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ABSTRACT

There are over a two lakh twenty thousand phytochemicals out of which fruits and vegetables have hundred
different phytochemicals and two hundred and fifty thousand species of plants exists on this planet containing
different kinds of secondary metabolites, known as Phytochemicals.Natural antioxidants having low or no side
effects are used in prevention of diseases plants produce secondary metabolites, most of the antioxidant compounds
are flavonoids, phenols ,anthocyanins, carotenoids are used to overcome the oxidative stress caused by reactive
oxygen species.Current research studies were carried out for evaluating the antioxidant and antibacterial activities
of ethanol flower extract of Brassica oleracea var. italica-Broccoli. Antioxidant activities such as DPPH" radical,
Superoxide (O,") radical, ABTS®" radical cation, phosphomolybdenum reduction and Fe** reduction were carried
out for ethanol flower extract of Brassica oleracea var. italica-Broccoli. The maximum DPPH" radical and
Superoxide (O,") radical scavenging activities were 54.39+0.42% and 73.07£0.29% at 120 pg/mL concentration
and the ICs, values were 80.67 pg/mL and 57.59 pg/mL concentrations respectively. The maximum ABTS®"
radical cation scavenging activity was 87.63+0.42% at 12 pg/mL concentration and the 1Cs, value was 6.50 pg/mL
concentration respectively. The maximum Mo®* reduction and Fe** reduction were 90+0.26% and 52+0.31% at 120
pg/mL concentration and the RCs, values were 15.15 ug/mL and 104.16 pg/mL concentrations respectively. The
antibacterial activity of ethanol flower extract of Brassica oleracea var. italica-Broccoli showed maximum zone of
inhibition of 23 mm for Escherichia coli at 750 pg/mL concentration. Oleic acid, Quinoxaline, 2-isopropyl-3-
phenyl, 4-oxide, n-Hexadecanoic acid were found to be the active compounds detected from GCMS analysis.

KEYWORDS: Superoxide (O") radical, ABTS®" radical cation, Phytochemicals, GCMS.

INTRODUCTION
There is a strong correlation of antioxidant consumption
with lower risk of many diseases such as cardiovascular

proteins. Moreover, some carotenoids also have
antioxidant activity (AOA) and shown beneficial effects
on the reduction of cardiovascular diseases. The

cancer, diabetes and hypertension diseases as well as
other medical conditions. Vegetables have phenolic
compounds, pigments and natural antioxidants; these
compounds protect many diseases like cancer and heart
diseases.? The importance of antioxidant effects on
cardiovascular diseases and cancer is especially
important and these antioxidants can be found in various
fruits, vegetables and herbs.

Antioxidants in fruits and vegetables have defensive
effects and are three main groups: vitamins, phenolics
and carotenoids. Vitamin C (ascorbic acid, AminoAcids)
and the oxidized form (dehydroascorbic acid, DHAA),
carotenoids and  phenolic  compounds  prevent
cardiovascular disease, cancer and cataracts which are
associated with the oxidative damage of lipids, DNA and

vegetables that have phytochemicals are also not only
low in fat and saturated fat, cholesterol and calories but
also are rich in potassium and sodium, fiber, folic acid
and AA.B* Broccoli - Brassica oleracea L. var. italica
Plenk - belongs to family Brassicaceae (Figure 1). The
word “Brassica” means to cut off the head. Broccoli is
an Italian word from the Latin brachium, meaning an
arm or branch. The term sprouting as used in sprouting
broccoli refers to the branching habit of this type, the
young edible inflorescences often being referred to as
sprouts. The sprouting broccolis are thought to have
originated from the eastern Mediterranean then
introduced into Italy.

Broccoli inflorescence is a good source of health
promoting compounds since it contains glucosinolates,
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flavonoids, hydroxycinnamic acids and other minor
compounds.?® Broccoli is a rich source of carbohydrates,
potassium, vitamin K, vitamin C, vitamin A, vitamin E,
potassium and folate. It is a very good source of dietary
fiber, protein, calcium, phosphorus, magnesium and
sodium.’®! The consumption of broccoli may alter the
stannous dichloride toxicity. Broccoli extract may use as
a new protective strategies against the toxic effect of
SnCl, on patients who were taken Technetium-99m.

Processes such as blanching, cooking and cutting, affect
the content of glucosinolates, sulforaphane, polyphenols
and antioxidant activity in broccoli. Steam processed
broccoli should have enhanced antioxidant (through
phenols and flavonoids) and anticarcinogenic (through
glucosinolates) properties. Cutting or chopping broccoli
then cooking or blanching at temperatures lower than

MATERIALS AND METHODS
Collection and Extraction process
oleracea var. italica-Broccoli flowers
The Brassica oleracea var. italic (Broccoli) were freshly
collected from Koyambedu vegetable market, Chennai,
Tamil Nadu, India. The stalk of Broccoli were
completely removed and the flowers of Broccoli were
well cleaned, made into fine medium pieces and soaked
in ethanol for 72 hours. The intense green coloured
supernatant was filtered and condensed in room
temperature devoid of heat supply, which yields green
pasty extract.'#**!

of Brassica

In vitro antioxidant activities

DPPH’ radical scavenging activity

The radical scavenging activity of ethanol flower extract
of Brassica oleracea var. italica-Broccoli was carried out
by the reduction DPPH" free radical method.™* One mL
of ethanol flower extract of Brassica oleracea var.
italica-Broccoli  with various concentrations (20-120
ug/mL) was mixed with 1 mL of 0.1 mM DPPH solution

Fig. 1: Habitat of Brassica oleracea var. italic.

100°C is favorable for anticarcinogenic properties. These
issues seem promising for the use of processed broccoli
as a functional food, with improved health promoting
properties.’®! Steam processed broccoli showed a higher
antioxidant capability, due to the significantly increased
extractability of phenols and flavonoids, increased the
bioavailability of these compounds in vivo, thus
improving the health promoting properties.!**°*!

Taxonomic Classification of Brassica oleracea var.
italica

Domain: Eukaryota

Kingdom: Plantae

Phylum: Spermatophyta

Subphylum: Angiospermae

Class: Dicotyledonae

Binomial name: Brassica oleracea var. italic

in methanol. The mixture was then allowed to stand for
30 min incubation in dark. One mL of methanol mixed
with 1 mL of DPPH solution was used as the control.
The decrease in absorbance was measured at 517 nm
using UV-Vis spectrophotometer. Ascorbic acid was
used as the standard reference.

The percentage of inhibition was calculated as.

% of DPPH radical inhibition = | Control - Sample | *100

Control

Superoxide (O, -) radical scavenging activity

Superoxide (O,-) radical scavenging activity was carried
out by the method™ and the reaction mixture contains
different concentrations (20-120 pg/mL) of ethanol
flower extract of Brassica oleracea var. italica-Broccoli
with 50 mM of phosphate buffer (pH 7.4), 200 pL of 1.5
mM of riboflavin, 200 pL 12 mM of EDTA and 100 pL
50 mM of NBT, added in that sequence. The reaction
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was started by illuminating the reaction mixture for 15
min in UV lamp. After illumination, the absorbance was
measured at 590 nm using UV-Vis spectrophotometer.
Ascorbic acid was used as the standard reference. The
percentage of inhibition was calculated as.

% of Superoxide (0,-) radical inhibition = | Control - Sample | ¥100

Control

ABTS*" (2,2-azinobis (3-ethylbenzo thiazoline-6-
sulfonic acid) radical cation scavenging activity

The ethanol flower extract of Brassica oleracea var.
italica-Broccoli from the stock solution was taken in
various concentrations and this assay was performed
according to the method."® The stock solutions included
7.4 mM ABTS solution and 2.6 mM potassium
persulfate solution. The working solution was then
prepared by mixing the two stock solutions in equal
quantities and allowing them to react for 12 hours at
room temperature in the dark. Fresh ABTS solution was
prepared for each experiment. The ethanol flower extract
of Brassica oleracea var. italica-Broccoli in varying
concentrations (2-12 pg/mL) were allowed to react with
500 pL of the ABTS solution for 15 minutes in dark
condition and the absorbance was measured at 734 nm
using UV-Vis spectrophotometer. Ascorbic acid was
used as the standard reference. The percentage of
inhibition was calculated as.

% of ABTS*" radical cation inhibition = | Control — Sample | x100

Control

Phosphomolybdenum reduction activity

The antioxidant capacity of ethanol flower extract of
Brassica oleracea var. italica-Broccoli was assessed as
described.!! The ethanol flower extract of Brassica
oleracea  var. italica-Broccoli ~ with  varying
concentrations ranging (20-120 pg/mL) was combined
with reagent solution containing ammonium molybdate
(4 mM), sodium phosphate (28 mM) and sulphuric acid
(600 mM). The reaction mixture was incubated in water
bath at 95°C for 90 min. The absorbance of the coloured
complex was measured at 695 nm using UV-Vis
spectrophotometer. Ascorbic acid was used as the
standard reference. The percentage of reduction was
calculated as.

% of Phosphomolybdenum reduction = {Sample - Control] x100

Sample

Ferric (Fe**) reducing power activity

The reducing power of ethanol flower extract of Brassica
oleracea var. italica-Broccoli was determined by slightly
modified method.® One mL of ethanol flower extract
of Brassica oleracea var. italica-Broccoli in different
concentrations (20-120 pg/mL) was mixed with
phosphate buffer (1 mL, 0.2 M, pH 6.6) and potassium

ferricyanide [KsFe (CN)¢] (1 mL, 1 % wi/v). The
mixtures were then incubated at 50°C for 20 min in
water bath. 500 pL of trichloroacetic acid (10 % wi/v)
was added to each mixture, followed by 100 pL of Ferric
chloride (0.01%, w/v) was added and the absorbance was
measured at 700 nm using UV-Vis spectrophotometer.
Ascorbic acid was used as the standard reference. The
percentage of reduction was calculated as.

%100

% of Fe¥ reduction = | Sample — Control

Sample

Determination of total phenols

Folin-Ciocalteau reagent method was used to determine
the total phenolic compounds™  with slight
modifications. One hundred pL of ethanol flower extract
of Brassica oleracea var. italica-Broccoli (1 mg/mL) was
mixed with 900 pL of methanol and 1 mL of Folin
Ciocalteau reagent (1:10 diluted with distilled water).
After 5 min, 1 mL of Na,CO; (20% w/v) was added. The
mixture was then allowed to stand for 30 min incubation
in dark at room temperature. The absorbance was
measured using UV-Vis spectrophotometer at 765 nm.
The total phenolic content was expressed in terms of
gallic acid equivalent (ug/mg of extract), which is a
common reference compound.

Determination of total flavonoids

The total flavonoid content of ethanol flower extract of
Brassica oleracea var. italica-Broccoli was determined
using aluminium chloride colorimetric method with
slight modification as described.”” 500 pL of ethanol
flower extract of Brassica oleracea var. italica-Broccoli
(1 mg/mL) was mixed with 500 pL of methanol, 0.5 mL
of 5% (w/v) sodium nitrite solution and incubated for 5
min at room temperature. Then, 0.5 mL of 10% (w/v)
aluminium chloride solution was added and incubated for
further 5 min at room temperature followed by addition
of 100 pL of 1 M NaOH solution. The total volume was
made up to 2 mL with distilled water. The absorbance
was measured at 510 nm using UV-Vis
spectrophotometer. The total flavonoid content was
expressed in terms of quercetin equivalent (ug/mg of
extract), which is a common reference compound.

Antibacterial activity by Agar well diffusion method
Nutrient agar was prepared and poured in the sterile Petri
dishes and allowed to solidify. 24 hours grown bacterial
pathogens were swabbed on nutrient agar plates.[!
Then, the ethanol flower extract of Brassica oleracea
var. italica-Broccoli in varying concentrations (250
pg/mL, 375 pg/mL, 500 pg/mL and 750 pg/mL) was
loaded in the clean lawns made using sterile cork borer.
Tetracycline (30 pg) was used as standard. The plates
were then incubated at 37°C for 24 hours and after
incubation, the inhibition diameter was measured and
recorded.
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Gas chromatography—Mass Spectrometry (GC-MS)
analysis

For GC-MS analysis, the ethanol flower extract of
Brassica oleracea var. italica-Broccoli were injected into
a HP-5 column (30 m X 0.25 mm i.d with 0.25 pm film
thickness), Agilent technologies 6890 N JEOL GC Mate
Il GC-MS model. Following chromatographic conditions
were used: Helium as carrier gas, flow rate of 1 mL/min;
and the injector was operated at 200°C and column oven
temperature was programmed as 50-250°C at a rate of
10°C/min injection mode.”? Following MS conditions
were used: ionization voltage of 70 eV; ion source
temperature of 250°C; interface temperature of 250°C;
mass range of 50-600 mass units.

RESULTS AND DISCUSSION

DPPH'radical and Superoxide (O,-) radical
scavenging activities of ethanol flower extract of
Brassica oleracea var. italica-Broccoli

Evaluation of antioxidant activity by DPPH method is
the best screening option for herbal based drugs. DPPH’
(1,1-Diphenyl-2-picrylhydrazyl) is a stable nitrogen
centered free radical which has an unpaired valence
electron at one atom of nitrogen bridge.?! The ability of
ethanol flower extract of Brassica oleracea var. italica-
Broccoli to scavenge free radicals formed was assessed
using 1,1-diphenyl-2-picryl hydrazyl radical (DPPH).
The ethanol flower extract of Brassica oleracea var.
italica-Broccoli  demonstrated high capacity for
scavenging free radicals by reducing the stable DPPH
(1,1-diphenyl-2- picryl hydrazyl) radical to the yellow
coloured 1,1-diphenyl-2-picryl hydrazine and the
reducing  capacity increased  with  increasing
concentration of the extract. The maximum DPPH’
radical scavenging activity of ethanol flower extract of
Brassica oleracea var. italica-Broccoli was 54.39+0.42%
at 120 pg/mL concentration (Table 1). The I1Csq value for
the ethanol flower extract of Brassica oleracea var.
italica-Broccoli was found to be 80.67 pg/mL
concentration respectively (Figure 2) and was compared
with standard (Ascorbic acid, 1Csy = 13.81 pg/mL
concentration). The ethanolic extract exhibited higher
antioxidant activity in DPPH radical and superoxide
anion scavenging than that of aqueous extract.*!

Superoxide anion is also very harmful to cellular
components and their effects can be magnified because it
produces other kinds of free radicals and oxidizing
agents. Flavonoids are effective antioxidants, mainly
because they scavenge superoxide anions. Superoxide
anions derived from dissolved oxygen by the riboflavin-
light-NBT system will reduce NBT in this system. In this
method, superoxide anion reduces the yellow dye
(NBT?*) to blue formazan, which is measured at 590 nm
using UV-Vis spectrophotometer. Antioxidants are able
to inhibit the blue NBT formation and the decrease of
absorbance with antioxidants indicates the consumption
of superoxide anion in the reaction mixture.”® The
maximum superoxide (O,-) radical scavenging activity
of ethanol flower extract of Brassica oleracea var.

italica-Broccoli was 73.07£0.29%  at 120 pg/mL
concentration (Table 1 and Figure 2) and the ICs value
for the ethanol flower extract of Brassica oleracea var.
italica-Broccoli was found to be 57.59 pg/mL
concentration respectively. It was compared with the
standard of ascorbic acid (ICsp = 16.47 pg/mL
concentration).

ABTS*" radical cation scavenging activity of ethanol
flower extract of Brassica oleracea var. italica-
Broccoli

ABTS*" is a blue chromophore produced by the reaction
between ABTS and potassium persulfate and ABTS®"
radical cation gets reduced in the presence of ethanol
flower extract of Brassica oleracea var. italica-Broccoli
and the remaining radical cation concentration was then
quantified at 734 nm. It can be prepared using K,S,0g as
an oxidant. The blue-green colour of ABTS solution is
formed by the loss of an electron by the nitrogen atom of
ABTS (2, 2-azinobis (3ethylbenzothiazolin-6-sulfonic
acid)). The decolourization of the solution takes place in
the presence of hydrogen donating antioxidant (nitrogen
atom quenches the hydrogen atom.”®! The maximum
ABTS®" radical cation scavenging activity of ethanol
flower extract of Brassica oleracea var. italica-Broccoli
was 87.63+0.42% at 12 pg/mL concentration (Table 2
and Figure 2) and the 1Cs, value for the ethanol flower
extract of Brassica oleracea var. italica-Broccoli was
found to be as 6.50 pg/mL concentration respectively,
which was compared with standard ascorbic acid (ICsp =
4.59 pg/mL concentration).

Phosphomolybdenum reduction and Ferric (Fe*)
reducing power activities of ethanol flower extract of
Brassica oleracea var. italica-Broccoli

The total antioxidant activity of ethanol flower extract of
Brassica oleracea var. italica-Broccoli was measured
spectrophotometrically by phosphomolybdenum
reduction method, which is based on the reduction of Mo
(VI) to Mo (V) by the formation of green phosphate/Mo
(V) complex at acidic pH, with a maximum absorption at
695 nm.”7 The maximum phosphomolybdenum
reduction of ethanol flower extract of Brassica oleracea
var. italica-Broccoli was 90+0.26% at 120 pg/mL
concentration with the RCs, value of 15.15 pg/mL
concentration respectively (Table 1 and Figure 2). It was
compared with the standard ascorbic acid (RCso = 7.15
pg/mL).

The reducing power of Fe®** to Fe?" by ethanol flower
extract of Brassica oleracea var. italica-Broccoli was
studied and showed reduction ability in a dose dependent
manner. The maximum reduction of ethanol flower
extract of Brassica oleracea var. italica-Broccoli was
52+0.31% at 120 pg/mL concentration (Table 1 and
Figure 2). Fe (111) reduction is often used as an indicator
of electron donating activity, which is an important
mechanism of phenolic antioxidant action.”® The RCs
value for the ethanol flower extract of Brassica oleracea
var. italica-Broccoli as found to be 104.16 pg/mL
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concentration respectively and was compared with the
standard (21.68 pg/mL concentration) Ascorbic acid.

Table 1: In vitro antioxidant activities of ethanol flower extract of Brassica oleracea var. italica-Broccoli.

S.No Concentration % of inhibition* % of reduction*
' (ng/mL) DPPH' radical | Superoxide (O,") radical | Mo® reduction | Fe** reduction
1 20 26.17+0.15 33.2+0.10 66+0.22 36+0.44
2 40 30.3+0.26 37.06+0.12 70+0.17 41+0.19
3 60 42.27+0.35 52.09+0.37 78+0.28 44+0.10
4 80 49.58+0.11 60.13+0.18 80+0.13 46+0.24
5 100 52.01+0.46 70.1+0.33 82+0.48 48+0.37
6 120 54.39+0.42 73.07+0.29 90+0.26 52+0.31

(*Average value of 3 replicates)

Table 2: ABTS®" radical cation scavenging activity of ethanol flower extract of Brassica oleracea var. italica-

Broccoli.
S.No Concentration % of inhibition*
' (ug/mL) ABTS*" radical cation
1 2 22.35%0.28
2 4 35.47+0.19
3 6 46.12+0.36
4 8 68.09+£0.21
5 10 83.52+0.27
6 12 87.63+0.42
(*Average value of 3 replicates)
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Fig. 2: In vitro antioxidant activities of ethanol flower extract of Brassica oleracea var. italica-Broccoli.

Determination of total phenols and flavonoids

Flavonoids and phenolics acids are the most important
bioactive natural product of secondary metabolites and
act as an antioxidant and anti-aging substances, capable
of scavenging free radicals and reducing the risk of
cancer.” Oxidative stress is a harmful condition that
occurs when there is an excess of ROS and decrease in
antioxidant levels and cause tissue damage which leads
to different diseases. Flavonoids and phenolic

compounds are well known for their antioxidant activity
that protect humans against the damaging effects of free
radicals in addition an imbalance between antioxidants
and free radicals results in oxidative stress, will lead to
cellular damage. Phenolic hydroxyl groups are good
hydrogen donors, which are hydrogen-donating
antioxidants can react with reactive oxygen species and
reactive nitrogen species which breaks down the
generation of new radicals in a termination reaction.
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Phenolic structures often have the potential to interact
strongly with proteins, due to their hydrophobic
benzenoid rings and hydrogen-bonding potential of the
phenolic hydroxyl groups. Phenolic compounds have the
ability to act as antioxidants also by virtue of their
capacity to inhibit some enzymes involved in radical
generation, such as various cytochrome P450 isoforms,
lipoxygenases, cyclooxygenase and xanthine oxidase.”!

The total phenol content was 251.57+0.23 pg/mg of
GAE and the total flavonoid content was 38.60+0.34
Hg/mg of QE in the extract (Table 3 and Figure 3). These
results provide a comprehensive profile of the
antioxidant activity of ethanol flower extract of Brassica
oleracea var. italica-Broccoli with respect to their
phenols and flavonoids content.

Table 3: Qualitative phytochemical analysis of ethanol flower extract of Brassica oleracea var. italica-Broccoli.

S.No | Phytochemicals | Tests Results
. (a)Mayer’s test +
1 Alkaloids (b) Hager's test "
2 Phenols Ferric chloride test +
3 Tannins Lead acetate test +
4 Flavonoids Sodium hydroxide test +
5 Glycosides Legal’s test +
6 Steroids Libermann-Burchard test +
7 Terpenoids Salkowski test +
8 Saponins Foam test -
300
250
ok
% 200 -
‘E 150 |
g
£ 100
-
50 |
D -
Phenolic Content Flavonoids Content

Fig. 3: Determination of total phenols and flavonoids content of ethanol flower extract of Brassica oleracea var.

italica-Broccoli.

Antibacterial activity by Agar well diffusion method

The ethanol flower extract of Brassica oleracea var.
italica-Broccoli  were investigated for in vitro
antibacterial activity against microorganisms including
Gram-positive bacteria (Micrococcus luteus, Bacillus
subtilis) and Gram-negative bacteria (Proteus vulgaris,

Shigella flexneri, Escherichia coli). The antibacterial
sensitivity of the ethanol flower extract of Brassica
oleracea var. italica-Broccoli and their potency were
assessed quantitatively by measuring the inhibitory zone
around the wells in the petriplates (Table 4).

Table 4: Antibacterial activity of ethanol flower extract of Brassica oleracea var. italica-Broccoli.

Bacterial Zone of inhibition (mm)
S.No pathogens Standard 250 375 500 750
Tetracycline — 30 ug pg/mL pg/mL pug/mL pg/mL
1 Bacillus subtilis 11 13 15 15 21
2 Micrococcus luteus 22 10 11 12 14
3 Shigella flexneri 13 16 17 20 21
4 Proteus vulgaris 12 15 17 17 19
5 Escherichia coli 15 19 21 22 23

The maximum inhibitory effect for ethanol flower extract
of Brassica oleracea var. italica-Broccoli against
Escherichia coli was 23 mm at 750 pg/mL concentration
and minimum inhibitory effect against Micrococcus
luteus was 14 mm at 750 pg/mL concentration

respectively. The antibacterial activity of the ethanol
flower extract of Brassica oleracea var. italica-Broccoli
could be correlated as due to the presence of secondary
metabolites such as flavonoids, phenolic compounds,
terpenoids, tannins and alkaloids that adversely affect the
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growth and metabolism of microbes. Infectious diseases
caused by bacteria, fungi, viruses and parasites are still a
major threat to public health, despite the tremendous
progress in human medicine. Their impact is particularly
large in developing countries due to the relative
unavailability of medicines and the emergence of
widespread drug resistance.®!

Tannins bind to proline rich proteins and interfere with
the protein synthesis.* Flavonoids are hydroxylated
phenolic substance known to be synthesized by plants in
response to microbial infection and it should not be
surprising that they have been found in vitro to be
effective antimicrobial substances against a wide array of
microorganisms. Their activity is probably due to their
ability to complex with extracellular and soluble proteins
and to complex with bacterial cell walls.®®¥ Coumarins
are also known act against gram positive bacteria and it
is produced in carrots in response to fungal infection

sensitivity for steroidal compound indicates the
mechanism in which steroids specifically associate with
membrane lipid and exerts its action by causing leakages
from liposomes.**!

Gas chromatography—Mass Spectrometry (GC-MS)
analysis

The GC-MS analysis of ethanol flower extract of
Brassica oleracea var. italica-Broccoli (Figure 4)
revealed the presence of ten different bioactive
compounds (phytochemical constituents) that could
contribute the antioxidant and therapeutic benefits of
Broccoli. Several mechanisms have been proposed for
antioxidant activity due to presence of glucosinolates
hydrolysis product (allyl isothiocyanates) as potent
inducers of phase Il enzymes which are important in the
detoxification of electrophiles and protection against
oxidative stress.*®  The identification of the
phytochemical compounds was confirmed based on the

- - - .. - P 34 . - .
which could be attributed to its antimicrobial activity.*" peak area, retention time, molecular weight and
Steroids have been reported to have antibacterial molecular formula (Table 5 and Figure 5).
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Fig. 4: Mass Spectrum of ethanol flower extract of Brassica oleracea var. italica-Broccoli by GCMS analysis.
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Table 5: Active pharmacological compounds and properties of ethanol flower extract of Brassica oleracea var.
italica-Broccoli.

Molecular Molecular [37-40]

S.No | Compound Name RT weight formula Pharmacological activity

5 alpha reductase inhibitor
Hypocholestrolemic activity
Perfumery and flavour

Cancer preventing agent
Anti-inflammatory activity
Antibacterial activity

Antimicrobial activity Antitubercular
activity

Antiviral activity

Antiprotozoan activity

Chronic and metabolic disease
bioactivity

Chronic inflammation

Anti glutameric activity

Production of Reactive Oxygen
Species (ROS) can be reduced by
flavonoids

Relevance of plant defense mode of
action is highly possible by flavonoids
Formation of oxygen radicals can be
prevented by flavonoids thereby
inhibiting the enzyme activity
Antioxidant activity

Nematicide and Pesticide

Lubricant

Antiandrogenic activity

Flavor purpose

Hemolytic agent

1 Oleic acid 18.12 281.65 C1sH340,

Quinoxaline,2-
2 isopropyl-3-phenyl, 4- 17.48 263.65 C,7H16N,0
oxide

3 Flavone 15.98 222.30 C15H1002

4 n-Hexadecanoic acid 16.63 255.66 C16H3,0,
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Fig 5: GCMS Chromatogram of ethanol flower extract of Brassica oleracea var. italica-Broccoli.

WWW.ejpmr.com 740




Arumugam et al.

European Journal of Pharmaceutical and Medical Research

CONCLUSION

Strong recommendations for consumption of natural
plant food and the use of nutritional therapy have
become progressively popular for health improvement,
prophylaxis and treatment of various ailments. The
results of the present study provides promising
guidelines proving that Broccoli to be the richest source
of antioxidant and antimicrobial properties. Hence, the
pharmacological mechanism of Broccoli considering at
further level shall be evaluated for converting into an
active drug. Fruits and vegetables are consumed at all
times, and due to their convenient size; they are an
excellent between-meal snack. They are relatively low in
calories and fat (avocado and olives being the
exceptions), they have no cholesterol, they are rich in
carbohydrates and fiber, they contain vitamin C and
carotene, and some are a good source of vitamin B6.
Fruits and vegetables are relatively low in sodium and
high in potassium. Ascorbic acid in fruits and vegetables
enhances the bioavailability of iron in the diet. Because
of all these characteristics, fruits and vegetables have a
unique role in a healthy diet.

ACKNOWLEDGEMENT

The authors are thankful to Armats Biotek Training and
Research Institute for providing facilities to carry out
research work.

REFERENCES

1. Kopsell, Kopsell and Curran-Celentano. Carotenoid
and chlorophyll pigments in sweet basil grown in the
field and greenhouse. HortScience, 2005; 40(5):
1230-1233.

2. Pellegrini N, Chiavaro E, Gardana C, Mazzeo
T, Contino D, Gallo M, Riso P, Fogliano V, Porrini
M. Effect of different cooking methods on colour,
phytochemical concentration and antioxidant
capacity of raw and frozen Brassica vegetables.
Journal of Agricultural and food chemistry, 2010;
58: 4310-4321.

3. Owis Al. Broccoli; The Green Beauty: A Review. J.
Pharm. Sci. & Res, 2015; 7(9): 696-703.

4. FAO statistics. Production year book. Food and
Agriculture Organization, 2012.

5. Vallejo F, Tomas-Barberan F, Ferreres F. J.
Chromatogr. A, 2004; 1054: 181-93.

6. USDA. United States Department of Agriculture,
Agricultural Research Service, National Nutrient
Database for Standard Reference Release 27. 2013.

7. Cekic B, Biber Muftuler FZ, Yurt Kilcar A, Gunay
N, Sakarya S, Unak P. Acta Cir. Bras, 2012; 27:
606.

8. Mahn A, Reyes A. Food Sci. Technol. Int, 2012; 18:
503-14.

9. Roy MK, Juneja LR, Isobe S, Tsushida T. Steam
processed broccoli (Brassica oleracea) has higher
antioxidant activity in chemical and cellular assay
systems. Food Chem, 2009; 114: 263-269.

10. Faller ALK, Fialho E. Food Res. Int, 2009; 42:
210-5.

11. Gliszczynska Swigto A, Ciska E, Pawlak Lemanska
K, Chmielewski J, Borkowski T, Tyrakowska B.
Changes in the content of health-promoting
compounds and antioxidant activity of broccoli after
domestic processing. Food Addit Contam, 2006;
23(11): 1088-98.

12. Harborne JB. Phytochemical Methods, A guide to
Modern Techniques of Plant analysis, second ed.
Chapman and Hall, London, 1998; 54-84.

13. Raaman N. Phytochemical techniques. New India
Publishing Agency, New Delhi, 2006; 306.

14. Khalaf NA, Shakya AK, Al-othman A, El-agbar Z,
Farah H. Antioxidant activity of some common
plant. Turk J Biol, 2008; 32: 51-5.

15. Lokesh Deb SK, Dubey, Avijeet Jain, Amit Kumar
Jain, Pandian GS. Free radical scavenging activity of
aqueous n- butanol fraction of Prunus Persica
aqueous extract. Journal of Natural Remedies, 2009;
9(2): 152-158.

16. Arnao MB, Cano A, Acosta M. The hydrophilic and
lipophilic contribution to total antioxidant activity.
Food Chem, 2001; 73: 239-44.

17. Prieto P, Pineda M, Aguilar M. Spectrophotometric
quantitation of antioxidant capacity through the
formation of a phosphomolybdenum complex:
specific application to the determination of vitamin
E. Analytical Biochemistry, 1999; 269: 337-341.

18. Oyaizu M. Studies on products of browning
reaction: antioxidative activities of products of
browning reaction prepared from glucosamine. Jpn.
J. Nutr, 1986, 44: 307-315.

19. Spanos GA, and Wrosltad RE. Influence of
processing and storage on the phenolic composition
of Thompson seedless grape juice, Journal of
Agricultural & Food Chemistry, 1990; 38:
1565-1571.

20. Liu X, Dong M, Chen X, Jiang M, Lv X and Yan G.
Antioxidant activity and phenolics of endophytic
Xylaria sp. from Ginkgo biloba, Food Chemistry,
2007; 105: 548-554.

21. Eloff JN. Which extractant should be used for the
screening and isolation of antimicrobial components
from plants. J. Ethnopharmacol, 1998; 60: 1-8.

22. Harini V, Vijayalakshmi M, Sivaraj C, Arumugam
P. Antioxidant and Anticancer Activities of
Methanol Extract of Melochia corchorifolia L.
International Journal of Science and Research, 2017;
6(1): 2319-7064.

23. Awika M, Rooney LW, Wu X, Prior RL. Cisneros
Zevallos L. Screening methods to measure
antioxidant activity of Sorghum (Sorghum ialmatei)
and Sorghum product. Journal of Agricultural and
Food Chemistry, 2003; 51: 6657-62.

24. Bidchol AM, Wilfred A, Abhijna P and Harish R.
Free Radical Scavenging Activity of Aqueous and
Ethanolic extract of Brassica oleracea L. var.
Italica. Food bioprocess Techo, 2011; 4: 1137-1143.

25. Wickens AP. Aging and the free radical theory.
Respiratory Physiology, 2001; 128: 379-391.

WWW.ejpmr.com

741



https://www.ncbi.nlm.nih.gov/pubmed/?term=Pellegrini%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiavaro%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gardana%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mazzeo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mazzeo%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Contino%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gallo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riso%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fogliano%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porrini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porrini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20218674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gliszczy%C5%84ska-Swig%C5%82o%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17071511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ciska%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17071511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pawlak-Lema%C5%84ska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17071511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pawlak-Lema%C5%84ska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17071511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chmielewski%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17071511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borkowski%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17071511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tyrakowska%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17071511

Arumugam et al.

European Journal of Pharmaceutical and Medical Research

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Miller DD. Mineral. In: Fennema, O.R. (Ed.). Food
Chemistry, 1996; Marcel Deckker, New York,
618-649.

Yildirim A, Mavi A, Kara AA. Determination of
antioxidant and antimicrobial activities of Rumex
crispus L. extracts. J. Agric. Food Chem, 2001; 49:
4083-4089.

Stadtman ER. Metal ion-catalyzed oxidation of
proteins: Biochemical mechanism and biological
consequences. Free Radical Biology and Medicine,
1990; 9: 315-325.

Kim D, Jeond S, Lee C. Antioxidant capacity of
phenolic phytochemicals from various cultivars of
plums. Food Chem, 2003; 81: 321-326.

Tian Y, Jiang B, An L, Bao Y. Neuroprotective
effect of catalpol against MPP+-induced oxidative
stress in mesencephalic neurons. European Journal
of Pharmacology, 2007; 568: 142-148.

Shimada T. Salivary proteins as a defense against
dietary tannins. J. Chem. Ecol, 2006; 32 (6):
1149-1163.

Marjorie C.Plant Products as Antimicrobial Agents.
Clinical Microbiology Reviews, 1999; 12: 564-582.
Okeke IN, Laxminarayan R, Bhutta ZA, Duse
AG, Jenkins P, O'Brien TF, Pablos-Mendez
A, Klugman KP. Antimicrobial resistance in
developing countries. Part I: recent trends and
current status. Lancet Infect Dis., 2005; 5(8):
481-93.

Hoult JRS and Paya M. Pharmacological and
biochemical actions of simple coumarins: natural
products with therapeutic potential. Gen. Pharmacol,
1996; 27: 713-722.

Raquel F. Epand. Bacterial lipid composition and
the antimicrobial efficacy of cationic steroid
compounds. Biochimica et Biophysica Acta, 2007,
2500-2509.

Holst B, Williamson GA. Critical review of the
bioavailability of glucosinolates and related
compounds. Nat Prod Rep., 2004; 21(3): 425-47.
Elaiyaraja A, Chandramohan G. Comparative
phytochemical profile of Indoneesiella echioides
(L.) Nees leaves using GC-MS. Journal of
Pharmacognosy and Phytochemistry, 2016; 5(6):
158-171.

Justyna Mierziak, Kamil Kostyn and Anna Kulma.
Flavonoids as Important Molecules of Plant
Interactions with the Environment. Molecules, 2014;
19: 16240-16265.

Jain PK and Himanshu Joshi. Coumarin: Chemical
and Pharmacological Profile. Journal of Applied
Pharmaceutical Science, 2012; 02(06): 236-240.
Joana A. Pereira, Ana M. Pessoa, M. Natalia DS.
Cordeiro, Ruben Fernandes, Cristina Prudencio,
Joao Paulo Noronha, Monica Vieira. Quinoxaline,
its derivatives and applications: A State of the Art
review. European Journal of Medicinal Chemistry,
2015; 97: 664-672.

WWW.ejpmr.com

742



https://www.ncbi.nlm.nih.gov/pubmed/?term=Okeke%20IN%5BAuthor%5D&cauthor=true&cauthor_uid=16048717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laxminarayan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16048717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhutta%20ZA%5BAuthor%5D&cauthor=true&cauthor_uid=16048717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duse%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=16048717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Duse%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=16048717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jenkins%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16048717
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Brien%20TF%5BAuthor%5D&cauthor=true&cauthor_uid=16048717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pablos-Mendez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16048717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pablos-Mendez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16048717
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klugman%20KP%5BAuthor%5D&cauthor=true&cauthor_uid=16048717
https://www.ncbi.nlm.nih.gov/pubmed/16048717

