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ABSTRACT

The antioxidative properties and total phenolic contents of raw, dry heated and pressure cooked seed sample extracts of Macrotyloma
uniflorum (brown and black variety) and Dolichos lablab were examined. The raw, dry heated and pressure cooked samples were
extracted with 50% methanol and 70% acetone separately and the extracts were pooled and used for analysis. The raw and processed seed
samples of respective legumes had a good source of dietary phenolics including tannins and high molecular condensed tannins. The
extracts were screened for their potential antioxidant activities using reducing power, a,0-diphenyl-B-picrylhydrazyl (DPPH®), OH",
ABTS"", antihemolytic, metal chelating and linoleic acid emulsion model systems. All the extracts exhibited reducing power activity;
moreover, they were well correlated with phenolic concentration in a dose-dependent manner. Like reducing power activity, a similar
dose-dependent trend was also observed in the hydroxyl radical scavenging and DPPH radical scavenging activities. Nonetheless, at a
concentration of 1 mg in the reaction mixture, all the extracts showed peroxidation inhibiting activity between 94 to 99% with out any
significant differences (p<0.05) in the linoleic acid emulsion system. Interestingly, pressure cooked samples of both legumes registered
the highest ABTS"" cation radical scavenging activity when compared to the raw and dry heated samples. Although all extracts were
found to have potential metal chelating property (31.27-75.78 mg EDTA g™'), antihemolytic activity was very low except in raw and dry
heated samples of D. lablab. Both dry heated and pressure cooked samples of M. uniflorum and D. lablab could be advocated for wider

consumption as potent antioxidant nutrients to prevent oxidative stress-induced and nutrient-borne diseases.
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INTRODUCTION

A large number of people living in developing as well as
developed countries are affected by chronic diseases that re-
sult in increased premature death. Changes of life style and
dietary habits affect diseases that include obesity, diabetes
mellitus, cardiovascular diseases, hypertension and stroke
and some types of cancer (Rui 2004; Espinosa-Alonso et al.
2006). In the last decades oxidation mechanisms and the
role of free radicals in living systems have gained increased
attention. Oxygen uptake inherent to cell metabolism pro-
duces reactive oxygen species such as superoxide and hyd-
roxyl radicals. The reaction of these species with lipid mole-
cules produces peroxyl radicals and their interaction with
nucleic acids and proteins leads to certain alterations and
functional modifications. These processes are recognized as
the cause of aging and participate in the pathogenesis of
several serious disorders as cancer, atherosclerosis, inflam-
matory and coronary heart diseases (Halliwell et al. 1992;
Chaillou and Nazareno 2006).

Antioxidants are substances that are capable of counter-
acting the damaging but normal effects of the physiological
process of oxidation in animal tissue. Antioxidants are nut-
rients (vitamins and minerals) as well as enzymes (protein
in the body that assists in chemical reactions) (Sun et al.
2002). They are believed to play a role in preventing the de-
velopment of chronic diseases and cataracts (Chu et al.
2002). Natural polyphenols exert their beneficial health ef-
fects by their antioxidant activity, these compounds are
capable of removing free radicals, chelate metal catalysts,
activate antioxidant enzymes, reduce a-tocopherol radicals

and inhibit oxidases (Oboh 2006). Flavonoids obtained com-
mercially and isolated from plant species are known to be
effective free radical scavengers. Recently condensed and
hydrolysable tannins of relatively high molecular weight
have also been shown to be effective antioxidants in addition
to that of simple phenolics. There is increasing evidence
that consumption of a variety of phenolic compounds pre-
sent in natural foods may lower the risk of serious health
disorders because of the antioxidant activity of these com-
pounds (Hagerman et al. 1998; Beninger and Hosfield 2003).

Legume seeds occupy an important place in the human
diet all over the world. They are a good source of protein,
lipid, polysaccharides (dietary fiber, starch) and micronutri-
ents (vitamins, trace elements). Nonetheless, legumes are
also a rich source of bioactive non-nutrient compounds
(phytoceuticals) (Anderson ef al. 1999; Messina 1999).
Dietary polyphenols from dry beans may act as antioxidants
to inhibit the formation of damaging free radicals that result
from the natural degradation of foods (Namiki 1990). The
inclusion of such legumes in the daily diet has many benefi-
cial physiological effects in controlling and preventing vari-
ous metabolic diseases such as diabetes mellitus, coronary
heart disease and colon cancer. Currently the role of leg-
umes as therapeutic agents in the diets of persons suffering
from metabolic disorders is gaining interest (Tharanathan
and Mahadevamma 2003). The consumption of whole leg-
umes is very high in several parts of the world, mainly
developing countries of Asia, Africa and South America
where chronic human diseases are hardly found. Heart dis-
ease and cancer researchers are looking at potential benefits
of specific foods such as soybean and other plant derived
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diets. Therefore, the bioactive compounds, such as antioxi-
dants, including tocopherols, carotenoids, vitamin C and
phenolic compounds, seem to be associated with these

health benefits (Cadenas and Packer 2002; Frias et al. 2005).

Dolichos lablab L., commonly referred to as field bean
or hyacinth bean, is a legume widespread throughout the
tropics. In India it is an important multipurpose legume
crop used as a pulse, vegetable and forage. Whereas its de-
rived beans serve as pulse, its tender pod with beans or the
green beans alone serve as vegetable. Because of its abun-
dant foliage, the crop is employed as an excellent fodder.
Besides India, it is also cultivated as a forage crop in the
United States, Hungary, Nigeria and many other countries.
Dried seeds of lablab bean contain 20-28% crude protein
and the amino acids are moderately well balanced with es-
pecially high lysine content (6.1%). Lablab bean leaves are
also rich in protein (up to 28%) and among legumes it is
considered to be one of the best sources of iron (155 mg per
100 g of leaves, dry weight) (Wealth of India 1992). Some
varieties of D. lablab beans secrete a fragrant oil on the sur-
face of their pods. The exudate acts as bacteriocide or bac-
teriostat, which is in conformity with the fact that fatty
acids and their derivatives do possess such properties (Sum-
rell et al. 1978; Fernandes and Nagendrappa 1979). Where-
as, the potential breast cancer fighting chemical known as
kievitone is also found in hyacinth bean (Oboh 2006).
Nonetheless, an antifungal protein Dolichin, possessing a
molecular weight of 28 kDa and an N-terminal sequence
resembling chitinases, has been purified from the seeds of
the field bean D. lablab. Dolichin was capable of inhibiting
Human Immuno-deficiency Virus (HIV) reverse transcrip-
tase and o- and PB-glucosidases which are glycohydrolases
implicated in HIV infection. It had very low ribonuclease

and cell-free translation-inhibitory activities (Ye ef al. 2000).

Further the dietary protein concentrates of D. lablab seeds
are having potential hypocholesterolemic effect (Chau et al.
1998).

Horse gram (Macrotyloma uniflorum (Lam.) Verde.) is
a pulse crop native to the South-East Asian subcontinent
and to Tropical Africa. It is extensively cultivated, especi-
ally in dry areas of Australia, Burma, India and Sri Lanka
(Duke and Reed 1981). It is widely used as animal feed and
as minor pulse in human nutrition. The use of dry seeds of
horse gram is limited due to their poor cooking quality.
However, it is consumed as sprouts in many parts of India.
The US National Academy of Sciences identified this leg-
ume as a potential food source for the future. Earlier studies
showed that horse gram is a good source of protein (17.9—
25.3%), carbohydrates (51.9-60.9%), essential amino acids,
energy and a low content of lipid (0.58-2.06%) and is an
excellent source of iron and molybdenum (Kadam and Sa-
lunkhe 1985; Sudha et al. 1995; Bravo et al. 1999). It also
possesses slow digestible starch, which is considered to
have low postprandial glucose response when consumed by
diabetic patients (Bravo et al. 1998). Administration of the
methanolic extract of whole plant to rabbits in which oxida-
tive stress had been induced by being fed a high fat diet
(HFD), led to an improvement in antioxidant enzymes such
as superoxide dismutase (SOD) and catalase (CAT), and an
increase in reduced glutathione (GSH) concentration (Muthu
et al. 2006). In addition to that, the cooking liquor of horse
gram seeds with spices is considered to be a potential rem-
edy for the common cold, throat infection and fever and the
soup made from the seeds of this plant is said to generate
heat and to help dilute renal stones. It contains bioactive
substances like isoflavone diglycoside, 5-hydroxy-7, 3°, 4°-
trimethoxy-8-methylisoflavone; 5-O-a-L-rhamnopyranosyl
(1—-2)-O-B-D-glucopyranoside (Mitra et al. 1983; Siddhu-
raju and Manian 2007). The methanolic extract of D. biflo-

rus possesses hypolipidemic activity in high fat diet fed rats.

D. biflorus has antitumor activity, the root or the plant is
used as expectorant in China, it is also used in menstrual
problems (Muthu ef al. 2005). However, the available infor-
mation regarding the antioxidant activities of bioactive con-
stituents especially from hydrothermally processed D. lab-
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lab and M. uniflorum (brown and black varieties) are found
to be meagre. Therefore, the present work has been carried
out to evaluate the phenolic constituents, antioxidant poten-
tial and free radical-scavenging property of raw, dry heated
and hydrothermally processed legume seeds.

MATERIALS AND METHODS
Chemicals

Potassium ferricyanide, ferric chloride, 2,2-diphenyl-1-picryl-hyd-
razyl (DPPH"), potassium persulfate, 2,2’azinobis (3-ethylbenzo-
thiozoline-6-sulfonic acid) disodium salt, 6-hydroxy-2,5,7,8-tetra-
methylchroman-2-carboxylic acid (Trolox), linoleic acid, ferrous
chloride, ammonium thiocyanate, hydrogen peroxide, ferrous am-
monium sulfate, ethylenediamine tetra acetic acid (EDTA) di-
sodium salt, 2,2’-bipyridyl and hydroxylamine hydrochloride were
obtained from Himedia, Merck or Sigma. All other reagents used
were of analytical grade.

Seed samples and processing

The dry seeds of M. uniflorum (brown and black varieties) were
purchased from the market located at Salem, TN, India during
September 2006. The dry seed of D. lablab was purchased from
the market located at Mettupalayam, TN, India during October
2006. Raw seeds of about 100 g were weighed and dry heated at
160°C for 15 min in an oven. Another 100 g of the raw seeds,
which were cooked in a pressure cooker for 20 min, used a seed:
water ratio of 1:3 (w/v). Then water was decanted and the cooked
seeds were dried at 50°C until a constant weight was reached. The
raw, dry heated and pressure cooked seeds were finely powdered
using a Willy Mill of 60 mesh size. All the powdered samples
were stored separately in a screw capped bottle at a room tempera-
ture until further analysis.

Solvent extraction

10 g of each sample was weighed and added 50 mL of 50% metha-
nol (w/v) and using a shaker, the sample was shaken occasionally
for 24 h. Then the sample was centrifuged at 5000 rpm for 20 min
and the supernatant was collected. Another 10 g of each sample
was taken with 50 mL of 70% acetone (w/v) and using a shaker,
the sample was shaken occasionally for 24 h. Then the sample was
centrifuged at 5000 rpm for 20 min and the supernatant was col-
lected. The two solvent extracts were pooled together and stored in
a separate screw capped bottles for further analysis.

Extract recovery percentage
From the seed extract, a known volume was taken, dried in an

oven at incubator temperature of 40°C (until sample getting a con-
stant weight) and the recovery percent was calculated as follows:

(Extract + container (g)) (Empty container (g)) <10

Recovery % = 0

Sample weight (g)

Estimation of total phenolics and tannins

Aliquots of appropriate concentration of the extract were placed in
a test tube and made up to a volume of 1 mL with distilled water.
Then 0.5 mL of Folin- Ciocalteu phenol reagent (1:1 with water)
and 2.5 mL of sodium carbonate solution (20%) were added se-
quentially in each tube. Soon after vortexing the reaction mixture,
the test tubes were placed in the dark for 40 min and the absor-
bance was recorded at 725 nm against the reagent blank. The
amount of total phenolics was calculated as tannic acid equivalents
from a calibration curve (Siddhuraju and Becker 2003). Using the
same extract the tannins were estimated after treatment with poly-
vinyl polypyrrolidone (PVPP). One hundred milligrams of PVPP
was weighed in a 100 x 12 mm test tube and to this 1.0 mL dis-
tilled water and then 1.0 mL of tannin containing phenolic extract
were added. The content was vortexed and kept in the test tube at
4°C for 15 min. Then the sample was centrifuged (5000 rpm for
10 min at room temperature) and the supernatant was collected.



Antioxidant activity of Macrotyloma uniflorum and Dolichos lablab. Siddhuraju et al.

This supernatant has only simple phenolics other than tannins (the
tannins would have been precipitated along with the PVPP). The
phenolic content of the supernatant was measured, as monitored
above and expressed as the content of non-tannin phenolics on a
dry matter basis (Siddhuraju and Manian 2007). From the above
results, the tannin content of the sample was calculated as follows:

Tannin (%) = Total phenolics (%) — Non-tannin phenolics (%).

Estimation of condensed tannins

0.50 mL of the extract was pipetted into a test tube, 0.3 mL of the
butanol-HCI reagent and 0.1 mL of the ferric reagent were added
sequentially. The contents were vortexed and the mouth of each
tube was covered with a glass marble and the tubes were kept in a
heating block adjusted at 97 to 100°C for 60 min. After cooling the
test tubes, the absorbance was recorded at 550 nm and suitable
blank was subtracted, which is usually the absorbance of unheated
mixture (Siddhuraju and Becker 2003). The condensed tannins (%
in dry matter) as leucocyanidin equivalent were calculated by
using the following formula:

Condensed tannins = (OD value at 550 nm x 78.26 x Dilu-
tion factor) / (% dry matter).

Reducing power assay

Different concentrations of extracts were dissolved in 1 mL of
phosphate buffer in a test tube and 5 mL of 0.2 M phosphate buffer,
pH 6.6 was added. To this, 5 mL of 1% potassium ferricyanide
solution was added. The mixture was incubated at 50°C for 20 min.
After the incubation, 5 mL of 10% TCA was added and the content
was centrifuged at 1000 rpm for 10 min. The upper layer of the
supernatant (5 mL) was mixed with 5 mL of distilled water. To this,
1 mL of ferric chloride (0.1%) was added and mixed. Then, the ab-
sorbance of the reaction mixture was read spectrophotometrically
at 700 nm against water blank (Oyaizu 1986).

Stable free radical scavenging activity using DPPH
method

Different concentrations of extracts were taken in different test
tubes. The volume was adjusted to 100 pL with methanol. 5 mL of
a 0.1 mM methanolic solution of DPPH* was added to these tubes
and shaken vigorously. The tubes were allowed to stand for 20 min
at 27°C. The control was prepared as above without any extract,
and methanol was used for the baseline correction. Changes in the
absorbance of the samples were measured at 517 nm (Blios 1958).
Radical scavenging activity was expressed as the inhibition per-
centage of free radicals by the samples and was calculated using
the following formula:

% radical scavenging activity = (Control OD - Sample OD /
Control OD) x100.

Extract required for decreasing 50% of DPPH" radical scaven-
ging activity under the specified experimental condition was also
calculated.

Hydroxyl radical scavenging activity

The scavenging activity of the extracts of raw and processed seed
samples on hydroxyl radical were measured according to the me-
thod of Klein et al. (1991). Various concentrations (100, 200, and
300 pg) of extracts were added to 1.0 mL of iron-EDTA solution
(0.13% ferrous ammonium sulphate and 0.26% EDTA), 0.5 mL of
EDTA solution (0.018%), and 1.0 mL of DMSO (0.85% v/v in 0.1
M phosphate buffer, pH 7.4). The reaction was initiated by adding
0.5 mL of ascorbic acid (0.22%) and incubated at 80-90°C for 15
min in a water bath. After incubation the reaction was terminated
by the addition of 1.0 mL of ice-cold TCA (17.5% w/v). Three mL
of Nash reagent was added and left at room temperature for 15
min. The reaction mixture without sample was used as control.
The intensity of the colour formed was measured spectrophoto-
metrically at 412 nm against reagent blank. The % hydroxyl radi-
cal scavenging activity was calculated by the following formula:

%HRSA=1-(difference in absorbance of sample/difference in
absorbance of blank) x 100.
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Antioxidant activity determination by using
linoleic acid-emulsion system

A sample extract having a concentration of 1 mg was taken. To
this 0.5 mL of 2.51% linoleic acid in 99.5% ethanol, 1 mL of 0.05
M phosphate buffer (pH 7), and 0.5 mL of distilled water was
placed in a screw capped tube and then incubated in dark oven at
40°C. A control without sample extract was used. Every 6 h, 0.1
mL aliquots of this solution were taken and 9.7 mL of 75% ethanol
and 0.1 mL of 30% ammonium thiocyanate were added. Precisely
3 min after the addition of 0.1 mL of 0.02 M ferrous chloride in
3.5% hydrochloric acid to the reaction mixture, the absorbance
was measured at 500 nm until the absorbance of the control
reached the maximum (Kikuzaki and Nakatani 1993). The antioxi-
dant activity (AA) was calculated as percentage of inhibition rela-
tive to the control using the following equation:

} x100

Total antioxidant activity assay by radical cation
(ABTS"")

(Sample absorbance at 54 h) - (Sample absorbance at 0 h)
(Control absorbance at 54 h) - (Control absorbance at 0 h)

AA%:l—{

ABTS was dissolved in water to a 7 mM concentration. ABTS ra-
dical cation (ABTS"") was produced by reacting ABTS stock solu-
tion with 2.45 mM potassium persulfate (final concentration) and
allowing the mixture to stand in the dark at room temperature for
12-16 h before use. Prior to assay, the solution was diluted in etha-
nol (about 1:89 v/v) and equilibrated to 30°C to give an absor-
bance at 734 nm of 0.700 + 0.02 in a 1 cm cuvette. The stock solu-
tion of the sample extracts in ethanol were diluted such that, after
introduction of a 10 pL aliquot of each dilution into the assay, they
produced between 20-80% inhibition of the blank absorbance.
After the addition of 1 mL of diluted ABTS*" solution to 10 uL of
samples or Trolox standards (final concentration 0-15 pM) in etha-
nol, OD was taken at 30°C exactly 30 min after the initial mixing.
Appropriate solvent blanks were also run in each assay. Triplicate
determinations were made at each dilution of the standard, and the
percentage inhibition of the blank absorbance at 734 nm was plot-
ted as a function of Trolox concentration (Re ef al. 1999) described
by Siddhuraju and Becker (2003). The unit of total antioxidant ac-
tivity (TAA) is defined as the concentration of Trolox having equi-
valent antioxidant activity expressed as pmol/g sample extracts on
dry matter basis.

Antihemolytic activity

The erythrocytes from cow blood were separated by centrifugation
and washed with phosphate buffer (pH 7.4) until the supernatant
was colourless. The erythrocytes were then diluted with saline or
phosphate buffer to give 4% suspension. 500 pg of sample/mL sa-
line buffer were added to 2 mL of the suspension of erythrocytes
and the volume was made up to 3-5 mL with saline buffer. This
mixture was pre incubated for 5 min and then 0.5 mL H,O, solu-
tions of appropriate concentration in saline buffer were added. The
concentration of H,O, in the reaction mixture was adjusted so as
to bring about 90% hemolysis of blood cells after 240 min. After
the incubation time the reaction mixture was centrifuged at 1500
rpm for 10 min. and the extent of hemolysis was determined by
measurement of the absorbance (at 540 nm) corresponding to
haemoglobin liberation (Naim et al. 1976).

Metal chelating capacity

Chelating property of the raw and processed seed sample extracts
was assessed by bipyridyl assay (Yamaguchi ez al. 2000). The re-
action mixture contained 0.25 mL of 1 mM FeSO, solution, 0.25
mL of extract, 1 mL of 0.2 M Tris-HCI buffer (pH 7.4), 1 mL of 2,
2’ bipyridyl solution, 0.4 mL of 10% hydroxylamine-HCI and 2.5
mL of ethanol. The final volume was made up to 5 mL with deio-
nised water and the absorbance was determined at 522 nm. The
chelating activity of the extracts was evaluated using EDTA as
standard. The results were expressed as mg EDTA equivalent/g
sample extracts.
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Statistical analysis

The data of antioxidant activity on linoleic acid emulsion system
were subjected to a one-way analysis of variance (ANOVA) and
the significance of the difference between means was determined
by Duncan’s multiple range test (p < 0.05) using statistica (Statsoft
Inc., Tulsa, USA). Values expressed are mean of three replicate
determinations =+ standard deviation.

RESULTS AND DISCUSSION

Extract yield percentage and phenolic content of
seed extracts

Extract yield percentage, total phenolics, tannins and con-
densed tannins of extracts obtained from the raw and pro-
cessed seed samples of M. uniflorum (brown and black vari-
eties) and D. lablab are shown in Table 1. Among the three
legumes maximum yield was obtained for the extracts of M.
uniflorum (black variety) raw sample. The extractable total
phenolic content of raw samples was found to be higher
than the processed samples. However, the values obtained
in pressure cooked samples were significantly lower than
the respective raw and dry heated samples. The tannin con-
tent of M. uniflorum brown variety and D. lablab dry heated
samples was higher than that of the raw and pressure cooked
samples. In the black variety, however, sequential reduction
of tannin content was observed from raw samples to dry
heated and pressure cooked samples. The highest condensed
tannin content was observed in pressure cooked M. uniflo-
rum black variety and D. lablab samples and raw samples
of brown variety of M. uniflorum. The hydrothermally trea-
ted seed sample had the lowest concentration of phenolic
fractions, possibly due to the dissolution of phenolics in the
soaking medium and subsequent discarding of them (Sid-

dhuraju and Becker 2006). The dry heated sample had the
lower concentration of phenolic fractions possibly due to
the poor extractability by the formation of insoluble tannin-
protein and tannin-carbohydrate including cell wall poly-
saccharide complexes (Siddhuraju 2007). The presence of
phenolic substances, including tannins, in horse gram was
reported in the study of Reddy et al. (1985), Sudha et al.
(1995) and Siddhuraju and Manian (2007). The extractable
total phenolics and tannins of the dry heated samples were
found to be higher than in raw samples that could be due to
the solubility of phenolics and other aroma compounds.
Phenolic compounds could easily donate hydroxy hydrogen
due to resonance stabilization (Fessenden and Fessenden
1994). In addition, high radical scavenging potential might
be explained by their ability to donate a hydrogen atom
from their phenolic hydroxy groups (Yen et al. 2005). The
results suggest that there was a decrease in phenolic content
during pressure cooking and dry heating. This is in agree-
ment with the reports of Barroga et al. (1985) who found
that boiling and cooking reduced the amount of phenolics in
legumes by 75%. However this might be caused in part by
diffusion of phenolics from the seed coat to cooking water
(Rocha-Guzman et al. 2007). Similarly, the decrease in total
phenolic content on heat treatment of Beta vulgaris and Pha-
seolus vulgaris was reported by Jiratanan and Liu (2004).
The binding between phenolics and the protein matrix
might account for the enhancement of antioxidant capacity
in peas. This is because a phenolic-protein interaction is
able to stabilize the protein and its antioxidant capacity is
increased during heating (Tsai and She 2006). As antioxi-
dants, polyphenols may protect cell constituents against
oxidative damage and, therefore, limit the risk of various
degenerative diseases associated to oxidative stress, by ac-
ting directly on reactive oxygen species or by stimulating
endogenous defense systems (Scalbert e al. 2005).

Table 1 Solvent extract recovery percentage, total phenolics, tannins and condensed tannins of raw and processed seed extracts from Macrotyloma

uniflorum (brown and black variety) and Dolichos lablab.

Sample Extract yield Total phenolics Tannins Condensed tannins
(%) g/100 g sample  g/100 g extract g/100 g sample  g/100 g extract  g/100 g sample  g/100 g extract
M. uniflorum (brown variety)
Raw 1.90 0.816 +0.062 42.962 +3.279 0.169 £ 0.033 8.882+1.761 0.377 £0.055 19.855+2.914
Dry heated 1.85 0.790 £+ 0.051 42.676 +2.767 0.193 £0.029 10.440 + 1.558 0.183 +0.028 9.871 +1.490
Pressure cooked  0.80 0.173£0.019 21.662 +2.364 0.036 £ 0.005 4.482 +0.659 0.127 £0.020 15.931 £2.505
M. uniflorum (black variety)
Raw 1.95 0.782 +0.075 49.845 +2.973 0.145 +0.039 7.453 £2.022 0.416 £0.017 21.346 +0.877
Dry heated 1.80 0.771£0.073 42.825 +4.044 0.112 £ 0.020 6.241 £ 1.111 0.349£0.015 19.374 +0.824
Pressure cooked  0.75 0.374 £0.022 40.107 +3.861 0.036 +0.010 4.781 +£1.345 0.172 £0.002 22.987 +0.236
D. lablab
Raw 1.60 0.412 £0.025 38.312 £ 0.820 0.028 £0.016 1.725 £ 1.029 0.336 +£0.027 20.992 + 1.695
Dry heated 1.45 0.402 £ 0.009 25.770 + 1.558 0.028 = 0.004 1.929 +0.267 0.286 +0.028 19.750 + 1.906
Pressure cooked  1.05 0.296 +0.018 20.424 +1.208 0.016 + 0.003 1.537+0.271 0.346 + 0.033 32.968 + 3.156

Values are mean of triplicate determinations (n = 3) + SD (standard deviation).

Table 2 Reducing power activity of seed extracts from Macrotyloma uniflorum (brown and black varieties) and Dolichos lablab.

Sample Raw Dry heated Pressure cooked
Conc. (ng) OD value Conc. (ng) OD value Conc. (ng) OD value

M. uniflorum (brown variety) 1.90 0.378 £0.009 1.85 0.372 £0.002 1.60 0.388 £0.003
3.80 0.614 £ 0.003 3.70 0.550 = 0.004 3.20 0.586 +0.004
5.70 0.870 + 0.005 5.55 0.712 £ 0.005 4.80 0.745 +0.004
7.60 1.099 £ 0.006 7.40 0.955 £ 0.002 6.40 0.880 + 0.006
9.50 1.395 +0.005 9.25 1.148 £0.055 8.00 1.070 £ 0.003

M. uniflorum (black variety) 1.95 0.067 £ 0.002 1.80 0.077 £ 0.001 1.50 0.279+0.017
3.90 0.406 £ 0.001 3.60 0.405 £ 0.005 3.00 0.434 £ 0.005
5.85 0.627 £ 0.006 5.40 0.595 £ 0.009 4.50 0.663 £ 0.003
7.80 0.831+£0.016 7.20 0.754 +0.006 6.00 0.798 £ 0.007
9.75 1.113+0.011 9.00 0.917 £ 0.003 7.50 1.037+£0.012

D. lablab 1.60 0.177 £ 0.003 1.45 0.205 + 0.005 2.10 0.204 = 0.009
3.20 0.250 £ 0.004 2.90 0.301 +0.007 4.20 0.275 +0.003
4.80 0.312+0.022 435 0.402 + 0.005 6.30 0.342 +0.005
6.40 0.396 £ 0.008 5.80 0.522 +0.008 8.40 0.409 +0.007
8.00 0.480 + 0.006 7.25 0.576 +0.008 10.50 0.459 +0.003

Values are mean of triplicate determinations (# = 3) + SD (standard deviation).
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Reducing power assay

Antioxidant can be explained as reductants, which inactivate
oxidants. They are involved in redox reactions in which one
reaction species (oxidant) is reduced at the expense of the
oxidation of the antioxidant (reductant). The yellow colour
of the test solution changes to various shades of green and
blue depending upon the reducing power of each extract.
The presence of reductants (antioxidants) in the extracts
causes the reduction of Fe''/ferric cyanide complex to fer-
rous form. Therefore the Fe** complex can be monitored by
measuring the formation of Perl’s Prussian blue at 700 nm
(Chung et al. 2002). Table 2 shows the reducing power of
raw and processed seed samples of M. uniflorum (brown
and black varieties) and D. /ablab. In general the increasing
absorbance value is directly proportional to the concentra-
tion of extracts. Therefore the increasing OD value implies
increasing trend of reducing power. The raw seed samples
of M. uniflorum brown (9.5 pg; 1.395 OD5y) and black
variety (9.8 pg; 1.113 OD5) and dry heated samples of D.
lablab (7.3 ng; 0.576 OD44p) showed highest ferric reducing
antioxidant activity, as was noted in the DPPH method. In
the present study, the reducing power activity of seed sam-
ple extracts is in the following order: M. uniflorum brown
variety; RA > DH > PC, black variety; RA > PC > DH, D.
lablab; DH > RA > PC. Both raw and processed seed sam-
ples had potent reducing power. The stability of antioxidant
potent of dry heated samples might partly be due to the for-
mation of products from Maillard reaction. Nicoli et al.
(1997) reported that medium dark roasted coffee brews had
the highest antioxidant properties due to the development of
products as a result of Maillard reaction. Tsai and She
(2006) concluded that there was a change in the phenolic
compounds after heating which contributed to the increase
in reducing power. The decrease in reducing power of pres-
sure cooked samples correlates with the low level of pheno-
lic contents since, during cooking, a part of phenolics dif-
fuse from the seed coat to cooking water (Rocha-Guzman et
al. 2007). Yen and Duh (1993) reported that the reducing
power of bioactive compounds, particularly phenolics ex-
tracted from peanut hulls, was associated with antioxidant
activity, specifically scavenging of free radicals. The results
revealed that processed bean extracts could act as an
electron donor and react with free radicals and convert them
to stable products, thus terminating the radical chain reac-
tion.

DPPH’ radical scavenging activity

This method is based on the reduction of DPPH, a stable
free radical. Because of the odd electron of DPPH, it gives a
strong absorption maximum at 517 nm by visible spectros-
copy (purple colour). As the odd electron of the radical
becomes paired off in the presence of a hydrogen donor,
that is, a free radical scavenging antioxidant, the absorption
strength is decreased, and the resulting decolourisation is
stoichiometric with respect to the number of electrons cap-
tured (Blios 1958). This reaction has been widely used to
test the ability of compounds act as free-radical scavengers
or hydrogen donors and to evaluate the antioxidative acti-
vity of plant extracts and foods (Soares et al. 1997; Porto et
al. 2000). The percentage DPPH radical scavenging activi-
ties of all the extracts were dose dependent. The DPPH ra-
dical scavenging activities of raw and processed seed sam-
ples of M. uniflorum (brown and black varieties) and D.
lablab and concentration of the sample which was neces-
sary to decrease initial concentration of DPPH" by 50%
(ICsp) under the experimental conditions has been calcu-
lated and represented in Fig. 1. The lower value of IC; in-
dicates a higher antioxidant activity. The ICs, values of raw
seed samples of M. uniflorum brown (0.78 pg) and black
(0.63 pg) varieties and dry heated samples of D. lablab
(1.86 pg) registered the highest DPPH" radical scavenging
activity. Interestingly, M. uniflorum (brown and black vari-
ety) and D. lablab raw and processed seed samples were
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Fig. 1 DPPH’ free radical scavenging activity (ICsy) of raw and pro-
cessed seed samples of Macrotyloma uniflorum (brown and black
variety) and Dolichos lablab. Microgram of sample necessary to decrease
initial DPPH" concentration by 50% (ICso) under specified experimental
condition. Values are mean of three independent determinations (n = 3) +
standard deviation. 1, M. uniflorum brown variety; 2, M. uniflorum black
variety; MUR, M. uniflorum raw sample; MUD, M. uniflorum dry heated
sample; MUP, M. uniflorum pressure cooked sample; DLR, D. lablab raw
sample; DLD, D. lablab dry heated sample; DLP, D. lablab pressure
cooked sample; AA, ascorbic acid; TA, tannic acid; P, pyrogallol; C,
catechol; L-D, L-Dopa.

found to have a higher hydrogen-donating ability or DPPH
activity than the positive standards like ascorbic acid (30.12
pg), tannic acid (5.22 pg), pyrogallol (3.86 pg), catechol
(9.50 pg) and L-Dopa (7.53 pg). The DPPH" radical sca-
venging efficiency of extracts from dry heated seed samples
might have also been partly attributed to Maillard reaction
products other than the phenolic constituents because they
also effectively participate as a radical scavengers. Siddhu-
raju and Manian (2007) reported that a high concentration
of phenolics and tannins extracted from seeds of M. uni-
florum brown and black varieties was found to have DPPH"
radical quenching capacity. This antiradical scavenging ac-
tivity of untreated and treated seed extracts would be related
to the nature of phenolics, thus contributing to their electron
transfer/hydrogen donating ability (Brand-Williams et al.
1995). According to Tsai and She (2006) a change in pheno-
lic compounds after heating might be contributed to a de-
crease in DPPH-scavenging ability. Duenas et al. (2003) re-
ported that proanthocyanidins from mocan seeds, had high
ability to quench DPPH and that their effect was dependent
on the molecular weight: higher molecular weight com-
pounds had a greater effect. The increase in activity during
cooking might release compounds bound in the cell wall or
they might be bound to an insoluble fraction of other com-
pounds during cooking of seeds (Herker et al. 2007). The
condensed and hydrolysable tannins and phenolics in the
seed coat of P. vulgaris have been found to be potent anti-
oxidants (Beninger and Hosfield 2003). However, an exten-
sive investigation on antiradical and antioxidant activities of
small phenolics including flavonoids and phenolic acids has
also been reported (Heim ef al. 2002).

Hydroxyl radical scavenging activity

The hydroxyl radical induces damage to biomolecules such
as proteins, DNA, PUFA, nucleic acid and almost all bio-
logical molecules it touches. Hydroxyl radical scavenging
activity was estimated by generating the hydroxyl radicals
using ascorbic acid-iron EDTA. The hydroxyl radical formed
by the oxidation react with dimethyl sulfoxide (DMSO) to
yield formaldehyde, which provides a convenient method to
detect hydroxyl radicals by treatment with Nash reagent
(Singh et al. 2002). The hydroxyl radical scavenging abili-
ties of raw and processed seed samples of M. uniflorum
(brown and black variety) and D. lablab are shown in Fig. 2.



Food 2 (2), 159-167 ©2008 Global Science Books

100 |

—®MUR1—™ MUDI—A—MUP1™> MUR2 %~ MUD2
—*MUP2——"DLR ~°~DLD ~~ DLP

Scavenging activity (%)

50 100 150 200 250 300

Concentration (ng)

Fig. 2 Hydroxyl radical scavenging activity of raw and processed seed
samples of Macrotyloma uniflorum (brown and black variety) and
Dolichos lablab. Values are mean of three independent determinations (n
= 3); + standard deviation. 1, M. uniflorum brown variety; 2, M. uniflorum
black variety; MUR, M. uniflorum raw sample; MUD, M. uniflorum dry
heated sample; MUP, M. uniflorum pressure cooked sample; DLR, D.
lablab raw sample; DLD, D. lablab dry heated sample; DLP, D. lablab
pressure cooked sample.

All the samples showed hydroxyl radical-scavenging activi-
ties (36.67-70.75%) at 300 pg in the reaction mixture. How-
ever, among the various samples, raw seed extracts of M.
uniflorum (brown and black varieties) and D. lablab had the
highest hydroxyl radical scavenging activity. The compara-
ble values were obtained from raw and dry heated samples
than pressure cooked samples of respective legumes. A stu-
dy on antioxidant properties of faba bean tannins indicated
that the antioxidant activity was accounted for by the direct
interaction of tannin with hydroxyl radical rather than to a
metal chelating activity (Carbonaro et al. 1996). These re-
sults show that the potential scavenging abilities of phenolic
substances might be due to the active hydrogen donor
ability of hydroxyl substitution. Yen and Hsieh (1995)
reported that xylose and lysine Maillard reaction products
had scavenging activity on hydroxyl radical that depended
on dose response manner and which might have been attrib-
uted to the combined effects of reducing power, donation of
hydrogen atoms and scavenging of active oxygen. Hager-
man et al. (1998) also explained that high molecular weight
and the proximity of many aromatic rings and hydroxyl
groups are more important for the hydroxyl radical scaven-

ging activity by tannins than their specific functional groups.

According to Yen et al. (2005) the peanut seed testa and its
antioxidative component protocatechuate might be used to
provide a good hydroxyl radical scavenger. Similarly, raw
and dry heated seed extracts of horse gram found to have
potent hydroxyl radical scavenging activity and this might
have been attributed to combined effects of Maillard reac-
tion products (Siddhuraju and Manian 2007).

Antioxidant activity in linoleic acid-emulsion
system

The antioxidant effects of extracts from raw and processed
seed samples of M. uniflorum (brown and black varieties)
and D. lablab and BHA on the peroxidation of linoleic acid
were investigated and the results are presented in Fig. 3. At
250 pg in the final reaction mixture, BHA inhibited 94.5%
peroxidation of linoleic acid after incubation for 54 h. How-
ever, raw a sample of M. uniflorum black variety (96.11%)
and pressure cooked samples of brown variety and D. lab-
lab (96.43 and 98.58%, respectively) exhibited the highest
inhibition of peroxidation after incubation for 54 h at a
concentration level of 1 mg in the final reaction mixture. In
summary, the results show an inhibitory potential as fol-
lows: BHA > D. lablab; PC > DH > RA, M. uniflorum
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Fig. 3 Peroxidation inhibiting property of raw and processed seed
samples of Macrotyloma uniflorum (brown and black variety) and
Dolichos lablab. MU1, M. uniflorum brown variety; MU2, M. uniflorum
black variety; DL, D. lablab; BHA, butylated hydroxyanisole; R, raw seed
sample; DH, dry heated seed sample; PC, pressure cooked seed sample.
Values are mean of three independent determinations (n = 3) + standard
deviation.

brown variety; PC > RA > DH, black variety; RA > DH >
PC. However, no significant difference (p < 0.05) was ob-
served among the seed sample extracts. Tsuda et al. (1993b)
also reported that the methanolic extracts of horse gram
showed lipid peroxidation inhibiting activity in the linoleic
acid. Similar results were also been observed in the present
investigation. In general, the seed coat may play an impor-
tant role in chemical protection from oxidative damage by
possessing endogenous antioxidants such as phenolic com-
pounds. Similarly, seed coat extracts containing phenolic
substances from red and black beans have been reported to
have a strong antioxidant activity against lipid peroxidation
(Tsuda et al. 1994). Polyphenols from the ethanolic extracts
of peanut seed testa were found to effectively inhibit lipid
peroxidation (Yen ef al. 2005). The stability of the antioxi-
dant potential of dry heated samples may be due to the for-
mation of products as a result of the Maillard reaction. Sim-
ilarly, extract of roasted followed by defatted peanut kernels
displayed most remarkable antioxidative activity on linoleic
acid emulsion system (Hwang et al. 2001). A different
range of low and high molecular weight plant polyphenolics
presenting antioxidant properties has been studied and
proposed for protection against lipid oxidation (Hagerman
et al. 1998). Jiratanan and Liu (2004) reported that thermal
processing of B. vulgaris and P. vulgaris had no negative
impact on total antioxidant activity. Cumulative values of
radical scavenging activity for cooked common bean culti-
vars were higher than those of raw beans. When increasing
the cooking time, phenolics from the seed coat diffuses to
cooking water and from there to cotyledons and this phe-
nomenon causes outstanding increase of antioxidant activity
(Rocha-Guzman et al. 2007).

ABTS" radical scavenging activity

In the ABTS"' radical cation scavenging method, the acti-
vity of tested sample extracts was expressed as Trolox equi-
valent — the micromolar Trolox solution having an antioxi-
dant capacity equivalent to 1 g dry matter of the substance
under investigation. The total antioxidant activity of raw
and processed seed sample extracts of brown and black va-
rieties of M. uniflorum and D. lablab are presented in Table
3. The pressure cooked samples of M. uniflorum (brown:
9094.4 pmol/g and black variety: 14541. 3 umol/g) and dry
heated samples of D. lablab (4409.1 pmol/g) exhibited
good ABTS cation radical scavenging activity. However,
the total phenolic content of processed seed samples of res-



Antioxidant activity of Macrotyloma uniflorum and Dolichos lablab. Siddhuraju et al.

Table 3 ABTS " radical cation scavenging activity, antihemolytic activity and metal chelating activity of raw and processed seed extracts of Macrotyloma

uniflorum (brown and black varieties) and Dolichos lablab.

Sample TAA* (umol/g DM) Antihemolytic activity Metal chelating property (mg EDTA/g extract)
M. uniflorum (Brown variety)
Raw 8412.1 +£53.8 2.05+0.72 68.56 £ 1.71
Dry heated 7560.5 £276.4 2.44+1.09 41.76 = 1.88
Pressure cooked 9094.4 £127.8 8.05+1.18 51.06 £2.72
M. uniflorum (Black variety)
Raw 7662.3 £52.4 2.65+0.53 47.66 = 1.39
Dry heated 6798.2 £227.3 9.16 +£2.37 45.66 = 1.39
Pressure cooked 14541.3 £545.5 4.74+2.43 31.27+1.27
D. lablab
Raw 3824.0 £384 17.28 £0.10 66.20 +1.27
Dry heated 4160.2 +311.7 13.81£0.99 63.01£1.18
Pressure cooked 4409.1 +£28.2 5.86 £2.96 75.78 £1.26

* Total antioxidant activity (umol equivalent Trolox performed by using ABTS radical cation).

Values are mean of triplicate determinations (n = 3) + SD (standard deviation).

pective varieties were found to be relatively low (assumed
to be non-harmful); the TAA of such samples seems to be
sufficient for functioning as potential nutraceuticals when
they are ingested along with nutrients. Hagerman et al.

(1998) reported that high molecular weight phenolics (tan-
nins) have a greater ability to quench free radicals (ABTS"")
and that effectiveness depends on the molecular weight, the
number of aromatic rings and nature of hydroxyl groups
substitution than the specific functional _groups. Siddhuraju
and Manian (2007) reported the ABTS"" radical cation sca-
venging activity in raw and dry heated samples of horse
gram brown and black varieties. The increase in activity
during cooking might be a release of compounds bound in
the cell wall or they might be bound to the insoluble frac-
tion of other compounds during the cooking of seeds (Her-
ker et al. 2007). On the other hand, the formation of tannin-
protein complexes, both in insoluble and soluble complexes,
as the result of conventional food/seed processing have also
been shown to be potential free radical scavenger and radi-
cal sinks. Moreover, such complexes can also be suggested
as one of the nutraceutical contributors to prevent free radi-
cal-mediated diseases occurring in the gastrointestinal tract
(Riedl and Hagerman 2001).

Antihemolytic activity

It is well recognized that the oxidation of polyunsaturated
fatty acids in biological membranes can lead to the forma-
tion and propagation of lipid radicals, uptake of oxygen, re-
arrangement of the double bonds in unsaturated lipids, and
even destruction of membrane lipids. Many of these bioche-
mical activities can lead to the production of breakdown
products that are highly toxic to most cell types. Although
hemolysis has a long history of use in measuring free radi-
cal damage and its inhibition by antioxidants, only few stu-
dies have been performed with erythrocytes in whole blood.
In this study, we used a biological test based on free radical-
induced erythrocytes lysis in cow blood. This assay is use-
ful either for screening studies on various molecules and
their metabolites, especially on the one hand molecules are
having an oxidizing or antioxidizing activity and on the
other hand molecule having a long-term action (Djeridane
et al. 2006). Lipid oxidation of cow blood erythrocyte mem-
brane mediated by H,O, induces membrane damage and
subsequently hemolysis. The antihemolytic activity or raw
and processed seed samples of M. uniflorum (brown and
black varieties) and D. lablab are presented in Table 3. The
pressure cooked samples of brown variety (8.05%), dry
heated samples of black variety (9.16%) showed moderate
activity, whereas raw (17.28%) and dry heated (13.81%)
samples of D. lablab exhibited higher antihemolytic activity.
In general, when compared to M. wuniflorum (brown and
black varieties), D. lablab was found to have potential anti-
hemolytic activity. Zhu et al. (2002) reported that three frac-
tions of Oolong tea were effective against lipid oxidation in
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erythrocyte membranes and also showed a dose-dependent
inhibition toward Red Blood Corpuscles (RBC) hemolysis.
Moreover, RBC hemolysis is a more sensitive system for
evaluating the antioxidant properties of phytoceuticals.

Metal chelating property

Iron is essential for life because it is required for oxygen
transport, respiration and the activity of many enzymes.
However, iron is an extremely reactive metal and will cata-
lyse oxidative changes in lipid, protein, and other cellular
components (Decker and Hultin 1992). In addition, lipo-
some peroxidation and oxidative damage of protein model
systems were induced by a Fenton reaction in which ferrous
ions catalyse the composition of hydrogen peroxide to hyd-
roxyl anion and hydroxyl radical with the production of fer-
ric iron (Yen et al. 2005). Although metal chelating agents
are not antioxidants, they play a valuable role in the stabi-
lization of fatty acids against rancidity (Yen and Duh 1994).
The chelating effect of raw and processed seed sample may
be significant because it minimizes the concentration of
metal in the Fenton reaction. In this method the metal che-
lating property of sample extracts were expressed in mg of
EDTA equivalent. The metal chelating property of raw and
processed seed samples of M. uniflorum (brown and black
varieties) and D. lablab are presented in Table 3. Raw sam-
ples of brown and black varieties (68.56 and 47.66 mg
EDTA g, respectively) and  pressure cooked samples of D.
lablab (75 78 mg EDTA g') exhibited highest metal che-
lating property. Among the three legumes, D. lablab was
found to have a good metal chelating property. The order of
metal chelating property of respective seed samples is as
follows: M. uniflorum brown variety; RA > PC > DH, black
variety; RA> DH > PC, D. lablab; PC > RA > DH. Yen and
Duh (1994) observed that peanut hulls might be the major
cause for suppression of chelating metal ions. Slmllarly, the
extract of peanut seed testa showed a significant Fe*' chela-
ting effect (Yen et al. 2005). Moreover, Chung et al (2002)
implied that fermented red bean extract had an Fe**-chela-
ting effect and could afford protection against oxidative
damage. Study on the antioxidant activity of faba bean tan-
nin content also showed metal chelating activity (Carbonaro
et al. 1996).

The present study suggests that both raw and processed
seed samples have a strong hydrogen donating ability and
are good scavengers of ROS, hydroxyl radical, and metal
chelating property. Interestingly, the results indicated that
not only the phenolic constituent from raw samples but also
the phenolics and Maillard products of processed samples
are found to be potent antioxidant suppliers. Therefore, con-
sumers may obtain optimal health benefits along with nut-
rient assimilation without any negative implications. On the
other hand, the formation of tannins-protein complexes and
phenolics associated with dietary fibre and how these relate
to the risk of oxidative injury during gastrointestinal can be
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demonstrated through in vivo studies. Further, the identifi-
cation and bulk preparation of bioactive compound-en-
riched fractions from the studied legume seeds, especially
from seed coats, may be exploited as alternative and natural
antioxidant nutrient sources for prolonging the shelf life of
food and feed products.
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