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ABSTRACT

Objectives: This work aims to analyze the antibacterial and antifungal activities of cruciferous vegetables such as cauliflower and broccoli.

Methods: Cruciferous vegetables act as a good source of natural antioxidants due to their high levels of carotenoids, tocopherols, and ascorbic acid.
In this study, two cruciferous vegetables, such as cauliflower and broccoli, were selected for antibacterial and anti-fungal studies. The stems, flowers
of cauliflower, and broccoli were extracted with 125 mL of ethanol and water by Soxhlet’s apparatus for 6 h. Mueller Hinton agar and Sabouraud’s
dextrose agar medium were used for antibacterial and antifungal activity, respectively. The antibacterial and antifungal activities of each cauliflower,
broccoli stem, and flower extract were determined using a modified Kirby-Bauer disk diffusion method. Standard antibiotics, gentamicin (25 pg/mL),
and fluconazole (25 ug/mL) served as positive controls for antibacterial and antifungal activity, respectively.

Results: Broccoli stem (100 ug/mL) ethanol extract produced higher antibacterial activity (13 mm) against Escherichia coli. Cauliflower, flower
(100 pg/mL) ethanol extract produced higher antibacterial activity (13 mm) against Staphylococcus aureus. Broccoli flower (100 ug/mL) ethanol
extract produced higher antifungal activity (14 mm) against Candida albicans. According to the results obtained from this project, broccoli stems and
flower ethanol extracts show very good antibacterial activity against Gram-negative microorganisms such as E. coli and Pseudomonas aeruginosa.
Similarly, cauliflower, flower ethanol extract shows excellent antibacterial activity against Gram-positive microorganisms such as Bacillus subtilis and
S. aureus.

Conclusion: Further analysis is recommended for the identification of active constituents responsible for these activities.
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INTRODUCTION heart tissue damage. Broccoli contains Vitamin C, which is used to

. . . . support a healthy immune response.
The popularity and consumption of vegetables from Brassica species are

increasing because of their nutritional value. Brassica crops are used to

MATERIALS AND METHODS
reduce the risk of chronic diseases, including cancer and cardiovascular
diseases. Brassica foods provide nutrients and health-promoting Materials
phytochemicals such as minerals, vitamins, carotenoids, soluble Plant materials

sugars, fiber, phenolic compounds, and glucosinolates [5]. Brassicaceae
family vegetables are important sources of phenolic compounds in the
human diet. They also contain derivatives of hydroxycinnamic, caffeic,
chlorogenic, and ferulic acids, as well as flavonols (kaempferol derivatives,
and quercetin derivatives), and anthocyanins (red cabbage) [6,7].

Cruciferous vegetables such as cauliflower, broccoli, cabbage, mustard,
Chinese cabbage, carrot, Chinese kale, and turnip are edible plants that
are low in calories, high in fiber, rich in vitamins and minerals, and have
physiologic effects on humans [8]. Some important enzymes such as
chitinase, glutathione transferase, and epoxide hydrolase are also found
in cruciferous vegetables [9,10]. Indole and isothiocyanate, enzymatic
products of myrosinase from glucosinolate found in cauliflower
and cabbage, lower the incidence of tumor formation and have an
antioxidative effect [11].

Broccoli is the richest source of different minerals, vitamins, and fiber.
Broccoli contains potent antioxidants that support healthy cells and
tissues in our body. Broccoli contains multiple active constituents that
are responsible for an anti-inflammatory effect in animals. Multiple
studies have shown that broccoli may have a cancer-preventive effect.
Intake of broccoli may decrease blood sugar levels and control diabetes.
This is due to its antioxidant and fiber content. Broccoli may help to
reduce risk factors for various heart diseases and is used to prevent

The stems and flowers of cauliflower and broccoli used in this work
were purchased in and around Vijayawada.

The common pathogenic microorganisms

The common pathogenic six microorganisms were used in this
study, among these, two Gram-negative microorganisms, namely,
Escherichia coli (National Collection of Industrial Microorganisms
[NCIM] 2256), Pseudomonas aeruginosa (NCIM 2037), and two Gram-
positive microorganisms, namely, Bacillus subtilis (NCIM 2710) and
Staphylococcus aureus (NCIM 2794). All the tested strains were
collected from the NCIM. Two other fungal organisms were also used in
this study, namely, Aspergillus niger (ATCC 6275) and Candida albicans
(ATCC 2091).

Instruments

The instruments used for this work are the Soxhlet apparatus, incubator
(37°C), refrigerator (4-18°C), laminar airflow system, autoclave, hot air
oven, precision electronic balance, grinder, micropipette (100-1000 uL),
Bunsen burner, matches, and inoculating loop.

Chemicals

The chemicals used for this work are ethanol (research lab fine
chemical industrial), dimethyl sulfoxide (DMSO) (research lab fine
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chemical industrial), peptone, agar, sodium chloride, beef extract, and
Mueller Hinton agar.

Methods
Preparation of plant extraction

Freshly collected plant materials, such as stems, flowers of cauliflower,
and broccoli, were thoroughly washed. The plant materials were
dried independently in the shade, followed by grinding them into
a fine powder. The powdered plant materials of cauliflower and
broccoli were stored in airtight jars and refrigerated separately at
4°C (Fig. 1).

15 g of dry powdered cauliflower, broccoli stems and flowers were
extracted with 125 mL of ethanol by Soxhlet’s apparatus for 6 h (or)
till the plant material gets colorless. The leftover solvent was removed
using a rotary vacuum evaporator to produce a concentrated extract.
The same method was followed for the extraction of cauliflower
and broccoli stems and flowers with water too. A concentration
(100 ug/mL) of cauliflower and broccoli solvent extracts was prepared
with DMSO (Fig. 2).

Screening for antimicrobial activity

Media for bacterial organisms

15.2 g of Mueller Hinton agar was added to 400 mL of sterile distilled
water and autoclaved at 121°C for 15 min at 15 lbs, 0.1 g of dextrose
was added to 10 mL of sterile distilled water and sterilized for 15 min.
After cooling, the contents were mixed and poured into sterile Petri
plates up to approximately 4 mm and allowed to be set at ambient
temperature and used.

Media for fungal organisms
The media used for the antifungal test were Sabouraud’s dextrose agar
medium from HiMedia Pvt. Ltd., Bombay, India.

Preparation of inoculum

To prepare bacterial inoculum, the pure culture of the test organism
was inoculated into 5 mL of sterile nutrient broth and incubated at
37°C for 2-8 h till moderate turbidity developed. The inoculum was
standardized by matching it with the 0.5 McFarland turbidity standard,
which corresponds to a cell density of approximately 10 CFU/mL.

Fig. 2: Extracts of cauliflower, broccoli stem and flowers
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Antibacterial and antifungal activity by agar disc diffusion method
The antibacterial and antifungal activities of each cauliflower, broccoli
stem, and flower extract were determined using a modified Kirby-
Bauer disk diffusion method [12]. Broth cultures of test bacterial and
fungal organisms were spread on the Mueller Hinton Agar media and
Sabouraud’s medium in Petri plates under lab conditions. The extracts
were tested using 5 mm sterilized filter paper discs impregnated with
100 pg/mL of ethanol, and water extracts of cauliflower and broccoli.
After being allowed to dry for few minutes at room temperature, plates
were incubated at 37°C for about 24 h for antibacterial activity and at
22°C for 72 h for antifungal activity.

Then, the zone of inhibition diameter was measured in mm, and the
results were recorded. Discs with 7 mm diameter are considered
to be with no bacterial activity. Diameter between 7 and 12 mm was
considered moderately active and those with more than 12 mm were
considered as highly active. For all solvent extractions using standard
antibiotics, gentamicin (25 pg/mL) and fluconazole (25 ug/mL)
served as a positive control for antibacterial and antifungal activity,
respectively.

RESULTS AND DISCUSSION

Antibacterial activity of cauliflower, broccoli parts such as flowers, and
seed extracts was analyzed against Gram-negative microbes like E. coli
by the disk diffusion method using gentamicin as a standard drug. The
zone of inhibition of water extracts at concentrations of 100 pug/ml was
measured in millimeters and is tabulated below in Table 1.

Similarly, the antibacterial activity of cauliflower, broccoli parts such
as flowers and seed extracts were analyzed against Gram-negative
microbes like E. coli by the disk diffusion method using gentamicin as
a standard drug. The zone of inhibition of ethanol extracts at various
concentrations of 100 ug/mL was measured in millimeters and is
tabulated below in Table 2.

Antibacterial activity of cauliflower, broccoli parts such as flowers,
and seed extracts were analyzed against Gram-negative microbes
like P aeruginosa by the disk diffusion method using gentamicin as
a standard drug. The zone of inhibition of water extracts at various
concentrations of 100 ug/mL was measured in millimeters and is
tabulated below in Table 3.

Antibacterial activity of cauliflower, broccoli parts such as flowers,
and seed extracts were analyzed against Gram-negative microbes
like P aeruginosa by the disk diffusion method using gentamicin as a
standard drug. The zone of inhibition of ethanol extracts at various
concentrations of 100 pug/ml was measured in millimeters and is
tabulated below in Table 4

Antibacterial activity of cauliflower, broccoli parts such as flowers,
and seed extracts was analyzed against Gram-positive microbes like
B. subtilis by the disk diffusion method using gentamicin as a standard
drug. The zone of inhibition of water extracts at various concentrations
of 100 pug/mL was measured in millimeters and is tabulated below in
Table 5.

Antibacterial activity of cauliflower, broccoli parts such as flowers,
and seed extracts were analyzed against Gram-positive microbes
like B. subtilis by the disk diffusion method using gentamicin as a
standard drug. The zone of inhibition of ethanol extracts at various
concentrations of 100 ug/mL was measured in millimeters and is
tabulated below in Table 6.

Antibacterial activity of cauliflower, broccoli parts such as flowers,
and seed extracts were analyzed against Gram-positive microbes like
S. aureus by the disk diffusion method using gentamicin as a standard
drug. The zone of inhibition of water extracts at various concentrations
of 100 ug/ml was measured in millimeters and is tabulated below in
Table 7.
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Table 1: Antimicrobial activity of cruciferous vegetable water extract against Escherichia coli

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Standard
(100 pg/mL (100 pg/mL) (100 pg/mL) (100 pg/mL) (gentamicin 25 pg/mL)
Zone of inhibition (mm) 8+0.2 10+0.4 9+0.3 12+0.8 21+0.7

*Each value was expressed as mean+SEM, where n=3 in each group

Table 2: Antimicrobial activity of cruciferous vegetable ethanol extract against Escherichia coli

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Standard
(100 pg/mL) (100 pg/mL) (100 pg/mL) (100 pg/mL) (gentamicin 25 pg/mL)
Zone of inhibition (mm) 10+0.4 12+0.6 12+0.7 13+0.9 21+0.6

*Each value was expressed as mean+SEM, where n=3 in each group

Table 3: Antimicrobial activity of cruciferous vegetable water extract against Pseudomonas aeruginosa

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Standard
(100 pg/mL) (100 pg/mL) (100 pg/mL) (100 pg/mL) (gentamicin 25 pg/mL)
Zone of inhibition (mm) 12+0.3 10+0.7 10+0.6 11+0.9 20+0.5

*Each value was expressed as mean+SEM, where n=3 in each group

Table 4: Antimicrobial activity of cruciferous vegetable ethanol extract against Pseudomonas aeruginosa

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Standard
(100 pg/mL) (100 pg/mL) (100 pg/mL) (100 pg/mL) (gentamicin 25 pg/mL)
Zone of inhibition (mm) 10+0.4 9+0.7 13+0.8 12+0.6 20+0.6

*Each value was expressed as mean+SEM, where n=3 in each group

Table 5: Antimicrobial activity of cruciferous vegetable water extract against Bacillus subtilis

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Std
(100 pg/mL) (100 pg/mL) (100 pg/mL) (100 pg/mL) (gentamicin 25 pg/mL)
Zone of inhibition (mm) 9+0.2 8+0.7 9+0.6 10£0.5 22+0.3

*Each value was expressed as mean+SEM, where n=3 in each group

Table 6: Antimicrobial activity of cruciferous vegetable ethanol extract against Bacillus subtilis

S. No. Cauliflower flower
(100 pg/mL) (100 pg/mL)

Cauliflower stem

Broccoli flower Broccoli stem Std
(100 pg/mL) (100 pg/mL) (gentamicin 25 pg/mL)

Zone of inhibition (mm) 12+0.9 9+0.6

9+0.3 10£0.2 2209

*Each value was expressed as mean+SEM, where n=3 in each group

Antibacterial activity of cauliflower, broccoli parts such as flowers,
and seed extracts were analyzed against Gram-positive microbes
like S. aureus by the disk diffusion method using gentamicin as a
standard drug. The zone of inhibition of the ethanol extracts at various
concentrations of 100 ug/mL was measured in millimeters and is
tabulated below in Table 8.

Antifungal activity of cauliflower, broccoli parts such as flowers, and
seeds extracts were analyzed against fungal microbes like C. albicans by
the disk diffusion method using fluconazole as a standard drug. The zone
of inhibition of water extracts at various concentrations of 100 ug/mL
was measured in millimeters and is tabulated below in Table 9.

Antifungal activity of cauliflower, broccoli parts such as flowers, and
seed extracts were analyzed against fungal microbes like C. albicans by
the disk diffusion method using fluconazole as a standard drug. The zone
of inhibition of ethanol extracts at various concentrations of 100 ug/mL
was measured in millimeters and is tabulated below in Table 10.

Antifungal activity of cauliflower, broccoli parts such as flowers and
seed extracts were analyzed against fungal microbes like A. niger by the
disk diffusion method using fluconazole as a standard drug. The zone of

inhibition of water extracts at various concentrations of 100 ug/mL was
measured in millimeters and is tabulated below in Table 11.

Antifungal activity of cauliflower, broccoli parts such as flowers and
seed extracts were analyzed against fungal microbes like A. niger by the
disk diffusion method using fluconazole as a standard drug. The zone of
inhibition of ethanol extracts at various concentrations of 100 pug/mL
was measured in millimeters and is tabulated below in Table 12.

Broccoli stem (100 ug/mL) ethanol extract produced higher antibacterial
activity (13 mm) against E. coli. Cauliflower, flower (100 ug/mL)
water extract produced higher antibacterial activity (12 mm) against
P, aeruginosa, Broccoli flower (100 ug/mL) ethanol extract produced
higher antibacterial activity (13 mm) against P, aeruginosa.

Broccoli stem (100 ug/mL) water extract produced higher antibacterial
activity (10 mm) against B. subtilis, and cauliflower, flower (100 ug/mL)
ethanol extract produced higher antibacterial activity (12 mm) against
B. subtilis. Broccoli flower (100 ug/mL) water extract produced higher
antibacterial activity (10 mm) against S. aureus. Cauliflower, flower
(100 pg/mL) ethanol extract produced higher antibacterial activity
(13 mm) against S. aureus.
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Table 7: Antimicrobial activity of cruciferous vegetable water extract against Staphylococcus aureus

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Standard
(100 pg/mL) (100 pg/mL) (100 pg/mL) (100 pg/mL) (gentamicin 25 pg/mL)
Zone of inhibition (mm) 7+0.7 9+0.6 10£0.3 8+0.6 19+0.5

*Each value was expressed as mean+SEM, where n=3 in each group

Table 8: Antimicrobial activity of cruciferous vegetable ethanol extract against Staphylococcus aureus

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Standard
(100 pg/mL) (100 pg/mL) (100 pg/mL) (100 pg/mL) (gentamicin 25 pg/mL)
Zone of inhibition (mm) 13+0.3 12+0.9 9+0.2 10+0.7 19+0.6

*Each value was expressed as mean+SEM, where n=3 in each group

Table 9: Antimicrobial activity of cruciferous vegetable water extract against Candida albicans

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Standard fluconazole
(100 pg/mL) (100 pg/mL) (100 pg/mL) (100 pg/mL) 25 (ng/mL)
Zone of inhibition (mm) 9+0.4 10+0.7 8+0.5 10+0.4 20+0.6

*Each value was expressed as mean+SEM, where n=3 in each group

Table 10: Antimicrobial activity of cruciferous vegetable ethanol extract against Candida albicans

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Standard fluconazole
(100 pg/mL) (100 pg/mL) (100 pg/mL) (100 pg/mL) 25 (ng/mL)
Zone of inhibition (mm) 10£0.3 12+0.8 14+0.7 9+0.6 20+0.4

*Each value was expressed as mean+SEM, where n=3 in each group

Table 11: Antimicrobial activity of cruciferous vegetable water extract against Aspergillus niger

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Standard fluconazole
(100 pg/mL) (100 pg/mL) (100 pg/mL) (100 pg/mL) 25 (png/mlL)
Zone of inhibition (mm) 8+0.7 10+0.4 11+0.5 7+0.4 21+0.3

*Each value was expressed as mean+SEM, where n=3 in each group

Table 12: Antimicrobial activity of cruciferous vegetable ethanol extract against Aspergillus niger

S. No. Cauliflower flower Cauliflower stem Broccoli flower Broccoli stem Standard fluconazole
(100 pg/mL) (100 pg/mL) (100 pg/mL) (100 pg/mL) 25 (ng/mL)
Zone of inhibition (mm) 12+0.5 9+0.3 8+0.4 13+0.4 21+0.7

*Each value was expressed as mean+SEM, where n=3 in each group

Cauliflower and broccoli stem (100 pg/mL) water extracts produced
higher antifungal activity (10 mm) against C. albicans, and broccoli
flower (100 pg/mL) ethanol extract produced higher antifungal activity
(14 mm) against C. albicans. Broccoli flower (100 pug/mL) water extract
produced higher antifungal activity (11 mm) against A. niger, broccoli
stem (100 ug/mL) ethanol extract produced higher antifungal activity
(13 mm) against A. niger.

CONCLUSION

According to results obtained from this project, it is concluded that
broccoli stems and flower ethanol extracts show very good antibacterial
activity against Gram-negative microorganisms such as E. coli and
P aeruginosa. Similarly, cauliflower, flower ethanol extract shows
excellent antibacterial activity against Gram-positive microorganisms
such as B. subtilis and, S. aureus. Broccoli stem and broccoli flower
ethanol extracts produced higher antifungal activity against C. albicans
and A. niger, respectively.
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