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Abstract

Purpose — The cowpea plant, being affordable and protein-rich, is considered poor man’s meat. The
aim of this paper is to undertake a detailed investigation regarding iz vitro total antioxidant capacity
(TAC) and chemical constituents of the vegetable oils from seeds of this plant, taking its nutritional
value into consideration.

Design/methodology/approach — Vegetable oils of different indigenous cowpea varieties were
obtained using soxhelt extraction assembly and subjected to GC-MS analyses and various antioxidant
assays including 2,2'-azinobis(3-ethylbenzothiazoline-6-sulpohonic acid) (ABTS) radical cation
scavenging, ferr, 2.2'-diphenyl-1-picrylhydrazil (DPPH) radical scavenging, total phenolic contents
(TPC), lipid peroxidation inhibition, and iron chelation activity.

Findings — Various chemical constituents including different hydrocarbons, tocopherols, ketones,
fatty esters, estragole and cedrene were identified. TPCs were found to be 5.439, 5.7279, 7.6126, 6.7573
and 10.0591 mg/L gallic acid equivalent for S.A. Dandy, Elite, White Star, CP-386 and FBD Rawan
varieties, respectively. Employing ABTS radical decoloration assay a significant linear correlation
(R?=0.997, 0.996, 0.997, 0.996 and 0.997 for S.A. Dandy, Elite, White Star, CP-386 and FBD Rawan
varieties, respectively) was found between the percent inhibition of ABTS radical cation and the
amount of vegetable oils. The percent inhibition of the Fe(I)-Ferrozine complex formation was found
to be 29.45, 53.76, 82.91, 86.59 and 57.87 for the same varieties, respectively.

Originality/value — GC-MS and standard i wvitro antioxidative capacity analyses data clearly
demonstrated the potency of the cowpea as antioxidant and radical scavenger plant which may be
used as a good source of natural antioxidants. The plant seeds may prove a better and cost-effective
substitute of expensive food items.
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Introduction

The cowpea (Vigna unguiculata 1.), commonly known as Lobia in Pakistan is an
important tropical and subtropical legume grown for forage green pods and grains. It
is an excellent source of protein. White seeded and black-eyed types are commonly
grown for grain and table use, while ving varieties are preferred for forage. In Pakistan
cowpea 1s grown on an area of approximately 17,000 hectares with annual production
of 8,000 tones (Yousaf and Sarwar, 2008).

Antioxidants are compounds that inhibit or delay the oxidation of other molecules by
inhibiting the initiation or propagation of oxidizing chain reactions (Klein and Kurilich,
2000). Antioxidants function by scavenging free radicals via donation of an electron or a
hydrogen atom, or by deactivation of prooxidant metal ions and singlet oxygen
(Shahidi, 2002). The primary role of antioxidants is to prevent degradation induced by
free radical reactions. An effective antioxidant is one that has a high scavenging ability
for the target radical, and if the antioxidant is oxidized or rearranged, forms a
non-radical species (Hertog et al., 1993).

There are two basic categories of antioxidants, synthetic and natural. In general,
synthetic antioxidants are compounds with phenolic structures of various degrees of alkyl
substitution, whereas natural antioxidants can be phenolic compounds (tocopherols,
flavonoids, and phenolic acids), nitrogen compounds (alkaloids, chlorophyll derivatives,
amino acids, and amines), or carotenoides, as well as ascorbic acid (Larson, 1998). Though
synthetic antioxidants like tertiary-butylhydroxyquinone (TBHQ), propyl gallate (PG),
butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA), which are most
widely used in food processing, are cheaper but there are concerns about their side effects
(Branien, 1975). Aerobic organisms are protected by an array of defense systems against
oxidative stress, which is detrimental to life. Various antioxidants with versatile functions
constitute an elegant, yet complex, defense network to cope with such oxidative stress.
There are natural antioxidants present in foods as endogenous constituents. These
antioxidants belong to the phenolic group of compounds that includes phenolic acids,
phenylpropanoids, flavonoids and isoflavones, anthocyanins and anthocyanidins,
phytates, sterols and carotenoids. Vitamins C and E and phospholipids can also act as
antioxidants in foods (Scalbert and Williamson, 2000).

Attempts have been made to extract, isolate and characterize these phenolics and
polyphenols from natural sources. The importance of anthocyanins, a group of
polyphenolic group of antioxidants which are most abundantly found in fruits and
vegetables (Scalbert and Williamson, 2000), has increased due to the recognition of their
positive health effects (He and Giusti, 2010). Polyphenolic anthocyanins are responsible
for different colors of a majority of plant species and their products (Delgado-Vargas
et al., 2000).

It has been established that phenolic compounds such as flavonoids, anthraquinones,
anthocyanidins and xanthones commonly present in the plant family leguminosae,
possess remarkable antioxidant activity (Siddhuraju et al., 2002). In live plants, these
compounds protect against oxidative stress and act as UV filters and healing agents.
Antioxidants are incorporated in fats and oils or in foods that contain fats and oils to
help retard the oxidation of lipids. Yen and Duh mentioned that oxidative deterioration
occurs spontaneously when materials containing lipids or lipid-containing foods are
exposed to air (Yen and Duh, 1994). This interferes seriously with the efficiency of
processing, as it can result in organoleptic rancidity in the finished products, making
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them unacceptable to consumers. Oxidation can also cause degrading effects such as
vitamin destruction, nutritional losses, and food discoloration (Sherwin, 1978). There is
increasing interest in replacing synthetic antioxidants, which have been suspected to
cause or promote negative health effects (Chang et al., 2002; Barlow, 1990). People and
animals have consumed chemicals that occur naturally in plants for years with no
concern raised about their usage (Namiki, 1990). In view of the negative health effects of
synthetic antioxidants, there is a growing demand of replacing these synthetic
antioxidants with naturally occurring antioxidants (Koleva et al., 2002).

The diverse biochemical activities ascribed to cowpea seed oils coupled with the
growing demand for natural antioxidants persuaded us to undertake a comprehensive
study regarding the chemical composition and the antioxidant and radical scavenging
activities of the oils of local varieties of the plant. The present study compares i vitro
total antioxidant activity with relation to chemical composition of essential oils from
different varieties of cowpea seeds, which are grown and consumed by a large segment
of the Pakistani community. The results of this study are key to determine the potential
of the local varieties of the cowpeas in Pakistan.

Materials and methods

Cowpea seeds

Four varieties of cowpea seeds (S.A. Dandy, Elite, White Star, CP-386) were collected
from local market of Gujranwala and were confirmed by Ayub Agriculture Research
Institute, Faisalabad. One variety “FBD Rawan” was obtained from Ayub Agriculture
Research Institute, Faisalabad. The samples were cleaned with distilled water, and
ground to fine powder (Westpoint, Japan). The oils obtained were subjected to GC-MS
and 2 vitro total antioxidant analyses.

Chemicals

All the reagents and solvents used were of analytical reagent grade. The
solvents were obtained from E. Merck (Germany). Ferrozine, 2,2'-azinobis-
(3-ethylbenzo-thiazoline)-6-sulphonic acid (ABTS) diammonium salt, linoleic acid,
2,2-diphenyl-1-picrylhydrazil (DPPH), sodium acetate, potassium dihydrogen phosphate,
dipotassium hydrogen phosphate, gallic acid, tween-20 (polyoxyethylenesorbitan
monolaurate), iron(Il) sulphate, potassium thiocyanate and Folin-Ciocalteau’s reagent
(FCreagent) were purchased from Fluka (Switzerland). Each measurement was taken three
times and in triplicate.

GC-MS analysis of vegetable oils

GC-MS analyses were performed using an Agilient Technology 7890A GC system and
Agilient Technology 5975C inert MSD with Triple-Axis Detector in EI mode (70eV)
equipped with an injector at 250°C and a HP-5 MS column. Samples were injected at
250°C with a splitless mode. Injection volume was 1 ul and electronic pressure program
succinctly ming was used to maintain a constant flow (0.80 ml/min) of the helium as
carrier gas. The oven temperature was programmed from 50°C (2 min) to 260°C at a
rate of 5°C/min and held at this temperature for 10 min. The mass spectrometer was set
to scan the mass range 42-400 amu with ion source temperature 200°C and interface
temperature 250°C.



Analyses were performed in triplicate with a blank run after every analysis. The
resulting data was processed using Agilient Lab Solution GCMS Post-run Analysis
Software. The relative apparent percentage of each compound and of their classes was
determined by area normalization method (Table I). Identification of compounds was made
by comparing with the mass fragmentation pattern data of NIST 147 and NIST 27 libraries.

Total phenolic content

Total soluble phenolic compounds were determined following the method of
Singleton et al. (Benzie and Strain, 1996) using gallic acid as a standard phenolic
compound. TPC of each sample was determined as milligrams of gallic acid equivalent
(GAE) by using the standard curve.

In vitro radical scavenging activity

In vitro radical scavenging activity was determined by following the method of Re et al.
(1999) with minor changes. Percent inhibition (I734,m) of the intensity of ABTS radical
solution on addition of sample solution was calculated using the following formula:

1—A¢
A

0

Percent Inhibition (I) = ( ) X 100 1)

where A, and Ay are the absorbances of the colored radical solution at time ¢ = 0 and
t = 8min after addition of sample oil, respectively.

2, 2-diphenyl-1-picrylhydrazyl radical scavenging capacity

DPPH radical scavenging activity of the plant oils was measured by following the method
of Shimada et al. (1992). Percent inhibition of the intensity of DPPH solution at 515 nm was
calculated using equation (1) and was graphed against time for each oil sample.

Lipid peroxidation inhibition assay

For total antioxidant activity, all the essential oils were subjected to the method
employed by Mitsuda et al. (1996). The absorption values at 500 nm of the reaction
mixture were taken as lipid peroxidation values.

Iron() chelating activity

Iron(Il) chelating activity of the sample oils was determined following the method of
Dinis et al (1994). The percent chelating activity of the sample oils was calculated
using the following formula:

(AControl - ASample) % 100

Percent Chelating Activity = A
Control

where Acontrol and Agmpre are the absorbances of the reaction mixture without any
sample and the absorbance in the presence of sample oil, respectively.

Result and discussion

Chemucal constituents by GC-MS analysis

Phytochemicals like terpenoids, coumarins, alkaloids and fatty acid esters have been
reported to be potent antioxidants and play a vital role in the metabolism of plants
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(Grassmann, 2005; Wei et al, 1999). A number of compounds were identified in the
vegetable oils of the seeds. Main chemical constituents found in different samples
belong to cyclic and aromatic hydrocarbons, cyclic and acyclic terpenes, terpene
alcohols, ketones, fatty acids and their esters were identified by GC-MS analyses and
are shown in Table I. The compounds like estragole, palmidrol, stigmasterol, gamma
tocopherol, maltol, trilinolein, cedrene, etc. which are well known for their antioxidative
could be seen in Table L

Antioxidant and radical scavenging activity

ABTS is a phenothiazine drug which is oxidized to a colored radical cation after its reaction
with potassium persulfate at physiological pH. On reaction with antioxidants the color
intensity of the radical solution is scavenged proportionate to the amount and reactivity of
antioxidants present in the sample. Figure 1 shows a comparison of dose dependent percent
inhibition of ABTS radical by vegetable oils of different varieties of cowpea seeds. The
TEAC value 0.15, 0.166, 0.197, 0.184, 0.211 for S.A. Dandy, Elite, White Star, CP-386 and
FBD Rawan varieties, respectively. The maximum TEAC value for FBD Rawan variety.

DPPH radical scavenging activity

The stoichiometry of the reaction of DPPH radical with various antioxidants has been
reported (Cuvelier et al., 1992; Hogg et al., 1961). Natural antioxidants depending upon
their site of occurrence in cell, solubility in water or fat, etc. have different rates of
reaction with DPPH radicals. Often the reaction with DPPH of food samples does not go
to completion in the prescribed time of the assay. Therefore, antioxidant activity
evaluation through DPPH radical involves the determination of the amount of sample
that is able to reduce the initial DPPH solution absorbance by 50 percent. In the present
study DPPH free radical has been used to evaluate i vitro free radical scavenging ability
of phytochemicals. Figure 2 shows the percent inhibition of DPPH radical scavenging by
S.A. Dandy, Elite, White Star, CP-386 and FBD Rawan varieties. The value of coefficient
of correlation (R? = 0.951, 0.924, 0.965, 0.916, 0.935 for these varieties, respectively)
clearly depicts a direct propotion between the extent of DPPH radical scavenging in
terms of percent inhibition and the time.

Metal chelating activity
The ferrous ion chelating activity was found by using ferrozine as chelating agent.
In the presence of chelating components which are usually polyphenolic compounds,
0.25
0.2
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TEAC Values
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Figure 1.

Comparison of TEAC
values (mM) of vegetable
oils from different
varieties of cowpea seeds
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Figure 2.

Time dependent percent
inhibition of DPPH radical
by vegetable oils from
different varieties of
cowpea seeds
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the formation of Fe(Il)-ferrozine complex is halted. The percent inhibition of the
complex formation was found to be 29.45, 53.76, 82.91, 86.59, 57.87 for S.A. Dandy,
Elite, White Star, CP-386 and FBD Rawan varieties, respectively. The maximum value
was for White Star. Figure 3 shows a comparison of metal chelating activities of
vegetable oils from different varieties of cowpea seeds.

Total phenolic content

Apart from endogenous sources, phytochemicals like flavonoids, tannins, stilbenes,
phenolic acids, tocopherols and carotenoids present in fruits provide additional
antioxidant defenses against reactive oxygen species (Paredes-Lopez et al., 2010). Total
phenolic contents (TPC) of the sample oils were determined using Folin-Ciocalteu’s
method. The TPC for S.A. Dandy, Elite, White Star, CP-386 and FBD Rawan samples
were found to be 5.439, 5.7279, 7.6126, 6.7573 and 10.0591 mg/L gallic acid equivalent,
respectively, indicating the highest amount in FBD Rawan variety (Figure 4).



Lipid peroxidation activity

Peroxidation of polyunsaturated fatty acids is a complex process which occurs in
aerobic organisms. Radicals-mediated lipid peroxidation has been reported to cause
food deterioration, aging and cancer development (Ashok and Ali, 1999). Lipid
peroxidation values of the extracts were found using linoleic acid emulsion system.
Peroxyl radicals formed as a result of aerial oxidation of linoleic acid convert ferrous to
ferric form. The extent of conversion is assessed spectrophotometrically by monitoring
the formation of Iron(Ill) complex with thiocyanate. The antioxidative components in
proportionate to their amount halt this conversion by trapping peroxyl radicals.
Figure 5 shows that all samples had considerable resistance to lipid per oxidation.

Conclusion

Grain legumes occupy an important place in the dietary pattern of low-income groups of
people in developing countries. Legumes considered as poor man’s meat are generally
good source of nutrients. They are good source of protein, dietary fiber and starch for a
large part of world’s population. The chemical constitution and antioxidant data presented
in the current study shows that cowpea seeds oil have great antioxidant and radical
scavenging activity and thus may be used as a good source of natural antioxidants. These
results certainly enhance the potential of the cowpeas as part and parcel of our nutritionally
efficacious foods not only in Pakistan alone but other parts of globe as well. However,
detailed investigation must follow to validate these expectations without any reservation.
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Figure 3.

Comparison of chelating
activities of vegetable oils
from different varieties

of cowpea seeds

Figure 4.
Comparison of TPC of
vegetable oils from
different varieties of
cowpea seeds
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Figure 5.

Time dependent lipid
peroxidation values of
vegetable oils from
different varieties of
cowpea seeds
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