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ABSTRACT
Objective: The aim of this research program is to evaluate the antioxidant potentialities comprehensively utilizing commonly available cruciferous
vegetables of India, viz., cabbage, cauliflower, kohlrabi, and radish.

Methods: The plant materials were procured and processed for cold extraction procedure using 70% ethanol. The extracts were primarily assessed
for their phytoconstituents and further for their in vitro antioxidant activity using various qualitative and quantitative estimations. The results of
quantitative estimations were expressed in terms of equivalence with respective standards, and the antioxidant potentiality of various scavenging
and chelating activities were expressed in terms of 50% effective concentration. Further, correlation studies were made between quantitative and
qualitative assays to study the relationship between the effects of different phytoconstituents groups.
Results: In this study, the results revealed that all the four cruciferous vegetable extracts possess potential antioxidant activities. Among the extracts
under study kohlrabi has recorded superior antioxidant potential than others. It is clear from the study that the tested cruciferous vegetables
manifested differential expression of antioxidant capacity due to their phytoconstituents.
Conclusion: From the results, it can be concluded that the Cruciferae vegetables have potent antioxidant activity contributing to the use for health
benefits in addition to their nutritive role as vegetable.
Keywords: Cruciferae vegetables, Phytochemicals, In vitro antioxidant activity, Correlation.
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INTRODUCTION
Oxidative-free radicals are byproducts of the normal reactions within
our bodies. These reactions include the generation of calories, the
degradation of lipids, the catecholamine response under stress, and
inflammatory processes [1]. Fruits and vegetables are considered
to be the major contributors of reactive oxygen species-scavenging
antioxidants. The cancer and other disease preventing action
supposedly resides in the fact that vegetables contain not only abundant
nutritional antioxidants, but also a great quantity of non-nutritional
antioxidants, such as polyphenols ‐ flavonoids, tannins, carotenoids,
and vitamins [2,3]. Among plant foods with health benefits, crops from
the family Cruciferae have been the focus of numerous epidemiological
and clinical studies [4]. Cruciferous vegetables, in particular those
included into the Brassica genus, are good sources of a variety of
nutrients and health-promoting phytochemicals [5]. Epidemiological
studies have shown that a diet rich in cruciferous vegetables can
lower the risk of age-related chronic illnesses such as cardiovascular
health and other degeneratice diseases [6] and reduces the risk of
various cancers [7-9]. The aim of the present research programme is
to evaluate the antioxidant potentialities comprehensively utilizing
commonly available cruciferous vegetables of India viz. Cabbage,
Cauliflower, Kohlrabi and Radish. to assess the antioxidant activities
and its correlation with the phytochemical components..
METHODS

Collection of selected cruciferous vegetables
The selected four different commonly consumed cruciferous vegetables
of tropical India was procured from a local market of Shimoga,

Karnataka. The vegetables include cabbage (Brassica oleracea L.
var. botrytis cv. Barsathi.), cauliflower (B. oleracea L. var. botrytis cv.
Barsathi), kohlrabi (Brassica oleracea L. var. gongylodes cv. White
Vienna), and Raphanus sativus L cv. Arka Nishant. (radish), which were
authenticated by the Horticultural Department, Kadur. The collected
materials were processed for extraction procedures.

Extraction
After selection, each vegetable was washed under running tap water
followed by washing with distilled water to remove the surface debris.
For the cabbage, after wash the outer leaves were removed, the heads
divided into four segments and were chopped into small pieces using
a cutter. For cauliflower, the heads were obtained by cutting the main
stalk. The florets, together with about 1 cm of the stalk were cut off
from the rest of the stalk and used as cauliflower samples. For kohlrabi,
the foliage and most external stem layers were removed and the
remaining edible stem portion was used for the analysis, for radish, the
leaf portion and the most outer root skin layer was removed and the
remaining edible root portion was used for the analysis.

Exactly 1 kg of each vegetable was weighed. Finally, the above-prepared
vegetable samples were chopped into small pieces using a cutter
and later minced using a mixer grinder and finely macerated. After
homogenization, it was extracted in 70% ethanol for 7 days in the
dark in the room temperature with intermittent shaking. After 7 days,
the whole extracts are filtered using muslin cloth at first and then
through Whatman No. 1 filter paper, and the filtrate is concentrated
using rotary evaporator. The yield of crude extracts obtained was
noted, stored in desiccators for maximum of 3 days; later preserved
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in a deep freezer (−20°C) for further use [10]. The yield of the extract
was calculated using the following equation: Percentage of extraction
yield = m1/m0×100; Where m1 is mass of the extract in gram and m0 is
mass of sample in gram.

Qualitative phytochemical analysis
The preliminary qualitative phytochemical studies were performed for
testing the different chemical groups present in ethanolic extracts of
four different cruciferous vegetables [11-13].
Quantitative phytochemical analysis

Total phenolic content
The total phenolic content was measured by the method of Chandler
and Dodds, 1993 [14]. The total phenolic content was calculated and
expressed as catechol and gallic acid equivalents, respectively, in µg/mg
of extract.

Total flavonoid content

Total flavonoid contents of all the extracts were determined by the
method of Zhishen et al. [15]. Total flavonoid content was expressed as
catechol and quercetin equivalence, respectively, in µg/mg of extract.

Ascorbic acid content

Ascorbic acid content was determined by 2,4-dinitrophenylhydrazine
method as described by Sadasivam and Manickam, 2004 [16]. Ascorbic
acid equivalents in µg/mg of extract were calculated using the standard
graph of ascorbic acid.

Total antioxidant capacity (TAC)

The TAC was measured by spectrophotometeric method of Prieto
et al., 1999 [17]. Ascorbic acid and butylated hydroxytoluene (BHT)
equivalents in µg/mg of extract.
Evaluation for in vitro antioxidant activities

DPPH (2,2- diphenyl-1-picrylhydrazyl) radical scavenging
activity

DPPH free radical scavenging assay was measured using DPPH free
radical test, by employing the method of Wong et al., 2006 [18].
Ascorbic acid and BHT were used as the standard, and the results are
expressed as 50% effective concentration (EC50), which is the amount
of antioxidant necessary to decrease the initial concentration by 50%.

Nitric oxide radical scavenging activity

Nitric oxide radical scavenging activity was determined according to
the method reported by Garrat, 1964 [19]. Ascorbic acid and BHT were
used as a positive control, and the results are expressed as EC50.

Ferrous ion ( Fe2+) chelating activity

The chelation of ferrous ions by extracts was estimated by method of
Dinis et al. 1994 [20]. EDTA was used as a standard metal chelating
agent and the results are expressed as EC50.

Superoxide radical scavenging assay

The activity was evaluated using nitro blue tetrazolium reduction
method using a slightly modified method of Nishikimi et al. [21].
Ascorbic acid and BHT were used as the standards, and the results are
expressed as EC50.

Hydroxyl radical scavenging assay

The scavenging capacity for hydroxyl radical was measured according
to the modified method of Halliwell et al. [22]. Ascorbic acid and BHT
were used as the standards, and the results are expressed as EC50.
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Reducing power assay
The reducing power of the extracts was evaluated according to Oyaizu,
1986 [23]. Ascorbic acid and BHT were used as standards. Increase in
absorbance of the reaction mixture indicates increased reducing power.
EC50 value (µg of extract/ml) is the EC at which the absorbance was 0.5
for reducing power.

Lipid peroxidation (LPO) inhibition assay

TBA reacts with malondialdehyde to form a diadduct, a pink
chromogen, which can be detected according to the method of Halliwell
and Guttridge [24]. Ascorbic acid and BHT were used as the standards,
and the results were expressed as EC50.

Correlation analysis for antioxidant activities
Correlation analysis were performed to ascertain the relationship between
qualitative and quantitative activities. For bivariate analysis, correlation
coefficient (r) was calculated using dot plot method for different qualitative
estimations versus different quantitative estimations [25].
Statistical analysis
The experimental data were reported as mean±standard error of the
mean of three parallel measurements. One-way analysis of variance
performed by ANOVA procedures. The values were considered
statistically when *p<0.05, **p<0.01.
RESULTS

Extraction
The extraction of bioactive compounds from plant materials is the first
step in the utilization of phytochemicals in the preparation of dietary
supplements or nutraceuticals, food ingredients, and pharmaceutical
products. The result revealed that cabbage showed high percentage
yield (56.28 g) followed by kohlrabi (50.85 g), radish (49.85 g), and
cauliflower (44.13 g) per kg of plant material.
Qualitative phytochemical analysis
The results of qualitative phytochemical analysis revealed that all
the four vegetable extracts showed the presence of several bioactive
compounds, viz., polyphenols, flavonoids, terpenoids, steroids,
glycosides, alkaloids, and carotenoids. The results also revealed that
saponins were present in cabbage and radish extracts while absent in
cauliflower and kohlrabi extracts (Table 1).
Quantitative phytochemical evaluation

Total phenolic content
The total phenolic content of the four cruciferous vegetable extracts
was compared with a standard curve of catechol (y=0.0082x−0.0035,
R²=0.9881) and gallic acid (y=0.0053x−0.0097, R²=0.9935). The results
were expressed as the number of equivalents of catechol and gallic
acid (μg/mg of extract), respectively. The result revealed that kohlrabi
showed the highest content of phenolic compound (22.8 and 14.7 µg)
followed by cauliflower (17.4 and 11.2 µg), cabbage (8.8 and 5.6 µg),
and radish (4.8 and 3.1 µg). The results were presented in Fig. 1a.
Table 1: Qualitative phytochemical analysis of four Cruciferae
vegetable extracts

Tests

Cabbage

Cauliflower

Kohlrabi

Radish

Steroids
Glycosides
Terpenoids
Saponins
Alkaloids
Carotenoids
Flavonoids
Tannins and
polyphenols

+
+
+
+
+
+
+
+

+
+
+
‑
+
+
+
+

+
+
+
‑
+
+
+
+

+
+
+
+
+
+
+
+
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d
Fig. 1: Quantitative phytochemical evaluation of four Cruciferae vegetable extracts (a) standard curves and equivalence of total phenolics
(b) standard curves and equivalence of total flavonoids (c) standard curve and equivalence of total ascorbic acid content (d) standard
curve and equivalence of total antioxidant capacity (TAC)

Total flavonoid content

Ascorbic acid content

The standard curve of catechol (y=0.0125x+0.0627, R²=0.9859) and
quercetin (y=0.0098x+0.0621, R²=0.9975) was used to express the
total flavonoid content of the four cruciferous vegetables in terms of
catechol and quercetin equivalence (μg/mg of extract), respectively. The
results were similar to that of total phenolic contents. From the results,
it was found that kohlrabi showed the maximum content of flavonoids
(17.4 and 20.7 µg) followed by cauliflower (10.2 and 12.1 µg), cabbage
(7.6 and 9 µg), and radish (3.6 and 4.3 µg). The results were depicted
in Fig. 1b.

The ascorbic acid content of the four cruciferous vegetable extracts was
compared with a standard curve of ascorbic acid (y=0.0101x+0.1614,
R²=0.9882). The results of the ascorbic acid were used to express the
ascorbic acid content of the four vegetables and were expressed in
terms of ascorbic acid equivalence in μg/mg of extract (Fig. 1c). From
the results, it was found that kohlrabi showed the maximum content
of ascorbic acid (27 µg) followed by cauliflower (23.6 µg), cabbage
(19 µg), and radish (17.3 µg).
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Evaluation for in vitro antioxidant activities
DPPH radical scavenging activity
DPPH was used to determine the proton scavenging activity of all
the four different extracts at varying concentrations were measured
along with standard ascorbic acid and BHT, and their EC50 values
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are shown in Fig. 2a. The EC50 values for test extracts were found
to be highest in kohlrabi (1656.7 µg/ml) followed by cauliflower
(2921 µg/ml), cabbage (3599 µg/ml), and radish (5056.6 μg/ml).
Standard ascorbic acid and BHT have EC50 value of 3.9 and 65.7 µg/ml,
respectively.

a

b

c

d

e

f

g
Fig. 2: In vitro antioxidant activities (EC50) of four Cruciferae vegetable extracts, (a) DPPH radical scavenging activity, (b) Nitric oxide
radical scavenging activity, (c) Fe2+ chelating activity, (d) superoxide radical scavenging assay, (e) Hydroxyl radical scavenging assay,
(f) Reducing power assay, (g) Lipid peroxidation inhibition assay
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TAC

LPO inhibition assay

The results of TAC revealed that all four different cruciferous vegetables
under study possess prominent antioxidant potentials (Fig. 1d).
The results were compared with the standard curve of ascorbic
acid (y=0.0098x−0.0139, R²=0.9922) and BHT (y=0.0042x+0.0756,
R²=0.9036). The activity is expressed in terms of the equivalence
of ascorbic acid and BHT (μg/mg of extract), respectively. From the
results, it was found that that kohlrabi showed the maximum content of
total antioxidants (97.6 and 213.6 µg) followed by cauliflower (78 and
166.8 µg), cabbage (60 and 87.4 µg), and radish (36 and 59 µg).

In this study, the four cruciferous vegetables were investigated in
comparison with the known antioxidants, ascorbic acid, and BHT. The
EC50 values for inhibition of LPO activity were found to be effective
in radish (282 µg/ml) followed by cauliflower (289 µg/ml), kohlrabi
(411.7 µg/ml), and cabbage (491 µg/ml). The standards ascorbic acid
and BHT recorded EC50 values of 29.8 and 81.2 µg/ml, respectively
(Fig. 2g).

Nitric oxide radical scavenging activity

All the four different extracts showed a better activity in competing
with oxygen to react with nitric oxide and thus the inhibition of
anions. Test extracts inhibited nitric oxide by exhibiting the EC50
values 675.5 µg/ml (kohlrabi), 690.2 µg/ml (cauliflower), 783 µg/
ml (cabbage), and 585.4 μg/ml (radish) whereas standard ascorbic
acid and BHT have recorded lower EC50 value of 38.3 and 72.6 µg/ml,
respectively (Fig. 2b).

Fe2+ chelating activity

Among the different vegetable extracts, cauliflower showed better
activity by registering 704 µg/ml of EC50 followed by cabbage
(1739.7 µg/ml), kohlrabi (3276.5 µg/ml), and radish (3934.6 μg/ml).
Whereas standard EDTA has showed 10.9 µg/ml (Fig. 2c).

Superoxide radical scavenging assay

The superoxide radical scavenging activity of all the four different
extracts at varying concentrations was measured, and their EC50
values are presented in Fig. 2d. The EC50 values for test extracts were
found to be highest in kohlrabi (713.7 µg/ml) followed by cauliflower
(782.8 µg/ml), radish (1037 µg/ml), and cabbage (1084.5 µg/ml).
Standard BHT and ascorbic acid have EC50 values of 27.9 and 49.2 µg/
ml, respectively.

Hydroxyl radical scavenging assay

The EC50 values among the different vegetable extracts revealed that
cabbage showed better activity (501.2 µg/ml) followed by cauliflower
(650.6 µg/ml), radish (857.2 µg/ml), and kohlrabi (996 µg/ml) whereas
standards BHT and ascorbic acid recorded EC50 of 43.4 and 49.7 µg/ml,
respectively (Fig. 2e).

Reducing power assay

The reducing capacity of a compound may serve as a significant indicator
of its potential antioxidant activity. The reductive ability was measured
in terms of Fe3+ to Fe2+ transformation in the presence of different
concentrations of the extract. The results revealed that among the four
cruciferous vegetables, the dose-dependent reducing power was found
to be high in kohlrabi with an EC50 of 620 μg/ml followed by cabbage
(724 μg/ml), cauliflower (883 μg/ml), and radish (1118 μg/ml). The
reductive capabilities of all the extracts were compared with standards
ascorbic acid and BHT which recorded an EC50 value of 17 and 70 μg/ml,
respectively (Fig. 2f).

Correlation analysis for antioxidant activities
Among the quantitative and qualitative activities examined for four
cruciferous vegetable extracts, a simple positive correlation was
absorbed between the variables. The highest average value of “r”
(correlation coefficient) for qualitative activities was 0.530, 0.525,
0.504, and 0.493 for total antioxidant, total phenolics, total flavonoids,
and ascorbic acid content, respectively. Among the qualitative activities,
the highest average value of “r” was shown by DPPH radical scavenging
(0.969) followed by superoxide radical (0.914), reducing power (0.729),
hydroxyl radical (0.415), iron chelating (0.191), nitric oxide radical
(0.190), and LPO (0.183). Correlation coefficient (r) and its respective
significance (p value) for each activity were shown in Table 2.
DISCUSSION

Vegetables contain several hydrophilic and lipophilic antioxidant
compounds and it is important to estimate the antioxidant activity using
different methods. They may act together more effectively than singly
because they function synergistically and are capable of quenching
free radicals in both aqueous and lipid phases [26,27]. Antioxidant
compounds may also act as metal chelators and interfere with the
pathways that regulate cell division and proliferation and detoxification;
they also may regulate inflammatory and immune responses and may
have antiulcerative properties [28]. They may inhibit or activate a
large variety of mammalian enzyme systems, exhibiting biphasic dose
responses in cells at low doses. Phytochemicals activate signaling
pathways that result in the increased expression of genes encoding
cytoprotective proteins, including antioxidant enzymes, protein growth
factors, and mitochondrial proteins [29].

A preponderance of epidemiological studies provides convincing
evidence of the beneficial role of fruits and vegetables in the diet for
the maintenance of health and prevention of disease [30,31]. In this
investigation four different cruciferous vegetables, viz., cabbage,
cauliflower, kohlrabi, and radish recorded the presence for several
bioactive compounds, viz., polyphenols, flavonoids, terpenoids,
steroids, glycosides, alkaloids, and carotenoids. Several potential
antioxidant components including total phenols, flavonoids, ascorbic
acid and total antioxidants, and glucosinolates were determined. The
results of the recent research clearly indicate the importance of fruit
and vegetables as the richest potential source of these substances
and emphasize the need to increase the proportion of these products
in the diet. A prominent role in this process is played by the popular
cruciferous vegetables (Cruciferae), which contain several bioactive
compounds and which not only act as antioxidants, but also have other
health promoting properties [32-34].

Table 2: Correlation coefficients (r) between qualitative and quantitative antioxidant activities

Quantitative
estimation

Correlation coefficient (r)
DPPH

Super oxide

Nitric oxide

Hydroxyl

Reducing
power

Iron
chelating

Lipid
peroxidation

Average

Ascorbic acid
Total flavonoids
Total phenolics
Total antioxidants
Average

0.958±0.02
0.964±0.05
0.9795±0.03*
0.975±0.07
0.969

0.952±0.06
0.945±0.01
0.849±0.03**
0.912±0.05**
0.914

0.122±0.02
0.169±0.01**
0.233±0.01**
0.238±0.04**
0.190

0.456±0.06
0.4±0.02*
0.451±0.05
0.353±0.03**
0.415

0.693±0.02
0.706±0.03
0.766±0.08*
0.753±0.02*
0.729

0.181±0.02
0.242±0.03*
0.079±0.02
0.263±0.03*
0.191

0.093±0.03
0.107±0.03
0.318±0.05**
0.216±0.01**
0.183

0.493
0.504
0.525
0.530

*p<0.05, **p<0.01
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Frankel et al. [35] suggested that the use of different methods is
necessary in antioxidant activity assessment to understand the
various antioxidation mechanisms which are operating in the
cellular system. In this study, the ethanolic extracts of four Cruciferae
vegetables have exhibited potent antioxidant activities. Further, it
was proved by quantitative assays, viz., total phenolic, flavonoid,
and total antioxidants, ascorbic acid content as well as glucosinolate
content. Among the four vegetables, kohlrabi was proved to be
superior in terms of antioxidant activities followed by cauliflower,
cabbage, and radish. The data, therefore, suggest that the extracts of
Cruciferae are a potential source of natural antioxidants. This is due
to the presence of phytoconstituents, viz., alkaloids, sterols, phenolic
compounds (flavonoids), glycosides, and glucosinolates which have
been known for their antioxidant property [36-39]. The antioxidant
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 [40]. Many flavonoids may
help to provide protection against the oxidation at the cellular level
as antioxidants by interfering in enzyme activity, chelating of redoxactive metals and effective scavengers of hydroxyl and peroxyl radicals
as well as quenching superoxide radicals and singlet oxygen [41].
Tannins are widely distributed in nature and are present in almost all
plant foods and some beverages. Tannins are known to inhibit LPO and
lipoxygenases in vitro, and information has been accumulated over the
last few years demonstrating their ability to scavenge radicals such as
hydroxyl, superoxide, and peroxyl, which are known to be important
in cellular pro-oxidant states [42]. In addition to the role of various
secondary metabolites vitamins too play a pivotal role in conferring
antioxidant capacity. Vitamin E is considered to be an efficient
chain-breaking antioxidant that produces a relatively nonreactive
chromanoxyl radical [43]. Vitamin C is a hydrophilic antioxidant
and is considered to be a poor antioxidant within the lipophilic
plasma membrane [44]. However, vitamin C plays a valuable role in
the regeneration of vitamin E and thereby acts to reduce the rate of
oxidative consumption of vitamin E [45,46]. β-carotene is another
hydrocarbon carotenoid and quencher of singlet oxygen at a low
partial pressure of oxygen [47]. The presence of these phytochemicals
has been recently considered of crucial nutritional importance in the
prevention of chronic diseases such as cancer, cardiovascular disease,
and diabetes [48]. Furthermore, epidemiological studies have shown
that a diet rich in cruciferous vegetables can lower the risk of various
cancers [7]. The major active compounds in cruciferous vegetables, the
derivatives of glucosinolates, viz., indole-3-carbinol, sulforaphane, and
isothiocyanates exhibit promising cancer protective properties [49].
Correlation analysis, a bivariate analysis was used in this work for
ascertaining the strength of the relationship between the variables.
The degree of such relationship can be established by calculating the
correlation coefficient (r), which gives a quantitative measure of the
degree of closeness between the variables. The degree of correlation
in the study suggests a simple, positive, and high degree of correlation
existing between the variables tested. It is evident from the results
that the quantitative estimations performed in the study are positively
correlated with the antioxidants studies wherein total antioxidant
recorded a high “r” value followed by total flavonoids, total phenolics,
and ascorbic acid content. Several reports have indicated that there is
a direct correlation between antioxidant activity and the presence of
phenolics, flavonoids, and total antioxidants in the plants [25,50]. The
marginal difference in the averages of correlation coefficient exhibited
between total antioxidant and total phenolics might be due to the
presence of non-phenolic antioxidants, viz., proteins, ascorbate, and
carotenoids [51]. The average “r” value was found to be highest in DPPH
radical scavenging activity (0.979) followed by other assays under
study irrespective of quantitative phytochemical estimations, indicating
that it is a best suited and reliable radical scavenging activity [52,53].
The linear expression obtained from regression analysis is helpful
in measuring the variables in terms of qualitative and quantitative
parameters.
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Thus, this study reveals that all the extracts possess potent antioxidant
capacity and supports the plethora of investigations on the health
benefits of cruciferous vegetables in prevention of degenerative
diseases in ensuring longevity.
CONCLUSION

In this study, the results revealed that all the four cruciferous vegetable
extracts possess potential antioxidant activities. Among the extracts
under study kohlrabi has recorded superior antioxidant potential than
others. It is clear from the study that the tested cruciferous vegetables
manifested differential expression of antioxidant capacity due to their
phytoconstituents. From the results, it can be concluded that the
Cruciferae vegetables have potent antioxidant activity contributing
to the use for health benefits in addition to their nutritive role as a
vegetable.
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