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Legumes are an important component of the common mans’ diet in Pakistan and various species of
legumes are grown throughout Pakistan. Little work exists on determination of metal contents and
antioxidant activity of pods and leaves of food legumes. Current research is designed to quantify metal
contents of leaves and pods of selected legumes and to establish antioxidant profiles of crude
methanolic extracts of leaves and pods of said species. Presence of higher amounts of all necessary
mineral contents indicates that said legumes may find their place in livestock feed as well as human
diet. On the basis of employed analytical methods, the tested legume extracts may be considered easily
accessible natural sources of antioxidants and valuable additions to forage for grazing animals due to

mineral contents present in their leaves and pods.
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INTRODUCTION

Leguminosae is 3rd largest family of flowering plants
containing 727 genera and 19325 species (Lewis et al.,
2005). Legumes grow in varied agrogeoeclimatological
conditions and comprise of grain legumes; oilseed, forage,
ornamental and medicinal crops as well as many
agroforestry species. Legumes are present in human
food, animal feed and commercial applications such as
soap, paints, resins, coatings, linoleum, cosmetics,
pharmaceutical products, timber, tannins, gums,
insecticides and molluscicides (Singh et al., 2007).
Reasonable consumption of legumes may help to prevent
cardiovascular disease, Parkinson’s, Alzheimer’s, and
Huntington’s diseases, liver ailments, cancer and diabetes
(Andersen et al., 1984; Grusak, 2002; Madar and Stark,
2002; Jenkins et al., 2003; Singh, 2005, 2007). Legumes
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contain high amounts of protein and dietary fibers, and
fewer amounts of cholesterol and saturated fat. One-third
of all dietary protein and processed vegetable oil for
human consumption is obtained from legumes (Graham
and Vance, 2003). Legumes and cereals complement
each other in human food and agriculture system in
Pakistan particularly in efficient use of water and land
resources. Chickpea (desi and kabuli), mash bean, mung
bean, lentil, and pea are among major legumes grown in
Pakistan. Oxygen is vital for the survival of life, however,
during the process of its utilization in normal physiological
and metabolic processes, about 5% of it gets reduced to
oxygen derived free radicals like superoxide, hydrogen
peroxide, hydroxyl and nitric oxide radicals (Halliwell and
Gutteridge, 1988; Yu, 1994). These radicals, frequently
known as reactive oxygen species (ROS) exert oxidative
pressure on human body cells (Lata and Ahuja, 2003).
When excess amount of these radicals is not countered
by human body defense system, these radicals attack
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Table 1. Mineral contents of leaves.

Plants Na (g/kg) Ca (g/kg) P (g/kg) K (g/kg) Mg (g/kg) Fe (mg/kg) Cu (mg/kg) Zn (mg/kg)
Desi chickpea 1+0.03° 16+0.11* 5+004° 31+0.07° 4+0.06° 133+0.34° 8045 124+0.48°
Kabuli chickpea 2+0.07* 13+0.18% 4+0.01° 37+0.05* 3+0.01° 145+0.63* 10+0.34*® 103 0.55"
Lentil 3+0.02° 14+0.05%° 5+0.03* 23+0.02° 2+0.04° 121+044° 7+0.41° 99+0.74°
Mung bean 4+0.06° 15+0.24° 7+0.11° 27+0.30° 4+0.05° 109+0.25° 6+0.12° 107 +0.27°
Mash bean 2+0.05® 10+0.03° 6+0.17° 25+0.15° 5+0.07*° 139+0.21® 11+0.05% 113+0.12°
Pea 5:0.03° 12+0.02° 4+020° 19+0.12° 7+0.03* 139+0.18° 13+0.12*® 101+ 0.05°

Data are expressed as mean + standard deviation (n = 3), values marked by the different letters in same column differ significantly (P < 0.05).

Table 2. Mineral contents of pods.

Plants Na (g/kg) Ca (g/kg) P (g/kg) K (g/kg) Mg (g/kg) Fe (mg/kg) Cu (mg/kg) Zn (mg/kg)
Desichickpea ~ 19+0.12° 207 +0.33* 152+0.05° 196+0.45* 167+0.25° 8+0.09° 11+0.04* 24+0.22°
Kabuli chickpea 23+0.29° 198+0.27° 164+0.23* 173+063" 135+0.12° 9+0.12* 13+0.06° 39 +0.47°
Lentil 31+0.22* 189+0.18° 157+0.66® 182+0.88° 149+0.08° 6+0.04° 17+0.11* 29+0.44°
Mung bean 17 £0.09° 204 +0.56* 155+0.32° 187+0.74%* 154+0.33° 9+023* 16+0.29° 27+0.07°
Mash bean 26+0.38° 210+0.47° 160+0.45* 176+0.66° 163+0.26%° 7+0.16° 12+0.07* 33+0.21°
Pea 15+0.04° 212+0.11* 166+0.31*° 169+0.38° 157+0.11° 10+0.05° 14+0.10° 31+0.29"

Data are expressed as mean * standard deviation (n = 3), values marked by the different letters in same column differ significantly (P < 0.05).

biomolecules like proteins, lipids, DNA and carbohydrates
leading to a number of physiological disorders.
Antioxidants defend living systems against harmful
effects of these radicals. Similarly, abundance or
shortage of certain metals present in plants may be
harmful to human health. Presence of these metals up to
acceptable limits is essential for normal human
physiobiochemical functions. Usually presence of metals
in plants depends on cultivars, agrogeoclimatological
conditions, maturity and collection time as well as plant
tissue, soil, water and fertilizers compostion along with
permissibility, selectivity and absorbility of plants for the
uptake of these metals. The focus of the scientific
community has been directed to antioxidant components
and various constituents such as amino acids, proteins,
oil constituents, trace elements, and sugars of legumes
(Zia-Ul-Hag et al., 2007a, b, 2008a, b, 2009, 2010,
2011a, b, c, d, e, 2012). We have evaluated metal
contents and employed a battery of antioxidant capacity
assays to evaluate the antioxidant potential of some
commonly consumed legumes in Pakistan.

MATERIALS AND METHODS

Plant material (leaves and pods) of desi and kabuli chickpea (Cicer
arietinum L.), lentil (Lens culinaris Medik), mung bean (Vigna
radiate (L.) Wilczek), mash bean (Phaseolus mungo) and pea
(Pisum sativum L.) was obtained from Department of Agronomy,
Bahauddin Zakariya University, Multan, Pakistan.

Determination of metal contents

Plant material (leaves and pods) was washed with tap water,

followed by distilled water containing a nonionic detergent, and
finally three rinses of distilled water, and then were oven-dried at
60°C for 48 h. It was then milled, ground, ashed at 45°C, and
digested in 10 ml 1 mol/L HCI. Among major minerals, K was
measured by flame photometry and P colorimetrically by the
molybdovanadate method (Kitson and Mellon 1944). Ca, Mg and
trace minerals (Fe, Cu and Zn) were measured by atomic
absorption spectrometry (AA680, Shimadzu, Japan). Standardized
procedures for measuring the mineral element concentrations
followed the guidelines of the (AOAC, 1990). The concentrations
are expressed on dry matter basis (Ayaz et al., 2007; lbrikci et al.,
2003) (Tables 1 and 2).

Extraction

The plant material (leaves and pods) was crushed to coarse
powder separately with help of pestle and mortar, and macerated
with aqueous methanolic mixture (80:20; v/v, 1 L) at room
temperature for fifteen days with occasional shaking. The extracts
obtained were filtered through filter paper under vacuum and
concentrated under reduced pressure in a rotary evaporator (model
Q-344B — Quimis, Brazil) using a warm water bath (model Q-214M2
- Quimis, Brazil) to obtain a thick gummy mass, which was further
dried in a desiccator and stored in air-tight vial till further use.
Methanol, catechin, gallic acid, Folin and Ciocalteau’s reagent,
ferric chloride, 2,2-diphenyl-1-picrylhydrazyl radical (DPPH’),
butylated hydroxyl toluene (BHT), and L-Ascorbic acid were
obtained from Sigma (St Louis, MO), USA. All the chemicals used
were of analytical grade.

Determination of total phenolic (TPC) and flavonoid (TFC)
contents

Extracts were assayed for total phenolic (TPC) and flavonoid (TFC)
contents by following previously reported methods (Jia et al., 1999;
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Table 3. Total phenol content and total flavonoid content of legume leaves.

Plant TPC (mgGAE/g) TFC (mgCAE/qQ)
Desi chickpea 2.91+0.34% 0.99 £ 0.39%
Kabuli chickpea 1.52 + 0.59° 0.65 +0.51%
Lentil 1.04 +0.18° 0.36 + 0.39"
Mung bean 2.17 £0.35% 0.89 £ 0.16%
Mash bean 2.65+0.17% 0.68 +0.19%
Pea 1.79 + 0.09° 0.74 +0.15%

Data are expressed as mean * standard deviation (n = 3), values marked by the different letters in

same column differ significantly (P < 0.05).

Table 4. Total phenol content and total flavonoid content of legume pods.

Plant TPC (mgGAE/g) TFC (mgCAE/g)
Desi chickpea 3.51+1.62% 1.29 £ 0.19°
Kabuli chickpea 2.09 * 0.59" 1.07 +0.23"
Lentil 1.79 +0.11° 1.43 +0.41%
Mung bean 2.91+0.53° 1.62 +0.13%
Mash bean 3.89+0.91°% 1.58 £ 0.27°
Pea 2.62 +0.64° 1.72 +0.11%

Data are expressed as mean * standard deviation (n = 3), values marked by the different letters in

same column differ significantly (P < 0.05).

Heimler et al., 2005; Zia-Ul-Haqg et al., 2008a) respectively and
results were expressed as gallic acid equivalents mg (GAE)/g and
as mg catechin equivalents (CAE)/g (Tables 3 and 4).

DPPH radical scavenging assay

This spectrophotometric assay uses the stable radical 2, 2-
diphenyl-1-picrylhydrazyl (DPPH) as a reagent (Amarowicz et al.,
2004). An aliquot of the sample (100 pl) was mixed with ethanol
(1.4 ml) and then added to 0.004% DPPH (1 ml) in ethanol. The
mixture was shaken vigorously and then immediately placed in a
UV-Vis spectrophotometer (UNICO, Shanghai, China) to monitor
the decrease in absorbance at 517 nm. Monitoring was continued
for 70 min until the reaction reached a plateau. The radical-
scavenging activities of samples, expressed as percentage
inhibition of DPPH, were calculated according to the formula:

Ao-Ar

Inhibition (%) = x 100

Ao

where Ao = absorbance of the control and A;= absorbance of the
extract. Scavenging activity was compared with natural antioxidants
like ascorbic acid (Yen and Duh, 1994) (Tables 5 and 6).

B-Carotene-linoleic acid test

Antioxidant activity of the samples was determined using the B-
carotene-linoleic acid test (Taga et al., 1984). B-carotene (10 mg)
was dissolved in chloroform (10 ml). The carotene—chloroform
solution (0.2 ml) was pipetted into a boiling flask containing linoleic
acid (20 mg) and Tween-40 (200 mg). Chloroform was removed

using a rotary evaporator at 40°C for 5 min, and distilled water (50
ml) was added to the residue slowly with vigorous agitation, to form
an emulsion. A portion of the emulsion (5 ml) was added to a tube
containing the sample solution (0.2 ml) and the absorbance was
immediately measured at 470 nm against a blank, consisting of an
emulsion without B-carotene. The tubes were placed in a water bath
at 50°C and the oxidation of the emulsion was monitored
spectrophotometrically by measuring absorbance at 470 nm over a
60 min period. Control samples contained 200 ul of water while
BHT was used as a reference. The antioxidant activity was
expressed as inhibition percentage with reference to the control
after a 60 min incubation using the following equation:

DRC - DRS
AA =100 x
DRC

where AA = antioxidant activity; DRC = degradation rate of the
control; DRS = degradation rate in presence of the sample (Wu et
al., 2009) (Tables 5 and 6).

Superoxide radical scavenging potential

1 ml of 156 mM nitro blue tetrazolium (pH = 7.4), 1 ml of 468 mM
NADH solution (pH = 7.4), and 1 ml sample solution of extract were
mixed. To initiate reaction 100 ml of 60 mM phenazine methosulfate
(pH 7.4) were added to the mixture. The reaction mixture was
incubated at 25°C for 5 min and the absorbance was measured at
560 nm against blank sample (NBT and NADH) and compared with
standards. Decreased absorbance of reaction mixture was
indicative of increased superoxide anion scavenging activity.
Following formula was used to calculate % inhibition of superoxide
anion generation:
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Table 5. In vitro antioxidant activity of leaves by various assay I1Csq (ug/ml).

DPPH radical scavenging

Plants o
activity

B-carotene-linoleic
acid test

Superoxide radical
scavenging activity

Desi chickpea 407.05 + 1.25°
Kabuli chickpea 490.11 + 1.86"
Lentil 539.31 + 1.04°
Mung bean 456.71 + 1.62°
Mash bean 432.89 +1.73"
Pea 507.44 +1.03%
Ascorbic acid 192.13 +1.38°
BHT -

168.39 + 1.12°
206.02 + 1.37°
239.14 + 1.34°
196.07 + 1.52%

423.25 +1.16°
503.04 + 1.23%
561.67 + 1.39°
479.27 + 1.55°
461.68 + 1.81° 177.35 + 1.43°
529.84 +1.73% 247.63 + 1.88%
- 99.04 +1.17°
175.27 + 2.33° -

Data are expressed as mean + standard deviation (n = 3), values marked by the different letters in same column differ significantly (P

<0.05).

Table 6. In vitro antioxidant activity of pods by various assays.

DPPH radical

Plants . .
scavenging activity

B-carotene-linoleic
acid test

Superoxide radical
scavenging activity

Desi chickpea 367.21 +1.09%
Kabuli chickpea 432.108 + 1.32°
Lentil 465.51 + 1.24°
Mung bean 389.22 +1.31%
Mash bean 401.44 + 1.85%
Pea 457.13 +1.21°
Ascorbic acid 192.13 +1.38°
BHT -

137.12 + 1.44°
176.33 + 1.06"
205.05 + 1.01°
175.04 + 1.62°

341.36 + 1.33°
466.23 + 1.84°
503.44 + 1.39°
417.16 + 1.03°
404.73 +1.98° 163.17 + 1.22°
477.42 + 1.54° 203.52 + 1.29%
- 99.04 +1.17¢
175.27 + 2.33d -

Data are expressed as mean + standard deviation (n = 3), values marked by the different letters in same column differ

significantly (P < 0.05).

Ao-A1

Inhibition (%) = x 100

Ao

where Ao = absorbance of the control (blank, without extract) and A;
= absorbance in the presence of the extract (Ilhami et al., 2005)
(Tables 5 and 6).

RESULTS AND DISCUSSION

Besides their nutritional repute, metals have both healing
and protective role. Metals investigated in pods and
leaves indicated that calcium, potassium, phosphorus
and magnesium were present in highest contents while
iron and zinc were major trace elements present in both
leaves and pods of investigated species. Sodium and
potassium endure acid-base balance and nerve
transmittance. Calcium and phosphorus are necessary
for development and appropriate functioning of bones
muscles and teeth. Iron is compulsory for hemoglobin
and myoglobin synthesis (Saleh-e-in et al., 2008).
Sodium, potassium and calcium also impact heart
functions. Calcium increases heart shrinkage (Rajurkar et

al., 1997). Many metabolic processes require
magnesium, iron and potassium. Zinc plays central role in
many biochemical and immunological functions (Fell and
Lyon, 1994; Dell and Sunde, 1997). It is apparent that the
investigated species are meaningful sources of all
necessary elements in the human diet. Our results
(Tables 1 and 2) are close to those reported earlier for
related species (lbrikci et al., 2003; Mateos-Aparicio et
al.,, 2010). Phenolic acids presence in food and feed
commodities was considered as negative earlier as they
were doubted to decrease nutrients availability de-
creasing nutritional importance. However, now it is
proved that polyphenolics presence in food is important
for oxidative stability and antimicrobial properties
(Carbonaro et al., 2002; Floridi et al., 2003). Phenolics
possess a wide spectrum of biochemical activities like
anticancer, antioxidant and gene-modifying capacities.
Similarly, several studies indicate a significant correlation
between high dietary intake of flavonoids and reduction of
cardiovascular and carcinogenic risk (Marinova et al.,
2005). Our results indicated that all tested extracts had
sufficient amount of phenolic and flavonoid contents.
Highest phenolic contents were observed in mash bean
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DPPH radical B-carotene-linoleic ~ Superoxide radical
Assay TPC . L : ! L
scavenging activity acid test scavenging activity
TPC - 0.242 0.361 0.451
DPPH radical scavenging activity 0.242 - 0.987 0.946
-carotene-linoleic acid test 0.361 0.987 - 0.971
Superoxide radical scavenging activity 0.451 0.946 0.971 -

(3.89a + 0.91), desi chickpea (3.51a + 1.62) and mung
bean (2.91b + 0.53) pods. Similarly, pods of these three
species also contained highest amounts of flavonoids. To
gauge antioxidant potential, battery of assays is
commonly used. In the current study, we also used three
top-benched  antioxidant assays, DPPH radical
scavenging activity, P-carotene-linoleic acid test and
superoxide radical scavenging activity to evaluate
antioxidant potential of these legumes. ICg, values
observed indicated both organs, that is, pods and leaves
as sufficient sources of antioxidants. Superoxides are
produced from molecular oxygen due to oxidative
enzymes of body as well as via hon-enzymatic reaction
such as auto-oxidation by catecholamines (Hemmani and
Parihar, 1998). The results (Tables 5 and 6) showed that
the potency of legume leaves and pods extract against
superoxide radical scavenging activity in the model
system. There are similar reports for other plants that are
carried out in different systems (Akinmoladun et al.,
2010). The apparent mechanism of scavenging the
superoxide anions may be due to the occurrence of
phenolic compounds that are present in the extracts and
their uptake of generated superoxide in in vitro reaction
mixture.

The results of the different antioxidant assays used in
the present study of different extracts were compared
and correlated with each other and results represented in
Table 7. The content of total phenolics (TFC) showed
good correlation with most of the antioxidant assays,
such as DPPH radical scavenging activity (r = 0.242), B-
carotene-linoleic acid test (r = 0.361), Superoxide radical
scavenging activity (r = 0.451). Many scientists have
reported outstanding linear correlations between
antioxidant activity tests and total phenolic content
(Sultana et al., 2007; Oliveira et al., 2009). There was
also good relation among different antioxidant assays.
DPPH radical scavenging assay showed close relation
with superoxide anion scavenging activity (r = 0.946).
This may be due to the reason that many other
compounds such as carotenoids, tocopherol and vitamin
C other than total phenols and total flavonoids also
contribute to antioxidant activity (Mccune and Johns,
2002).
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