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Recently, an inverse correlation between bean consumption and age related diseases such as breast
and prostate cancer has been established. Furthermore, beans can easily be grown with minimum cost
across the globe. In the present study, we investigated anthocyanin, proanthocyanidin and antioxidant
activity of five (black, brown, white, brown and black spotted) common bean species (Phaseolus
vulgaris L.) grown in Mashonaland Central, Zimbabwe. The five common bean species exhibited
variations in anthocyanins, proanthocyanidin and antioxidant activity. Anthocyanin content estimated
using a UV spectrophotometer by a pH differential method varied significantly in the order: brown (0.59
+ 0.01) > black (0.43 £ 0.01) > white (0.28 + 0.01). Brown seeds also exhibited superior proanthocyanidin
contents (0.18 mg g'l + 0.01). Bean seeds consisting of greater amounts of anthocyanins exhibited
superior antioxidant activity. All species showed antioxidant activity which was concentration-
dependent. The present results suggest that screening programs should be done to come up with
superior bean species for targeted animal feeds and human food.
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INTRODUCTION

Beans are important, cheap and widely available source
of nutrients in a diet. Recently, an increased interest in
bean species has been observed because consumption
of beans is linked to reduced risk of cardiovascular
diseases (Bazzano et al., 2001), diabetes and obesity
(Venkateswaran et al., 2002). Several studies confirm a
significant inverse correlation between beans intake and
age related diseases such as colon, prostate and breast
cancer (Hangen and Bennink, 2002; Kolonel et al., 2000).
A significant reduction in cancers and coronary diseases
implies the presence of phytoactive substances
synonymous with polyphenolic compounds. Beans are
rich in tannins, anthocyanins and flavonols (Aparicio-
Fernandez etal.,, 2005). Romani etal. (2004) and

Aparicio-Fernandez et al. (2005) reported the presence of
anthocyanins in black and blue-violet coloured beans,
respectively. Akond et al. (2011) investigated the
presence of anthocyanins, total polyphenols and
antioxidant activity from 29 common beans from USA and
International Center for Tropical Agriculture (CIAT) and
found out that there was a significant variation in
anthocyanins and antioxidant activity in different bean
species. Black beans consisted of the highest
anthocyanin content and polyphenols. Polyphenolic
compounds are famous because they are known to
reduce diseases caused by reactive oxygen and nitrogen
species (Maestri et al.,, 2006; Miliauskas, 2006). The
naturally electron deficient chemical structure of
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Table 1. Common bean species in Mashonaland Central.

Dzomba et al.

Physical appearance

Average mass (g) n =100

Percentage weight

White
Black
Brown
Black spotted
Brown spotted

3.184 10.010
3.268 10.022
3.434 9.998
3.097 10.008
3.352 10.021
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Mass values reported exclude moisture content of the bean species, n = number of seeds.

anthocyanins makes them highly reactive toward free
radicals and, consequently, makes them powerful natural
antioxidants. In Zimbabwe, few researches have focused
on presence of anthocyanins in beans and no researches
have focused on presence of anthocyanins and
antioxidant activity of beans grown in Mashonaland
Central area. This information is important to budding
smallholder farmers, manufacturing industries and
consumers since recently consumers’ interest has shifted
to foods and formulations with natural antioxidants rather
than foods with synthetic antioxidants. The reasons for
shunning such foods are the growing evidence linking
synthetic antioxidants with development of cancers
(Bergfeld et al., 2005; Maestri et al., 2006; Wangensteen
et al., 2004). In this study, therefore, we investigated
naturally occurring anthocyanins and antioxidant activities
of five common dried bean species grown in
Mashonaland Central Province in an effort to avail critical
information in developing practical strategies to enhance
bean quality and market prizes.

MATERIALS AND METHODS

Five dried common bean species were purchased locally from
farms surrounding Bindura town (Zimbabwe). Soils ranged from
loam to red clay soils. The area receives normal to above normal
rainfall. Their characteristics are summarized in Table 1.

Determination of total anthocyanins

Total anthocyanin compounds of the samples were estimated using
a UV-spectrophotometer by the pH differential method reported by
Abu Bakar et al. (2009) with slight modifications. Two buffer
systems, potassium chloride buffer, pH 1.0 (0.0025 M) and sodium
acetate buffer, pH 4.5 (0.4 M) were used. Briefly, 400 ul of extract
(3 mg of ground beans in 10 ml absolute methanol) was mixed in
3.6 ml of corresponding buffer solutions and read against a blank at
510 and 700 nm. Absorbance (Aq) was calculated as:

Ad = (As10 - A700) PH1.0 - (Asio - Az00) pH4.5

Anthocyanin concentration in the extract was calculated and
expressed as cyaniding-3 glycoside (mg g™) equivalent:

Ag x MW x DF x 1000 / (M x 1)

Where, Aq is difference in absorbance, MW is a molecular weight
for cyaniding-3-glucoside (449.2),

DF is the dilution factor of the samples and M, is the molar
absorptivity of cyaniding-3-glucoside (26.900).

Results were expressed as mg of cyaniding-3-glucoside
equivalents in 100 g of dried sample.

Determination of proanthocyanidins

Proanthocyanidin content was determined by vanillin-H,SO,4 assay
as described by Chang et al. (2007) with minor modifications. A
volume, 1.0 ml aliquots of bean extract (3 mg in 10 ml absolute
methanol) were mixed with 2.5 ml of 1.0% (w/v) vanillin in absolute
methanol and then with 2.5 ml of 25% (v/v) sulfuric acid in absolute
methanol to undergo vanillin reaction with polyphenols in bean
species. The blank solution was prepared in the same procedure
without vanillin. The vanillin reaction was carried out in a 25°C
water bath for 15 min. The absorbance at 500 nm was read and the
results were expressed as (+)-catechin equivalent by a calibration
method.

Antioxidant activity determination
The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical assay

DPPH: scavenging activity was assessed according to a method
reported by Pothitirat et al. (2009) with slight modifications. A
volume, 1 ml of 100 uM DPPH solution in methanol was mixed with
1 ml of powered bean extract, ascorbic acid and butylated
hydroxytoluene (BHT) of different concentrations. Extraction was
performed by shaking the powered bean seeds (10 g) with 100 ml
of methanol overnight. The reaction mixture was incubated in the
dark for 20 min and there after the absorbance was recorded at 517
nm using a UV-spectrophotometer against a blank. For the control,
1 ml of DPPH solution in methanol was mixed with 1 ml of methanol
and absorbance of solution was recorded after 20 min. The
decrease in absorbance of DPPH on addition of test samples in
relation to the control was used to calculate the antioxidant activity
as percentage of inhibition (%IP) of DPPH radical:

% IP = [(Ac - As) / (Ac x 100)]

Where A is absorbance of control after 20 min and As is
absorbance of sample after 20 min.

Statistical analysis

Results are presented as mean value * standard deviation (of three
replicate experiments). Statistical analyses to compare differences
in anthocyanins and proanthocyanin content were determined at
the significance level of p = 0.05 by applying analysis of variance
(ANOVA) followed by multiple comparisons using the least
significant difference (LSD) test. Student t-test was applied to
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Table 2. Anthocyanin and proanthocyanidin content in common beans (Phaseolus vulgaris L.).

Bean species

Anthocyanin content /mg g™

Proanthocyanidin content / mg g™ catechin

White 0.28 + 0.012 0.02 + 0.00°
Black 0.43 £ 0.01? 0.04 + 0.00°
Brown 0.59 + 0.01?% 0.18 +0.01°%
Black spotted 0.45 +0.01° 0.11 £ 0.01°%
Brown spotted 0.46 + 0.02° 0.13 £ 0.00%

Proanthocyanidin determination was based on a calibration curve y = 0.126x + 0, 11, R? = 0.98. a = significant different
between the means, b no significant difference. ANOVA and multiple comparisons using the LSD test.

Table 3. Result of Antioxidant activity of bean extracts, BHT and ascorbic acid.

% Antioxidant activity + SD (n = 3) at different concentrations / (ug/ml)

Bean
10 25 50 100 250

White 23.12+£0.01 46.16£0.01 51.08 £0.03 51.08+£0.03 76.45+ 0.03
Black 39.03+0.05 55.34+0.03 68.90 = 0.05 79.17+£0.03 93.17+0.01
Brown 44,67 £ 0.03* 69.00+ 0.01* 74.46 £ 0.01 83.55+0.03 98.11+ 0.03*
Black spotted 43.11+ 0.05* 63.02+0.03 70.38 £ 0.05* 81.33+ 0.03* 96.06x 0.05*
Brown spotted 41.07 £0.01 56.39+0.01 69.11+0.03* 80.77+£0.01* 93.46 £ 0.05
Ascorbic acid 47.93+0.01 69.92+0.01* 78.81+0.05 88.97+ 0.05 99.85+ 0.03*
BHT 43.00 + 0.05* 61.24 £ 0.03 70.17 £ 0.01* 81.11+ 0.03* 95.23 + 0.05*

*. No significant difference between the extracts and the standards. Student t-test p = 0.05.

compare antioxidant activity of the beans and that of standard
antioxidants (ascorbic acid and BHT).

RESULTS AND DISCUSSION

Anthocyanin,
colour

proanthocyanidin content and seed

The results for anthocyanin and proanthocyanidin
determination are shown in Table 2. Brown bean species
exhibited the greatest anthocyanins and
proanthocyanidins content, 0.59 mg g"l + 0.01 and 0.18
mg g* + 0.01, respectively, while white bean species
showed the least anthocyanins and proanthocyanidins
content 0.28 mg g* + 0.01 and 0.02 + 0.00 mg g~
respectively. Anthocyanins and proanthocyanidins
content decreased significantly in the order: brown (0.59
+ 0.01) > black (0.43 + 0.01) > white (0.28 + 0.01).
Significant differences in anthocyanin and proantho-
cyanin content was observed between the bean species
(p < 0.05). According to Akond et al. (2011), black beans
revealed higher anthocyanin content, while in the present
study brown seeds exhibited the greatest anthocyanin
content. Low concentrations were found in white bean
species. Low concentrations of anthocyanins were found
in white bean species because anthocyanins are
pigments which confer red/blue colour in plant material
(Einbond et al., 2004). The total anthocyanin content in
crude extracts containing other phenolic materials is
usually determined by measuring absorbance of the

solution at a single wavelength (Einbond et al., 2004).
This is possible because anthocyanins have a typical
absorption band in the 490 to 550 nm region of the visible
spectra (Naczk and Shahidi, 2004). The band is far from
the absorption bands of other phenolics, which have
spectral maxima in the UV range (Giusti et al., 1999). The
use of differential or subtractive methods to quantify
anthocyanins is highly recommended because of
interference from anthocyanin degradation products or
melanoidins from browning reactions (Giusti and
Wrolstad, 2001).

Antioxidant activity

All the bean species showed antioxidant efficacy
assessed by DPPH assay, Table 3 with brown beans
recording the greatest antioxidant activity for the selected
concentration range of 10 to 250 g ml™. At 250 Mg mi?,
antioxidant activity of brown beans was 98.11%. White
bean species showed the least antiradical activity of
76.45%. The antioxidant activity varied significantly in the
order: brown > black > white. (ANOVA and LSD analysis
p = 0.05). Antioxidant activity increased with
concentration of the bean extracts. Similar studies found
out that white bean coat consisted of no antioxidant
activity (Tsuda et al., 1994) while red and black seed
coats consisted of significant antioxidant activity (Wu et
al., 2004; Oomah et al., 2005). This implies that dark
bean species consist of good antioxidant activity as
compared to white bean species. Antioxidant activities of



the extracts were comparable to antioxidant activity of
ascorbic acid and BHT (Student t-test p = 0.05).

Conclusions

Bean species showed variations in anthocyanins and
antioxidant activities. Generally, bean species consisting
of greater anthocyanins exhibited greater antioxidant
activity. Darker varieties consisted of greater antioxidant
activity. This information may be useful in the choice of
bean species for genotype improvement, prizing and
human consumption.
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