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ABSTRACT

Objective: This study was subjected to analyze the technique for the determination of quercetin, a flavonoid in onion (Allium cepa L.) from three
different cultivars of bulb onion (01, 02, and 03) which were extracted with petroleum ether, chloroform, methanol, and water. Furthermore, this
study was aimed to determine the antimicrobial activity of four solvent extracts of three onion cultivars against 10 microbial type culture collection
(MTCC) bacterial pathogens.

Methods: Quercetin in onion was determined by analytical technique, high-performance thin layer chromatography, and the antimicrobial activity
were performed by the well diffusion method.

Result: Quercetin was determined in all the three cultivars with retention factor value 0.68. Quercetin was also extracted in all the four solvent
extracts of onion cultivars. Apart from quercetin, few more compounds also isolated. More compounds were isolated in 03. In the determination of
the antimicrobial activity of onion extracts against MTCC cultures revealed that all the three onion cultivars were highly active against Staphylococcus
aureus, it showed more than 25 mm zone of inhibition. Among the three onion cultivars, 02 showed better antimicrobial activity against all the tested
bacterial cultures.

Conclusion: This study showed that onion has good broad spectrum bioactivity against microorganisms revealed that it contains phytochemicals
which can be used as nutraceuticals.

Keywords: Phytochemicals, High-performance thin layer chromatography, Onion, Quercetin, Antimicrobial activity, Microbial type culture collection

cultures.

INTRODUCTION

Allium cepa Linn. (onion) is a member of the Liliaceae family with
over 250 genera and 3700 species. These plants are able to survive
in harsh conditions such as winter, dryness, due to their bulbs [1].
Allium species have a variety of pharmacological effect including
antioxidant, antimutagenic, antibacterial, antiviral, anti-inflammatory,
antithrombotic, antifungal, chemopreventive activity, anti-tumor
activity, etc., [2-6]. All these pharmacological effects are due to the
presence of phytochemicals. The major phytochemical in Allium species
are flavonoids. The flavonoids occur in free-state and as glycosides.
Three acetate units and phenylpropane units formed the naturally
occurring phenols, flavonoids. They are extensively occurred in nature
but are commonly present in young tissues. Flavonoids are referred to
natural bioactive compound due to its inherent ability to change the
reaction taking place in the body due to allergies, bacteria, virus, and
carcinogens [7]. They are used broadly as chemotaxonomic markers.
The flavonol quercetin, a phytoalexin are one of the most powerful
bioactive compounds known. Currently, immense consideration is
being given to determine efficiency, superiority and values of the plant
raw material, and herbal formulations due to its incalculable health
benefits [8]. Assessment of phytochemical is one of the tools for the
quality determination of phytochemical screening, chemoprofiling, and
analysis of marker compounds using modern analytical techniques.
Estimation of these compounds is vital for recent research and an
array of techniques are mandatory for this [9]. High-performance thin
layer chromatography (HPTLC) method has emerged as a significant
contrivance for the analysis of herbal formulations and natural drugs

in the last two decades. This technique can be used qualitatively as well
as quantitatively for checking the purity and identity of crude drug and
also for quality control of finished product [10]. The major advantage of
this technique is that a number of samples can be analyzed concurrently
with a small quantity of mobile phase [11]. Hence, this study is aimed
to analyze the four different solvent extracts of onion cultivars collected
from three different cultivation sites using HPTLC and to determine
the antimicrobial activity of those extracts against 10 microbial type
culture collection (MTCC) bacterial cultures.

METHODS

Collection of plant materials
A. cepa from different cultivation site such as Surandai (01), Alankulam
(02) and Vilathikuklam (03) were collected and brought to the
laboratory for further analysis.

Processing of plant materials

The collected A. cepa bulb from different cultivation sites were cleaned
thoroughly and dried under shade. The dried bulb was blended into a
fine powder and stored in airtight container at room temperature.

Preparation of extracts

The organic solvents such as petroleum ether, chloroform, methanol,
and distilled water were used for the extracting the bioactive
compounds from A. cepa bulb. The extraction was done using soxhlet
apparatus. The extract dried using vacuum evaporator and stored in air
tight containers.
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HPTLC fingerprinting profile
Sample preparation

A HPTLC analysis was performed using Camag Linomat V (Switzerland)
for the various solvent extracts dissolved with respective HPTLC grade
at the rate of 1 mg/ml.

Sample application

The samples (6 pl) were loaded on to the HPTLC plate at 8 mm bands
length in the 10x10 silica gel 60 F, thin layer chromatography (TLC)
plate along with nitrogen gas supply for simultaneous drying of bands,
by means of a CAMAG (Switzerland) Linomat V sample applicator
fitted with a 100 ul syringe (Hamilton Bonaduz, Switzerland). The
sample loaded plate was kept in TLC twin trough developing chamber
with respective mobile phase and the chromatogram was developed
to a distance of 70 mm. Densitometric scanning was performed with
a CAMAG TLC scanner 3 in reflectance absorbance mode at 254 nm,
under the control of CAMAG WINCATS planar chromatography manager
software (version 1.4.2). HPTLC fingerprinting and chromatograms
were developed and recorded.

Determination of antimicrobial activity

The Muller-Hinton agar (MHA) plates were swabbed with bacterial
pathogens and well of 8 mm diameter was punched into the MHA
medium and filled with 10-50 pl (100-500 pg) of solvent extract. The
plates were incubated at 37°C for 24 hrs. After the incubation period,
the diameters of zone of inhibition produced by the extract with
different bacterial pathogens in different plates were measured and
recorded.

RESULTS

HPTLC fingerprinting profile

TLC was performed to separate the bioactive compounds and to identify
one of the phytochemical flavonoids in the extract. The developing
system consists of chloroform: Methanol (8:2 v/v) gave a sharp and well-
defined band for quercetin, a flavonoid. This confirmed the presence of
bioactive compound flavonoid in the extracts. The identity of quercetin
was confirmed by comparing the bands of standard quercetin with that
of extracts and by comparing retention factor (Rf) of reference with the
standard.

The petroleum ether extract of all the three cultivars of onion showed a
band coincides with standard quercetin and the Rf value was found as
0.68. 01 was found with 2 more bands with Rf values of 0.62 and 0.48
in which one band matched with 03 (Rf value 0.62). One more band was
identified in 02 (Rf value 0.83) and 2 bands in 03. These results showed
that 2 more compounds other than quercetin were isolated in 01 and
03 onion cultivars (Fig. 1a).

The chloroform extract of onion showed a band matched with the
standard quercetin (Rf - 0.68). All the three cultivars revealed one more
band with approximately, similar Rf value (0.77) apart from quercetin.
Additional band was observed in 01 with Rf value 0.89 (Fig. 1b).
Quercetin was identified in methanol extract of all the three onion
cultivars with Rf value of 0.66 which was confirmed by comparing
the band pattern with that of standard quercetin. 5 more compounds
were separated in O1 and 03 and 3 compounds in 02 in which one
compound was found common in all the three onion cultivars (Fig. 1c).
The Rf value of quercetin in water extracts of onion was 0.68, which was
confirmed with standard quercetin. 6, 5, and 2 additional compounds
were separated in 03, 02, and 01 in which one compound was found
common in 02 and 03 (Fig. 1d). In HPTLC analysis of onion, more
compounds were isolated in petroleum ether, methanol, and water
extract of 03.

Antimicrobial activity of onion against MTCC cultures
The solvent extracts of onion; 01 exhibited good antibacterial activity
against all the 10 MTCC cultures tested. Petroleum ether, methanol, and
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water extract showed maximum activity against Staphylococcus aureus
(20.5£0.5 mm) and 25.33+0.29 mm respectively). Chloroform extract
showed maximum activity against Salmonella typhi (18.5+0.5 mm).
Klebsiella pneumoniae, S. typhi, Aeromonas hydrophila showed resistant
to petroleum ether extract. K. pneumonia, Pseudomonas aeruginosa
were resistant to chloroform extract. S. typhi was resistant to water
extract of O1 (Table 1 and Fig. 2).

Water, methanol, and petroleum ether extract of 02 showed
maximum activity against S. aureus (27+0.5 mm, 24.0.5+0.5 mm
and 19.83+0.29 mm, respectively). Chloroform extract of 02 showed
wide spectrum activity against Bacillus subtilis (19.83+0.29 mm).
K. pneumonia showed less activity to petroleum ether. Proteus vulgaris
was resistant to petroleum ether extract of 02. S. typhi, Enterobacter
aerogenes and Streptococci showed a maximum sensitivity to
methanol extract (20.33+0.58 mm, 18+0.5 mm, and 18.33+0.29 mm).
P. aeruginosa and A. hydrophila exhibited good sensitivity to
methanol and water extract (21.83+0.76 mm and 22.33+0.29 mm;
17.83+0.29 mm and 19.33+0.58 mm). Escherichia coli exhibited
maximum sensitivity to chloroform, methanol, and water extract
(Table 2 and Fig. 3).

a) Petroleum ether extract of onion b) Chlroform extract of onion

¢) Methanol extract of onion d) Water extract of onion

Fig. 1: High-performance thin layer chromatography
fingerprinting of three onion cultivars, (a) Petroleum ether
extract of onion, (b) chloroform extract of onion, (c) methanol
extract of onion, (d) water extract of onion

Table 1: Antimicrobial activity of 01 (onion from Surandai)

against MTCC cultures
MTCC Solvent extracts of 01 (500 pg)
cultures Petroleum Chloroform Methanol Water
ether
K. pneumoniae 9.17+0.29  8.67+0.29 13.33+0.58 11.17+0.29
E. coli 15.5+0.5 16.5+0.5 12.5+0.5 14.5+0.5
S. pyogenes 11.17£0.29 16.5+0.5 17.5+0.5 16.5+0.5

10.33+0.29 8.83+0.29
12.33£0.29 13.67+0.58

25.33+0.58 20.67+0.58
12.83+£0.29 14.33+0.58

P. aeruginosa
E. aerogenes

S. aureus 20.5%0.5 13.33+#0.58 25.5%0.5 25.33+0.29
P vulgaris 10.17£0.29 15.67+£0.58 18.5+0.5 18.5+0.5

S. typhi 9.83+0.29  18.5%0.5 13.67+0.29 9.17+0.29
B. subtilis 13.83£0.29 16.83+0.29 11.17%0.29 12.5%0.5

A. hydrophila  9.17+0.29  17.17+0.29 14.83%0.76 17.5%0.87

*All values are expressed as mean+SEM for three determinations,

MTCC: Microbial type culture collection, SEM: Standard error of

mean, K. pneumonia: Klebsiella pneumonia, E. coli: Escherichia coli,

S. pyogenes: Streptococcus pyogenes, P. aeruginosa: Pseudomonas aeruginosa,

E. aerogenes: Enterobacter aerogenes, S. aureus: Staphylococcus aureus,
P.vulgaris: Proteus vulgaris, S. typhi: Salmonella typhi, B. subtilis: Bacillus subtilis,
A. hydrophila: Aeromonas hydrophila
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a) Petroleum ether extract against A.hydrophila

d) Methanol extract against K.pneumoniae

j) Water extract against P.aerogenes

-

m) Petroleum ether extract against Pvulgaris

b) Chloroform extract against S.typhi

€) Methanol extract against P.aeruginosa

h) Water extract against E.coli

k) Methanol extract against Klebsiella sp.

n) Petroleum ether extract against K.pneumoniae

¢) Chloroform extract against B.subtilis

/)

f) Methanol extract against S.aureus

i) Water extract against S.pyogenes

1) Petroleum ether extract against E.coli

Fig. 2: Antimicrobial activity of 01 against microbial type culture collection cultures, (a) petroleum ether extract against Aeromonas
hydrophila, (b) chloroform extract against Salmonella typhi, (c) chloroform extract against Bacillus subtilis, (d) methanol extract against
Klebsiella pneumoniae, (e) methonal extract against Pseudomonas aeruginosa, (f) methonal extract against Staphylococcus aureus, (g)
methanol extract against Proteus vulgaris, (h) water against Escherichia coli, (i) water extract against Streptococcus pyogenes, (j) water
extract against Pasteurella aerogenes, (k) methanol extract Klebsiella sp., (1) petroleum ether extract against Escherichia coli,

(m) petroleum ether against P. vulgaris, (n) petroleum ether extract against K. pneumoniae

All the four extracts of 03 showed wide spectrum activity against
S. aureus (more than 18 mm). Petroleum ether extract of 03 showed
less activity against P. vulgaris and B. subtilis (9.83+0.29 mm).
Chloroform extract showed less activity against K. pneumonia and
P. vulgaris. Methanol extract of 03 exhibited good antibacterial
activity against all the 10 MTCC cultures tested (Table 3 and Fig. 4). In
this study, methanol extract was found to be effective in inhibiting the
bacterial organisms.

DISCUSSION

The peak area of quercetin concentration was recorded. The results
showed linearity and correlation coefficient within the range of
concentration. There are good correlation between peak area and the
corresponding concentration of quercetin. Stationary phase silica gel
TLC plate and mobile phase chloroform:methanol (8:2) had given good
separation of quercetin. The identification of band of quercetin in the

bean extract using HPTLC was confirmed by Mishra et al. [12]. The
linear calibration curves of quercetin were found to be linear over the
range of 100-200 ng in their study.

Seven distinct spots including those at the origin and at the solvent
front, numbered consequently from the base by TLC were obtained
in onion by Bandyopadhyay et al. [13]. In their study, the highly polar
compounds do not migrate with the solvent systems used (petroleum
ether:diethyl ether, 8:2) since the separation was based on the polarity
of the compounds present. Itakura et al. [14] separated one specific
sapogenin in garlic, B-chlorogenin, by TLC. In Parmar et al. [15]
study, the quercetin was well separated in mobile phase toluene:ethyl
acetate:acetone:formic acid (5:2.5:7.5:0.5). In this study, quercetin was
well separated by the solvent system chloroform:methanol (8:2).

The results by Ye et al, [16] showed that the essential oil of onion
exhibited a potent inhibitory effect against all bacteria (E. coli,
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a) Petroleum ether extract against S.nphi

d) Methanol extract against Pvulgaris

£) Methanol extract against K. pneumoniae

p) Water extract against B.subtilis

¢) Methanol extract against P.aeruginosa

h) Methanol extract against S.aureus

n) Water extract against Pvulgaris

q) Water extract against A. hydrophila

f) Methanol extract against E.aerogenes

1) Water extract against E.aerogenes

o) Water extract against S.typhi

r) Water extract against E.coli

Fig.3: Microbial type culture collection, (a) petroleum ether extract against Salmonella typhi, (b) petroleum ether extract against
Klebsiella pneumoniae, (c) methanol extract against Escherichia coli, (d) methanol extract against Proteus vulgaris, (e) methanol extract
against Pseudomonas aeruginosa, (f) methanol extract against Enterobacter aerogenes, (g) methanol extract against K. pneumoniae,
(h) methanol extract against Staphylococcus aureus, (i) water extract against K. pneumoniae, (j) water extract against E. coli, (k)
water against P. aeruginosa, (1) water extract of E. aerogenes, (m) water extract against S. aureus, (n) water extract against P. vulgaris,
(o) water extract against S. typhi, (p) water extract against Bacillus subtilis, (q) water extract against Aeromonas hydrophila, (r) water
extract against E. coli

B. subtilis, and S. aureus) with diameter of inhibition zones ranging
from 4.1 to 19.3 mm. The essential oil exerted a broad antimicrobial
spectrum and showed a high antimicrobial effect on B. subtilis. The
data obtained by Zohri et al., [17] indicated that Gram-positive bacteria
were more sensitive to onion oil than Gram-negative bacteria. Onion
oil was highly active against the four Gram-positive bacteria tested

and only one isolate of Gram-negative bacteria (Klebsiella pneumoniae,
12 mm).

Adeshinaetal.[18] reported 35+0.1 mm and 30+0.2 mm zone of inhibition
against P. aeruginosa by white and red onion respectively. Furthermore,
they reported 19+0.5 mm and 15+0.2 mm zone against E. coli, 35+0.2 mm,
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-

a) Petroleum ether extract against K.pneumoniae

¢) Water extract against P. vulgaris

f) Methanol extract against S.aureus

i) Petroleum ether extract against B.subrtilis

1) Methanol extract against S.oyphi

0) Water extract against E.coli

b) Water extract against P.aeruginosa

d) Water extract against S.aureus

g) Methanol extract against S.pyogenes

p) Petroleum ether extract against S.aureus

—

h) Chloroform extract against P.vulgaris

k) Methanol extract against £.coli

n) Chloroform extract against E.aerogenes

q) Petroleum ether extract against S.pyogenes

Fig. 4: Antimicrobial activity of 03 against microbial type culture collection cultures, (a) petroleum ether extract against Klebsiella
pneumoniae, (b) water extract against Pseudomonas aeruginosa, (c) water extract against Proteus vulgaris, (d) water extract against
Staphylococcus aureus, (e) methanol extract against P. aeruginosa, (f) methanol extract against S. aureus, (g) methanol extract against
Streptococcus pyogenes, (h) chloroform extract against P. vulgaris, (i) petroleum ether extract against Bacillus subtilis, (j) methanol extract
against Klebsiella pneumoniae, (k) methanol extract against Escherichia coli, (1) methanol extract against Salmonella typhi, (m) methanol
extract against Aeromonas hydrophila, (n) chloroform extract against Enterobacter aerogenes, (0), water extract against E. coli, (p) water
extract against S. aureus, (q) petroleum ether extract against S. pyogenes

and 28+0.1 mm zone against S. typhi by white and red onion, respectively.
Among the non-polar and polar subfractions of methanolic extracts of
three Spanish onion varieties assayed by Santas et al. [19], only non-polar
subfractions showed good antimicrobial inhibition.

Shenoy et al, [1] reported that all these four solvent extracts showed
good antimicrobial activity against B. subtilis, S. aureus, P. aeruginosa,

and E. coli. A. cepa extract was found ineffective against tested pathogens
in Rekha and Shruti’s [20] report.

CONCLUSION

In the present study, a valuable and easiest technique for the scrutiny
of flavonoids in onion using HPTLC was effectively performed. This
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Table 2: Antimicrobial activity of 02 (onion from Alankulam)
against MTCC cultures

MTCC Solvent extracts of 02 (500 pg)

cultures Petroleum Chloroform Methanol Water

ether

K. pneumoniae 9.83+0.29 10.83%x0.76 16.17+0.29 12.67+0.58
E. coli 10.17£0.29 17.5%0.5 17.83£0.29 17.33+0.58
S. pyogenes 10.83+0.29 15.33+0.58 18.83%£0.29 16%0.5

P aeruginosa  10.17+0.29 13%0.5 21.83+£0.76 22.33+0.29

E. aerogenes  15.17+0.29 14.83+0.76 18%0.5 15.33+0.58
S. aureus 19.83+0.29 15.33%x0.58 24.5+0.5 27+0.5

P vulgaris 8.83+0.29 14.5+0.5 13.5+0.5 18.5+0.5

S. typhi 15.17+0.29 18.5%0.5 20.33+0.58 11.67+0.58
B. subtilis 10.67+0.58 19.83+0.29 17.5+0.5 12.17+0.29

A. hydrophila  10.83+0.29 12.5+0.5 17.83+0.29 19.333%0.58

*All values are expressed as mean+SEM for three determinations,

MTCC: Microbial type culture collection, SEM: Standard error of

mean, K. pneumonia: Klebsiella pneumonia, E. coli: Escherichia coli,

S. pyogenes: Streptococcus pyogenes, P. aeruginosa: Pseudomonas aeruginosa,

E. aerogenes: Enterobacter aerogenes, S. aureus: Staphylococcus aureus,

P vulgaris: Proteus vulgaris, S. typhi: Salmonella typhi, B. subtilis: Bacillus subtilis,
A. hydrophila: Aeromonas hydrophila

Table 3: Antimicrobial activity of 03 (onion from Vilathikulam)

against MTCC cultures
MTCC Solvent extracts of 03 (500 pg)
cultures Petroleum Chloroform Methanol Water
ether
K. pneumoniae 10.83+0.29 8.83+0.29 12.174£0.29 11.33%0.29
E. coli 11.5+0.5 14.33+0.29 16.16+£0.29 14.17+0.29
S. pyogenes 16.33+0.29 15.33+0.29 19.5+0.5 17.17+0.29

10.17+0.28 12.83%0.29
14.83£0.29 13.33+0.58

20.67+0.58 18.67+0.58
18.83+0.29 15.83%0.29

P. aeruginosa
E. aerogenes

S. aureus 21.67+0.58 18.33x0.58 20.67+0.58 20.5+0.5
P vulgaris 9.83+0.29 10.33+x0.58 14.33+0.58 14.83+0.29
S. typhi 14.17£0.29 12.67+0.58 15.33%0.58 12.5+0.5
B. subtilis 9.83+0.29 15.67+0.29 14.17+0.29 10.83%0.29

A. hydrophila  10.83%0.29 13.5%0.5 15.17£0.29 12.5%0.87

*All values are expressed as mean+SEM for three determinations.

MTCC: Microbial type culture collection, SEM: Standard error of

mean, K. pneumonia: Klebsiella pneumonia, E. coli: Escherichia coli,

S. pyogenes: Streptococcus pyogenes, P. aeruginosa: Pseudomonas aeruginosa,

E. aerogenes: Enterobacter aerogenes, S. aureus: Staphylococcus aureus,

P vulgaris: Proteus vulgaris, S. typhi: Salmonella typhi, B. subtilis: Bacillus subtilis,
A. hydrophila: Aeromonas hydrophila

method is extremely responsive and reproducible technique to spot
the phytochemicals with accuracy. Based on the antimicrobial activity
of onion, onion from Vilathikulam was determined as the best cultivar
since it showed finest result against the bacterial organisms. The
make use of Allium sp. will diminish the side effects and cost coupled
with the applications of synthetic antibiotics and will also be an eco-
friendly measure. Since this medicinal plant, onion possess a lot of
bioactive compounds, it can be a better and easily available material
for nutraceuticals.
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