study has been 
reported [30]. As mentioned earlier, concentration of 
phytochemicals may vary depending on a number of 
factors. 

Table 2. Flavonoid content of common beans 

Market classes of common beans 
Flavonoids content expressed 
as quercetin equivalents (mg / 
100 g dry mass) 

Aqueous 
  
Brown  56.3 ± 2.0b 
Red 42.1 ± 1.2c 

 Grey mottled 55.8 ± 0.9b 
 White 62.6 ± 3.1a 

70% methanol 
  
Brown 101.4 ± 2.8c 
Red 123.5 ± 1.9b 

 Grey mottled 95.2 ± 1.1d 
 White 117.7 ± 2.2a 
For each extract (aqueous or 70% methanol), means in the same column 
with different superscripts were significantly (p <0.05) different. 

3.3. Kinetics of the DPPH Free Radical 
Reaction with Antioxidants in Common 
Beans 

Figure 3 and Figure 4 present the disappearance pattern 
of DPPH free radicals with time in the presence of the 
aqueous and methanol extracts within the time period of 
80 minutes. The reaction was performed under pseudo 
first-order condition that was achieved by making the 
concentration of DPPH in large excess. The free radical 
scavenging pattern was characterised by the fast initial 
decay, followed by the subsequent slower step. The 
pseudo first-order rate constants (K) of the four market 
classes of common beans were obtained using equations 
(1) and (2), and the plot of InA versus time, whose slope 
was equal to K. Ranking the free radical scavenging 
capacities of the common bean market classes based on K, 
the order would be as follows: red beans > grey mottled 
beans > brown beans > white beans (Table 3). The same 
order is obtained by ranking the market classes based on 
the amount of DPPH radicals scavenged after 80 minutes 
incubation (Table 3). White beans showed far lower 
antiradical capacity than the other three. Compared to 
Trolox which was used as a positive reference standard, 
the free radical scavenging ability of the red, grey mottled 
and the brown beans can be considered moderate. 

 
Figure 3. Disappearance pattern of DPPH free radicals with time in the presence of aqueous extracts of common beans 

Table 3. Pseudo-first order rate constant of antiradical (Y-H) in common beans extracts and the amount of DPPH scavenged after 80 minutes 
of incubation 

Market class of common beans 
Pseudo-first order rate constant (K) [min-1] 

 
Amount DPPH quenched [%] after 80 minutes incubation 

Aqueous extract 70% Methanol extract Aqueous extract 70% Methanol extract 

Red 0.043± 0.001a 0.053 ± 0.0003a  55.3 ± 2.0a 61.9 ± 3.1a 

Grey mottled 0.038 ± 0.0005b 0.047 ± 0.001b  56.6 ± 0.9a 54.2 ± 1.4b 

Brown 0.019 ± 0.002c 0.034 ± 0.003c  40.3 ± 1.1b 48.1 ± 5.2c 

White 0.006 ± 0.0006d 0.013 ± 0.002d  18.5 ± 0.9c 17.3 ± 1.0d 
Trolox K = 1.55, amount quenched in 80 minutes = 85.5% 
For each extract (aqueous or 70% methanol), means in the same column with different superscripts were significantly (p <0.05) different. 
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Figure 4. Disappearance pattern of DPPH free radicals with time in the presence of the 70% methanol extracts of common beans 

3.4. Ferric Reducing Antioxidant Power of 
Antioxidants in Common Beans 

The FRAP values of the aqueous and methanol extracts 
of the four market classes of common beans are presented 
in Table 4. The methanol extracts demonstrated higher 
FRAP values than the aqueous extracts in all the common 
bean market classes. FRAP values ranged from 1.69 to 
6.88 mmol Fe2+ / 100 g DW. The four market classes of 
common beans can be ranked as follows based on the 
antioxidant reduction power: red beans > grey mottled 
beans > brown beans > white beans. Our results are within 
the range (1.27 to 9.70 mmol Fe2+ / 100 g DW) reported 
previously by [31] for different market classes of common 
beans grown in North Dakota, Idaho and Washington 
regions of the United States of America. In comparison to 
other legumes, all four market classes had higher FRAP 
values than peas (0.62 to 0.82 mmol Fe2+ / 100 g DW), 
but lower than lentils (8.75 to 13.92 mmol Fe2+ / 100 g 
DW) reported previously by [31]. Similar comparison can 
be made with the findings of [32] on the FRAP values of 
lentils (11.37 to 13.92 mmol Fe2+ / 100 g DW), peas (0.43 
to 0.86 mmol Fe2+ / 100g DW), soyabeans (1.09 to 1.49 
mmol Fe2+ / 100 g DW) and chickpeas (0.8 mmol Fe2+ / 
100 g DW).  

Table 4. Ferric Reducing Antioxidant Power (FRAP) values for 
common beans 

Market classes of 
common beans 

FRAP value (mmole Fe2+ / 100 g DW) 

70 % Methanol extract Aqueous extract 

Red 6.88 ± 0.04a 4.86 ± 0.05a 

Grey mottled 6.74 ± 0.08b 4.70 ± 0.03b 

Brown 4.46 ± 0.14c 2.25 ± 0.02c 

White 2.96 ± 0.04d 1.69 ± 0.03d 
For each extract (aqueous or 70% methanol), means in the same column 
with different superscripts were significantly (p <0.05) different. 

3.5. Correlation of Antioxidant Activities and 
Phenolic Contents of Common Beans 

The correlations between the antioxidant activity and 
total polyphenols, tannins and flavonoids of common 

beans were established using regression analysis. For the 
aqueous extract, the correlations between the ferric 
reducing antioxidant power and phenolic compounds were 
as follows: total polyphenols (0.9684), tannins (0.9549), 
and flavonoids (0.0988). The correlations between the 
DPPH free radical scavenging and phenolic compounds 
were: total polyphenols (0.8642), tannins (0.9462) and 
flavonoids (0.0127). For the methanol extract, the 
following correlations were observed for ferric reducing 
antioxidant power: total polyphenols (0.8841), tannins 
(0.9724) and flavonoids (-0.6898), and with the DPPH 
free radical scavenging: total polyphenols (0.7826), 
tannins (0.7850) and flavonoids (-0.6887). In both extracts, 
total polyphenols and tannins showed a positive linear 
relationship with the antioxidant activities. This suggests 
that their contribution to the antioxidant activities of the 
investigated market classes of common beans is 
considerable. These results are consistent with the findings 
of previous researchers, who reported such positive 
correlations for total polyphenols and tannins with 
antioxidant activity [18,32]. Surprisingly, there was no 
correlation between antioxidant activity and flavonoids 
content of the aqueous extracts, whereas negative 
correlations were observed in the methanol extracts. Low 
correlations between flavonoids and antoxidant activity 
have been reported previously in other studies [3,33]. It is 
known that only flavonoids of certain structure and 
containing certain groups, particularly hydroxyl groups in 
certain positions in the molecule determine antioxidant 
properties [33]; and that in general, these properties 
depend on the ability to donate hydrogens or electrons to a 
free radical [3]. 

4. Conclusion 
This study revealed that market classes of common 

beans grown in Zambia possess antioxidant properties that 
may be valuable for human health. The red beans have the 
highest free radical scavenging activity and FRAP – 
derived total antioxidant power, followed by the grey 
mottled, brown and white beans. Similarly, red beans is 
the richest in total polyphenol concentration, followed by 
grey mottled, brown and white beans, and there is a strong 
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positive correlation between antioxidant activity and total 
polyphenol content. 
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