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Abstract The anti-oxidant activity and total phenolic contents of alcoholic extracts from 14 vegetables were evaluated by using a
model system consisting of B-carotene and linoleic acid and Folin-Ciocalteu method. The total phenolic of the extracts was
determined spectrophotometrically according to the Folin-Ciocalteu procedure and ranged from 63 to 33 mg per 100 gm on a fresh
weight basic. Chenopodium album, Beta vulgaris, Brassica juncea, pea pods, and Brassica oleracea have high anti-oxidant activity.
The anti-oxidant activity expressed as per percent inhibition of oxidation ranged from a high of 70% in Chenopodium album extracts
to a low of 25% in Raphanus sativus. Other vegetables found to have high anti-oxidant activity (>60%) were Beta vulgaris, Brassica
juncea, pea pods, Brassica oleracea. Anti-oxidant activity correlated linearly significantly and positively with total phenolics. The
results indicate that vegetables containing high phenolics may provide a source of dietary anti-oxidants.
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1 Introduction carboxylation or hydroxylation reactions. All of these

Plants consumed by humans may contain thousands of
different phenolic compounds. The effects of dietary
phenolics are of great current interest, due to their anti
-oxidative and possible anti -carcinogenic activity.
Phenolic compounds also function as free-radical
scavengers, reducing agents, and quenchers of singlet-
oxygen formation. Ancient plants are still in use
today. They are taken as remedies for cough (ginger),
intestinal bleeding (pomegranate), diarrhea (banana)
and other medicinal conditions. These plants attracted
the interest of many scholars, such as botanists,
biochemists and pharmacognosist (natural drug
specialists). They are all interested to find out the
health benefits and the health promoting effects of
these plants and the nature of the active principals they
possess. (Wong et al., 2006) One of the documented
health promoting activities of many fruits and vegetables
is their ability to scavenge naturally produced free
radicals and hence acting as antioxidants. Free radicals
are normally generated in substantial amounts as a
by-product of various internal metabolic processes in
aerobic organisms such as phagocytosis, neutrophils
defense, auto oxidation of catecholamine and

processes happen in various ways at different times
and site (Jose, 2013).

Antioxidants are compounds that can delay or inhibit
the oxidation of lipids or other molecules by inhibiting
the initiation or propagation of oxidizing chain reactions.
The antioxidant activity of phenolic compounds is
mainly due to their redox properties, which can play
an important role in adsorbing and neutralizing free
radicals, quenching singlet and triplet oxygen, or
decomposing peroxides. In general, there are two
basic categories of antioxidants, natural and synthetic.
Recently, interest has increased considerably in finding
naturally occurring antioxidants for use in foods or
medicinal materials to replace synthetic antioxidants,
which are being restricted due to their carcinogenicity
(Kaur et al., 2002).

Over the past 10 years, researchers and food
manufacturers have become increasingly interested in
polyphenols. The chief reason for this interest is the
recognition of the antioxidant properties of polyphenoals,
their great abundance in our diet, and their probable
role in the prevention of various diseases associated
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with oxidative stress, such as cancer and cardiovascular
and neurodegenerative diseases. Furthermore, polyph-
enols, which constitute the active substances found in
many medicinal plants, modulate the activity of a
wide range of enzymes and cell receptors. There is
now overwhelming evidence to indicate that free
radicals and oxygen species causing oxidative damage
to lipid, protein and nucleic acid. Therefore, they have
been implicated in the pathogenesis of many human
sufferings like cardiovascular and pulmonary diseases,
some types of cancer, cataracts, immune / autoimmune
diseases, inflammation, arthritis, atherosclerosis and
brain dysfunction (Parkinson’s, Alzheimer’s, Huntington’s
diseases) (Thamizhvanan et al., 2012).

Allium sativum extracts are also used as potential
cardiovascular and anticancer agents (Ghasemzadeh et
al., 2010). Mushrooms, white Brassica oleracea,
cauliflower and Allium sativum have also been shown
to have strong protective activity against a number of
diseases (kamonrat et al., 2010). Extracts of many
vegetables have anti-mutagenic effects. Beta vulgaris
is regarded, as the ‘Brain Food’ needed to avoid
memory loss and Alzheimer disease. Broccoli is a
potential source of glucosinolates having anti-cancero-
us activity (Saffa et al., 2010).

However, numerous studies have conclusively shown
that the majority of the antioxidant activity may be
from compounds such as flavonoids, iso-flavone,
flavones, anthocyanin, catechin and iso-catechin rather
than from Vitamin C, E and b-carotene (Wang et al.,
1996). Epidemiological studies have shown that
consumption of food and beverages rich in phenolic
content can reduce the risk of heart disease by slowing
the progression of atherosclerosis by acting as
anti-oxidants towards low-density lipoprotein (LDL)
(Yafang et al., 2010). Therefore, mostly, the current
focus is on the anti-oxidant action of phenolics. The
anti-oxidant activity of phenolics is mainly because of
their redox properties which allow them to act as
reducing agents, hydrogen donors, singlet oxygen
quenchers and metal chelators (Ljiljana et al., 2009).
Elimination of synthetic anti-oxidants in food applications
has given more impetus to exploring natural sources
of anti-oxidants. In this context a large number of
plant sources including many vegetables and fruits
have been explored for their anti-oxidant potential
(Oviasogic et al., 2009). Mushroom, white Brassica
oleracea and cauliflower (Mohammed and Aly, 2008),

Allium sativum, broccoli, kidney and pinto beans
(Patricia et al., 2008), beans, beet and corn have been
reported to have high anti-oxidant activity. Other
vegetables such as Brassica juncea leaves, Beta
vulgaris, Chenopodium album, alfalfa sprouts, broccoli,
beets, red bell-pepper, Allium cepa, corn, and Cucumis
sativus are also rich source of anti-oxidant (Kaur et
al., 2002).

Green leafy vegetables (GLV) are rich sources of
many nutrients and form a major category of vegetable
groups that have been designated as ‘nature’s
anti-aging wonders’. Therefore, the objective of the
present study was to determine the antioxidant activity
of these GLV using in vitro models and their
correlation with their total polyphenol, B-carotene
contents. (Kaur et al., 2002) Human have evolved
highly complex anti-oxidant systems (enzyme and
non-enzyme), which work synergistically, and in
combination with each other to protect the cells and
organ systems of the body against free radical
damage. The anti-oxidants can be endogenous or
obtained exogenously e.g. as a part of a diet or as
dietary supplements. Some dietary compounds that do
not neutralize free radicals, but enhance endogenous
activity may also be classified as anti-oxidants (Lien
et al., 2008).

An ideal anti-oxidant should be readily absorbed and
guench free radicals, and chelate redox metals at
physiologically relevant levels. It should also work in
both aqueous and/or membrane domains and effect
gene expression in a positive way. Endogenous
anti-oxidants play a crucial role in maintaining optimal
cellular functions and thus systemic health and well-being.
However, under conditions, which promote oxidative
stress, endogenous anti-oxidants may not be sufficient
and dietary antioxidants may be required to maintain
optimal cellular functions. (Wong et al., 2005) The
most efficient enzymatic antioxidants involve glutathione
peroxidase, catalase and superoxide dismutase.
Non-enzymatic antioxidants include Vitamin E and
C, thiol antioxidants (glutathione, thioredoxin and
lipoic acid), melatonin, carotenoids, natural flavonoids,
and other compounds. Some antioxidants can interact
with other antioxidants regenerating their original
properties; this mechanism is often referred to as the
“antioxidant network”. There is growing evidence to
support a link between increased levels of ROS and
disturbed activities of enzymatic and non-enzymatic
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antioxidants in diseases associated with aging (Rahman
et al., 2007)

In the present study, the anti-oxidant activity and
phenolic content of different vegetables that are grown
in India and consumed in the Indian diet will be
evaluated. Therefore main objectives of present study
are to determine total phenolic content and anti-oxidant
activity of fourteen vegetables and correlate the
phenolic content and antioxidant activity of these
vegetables.

2 Results and Discussion

2.1 Total phenolics

The results of phenol analysis of 14 commonly
consumed vegetables in India are given in Tables 1, 2
and 3, respectively. Total phenolic content of the
vegetables varied from 54.4 mg catechol/100 g fresh
weight in Chenopodium album to 34 mg catechol/100
g fresh weight in Raphanus sativus. Considering a
large variation in the total phenolics, the vegetables
were divided into three groups namely high (>40 mg
catechol/100 g), medium (30-40 mg catechol/100 g)
and low (<30 mg catechol/100 g).

Table 1 Vegetables of high antioxidant activity and high total
phnolic content

Table 3 Vegetables of low antioxidant activity and total phenolic
content

Vegetables Antioxidant  Total phenolics

Capsicum anunum 43.39 41.91 mg/100 gm
Cucumis sativus 41.50 35.53 mg/100 gm
Brassica oleracea 38.10 33.45 mg/100 gm
Raphanus sativus 25.78 33.03 mg/100 gm

Vegetables Antioxidant ~ Total phenolics

Chenopodium album 70.8 63.47 mg/100 gm

Beta vulgaris 66.2 53.43 mg/100 gm
Brassica juncea 63.5 50.1 mg/100 gm

Pisum sativum 61.2 47.33 mg/100 gm
Brassica oleracea 60.5 43.72 mg/100 gm

Table 2 Vegetables of medium antioxidant activity and total
phenolic content

Vegetables Antioxidant ~ Total phenolics
Daucus carota 58.40 46.49 mg/100 gm
Allium sativum 55.90 45.5 mg/100 gm
Brassica rapa 52.62 43.7 mg/100 gm
Phaseolus vulgarlis 51.57 42.6 mg/100 gm
Allium cepa 50.70 37.50 mg/100 gm

Chenopodium album, Beta vulgaris, Brassica juncea,
pea pods, Brassica oleracea had the highest fresh
weight concentration of total phenols followed by
carrot leaves, Brassica rapas, French beans, Allium
cepa, and Allium sativum. As Beta vulgaris is a rich
source of the carotenoids lutein and zeaxanthin; also a

good beta carotene and vitamin C source. In one
study, eating a lot of Beta vulgaris or collard greens
was associated with reduced risk of the leading cause
of blindness over 65 (Bayani et al., 2009).

Cruciferous vegetable Brassica juncea green is rich in
dithiolthiones, isothiocyanates, the carotenoids lutein
and zeaxanthin, some beta carotene, flavonoids and
organosulfides. They also contain glucarates, coumarins
and other phenolic acids, terpenes and vitamin C
(Emerit et al., 2004).

Brassica oleracea is having Indoles, dithiolthiones,
isothiocyanates, flavonoids, organosulfides, glucarates,
coumarins and other phenolic acids, terpenes, selenium
and vitamin C and Pisum sativumare the Modest
source of carotenoids; dietary fiber. Due to the present
of these anti-oxidant compounds, they are having high
anti-oxidant activity and high phenolic contents
(Bayani et al., 2009).

A large variation in the anti-oxidant activities, ranging
from as high as 70.8% in Chenopodium album to low
as 25.7% in Raphanus sativus, was observed. List of
vegetables which are having medium anti-oxidant
activity and phenolic contents are categorized in Table
2. These vegetables are Brassica rapa; Daucus
carotaAllium cepa, Allium sativum, French beans.
Anti-oxidant activity measured by bleaching of
linoleic acid-carotene emulsion for high anti-oxidant
activity group in Figure 2, for medium anti-oxidant
activity group in Figure 3 and for low anti-oxidant
activity group in Figure 4).

2.2 Relationship between phenolic content and
anti-oxidant activity

The relationship between total phenolic content and
anti-oxidant activity of vegetables is shown in Figure
5. Recently (Patricia et al., 2008) and (Ravi et al.,
2006) have demonstrated a linear relationship between
anti-oxidant capacity and total phenolics in Rubus sp.
However, (Saffa et al., 2010) could not find any corr-
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Standard Curve for Total Phenolic content
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Figure 1 Graph representing the standard curve by using
catechol as a standard for calculating the total phenolic content
in vegetables samples
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Figure 2 Anti-oxidant activity measured by bleaching of linoleic
acid-carotene emulsion (high anti-oxidant activity group)
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Figure 3 Anti-oxidant activity measured by bleaching of linoleic
acid-carotene emulsion (medium anti-oxidant activity group)
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Figure 4 Anti-oxidant activity measured by bleaching of
linoleic acid-carotene emulsion (low anti-oxidant activity group)
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Figure 5 The relationship between total phenolic content and
anti-oxidant activity of vegetables

elation between total phenolic content and anti-oxidant
activity of the plant extracts. According to them
different phenolic compounds have different responses
in the Folin-Ciocalteu method. Similarly the molecular
anti-oxidant response of phenolics in methyl linoleate
varies remarkably depending on their chemical
structure (Anna et al., 2008). Thus the anti-oxidant
activity of an extract could not be explained just on
the basis of their phenolic content but also required
their proper characterization. Another Japanese study
used the Folin assay for fresh vegetable extracts and
measured their activity using B-carotene bleaching
coupled with the oxidation of linoleic acid (Tsushida
et al., 1994). They found a positive correlation of
anti-oxidant activity with phenol content. This correlation
suggests that although the vegetables may contain
other anti-oxidants such as proteins, ascorbate and the
carotenoids, these do not contribute significantly to the
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anti-oxidant activity (Patel et al., 2010), corroborated
this assumption.

According to the results, a positive correlation of
anti-oxidant activity with phenol content was found.
This correlation suggests that most of the vegetables
which are having high antioxidant activity may also
show high phenolic contents. Although the vegetables
may contain other anti-oxidants such as proteins,
ascorbate and the carotenoids, these do not contribute
significantly to the anti-oxidant activity. Results are
represented graphically in Figure 5, with anti-oxidant
activity correlated significantly and positively with
total phenolics (2 = 0.6947, P < 0.05). The results
indicate that vegetables containing high phenolics may
provide a source of dietary anti-oxidants.

3 Conclusion

The study reported the antioxidant activity and total
phenolic contents of fourteen vegetables. The study
clearly indicates that it is important to measure the
anti-oxidant activity using various radicals and
oxidation systems and to take both phenolic content
and anti-oxidant activity into account while evaluating
the anti-oxidant potential of plant extracts. However,
the model system consisting of B-carotene and linoleic
acid can be used to screen large number of sources for
their anti-oxidant capacity. Furthermore, in order to
realize the health benefits from potential plant sources,
additional information on their dietary intake and
enhancing bioavailability after various processing
operations is required. Currently work is underway in
our laboratory to confirm the anti-oxidant activity of
various fruit and other sources by using other
oxidation systems and lipid models. In addition more
work on optimizing processing and storage conditions
for their maximum stabilization is also under progress.
Phenolic compounds could be a major determinant of
antioxidant potentials of food plants and could
therefore be a natural source of antioxidants and
because Phenolic compounds have been associated
with the health benefits derived from consuming high
levels of vegetables.

Research on polyphenol bioavailability must finally
allow us to correlate polyphenol intakes with one or
several accurate measures of bioavailability (such as
concentrations of key bioactive metabolites in plasma
and tissues) and with potential health effects in

epidemiologic studies. Knowledge of these correlations
must be attained despite the difficulties linked to the
high diversity of polyphenols, their different bio
availabilities, and the high inter individual variability
observed in some metabolic processes, especially
those in which the microflora is involved.

4 Materials and Methods

4.1 Sample preparation

Fourteen vegetables were purchased fresh from different
market. These were cleaned, washed and chopped into
small pieces. Allium cepas, Allium sativum, Brassica
rapa, Raphanus sativus, and other vegetables having
dry skins were processed after removal of their skins.
Only edible portions of vegetables were weighed and
homogenized using a pestle motor.

Ethanol extracts of leaves of leafy vegetables as well
as root extracts was prepared. Phenolic content in
these vegetables (Beta vulgaris, Brassica juncea,
Chenopodium, Brassica rapa, Raphanus sativus, Allium
cepa, Allium sativum, French beans, Pea pods, green
chilies, Brassica oleracea, Brassica oleracea and
Cucumis sativus) was measured using Folin—Ciocalteau
procedure. Anti-oxidant activity in these vegetables
was measured using B-carotene bleaching method.
Comparative analysis of anti-oxidant activity and
phenolic content in these vegetables shows positive
relationship.

4.2 Determination of total phenolic content
Folin-Ciocalteu procedure

Total phenols were determined using the Folin-Ciocalteu
reagent (Kaur et al., 2002). Samples (2g) were
homogenized in 80% aqueous ethanol at room
temperature and centrifuged in cold at 10,000 rpm for
15 min and the supernatant was saved. The residue
was re-extracted twice with 80% ethanol and
supernatants were pooled, put into evaporating dishes
and evaporated to dryness at room temperature.
Residue was dissolved in 5 mL of distilled water.
One-hundred microliters of this extract was diluted to
3 mL with water and 0.5 ml of Folin-Ciocalteu
reagent was added. After 3 min, 2 mL of 20% of
sodium carbonate was added and the contents were
mixed thoroughly. The color was developed and
absorbance measured at 650 nm in spectrophotometer
after 60 min using catechol as a standard. The results
were expressed as mg catechol/100 g of fresh weight
material.
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Phenolic content can be calculated as

0.D,, . * A*10%vol * DF * 100

sample

Weight of sample * 1000

Where, O.D sampie is Optical density of sample, DF is
Dilution Factor, and Agsg is Absorbance of standard at
650 nm,

4.3 Determination of anti-oxidant activity

Beta carotene bleaching method

For the determination of anti-oxidant activity, alcoholic
(80%) vegetable extracts were prepared. Vegetable
(2 g) were homogenized in the respective media and
centrifuged at 10,000 rpm for 15 min. Supernatants
were stored in capped tubes until further use.
Anti-oxidant activity was determined according to the
b-carotene bleaching method as described by (Anna et
al., 2008) with modifications. - Carotene (2 mg) was
dissolved in 20 ml of chloroform. A 4 ml aliquot of
the solution was added to a conical flask with40 mg
linoleic acid and 400 mg Tween-40. Chloroform was
removed with a rotary evaporator at 50°C. Oxygenated
distilled water (100 ml) was added to the b-carotene
emulsion mixed well and aliquots (3 ml) of the
oxygenated b-carotene emulsion and 0.2 ml of
water/alcoholic extracts were placed in capped culture
tubes and mixed well. The tubes were immediately
placed in a water bath and incubated at 50 °C.
Oxidation of the B-carotene emulsion was monitored
with spectrophotometer taking absorbance at 10-min
interval at 470 nm for 100 min. A control consisted of
0.2 ml distilled water instead of vegetable extract.
Anti-oxidant activity was expressed as per cent
inhibition relative to control using the equation

(Absmmplu Omin
(Abs, -Abs

Control 0 min

— bsamp\c 100 mm)

Control 100 l11||'l)

Where: AbSgmpie omin 1S Absorbance of sample at 0
minute, AbSsmpie10omin 1S Absorbance of sample at 100
minute, AbS control omin 1S Absorbance of control at 0
minute and ABS control 100min 1S Absorbance of control at
100 minute,

4.4 Procedure for standard curve

Prepared a stock solution of 10mg of catechol in 100
ml of distilled water, 0.2ml, 0.4ml, 0.6ml, 0.8ml and
1ml of this solution were diluted to 3 ml with water
and 0.5 ml of Folin-Ciocalteu reagent was added.
After 3 min, 2 ml of 20% of sodium carbonate was

added and the contents were mixed thoroughly. The
color was developed and absorbance measured at 650
nm spectrophotometer after 60 min. Figure 1 shows
the standard curve by using catechol as a standard for
calculating the total phenolic content in vegetables
samples.
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