www.angle.com.tw

JOURNAL OF FOOD AND DRUG ANALYSIS 26 (2018) 518—528

)z
i

FDA

journal homepage: www.jfda-online.com

Available online at www.sciencedirect.com

ScienceDirect

Original Article

Systematic study on active compounds as

CrossMark

antibacterial and antibiofilm agent in aging onions

Kavita Sharma, Neelima Mahato, Yong Rok Lee”

School of Chemical Engineering, Yeungnam University, Gyeongsan 712-749, Republic of Korea

ARTICLE INFO

Article history:

Received 13 March 2017
Received in revised form

29 May 2017

Accepted 3 June 2017
Available online 26 July 2017

Keywords:
Antioxidant activity
Antibacterial activity
Deteriorated onion
Quercetin

Total phenolics

ABSTRACT

Quantitative investigation and systematic studies of quercetin, total phenolics, flavonoids,
antioxidants, antibacterial and antibiofilm or antibiofouling properties of methanolic ex-
tracts of onions obtained from six different varieties have been carried out to explore their
relative merits in terms of biological activities of fresh and aging onions. Total phenolic
content in the extracts was examined spectrophotometrically using Folin—Ciocalteau's
phenol reagent and total antioxidant activity was studied by FRAP and DPPH methods.
In vitro antibacterial activity of the extracts was investigated on Gram-negative (Escherichia
coli and Pseudomonas aeruginosa) and Gram-positive (Staphylococcus aureus and Bacillus ce-
reus) respectively, by using a modified Kirby—Bauer disc diffusion method. Antibiofilm
activity was tested by crystal violet assay. The best results against biofilm formation were
observed for the extracts obtained from onions stored for three months. The total phenolic
and antioxidant content found to be increased upon aging in all the six varieties; red
skinned onion (Happyhong) showed the highest level of total phenolics (5110.07 + 196.56 pg
GAEg ' FW) and total flavonoids (2254.00 + 154.82 ug QEg * FW) after three months. The
results showed that in all the varieties, quercetin content as well as biological activity
increases with aging in the stored onions compared with the fresh ones.
Copyright © 2017, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The current quality demand by customers and search for high
quality levels lead to the rejection of even more numbers of
onions as worthless during selection and calibration stages

Onion (Allium cepa L.) is one of the most important vegetable
crops grown worldwide. During the last 10 years its produc-
tion has increased by more than 25% of the total production
[1]. In most countries, approximately 10% of the total annual
harvest is either discarded or inadequately treated in the
market as worthless onions because they fail to meet the
quality standards required for marketing to the customers [2].
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(irregular shape, injured parts, non-commercial sizes).
Dealing with onion wastes from storage and processing in-
dustries has become a real and huge problem for the market
suppliers. Firstly, it is neither suitable for cattle fodder
because of its strong characteristic pungent smell, nor can be
used as an organic fertilizer because of rapid development of
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phytopathogenic agents, such as Sclerotium cepivorum [3].
Therefore, the only option remains with their disposal is the
landfill. And, the landfill disposal of onion waste results in
high economic costs, as well as a bad impact on the envi-
ronment. Furthermore, their removal by incineration does not
seem appropriate because of high water content, rendering it
expensive with additional fuel consumption, and environ-
mental pollution with the release of carbon dioxide and other
gases. Therefore, utilization of the worthless onions effec-
tively becomes a challenging problem and a burning topic of
waste reuse and environmental research. Moreover, if the
recovery of valuable phytochemicals and production of novel
compounds of nutraceutical and pharmaceutical importance
from onion wastes are fruitful, the environmental problems
could be successfully solved. Thus, the onion producers and
breeders are interested in developing the alternative means
for the valorization of onion wastes to promote its profitable
usage, and its conversion to food grade products. Nowadays
researchers are aiming to manage onion wastes in such a way
that the undesirable leftover plant materials are eliminated
and used for the production/isolation of some useful phyto-
chemicals that may otherwise be lost with the waste. Ramos
et al. (2006) carried out oxidation of onion waste consisting
mainly dried onions and observed good antibacterial and
antioxidant property by oxidized products [4]. Furthermore,
high antimicrobial activity of the onion skin waste extracts
has also been observed against bacteria Escherichia coli, Pseu-
domonas fluorescens and Bacillus cereus, and fungi Aspergillus
niger, Trichoderma viride and Penicillium cyclopium [5]. Onion
waste is reported to contain high content of phenolics and
flavonoids, mainly quercetin which shows high antibacterial
activity [6]. Recovering antioxidants from onion waste is very
appealing in terms of low processing costs which allow its
extensive use in the food industry [7]. Overall processing
scheme for exploiting onion wastes has been proposed by
Waldron [8].

Two flavonoid subgroups present in onions are anthocya-
nins, which impart a red/purple color to some varieties, and
flavonols, such as quercetin and its derivatives, which play an
important role in the production of yellow and brown com-
pounds in the skins of many varieties [9]. In onions, quercetin
aglycone accounts up to 10% of the total flavonoids, and the
remaining is in the form of its glucosides. In addition, phe-
nolics and polyphenols from skin and extracts from the edible
part of onion (A. cepa L.) are also known for its antimicrobial
and antibiofilm properties [10,11]. These compounds have
increased the interest of the food and pharmaceutical in-
dustries in order to improve food stability against microbio-
logical spoilage agents. The flavonol composition in
deteriorated or aging onions which are either discarded in the
landfills or stored under intermediate facilities (before final
disposal) changes due to natural physiological processes as
well as activities of parasitic microorganisms. Culled onions
(A. cepa) are commonly fed to cattle. The safety of feeding
depends upon acceptability, species susceptibility and toxic
potential of the onions [11] as these might result in secondary
organ damage or even death when onions are consumed in
large quantities. Onion toxicities are consistently noted in
animals that ingest onions more than 0.5% of their body
weight at one time [12]. Spontaneous ingestion of onions

(A. cepa) causes hemolytic anemia and methemoglobinemia,
leading to cyanosis hemolytic anemia with the formation of
Heinz bodies, and fatal consequences has been previously
reported in cattle, sheep, dogs, cats, and horses [13]. The
epidemiology of onion toxicosis differs among species. The
clinical symptoms of onion toxicosis observed in the cattles
include in appetence, staggering, abortion, onion odor of the
breath and feces, elevated heart and respiratory rates, pale
mucous membranes, jaundice, and elimination of brown
urine [14]. Onion toxicosis in water buffalo causes pale mu-
cous membranes, lethargy, constant vocalization, tenesmus,
weakness, dyspnea, production of dark urine, and the pres-
ence of an onion odor in their breath [15]. It also causes gall-
bladder enlargement and secretion of clotted bile, and
excretion of onion fragments with ruminal contents. Onions
also have fungicidal and bactericidal properties that alter
rumen microbial populations [16]. These activities, in
conjunction with high water content, may alter patterns of
ruminal digestion. One of the effective treatment recom-
mendations for onion toxicosis is restriction of intake. Blood
transfusion may be given to severely affected animals which
may promote clinical recovery [17]. Administration of antibi-
otics to be taken orally may be beneficial in reducing ruminal
anaerobic bacteria that promote formation of some oxidative
substances [18]. Proper and systematic utilization of onion
wastes will also help in protecting the small randomly
roaming domestic animals, such as dogs, cats and other cat-
tles from the toxicities arising from changes in the bioactive
components which may bring fatal consequences. Therefore,
it is important to utilize and study the content of onion waste
produced during and after its storage period.

Here, in the present research work, our aim is to analyse
the variations in chemical composition of onions during aging
process under storage of certain period ranging between one
to six months. The visible symptoms of chemical composition
variation upon aging and deterioration begin to appear on the
onion skin or surface which continue to progress until it be-
comes unsuitable for any domestic purpose. We found major
differences in the patterns of contents of quercetin and its
glucosides during aging. There was observed a major reduc-
tion in total flavonoids (Q + QMG + QDG), however, a drastic
increase in the quercetin content was also observed. Further,
we also evaluated the antibiofilm and antibacterial potential.
This study hints for a plausible economic exploitation of aging
and deteriorated otherwise worthless or waste onions in
pharmaceutical and food industries due to its high quercetin
content.

2. Methods and materials
2.1. Chemicals and microorganisms

All solvents used in this study were of high-performance liquid
chromatography (HPLC) grade. Trifluoroacetic acid (extra-pure
grade) was supplied by Alfa Aesar (Ward Hill, MA, USA).
Quercetin-3,4'-0-diglucoside and quercetin-4’-O-monogluco-
side were supplied by Polyphenols Laboratories AS (Sandnes,
Norway). Gallic acid, 6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid (Trolox), 2,4,6-Tris (1-pyridyl)-5-triazine
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(TPTZ), ferric chloride, Folin Ciocalteu reagent and ampicillin
used were purchased from Sigma—Aldrich (St. Louis, MO, USA),
and 2,2-diphenyl-1-picrylhydrazyl from Wako Pure Chemicals
(Osaka, Japan) were used for antioxidant assays. Stock solu-
tions of quercetin (1 mg mL™") and quercetin glucosides
(4 mg mL ') were prepared in methanol. All the solutions were
stored at —20 °C and calibration standards were obtained by
appropriate dilution of the stock solutions. The standard bac-
terial strains of the Gram negative bacteria E. coli (KCTC-1924),
Pseudomonas aeruginosa (KCTC-2004), and of the Gram positive
bacteria B. cereus (KCTC-1012) and Staphylococcus aureus (KCTC-
1916) were obtained from the Korean Collection for Type Cul-
tures (KCTC).

2.2. Sample storage and preparation

Onions were grown at the Bioenergy Crop Research Center,
National Institute of Crop Science, Rural Development
Administration (Muan, Republic of Korea). Six onion varieties
selected for this study were two red skinned (Happyhong,
Unijinara), two white skinned (Mokpo24ho, Mokpo21ho), and
two yellow skinned (Marusino330, Sinsunhwang). Bulbs were
harvested during April to May 2013 and dried in the field for 1
week, trimmed of leaves and roots, and subsequently stored
at 4 + 1 °C with relative humidity between 70 and 75% with
proper ventilations. For each sampling eight onion bulbs were
selected from storage and sampled according to its storage
capacity and till get deteriorate.

2.3. Extraction of flavonoids

Flavonoids were extracted in triplicate according to the
method of Bonaccorsi [19] with slight modifications. Eight
onion bulbs were chopped into small pieces and mixed.
Approximately 10 g of the chopped sample was left overnight
in 100 mL of methanol at 4 °C. Then the methanol extract was
separated and the residue was homogenized with a blender in
100 mL of methanol for 3 min, followed by stirring on a
magnetic stirrer for 30 min. The slurry was centrifuged at
10,000 rpm for 30 min at 4 °C. The supernatant was removed,
the residue was mixed with a new portion of methanol, and
centrifugation was repeated. The combined methanolic frac-
tions were evaporated on a rotary evaporator at 40 °C to
approximately 8 mL and made up to 10 mL with methanol.
The extracts were stored at —20 °C before analysis.

2.4.  HPLC analysis

HPLC analysis of all extracts was carried out using an Agilent
1100 chromatograph (Agilent, Palo Alto, CA, USA) equipped
with a solvent delivery system, an auto-sampler, a DAD de-
tector set at 360 nm, and a ChemStation data acquisition
system. Flavonoids were separated on a Zorbax Eclipse XDB C-
18 column (250 mm x 4.6 mm) with particle size of 5 pm
(Agilent, Santa Clara CA, USA) protected with a Phenomenex
(USA) C18-type guard column. The column was maintained at
25 °C. The mobile phase consisted of 0.1% TFA in water (sol-
vent A) and methanol (solvent B). A gradient elution program
was set as follows: 0—10 min, 20% B; 10—15 min, 20—80% B;
15—22 min, 80—20% B. The flow rate was 0.8 mL min?, and the

injected volume was 10 pL. Quercetin flavonols were quanti-
fied through comparison with respective calibration curves.

2.5. Analysis of total flavonoids

The total flavonoids were determined by using a colorimetric
method [20]. Methanolic extract (0.5 mL) was mixed with
1.5 mL of methanol, 0.1 mL of 10% aluminum chloride, 0.1 mL
of 1 M potassium acetate and 2.8 mL of distilled water. The
reaction mixture was kept for 30 min at room temperature
and the absorbance was measured against blank at 415 nm
with Shimadzu UV-1700 spectrophotometer. The calibration
curve was made from quercetin solutions and results were
expressed in terms of pg of quercetin equivalents per gram
fresh weight (ug QEg~* FW).

2.6.  Analysis of total phenolics

The total phenolics were analysed spectrophotometrically,
using Folin Ciocalteu calorimetric method [21] with some
modification. Onion extract (100 pL) mixed with 2.9 mL
distilled water in a test tube followed by the addition of 0.5 mL
dilute Folin Ciocalteu reagent. Samples were mixed properly
and allowed to stand for 15 min. Then 2 mL of 20% sodium
carbonate aqueous solution was added. The reaction mixture
was incubated at room temperature for 90 min and the
absorbance was measured at 790 nm against the bank by
using Shimadzu UV-1700 spectrophotometer. All results were
expressed in terms of pg of gallic acid equivalents per gram
fresh weight (GAEg ' FW).

2.7.  Analysis of total antioxidant activity

The total antioxidant activity of onion samples was estimated
by using two standard assays of the Ferric Reducing Ability of
Plasma (FRAP) and 1,1-Diphenyl-2-picryl-hydrazyl (DPPH)
suggested by Benzie and Strain [22] and Brand-Williams [23],
respectively. Trolox was used as standard for both experi-
ments. Results are expressed in terms of pmol Trolox equiv-
alent per gram fresh weight (umol TEg * FW).

2.7.1. FRAP assay

The FRAP assay was performed as described by Benzie and
Strain [22] and was carried out with Shimadzu UV-1700
spectrophotometer. The experiment was conducted at 37 °C
under low pH (3.6) with a blank sample in parallel. At low pH,
complex of Fe** — TPTZ is reduced to Fe?* — TPTZ form, with
development of intense blue color at the wavelength maxima
of 593 nm. The FRAP working regent was prepared freshly by
mixing 300 mM acetate buffer (pH 3.6), 10 mM TPTZ in 40 mM
HCI, and 20 mM FeCl;-H,0 in the ratio of 10:1:1. For each assay,
2.90 mL of FRAP reagent and 100 pL of methanol extract were
mixed. Absorbance of the reaction (incubated at 37 °C) was
measured at 593 nm after 30 min.

2.7.2. DPPH assay

The DPPH assay was carried out according to method of
Brand-Williams [23] with some modifications. The DPPH so-
lution was prepared by dissolving 24 mg DPPH with 100 mL
methanol and stored at —20 °C until used. The working
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solution was prepared by diluting the DPPH solution with
methanol to obtain the absorbance in the range of 1.1 + 0.02
units at 515 nm. The above diluted DPPH solution (950 pL) was
mixed with 50 uL blank, standards or sample extract and
diluted with methanol (1:1, v/v) and incubated for 20 min. The
absorbance was measured at 515 nm against the bank by
using Shimadzu UV-1700 spectrophotometer. All results were
expressed in terms of pmol TEg ' FW.

2.8.  Antibacterial and antibiofilm activity

The antibacterial activities have been checked against Gram-
negative E. coli and Gram-positive S. aureus by using a modi-
fied Kirby—Bauer disk diffusion method [24]. Aliquots of bac-
terial suspension (100 uL) were spread on Difco™ nutrient
broth containing testing microorganism with optical density
of 0.7 at 595 nm. Filter paper disks (8 mm) saturated with 20 uL
of the onion extract and were placed in on the agar plate. The
plates were incubated for 20—36 h at 37 °C, and then the zones
of inhibition were measured.

2.8.1. Biofilm assay

To evaluate the biofilm formation, Microtiter Dish Biofilm
Formation Assay has been used with some modification [25].
Overnight grown cultures were diluted 1:100 in fresh LB me-
dium. Different concentrations of onion extract were added to
the 96-well micro-titer plate and incubated at 37 °C for 24 h.
Thereafter, the medium was removed and the wells were
thoroughly washed with 1 x PBS and 100 pL of 0.1% (w/v)
crystal violet was added and incubated for 20 min. The crystal
violet was removed and washed thoroughly with 1 x PBS. For
quantification of attached cells the crystal violet was solubi-
lized in 30% acetic acid, and the absorbance was measured at
570 nm. Reduction of the biofilm was correlated with control,

in the control samples (100% of biofilm formation and bacte-
rial growth), the extract was replaced by methanol.

2.9.  Statistical analysis

Results presented in graphs are the means + standard de-
viations for 3 replicate samples. In chromatographic assays,
each replicate solution was injected 2 times, and the average
peak areas were used to calculate analyte concentrations.
Differences between mean values were assessed by Student's t
test with a significance level of p < 0.05. All statistical calcu-
lations were made using OriginPro 8.1 software (OriginLab;
Northampton, MA, USA).

3. Results and discussion
3.1. Quercetin and its glucosides

Depending upon varieties, the four major flavonoids in onions
are quercetin aglycone (Q), quercetin-4’-O-monoglucoside
(QMG), quercetin-3,4'-0O-diglucoside (QDG), and anthocyanin.
The corresponding changes in the quercetin and its glucosides
before and after a certain storage period have been deter-
mined by HPLC. A significant difference in total quercetin
estimated and its components between fresh and deteriorated
onion samples (after six months) was observed. Total flavo-
noids (Q + QMG + QDG) content was found to be less in the
fresh onions compared with the onions stored for three
months. While, onions aged and deteriorated for six months,
contain less total flavonoids. In general, the total flavonoids
increased in all the six varieties aged for three months, except
for the white varieties which contain components below the
detection level (Table 1). For instance, total flavonoids content

Table 1 — Change in flavonoid content (umol g—* FW) of fresh, three months and six months stored onion from six different

varieties, all the values are mean + SD, n = 3; SD: Standard deviation, FW: Fresh weight.

Onion varieties Storage months Q QMG QDG Total
Marusino330 Fresh 0.017 + 0.00%® 0.258 + 0.02°° 0.457 + 0.032¢ 0.732
After 3 months 0.013 + 0.00% 0.338 + 0.03%° 0.573 + 0.04°¢ 0.924
After 6 months 0.641 + 0.022¢ 0.016 + 0.007° 0.009 + 0.00%¢ 0.666
Sinsunhwang Fresh 0.012 + 0.00? 0.158 =+ 0.02"° 0.357 + 0.03%° 0.527
After 3 months 0.014 + 0.007¢ 0.238 + 0.03%° 0.463 + 0.04%° 0.715
After 6 months 0.500 + 0.022° 0.012 + 0.00°° 0.007 + 0.00° 0.519
Happyhong Fresh 0.015 + 0.00¢ 0.188 + 0.02% 0.407 + 0.03%° 0.610
After 3 months 0.013 + 0.00°° 0.233 + 0.03¢ 0.443 + 0.04%° 0.689
After 6 months 0.509 + 0.02° 0.014 + 0.007° 0.007 + 0.00° 0.530
Unijinara Fresh 0.017 + 0.00% 0.208 + 0.02%° 0.392 + 0.03%¢ 0.657
After 3 months 0.013 + 0.00° 0.229 + 0.03%¢ 0.413 + 0.04%° 0.655
After 6 months 0.488 + 0.022° 0.011 + 0.00%° 0.008 + 0.00° 0.507
Mokpo24ho Fresh 0.012 + 0.00%¢ 0.020 + 0.00%¢ nd 0.032
After 3 months 0.013 + 0.00%® 0.012 + 0.00%® nd 0.025
After 6 months 0.024 + 0.00* 0.003 + 0.00% nd 0.027
Mokpo21ho Fresh 0.016 + 0.00%® 0.030 + 0.00%° nd 0.046
After 3 months 0.012 + 0.00*® 0.024 + 0.00° nd 0.036
After 6 months 0.028 + 0.00¢ 0.004 + 0.00P¢ nd 0.032

Abbreviations: Q = Quercetin; QMG = Quercetin-4’-O-monoglucoside; QDG = Quercetin-3,4'-O-diglucoside; Total = Q + QMG + QDG, nd = not

detected.

Results represent mean + SD of three independent experiments.
abepifferent letters in the same column indicate significant differences (ANOVA followed by the Dunn—Sidak's multiple range tests at p = 0.05).
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in the red variety (Happyhong) increases from 0.610 pmol g *
FW to 0.689 pmol g~' FW, and thereafter, declines to
0.530 umol g~ ! FW. A similar trend was observed in the case of
yellow variety. QMG and QDG levels were found to decrease
~92% and 98% after six months, whereas quercetin level was
found to increase ~97% in red and yellow varieties (Table 1).
Biochemistry for the deteriorations of yellow ‘Marusino330’
variety has been shown in Fig. 1. It has been reported that the
metabolic processes are affected by external factors, such as
temperature, humidity, light, etc., and result in the change in
chemical composition of onions [26,27]. Earlier, it has been
reported that the biological pathogens play important role in
the chemical composition of onions [28,29]. Decomposition of
onion tissues has two consequences: decrease of the number
of quercetin producing cells and release of enzymes, such as
peroxidase and hydrolase from onion tissues. The presence of
free enzymes explains the drop in quercetin conjugates, QMG
found in trace amounts and QDG found to be nil after six
months. The deterioration process of onions can be charac-
terized by progressive hydrolysis of quercetin glucosides and
subsequent intensification of catabolic reactions.

3.2.  Total flavonoid content

The total flavonoids content examined in six onion varieties
was found to vary in the range of 283.69 + 40.09 to
2274.67 +155.21 ug QEg* FW, and results are shown in Fig. 2.
The occurrence of total flavonoid content was in the following
order: red skinned (Happyhong, Unijinara) > yellow-skinned
(Marusino330, Sinsunhwang) > white-skinned (Mokpo24ho,
Mokpo21ho). After aging for three months under storage, the
total flavonoids content was observed to increase, and later, in
aged and deteriorated onions under storage for six months,
was observed to decrease. This indicates that some flavonoids
were destroyed probably. One of the most probable reasons
for the decrease in total flavonoids content could be due to
degradation of flavonoids which depends on the structure of
particular flavonoids. In most of the fruits and vegetables,
flavonoids contain C-glycosidic bonds and exist as dimers,

300 - QMG Q

S 250+
<
§ 2004 — Fresh
= After 3 months
80
’f 150+ QDG After 6 months
=3
& 100+
a

50

4 8 12
Elution time (min)

oligomers, and results in the formation of monomers by the
hydrolysis of the same [30]. Olsson [31] reported that neither
storage nor heat treatment causes any significant difference
in the total flavonol content in sweet as well as in red onion
cultivars.

3.3. Total phenolic content

The total phenolic content in the six onion varieties during
different time intervals of storage for six months is presented
in Fig. 3. Among the different varieties, the overall concentra-
tion of total phenolics vary from 124522 + 95.44 to
2945.58 + 394.54 ug GAE g FW in fresh samples. In each va-
riety, the total phenolic content was found to increase signif-
icantly in the first three months of storage. In this period, the
total phenolic content in red variety (Happyhong) was found to
increase from 2945.58 + 394.54 to 5510.02 + 196.55 pg GAE g~ *
FW; in white variety (Mokpo24ho), it increased from
1245.22 + 95.44 to 2000.33 + 356.47 ug GAE g~ * FW; and in yellow
variety (Marusino330) it increased from 2830.54 + 461.21 to
4892.22 +490.03 pg GAE g~ FW. For all onion varieties, the total
phenolic content in aged and deteriorated onions under stor-
age for six months was found to decrease. Onions under
storage is accompanied by many physiological and chemical
changes which include change in the amount of reducing
sugars, rate of respiration, water loss, and change in glycoal-
kaloid content [32]. The following changes were observed not
only detrimental to the quality of onions, but also, resulting in
the formation of new compounds [33]. It can be seen in Fig. 1
that new peaks appeared in the chromatograms of flavonol
extracts of aged and deteriorated onions. These compounds
could be phenolics which were accumulating during the
course of time under storage.

3.4. Total antioxidant activities
The antioxidant activities of the six onion varieties in the

present study were evaluated by DPPH and FRAP assay
methods, and the results are presented in Fig. 4A and B. The

50 -
40
30 4 —— Fresh
—— After 3 months
<4 ——— After 6 months

Detectok signal (mAU)

Elution time (min)

Q: Quercetin
QMG: Q monoglucoside
QDG: Q diglucoside

New peaks appeared on the chromatograms of flavonol
extracts of rotting onion. These compounds - supposedly
phenolics were accumulating in course of time.

Fig. 1 — HPLC chromatograms represent the biochemistry for the deteriorations of yellow onion variety.
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ficant difference (P = 0.05).
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11.59 + 0.38 pmol TE g’1 FW for DPPH, and 12.40 + 0.48 to

18.99 + 0.51 umol TE g~ FW for FRAP in the onions stored for
three months. Similarly, for white onion (Mokpo24ho), the

increase was found to be varying between 2.49 + 0.10 to
3.2 + 0.14 pmol TEg ' FW for DPPH and 4.56 + 0.18 to

Onion varieties

three months and s

Marusino330 Sinsunhwang Happy hong
(mean + SD, n = 3), **“values with same superscripts within the same variety in

DPPH and FRAP values for all the onion varieties were found to
increase after three months. Red onion (Happyhong) shows
the highest antioxidant activity followed by yellow (Mar-
usino330) and white onion (Mokpo24ho). The antioxidant ac-
tivity of red onion (Happyhong) increased from 8.01 + 0.38 to

Fig. 3 — Change in total phenolic content of fresh,
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8.58 + 0.15 pmol TEg ' FW for FRAP. The FRAP values for the
white onion were found to be consistent with the results ob-
tained for Calcot and white onion [34]. The total antioxidant
activity for all the six varieties was found to be continuously
declining during the entire storage period of last three
months. The decrease in the antioxidant activity is believed to
be either due to the loss of antioxidants or formation of
compounds possessing pro oxidant activity. Furthermore, the
alterations in the structure of the existing antioxidants, as
well as formation of novel antioxidant components might
have enhanced the initial antioxidant status. Similar results
have been reported from other studies [35,36].

3.5.  Antibacterial and antibiofilm activity

The antimicrobial and antibiofilm assays of extracts obtained
from fresh onion varieties showed moderate activities
compared with the extracts from aged onions stored for three
months. The results of antibacterial and antibiofilm activity
tests are summarized in Table 2. The antibacterial activity of
red variety of A. cepa extract was found to be higher compared
with yellow and white varieties. Extract of red onion (Happy-
hong) obtained after three month of storage showed signifi-
cantly stronger inhibitory effects against four tested bacterial
strains compared to yellow variety. However, extracts ob-
tained from white variety showed negligible activity. Onion
extract obtained from the red variety also showed potential
antibiofilm activity along with antimicrobial activity. Impor-
tant factors regulating antimicrobial and antibiofilm activities
are believed to be due to the presence of different levels of
bioactive compounds. Previous reports suggested that the red
onion contains higher amounts of total phenolic acids which

are responsible for antioxidant activity [37]. Jeong et al. (2009)
reported that the high antioxidant and anticancer activities of
the red onion extracts were due to greater amounts of total
phenolics and quercetin compared with white and yellow
varieties [38]. Furthermore, it was also reported that the un-
utilized outer layers of the red variety contain high amounts of
quercetin and other bioactive compounds exhibiting high
AOA and FRSA along with substantial protection against DNA
damage caused by free radicals [39]. Gram positive bacteria
were found to be relatively sensitive to the onion extracts and
flavonol standards while gram negative bacteria were
observed to be moderately resistant. The highest zone of in-
hibition for gram positive bacteria was observed to be
13.5 + 0.9 mm for the red onion extract (Happyhong), whereas
for the yellow onion extract (Sinsunhwang) was 11.3 + 0.7 mm.
On the other hand, for gram negative bacteria, the inhibition
zone was found to be relatively smaller. White onion extracts
exhibited weak or no inhibition activities against both, gram
positive as well as gram negative bacteria. The zone of inhi-
bition was observed to be decreased for the aged and deteri-
orated onions investigated after six months of storage. Except
for the red onions, the extracts obtained from all other onion
varieties including the inner edible part, showed low or no
inhibition activities. Apparently, after six month of storage the
bioactive compounds were found to be decreased in onions,
which resulted in a relatively smaller inhibition zone for all
the tested bacterial strains. For comparison, antibacterial ac-
tivity tests of ampicillin with 100 pg mL~! were performed.
Ampicillin at this concentration showed inhibition against E.
coli, S. aureus and B. cereus with formation of inhibition zones,
viz., 20.0 + 1.2, 22.0 + 0.9 and 21.0 + 0.8, respectively. Onions
are known as a good natural source of flavonoids mainly

Table 2 — Change in antibacterial activity of fresh, three months and six months stored onion extract (1 mg mL ") from six

different varieties.

Onion varieties Storage months

Diameter of growth inhibition zone (mm)

Gram-negative

Gram-positive

E. coli P. aeruginosa S. aureus B. cereus

Marusino330 Fresh 8.0 + 0.6°¢ nd 10.0 + 0.8°¢ 10.0 + 0.8%¢

After 3 months 9.0 +0.8% nd 11.2 + 0.73¢ 11.2 + 0.72°

After 6 months 6.0 +0.3%¢ nd 8.0 + 0.6%° 8.0 + 0.62¢
Sinsunhwang Fresh 7.0 +0.6% nd 10.2 + 0.6° 10.0 + 0.8%°

After 3 months 7.8 + 0.5°¢ nd 11.3 + 0.72® 11.2 + 0.7°

After 6 months 5.6 + 0.4° nd nd 8.0 + 0.6
Happyhong Fresh 10.2 + 0.6%° 10.2 + 0.6°° 12.2 + 0.9° 10.0 + 0.8°¢

After 3 months 11.5 + 0.7%¢ 11.5 + 0.7°¢ 13.3 + 0.8%° 11.2 + 0.7%°

After 6 months 8.0 + 0.5 8.0 + 0.5% 10.0 + 0.8%¢ 8.0 + 0.6%°
Unijinara Fresh 11.5 + 0.8%¢ 10.2 + 0.6 13.2 + 0.6%° 10.0 + 0.6%°

After 3 months 11.8 + 0.9° 11.5 + 0.73¢ 13.5 + 0.9%¢ 11.2 + 0.4°¢

After 6 months 9.0 + 0.8% 8.0 + 0.5%¢ 10.0 + 0.6° 8.0 + 0.6
Mokpo24ho Fresh nd nd nd nd

After 3 months nd nd nd nd

After 6 months nd nd nd nd
Mokpo21ho Fresh nd nd nd nd

After 3 months nd nd nd nd

After 6 months nd nd nd nd
Standard Ampicillin 20.0 + 1.2%° nd 22.0 + 0.9°¢ 21.0 + 0.8

Results represent mean + SD of three independent experiments.

abepifferent letters in the same column indicate significant differences (ANOVA followed by the Dunn—Sidak's multiple range tests at p = 0.05).
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Table 3 — Biofilm formations and bacterial growth of P. aeruginosa and S. aureus for fresh, three months and six months

stored onion extract (50 pg mL~") from six different varieties.

Onion varieties  Storage months Gram-negative Gram-positive

P. aeruginosa S. aureus

Biofilm formation (%) Bacterial growth (%) Biofilm formation (%) Bacterial growth (%)

Marusino330 Fresh 50.1 + 2.6%°
After 3 months 455 + 4.8°°
After 6 months 70.2 + 8.3%®
Sinsunhwang Fresh 55.2 + 1.8%°
After 3 months 50.8 + 4.8°¢
After 6 months 72.7 + 8.324
Happyhong Fresh 40.1 + 3.6¢
After 3 months 38.5 + 2.2
After 6 months 60.2 + 3.1%¢
Unijinara Fresh 455 + 2.4%4
After 3 months 426 + 1.8%°
After 6 months 62.4 + 1.6%
Standard Quercetin (50 pg mL~?) 20.0 + 1.0

240.1 + 12.6%%¢ 50.1 + 2.6%° 231.0 + 17.2%¢
2425 + 14.2%° 455 + 3.0%¢ 211.2 + 13.224
270.2 + 18.4°¢ 60.2 + 5.3%° 225.0 + 16.8%°
281.1 + 14.3%¢ 52.1 + 5.3¢ 230.0 + 14.5°

270.5 + 14.92¢ 48.5 + 2.9%¢ 250.2 + 16.8"¢
290.2 + 18.3%° 70.2 + 8.3%4 238.0 + 20.1°¢
210.1 + 15.3%¢ 421 + 4.2%° 226.3 + 15.3%°
232.5 + 14.8% 405 +3.2° 253.2 + 16.3%¢
255.2 + 16.5° 60.8 + 8.4° 273.2 + 13.2%
230.1 + 15.4°¢ 41.1 + 2.13¢ 235.0 + 15.2°

2425 + 18.8"¢ 415 + 6.2% 301.2 + 14.3%°
260.2 + 15.32¢ 70.2 + 5.72° 241.6 + 16.3%°
59.0 + 3.9%¢ 23.0 + 1.2° 61.0 + 4.8%

Results represent mean + SD of three independent experiments.

abedpifferent letters in the same column indicate significant differences (ANOVA followed by the Dunn—Sidak's multiple range tests at p = 0.05).

occurring in their glycosidic form. Red and yellow onions are
considered as one of the best natural sources of quercetin, a
bioflavonoid, best known for its scavenging activity against
free radicals. Besides antioxidant properties, it also possesses
anti-fungal, antibacterial, and anti-inflammatory properties.
In addition to quercetin, onion produces allicin, which is sul-
fur containing volatile compound and exists in intact onions.
The antibacterial activity of onion is mostly due to the allicin
(thiosulfinates) [40]. However, these volatile compounds have
limited use regarding food preservation because of their
strong flavor and biochemical instability [41]. The antimicro-
bial activity of onion extracts against the spoilage and path-
ogenic microbes causing food poisoning has been studied by
Ref. [42]. Quercetin exhibits higher inhibition activity than
kaempferol. In the disc diffusion assay, quercetin exhibits
strong inhibitory action against all the bacterial strains
involved in this study, whereas kaempferol was found to be
effective only against the gram positive bacteria, viz., S. aureus
and Micrococcus luteus. The study of Santas et al. (2010)
confirmed the presence of flavonoids in crude onion extracts
and observed to be efficient inhibitors of gram positive bac-
teria, while the gram negative bacteria were relatively more
resistant [42]. The flavonoids in the onions not increase the
organoleptic quality of food, but also enhance the stability and
preservation of food systems.

The potential use of onion wastes as a source of bioactive
phenolic compounds that also show antimicrobial activity is
therefore, promising. And, this should be further studied in
connection with exploring the detailed chemical composi-
tions of the extracts. At present, the data regarding detailed
profiling of chemical composition of fresh and aged onions
complementing with the corresponding antimicrobial activ-
ities are scanty or insufficient.

3.5.1. Antibiofilm activity

Extracts from different medicinal plants have been reported to
target the formation of biofilms formed by S. aureus and P.
aeruginosa with antimicrobial compounds, such as quercetin,

tannic acid, kaempferol, and luteolin [7], ellagic acid [43].
Onion extracts were screened for their ability to inhibit the
formation of biofilms formed by S. aureus and P. aeruginosa
without affecting the cell growth. The onion extracts showed
marked activity against S. aureus and P. aeruginosa biofilms. At
a concentration of 50 ug mL~?, onion extracts obtained from
red (Happyhong) and yellow (Marusino330) varieties were
observed to inhibit the biofilm formation by S. aureus and P.
aeruginosa without inhibiting bacterial growth. At the con-
centration of 3.1 pg mL™%, no inhibitory activity was observed.
To our knowledge, this study reports for the first time the
inhibitory activity of onion extracts by S. aureus and P. aeru-
ginosa biofilm formation. The percentage inhibition of biofilm
formation against the tested bacteria is shown in Table 3. The
highest antibiofilm activity was observed in the case of ex-
tracts obtained from aged onions stored for three months. At
the concentration of 50 pg/mL, extract of red onion showed
the reduction rate of 59.5% and 61.5% against S. aureus and P.
aeruginosa. Activity of the yellow onion extract was found to be
quite promising compared with white onion. The aged and
deteriorated yellow and white onions did not show any inhi-
bition against the biofilm formation. In this study, standard
quercetin exhibited inhibition of 80% of the biofilm of this
bacterium at a concentration of 50 ug mL~’. In the present
study, it can be thus concluded that the mechanism behind
biofilm inhibition did not involve bacterial death, but instead,
stimulated bacterial cell growth. However, in few cases, such
as standard quercetin, the inhibitory effect is due to bacterial
growth inhibition. Except quercetin, onion extract contains
many phenolic compounds that affect the biofilm formation
of this bacterium.

4, Conclusions

In the present research work, we have studied six onion va-
rieties, namely red skinned (Happyhong, Unijinara), yellow
skinned (Marusino330, Sinsunhwang) and white skinned
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(Mokpo24ho, Mokpo21ho) exploring the various aspects of
bioactive compounds in terms of total flavonoids, phenolics,
antioxidants and their antimicrobial activity with respect to
duration of storage under specified conditions (fresh, after
three and six months of storage). In all the onion varieties, the
total phenolics, total flavonoids and antioxidant activities
were found to increase after three months of storage. In
addition, the change in the quantity of individual flavonoids,
such as quercetin and its glucoside form was found to be
noticeably significant. The total flavonoids (Q + QMG + QDG)
were estimated to be highest after three months of storage.
However, aged and deteriorated onions after prolonged stor-
age contain high quercetin and negligible amount of gluco-
sides. Red onion extract showed potential antimicrobial and
antibiofilm activity, while the yellow onions exhibited mod-
erate effect and the white one showed highly diminished or
negligible effects. Our findings reveal that the opportunities
associated with the utilization of deteriorated onions not only
explores an economic source of quercetin, but also, a good
source for isolating value added bioactive compounds
including pure quercetin for developing nutraceutical/phar-
maceutical products.
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