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Abstract Apium graveolens L. (Apiaceae) is a dietary herb
used as a spice, condiment and medicine. A. graveolens
(Celery) has been studied for its antimicrobial property and
for its application as flavours in food industry. The present
study investigated the Apium graveolens oleoresin as an
anti-quorum sensing and antibiofilm agent. The quorum
sensing and biofilm inhibition study was carried out using
biosensor strains Chromobacterium violaceum CV12472
and Pseudomonas aeruginosa PAO1. The MIC of celery
oleoresin against C. violaceum CV12472 and P. aerugi-
nosa PAO1 was 10 and 25% v/v, respectively. Inhibition of
violacein and biofilm formation was tested at concentra-
tions of oleoresins ranging from 1.56 and 50% v/v. The
oleoresins showed a concentration dependent QS inhibitory
activity and at sub-MIC of 6.25 and 12.5% v/v, the oleo-
resins significantly inhibited violacein production and
biofilm formation (p < 0.05). Similarly, the celery oleo-
resin had significant QS modulatory effect on swimming,
swarming and twitching motility in P. aeruginosa PAOI at
12.5% v/v (p < 0.05). The major phytoconstituents present
in celery oleoresin as analysed by GC-MS were eicosadi-
ene, benzenemethanol and methyl ester which have not
been previously reported. The findings suggest that celery
has QS and biofilm inhibitory potential against gram neg-
ative pathogens and can find application as food interven-
tion techniques.
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Introduction

Food borne infections, intoxiactions and outbreaks caused
by pathogens such as Salmonella Typhimurium, Shigella
sp., Escherichia coli, Staphylococcus aureus and Listeria
monocytogenes are a major public health concern in
developed and developing countries (Yang et al. 2018).
Similarly, spoilage bacteria can cause deterioration of food
during their storage and distribution resulting in the loss of
food quality and reduced shelf life (Villalobos-Delgado
et al. 2019). The rapid emergence of drug resistance
microorganisms to the current antibiotic regime and other
antimicrobial strategies has led to the search for the alter-
native novel food intervention techniques (Clelia 2017).
Most of these food-borne bacteria are known to use cell
density dependent signaling mechanism known as quorum
sensing (QS) to regulate cellular processes including
sporulation, virulence and pathogenesis, toxin production,
exoenzyme synthesis resulting in food spoilage, and per-
sistent biofilm formation (Yuan et al. 2018). QS in bacteria
involves the production of low molecular weight signaling
molecules known as autoinducers, which are released in the
extracellular environment with the increase in cell density.
At high concentration, the signal molecules diffuse into the
cell and regulate genes involved in various phenotypes
(Quecan et al. 2019). Several studies have detected the
presence of signaling molecules in foods and implicated
the role of QS in the spoilage of milk and dairy products,
meat and fishery products, fresh produce and vegeta-
bles (Galié et al. 2018). QS mediated biofilms are sessile
structures of bacterial cells adhering food processing,
packaging and equipment contact surfaces and contaminate
the food products in the processing plants (Galié et al.
2018). Certain foodborne pathogens including Salmonella
spp., Campylobacter spp., L. monocytogenes, E. coli, S.
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aureus and Bacillus cereus attach various surfaces on food
contact surfaces and form persistent biofilms which are
difficult to eradicate (Giaouris et al. 2015).

As most of the food borne infections and spoilage are
mediated by QS, inhibition of this signaling mechanism is
considered to be a potential alternative strategy to control
the bacterial pathogens and spoilers in food, clinical and
industrial settings. In anti-QS strategy, bacterial growth is
not inhibited, however, disrupting cell-to-cell communi-
cation inhibits the expression of certain phenotypes
essential for bacterial survival (Borges et al. 2017). Natural
products including herbal extracts, dietary phytochemicals
and plant essential oils have been extensively studied for
their potential QS inhibition and those with significant
activity have been used to delay food spoilage, biofilm
formation and its dispersal in various food models (Mal-
heiro et al. 2016).

Spices including black pepper, garlic, cumin, cinnamon,
star anise have shown promising QS inhibitory and anti-
biofilm activity in food borne pathogens ia dose-dependent
manner (Rahman et al. 2017). A phytochemical cin-
namaldehyde has significantly inhibited QS mediated
phenotypes such as motility and exoenzyme production in
the food spoilage bacteria P. fluorescens by binding to the
QS cognate receptor LuxR type protein and thereby dis-
rupting QS mechanism (Li et al. 2018). Similarly, quino-
linone alkaloid from the fruit Euodia ruticarpa has
inhibited AI-2 based QS resulting in reduced adhesion and
biofilm formation in the food-borne pathogen C. jejuni
(Bezek et al. 2016).

Essential oils apart from their role as flavours, are also
used as natural preservatives in the food industry (Sharifi
et al. 2018). Essential oils and components of sage, juniper,
lemon and marjoram have demonstrated inhibition of
AHL-mediated QS regulated biofilm formation in food
spoilers of E. coli and P. putida (Kerekes et al. 2013).
Citral, a phytocompound derived from lemongrass oil, at
sub-inhibitory concentration decreased QS mediated
motility, biofilm and endotoxin synthesis in the pathogen
Cronobacter sakazakii (Shi et al. 2017).

Natural compounds based sanitizers and preservatives
have been used to disinfect food contact surfaces and to
extend shelf life of minimally processed foods (Galié et al.
2018). The advantage associated with their application is
the safety and reduced development of bacterial resistance
(Rossiter et al. 2017; Machado et al. 2019).

With the above background, the present investigation
for the first time deals with the quorum sensing and biofilm
inhibitory potential of the Apium graveolens oleoresins for
food intervention application. A. graveolens L., commonly
known as celery is an aromatic herb belonging to the
Apiaceae family. The fresh herb with its leaves and peti-
oles is used as vegetable and the dried seeds are used as
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spice and medicine. Powdered, granulated and diced celery
is used in canned and frozen sauces, breading, soups and
salad mixes. The whole seed is used to prepare value-added
items such as oils and oleoresins. These find application as
flavouring agents in foods and beverages and also in the
pharmaceutical industry for their therapeutic properties
which include anti-inflammatory, anticarcinogenic,
antispasmodic property etc. In food industry, celery oleo-
resin is considered a valuable flavouring agent due to its
warm, aromatic and pleasing flavor (Malhotra 2012;
Sowbhagya 2014).

In the study, anti-quorum sensing and antibiofilm
activity of celery oleoresin were studied in the biosensor
strain Chromobacterium violaceum and pathogen Pseu-
domonas aeruginosa PAOl to ascertain its potential
application as food preservative and anti-infective agent.

Materials and methods
Bacterial strains and growth conditions

The wild-type strain of Chromobacterium violaceum
CV12472 and Pseudomonas aeruginosa PAO1 were used
in the study for determining the quorum sensing inhibitory
potential of the oleoresin used in the study. The strains
were grown on LB media at 28 °C and 37 °C, respectively.

Essential oils

The supercritical carbon dioxide extract of Apium grave-
olens oleoresin was purchased from South-East Agro
Industries, Mysore, India.

Determination of MIC against C. violaceum and P.
aeruginosa

Disk diffusion assay was performed to test for quorum
sensing inhibitory activity of celery oleoresin (Noumi et al.
2018). Overnight cultures were used and the absorbance
was adjusted to 0.1 standard turbidity (OD 600 nm). The
24 h inoculum (100 pL) of C. violaceum CV12472 was
spread on LB plates. Sterile discs containing different
concentrations of oleoresin were placed on plates, and it
was kept for incubation for 18-24 h at 27 °C. Similarly,
MIC for extracts was determined against P. aeruginosa
using 96-well microtiter plate (Bai and Vittal 2014). Fresh
24 h culture of P. aeruginosa strain PAO1 (20 puL) was
inoculated with NB media containing serially diluted
concentrations of oleoresins. The plate was incubated at
32 °C for 18-24 h. After incubation, 20 pL of Triphenyl
tetrazolium chloride (TTC) dye (20 mg/ml, Himedia)
solution was added, and it was incubated for formation of
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formazan. The colour intensity was observed, and growth
inhibition was recorded.

Quantification of violacein inhibition

Violacein pigment inhibition in C. violaceum by celery
oleoresin was quantified (Bai and Vittal 2014). Freshly
cultured C. violaceum CV 12472 was inoculated in 200 puL.
LB media containing sub-inhibitory concentrations of
oleoresin in microcentrifuge tubes and incubated for 24 h
for violacein production. After incubation, the cells were
lysed using 10% sodium dodecyl sulphate solution and
violacein extraction was done using water saturated n-bu-
tanol. Violacein quantification was measured at an absor-
bance of 585 nm. Percentage violacein inhibition was
calculated by using the formula: [(OD¢ontror — ODyreated)/
OD¢ontror] * 100.

Biofilm inhibition assay

The biofilm inhibitory activity of the oleoresins was
determined as previously described by Vandeputte et al.
(2010). Overnight grown culture of P. aeruginosa
PAOlwas diluted in tryptic soy broth medium to obtain an
absorbance of 0.02 at 600 nm. The 50 pL of culture was
inoculated to 150 pL. the of tryptic soy broth medium
supplemented with oleoresins yielding concentrations
ranging from 3.125 to 50% v/v and incubated for 18 h at
37 °C in 96-well polystyrene plates. Further, the planktonic
bacteria were aspirated from each well and washed thrice
with 200 pL sterile water. The wells were air dried and
stained with 0.1% crystal violet (125 pL). After incubating
for 30 min at room temperature, the stain was removed by
washing thrice with 200 pL distilled water. The stain was
solubilized by adding 95% ethanol (200 pL) to each well
by incubating it with ethanol for 10-15 min at 4 °C. The
crystal violet/ethanol solution (125 pL) from each well was
transferred to a separate 96-well plate and absorbance
measured at 595 nm. The experiment was carried out in
triplicates.

The fluorescence microscopy studies were carried out to
visualize the inhibitory effect of oleoresin on biofilms of P.
aeruginosa PAOl in the tryptic soy media at 37 °C (Bai
and Vittal 2014). The bacterial cells for the experiments
were grown overnight (16—18 h) in nutrient broth at 37 °C,
120 rpm. A final cell concentration of 10° CFU ml™' was
obtained by appropriately diluting the initial culture and
was used for further experiments. The cells were homog-
enized and 6 ml of the suspension was dispensed into
sterile Petri dishes (90 mm) containing sterilized glass
slides (Bluestar) with and without sub-MIC of oleoresins.
The sterile glass slides were used as a substratum for
growing the biofilms. The plates were incubated at 37 °C

under static conditions. After the incubation period, biofilm
formed in the glass slides were stained with 20 pl of 1%
acridine orange (Sigma Aldrich, Switzerland). The excess
stain was washed out and the stained glass slides were
visualized with fluorescence microscopy. Fluorescence
images of the biofilms were acquired using the fluores-
cence microscope Axio scope (Carl Zeiss, Germany). The
morphology of the cells in the biofilms was observed at
20 x air objective. The images were captured and ana-
lyzed with the software AxioVision 4.6 (Carl Zeiss,
Germany).

Inhibition of motility in P. aeruginosa

The inhibition of swarming, swimming and twitching
motility in P. aeruginosa in presence of celery oleoresin
was observed. Plates with and without Celery oleoresin
were prepared. The inoculum of 10% v/v of P. aeruginosa
PAOI was added to the plates.

LB plates containing 0.3% agar was used to test inhi-
bition of swimming motility. Oleoresin (25% v/v and 50%
v/v) of was added on sterile discs and placed on the agar
plates. The inoculum was added by stab inoculation and
incubated for 16 h at 32 °C. The inhibition of swimming
motility due to oleoresin was assessed by comparing the
plate with control plates.

LB plates containing 0.5% agar was used to test
swarming motility inhibition. After sterilization, LB-agar
solution was cooled down to room temperature. 25 and
50% v/v celery oleoresin was added and mixed thoroughly.
The solution was poured in petriplate and was kept for
solidifying. The inoculum was point inoculated in plates
with or without oleoresin and incubated for 16 h at 32 °C.
The extent of inhibition was determined by comparing the
control.

LB plates containing 1% agar was used to test inhibition
of twitching motility. Oleoresin (25 and 50% v/v) was
added on a sterile disc and placed on the agar plate. The
inoculum was added by stab inoculation to the bottom of
the plate and incubated for 16 h at 32 °C. The inhibition of
twitching motility due to oleoresin was assessed by com-
paring the plate with control plates.

GC-MS analysis

The Clarus 680 GC was used in the analysis employed a
fused silica column, packed with Elite-SMS (5% biphenyl
95% dimethylpolysiloxane, 30 m x 0.25 mm ID x 250
pm df) and the components were separated using Helium
as carrier gas at a constant flow of 1 ml/min. The injector
temperature was set at 260 °C during the chromatographic
run. The 1 pL. of sample was injected into the instrument.
The oven temperature was as follows: 60 °C (2 min);
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followed by 300 °C at the rate of 10 °C min~'; and
300 °C, where it was held for 6 min. The mass detector
conditions were: transfer line temperature 240 °C; ion
source temperature 240 °C; and ionization mode electron
impact at 70 eV, a scan time 0.2 s and scan interval of
0.1 s. The fragments from 40 to 600 Da were analyzed.
The spectrums of the components were compared with the
database of a spectrum of known components stored in the
GC-MS NIST (2008) library.

Cytotoxicity assay: MTT assay

MTT assay was performed to evaluate the cytotoxicity of
the A. graveolens oleoresin in the NIH 3T3 cells. Cells
were grown in DMEM containing 10% FBS and 1%
penicillin—streptomycin and incubated at 37 °C in 5% CO,.
200 ml of suspension of NIH 3T3 cells (1 x 10° cell/ml)
was added to each well of 96 well microtiter plate and
incubated for 24 h. After the incubation period, 2.5-50%
v/v of the oleoresins were added to the cells. Further, 20 pl
of MTT dye was added to each well after 24 h of incu-
bation. The media containing MTT dye solution was
removed after 4 h. To each well, 200 ul of DMSO was
added to solubilize the formed formazan. The absorbance
was measured at 570 nm. Percentage cell viability at dif-
ferent concentrations was calculated.

Statistical analysis

The experiments have been performed in triplicates and the
reported data is the mean + standard deviation of tripli-
cates. Student’s ¢ test was used to analyse the differences
between control and test, whereas ANOVA determined the
differences in the various assays. Differences with p val-
ues < 0.05 were considered statistically significant. IBM
SPSS Statistics 18 was used for statistical data analysis.

Results and discussion
QS inhibition in C. violaceum

In the biosensor strain C. violaceum, the production of the
pigment violacein is under QS regulon. If the compound is
able to modulate AHL mediated QS in the bacteria at
below growth inhibitory concentration, it results in inhi-
bition of the pigment synthesis (Morohoshi et al. 2008).
Hence, violacein quantification is a widely used assay for
identification of quorum sensing promoters and inhibitors.
In the study, the MIC of celery oleoresin against C. vio-
laceum was determined by agar disc diffusion method.
Concentration higher than 10% v/v of oleoresin signifi-
cantly inhibited the growth of C. violaceum, whereas the
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sub-inhibitory concentration of 2.5 and 5% v/v only
inhibited pigment production without effecting the growth
(Fig. 1). The violacein pigment inhibition was observed as
a clear halo around the growth inhibitory zone.

Further, the extent of violacein pigment inhibition in C.
violaceum by celery oleoresin was quantified. The pigment
was extracted from the oleoresin treated cultures and the
control and the percentage inhibition of violacein was
determined.

Celery oleoresin exhibited dose dependent inhibition of
violacein production in C. violaceum. The oleoresins were
tested from concentrations ranging from 1.56 to 50% v/v
and exhibited significant QS inhibitory activity at all tested
concentrations (p < 0.05). At the highest concentration of
50% v/v, the inhibition of violacein was found to be 87.1%,
whereas at the highest sub-MIC (6.25%) the violacein
inhibition was slightly reduced and observed to be 10.2%
(p < 0.05). Extracts and phytochemicals of many plant
species have been proved to show anti-quorum sensing
effect (Duran et al. 2010). Similarly, essential oils of El-
letaria cardamomum (Abdullah et al. 2017) and Carum
copticum (Snoussi et al. 2018) have significantly inhibited
violacein production in C. violaeum at low concentrations.
Terpinen-4-ol a component of tea tree essential oil inhib-
ited violacein production by 17.87% at a sub-MIC of
2.5 mg/mL. Sub-MIC of clove oil reducted violacein pro-
duction by 78.4% (Khan et al. 2009). In another study, a
very low concentration of 0.50 pL/mL of M. alternifolia
oil inhibited violcein production by more than 80% viola-
cein inhibition (Alvarez et al. 2012). The variations in the
violacein inhibition by essential oils and their oleoresins
can be attributed to difference in the composition of the
phytoconstituents. Thus, in the present study the QS
modulation of AHL activity and violacein inhibition by
celery oleoresins could be due to interference of its con-
stituents with the QS machinery Cvil/CviR homologs of
LuxI/LuxR systems in C. violaceum.

Biofilm inhibition assay in P. aeruginosa PA01

The celery oleoresin showed a MIC of 25% v/v against P.
aeruginosa PAO1. The anti-biofilm activity of the oleo-
resins were tested at different concentrations ranging from
1.56 to 50% v/v. The highest anti-biofilm activity was
observed at the 50% v/v, wherein the percentage inhibition
was 89.4% (p < 0.05). Similarly, at sub-MIC of 12.5% v/v,
P. aeruginosa cell attachment to the microtitire plate was
significantly reduced by 44.6% (p < 0.05). In all the tested
concentration of oleoresins, a two-fold increase in activity
was observed at higher concentration implying that the
antibiofilm activity was dose dependent.

Further, fluorescence imaging studies was performed to
study the effect of celery oleoresins on colonization and
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Fig. 1 a Screening for quorum sensing inhibitory activity of A.
graveolens oleoresin in C. violaceum at different concentrations 5%
vIv (A), 10% v/v (B), 15% v/v (C) and 20% v/v (D); b quantification

biofilm formation on glass substrate by P. aeruginosa
PAOI. It was observed that in comparison to the untreated
control, the celery oleoresins at 12.5% v/v reduced colo-
nization and microcolony formation in P. aeruginosa
(Fig. 2). Bacterial population exhibits a high survival and
infection rate when they form biofilms as compared to their
planktonic forms. Biofilms largely contributes in survival
of microbes. It makes them highly resilient to towards

Fig. 2 a Quantification of
biofilm inhibition in A.
graveolens oleoresin treated
cultures of P. aerunginosa
PAOI. Bars represent the mean
of three independent
experiments + SD;

b fluorescence microsopy.
Biofilms of P. aeruginosa
PAO1. (A) Control; (B) treated
with sub- inhibitory
concentrations of A. graveolens
oleoresin

(b)

20

10

Inhibition of biofilm formation (in %)

3.125 6.25 125 25 50

Concentration (% v/v)

of violacein inhibition in A. graveolens oleoresin treated cultures of
C. violaceum. Bars represent the mean of three independent
experiments = SD

antibiotics. Moreover, disruption of biofilms is one of the
major issues to overcome in treatment of P. aeruginosa
infections and till date treatment of such infections have
not been discovered (Wu et al. 2015). However, in recent
years many phytochemicals have been identified which
significantly inhibit biofilm formation in microbes at a
minimal concentration. These phytochemicals target quo-
rum sensing thus inhibiting biofilm formation (O’Loughlin

156

3.125 6.25 125 25 50

Concentration (% v/v)

@ Springer



J Food Sci Technol

et al. 2013). Polyphenolic compounds of honey have
proved to exhibit good anti-biofilm and anti-quorum
sensing activity in P. aeruginosa (Prateeksha et al. 2017).
Similarly, maple syrup (Maisuria et al. 2015) and
methanolic extracts of Salvadora persica (Noumi et al.
2017) have been identified to contain anti-biofilm activity.
Lee et al. (2014) reported inhibition of biofilm formation
up to 66% in Staphylococcus aureus when grown in pres-
ence of celery seed essential oil. But no such report has
been published yet for Pseudomonas aeruginosa. From the
results it can be inferred that celery oleoresin is able to
slow down the process of colonization by altering the
quorum sensing process in P. aeruginosa PAOL.

Inhibition of motility in P. aeruginosa

A significant decrease in swimming, swarming and
twitching motility of in P. aeruginosa PAO1 was observed
in agar plates treated with 25% v/v of celery oleoresin
(Fig. 3). Motility regulated by QS is involved in colo-
nization of surface and biofilm formation by many bacterial
species (Turnbull et al. 2001; O’May and Tufenkji 2011).
Inhibition of swimming, swarming and twitching motility
in P. aeruginosa PAOL1 in the presence of Murraya koengii
essential oil at concentration as low as 1.25% (Bai and
Vittal 2014). The flavonoids of the fruits of Psidium

guajava have significantly inhibited swarming motility and
biofilm formation in P. aeruginosa by interfering with the
interfered with AHL signal response (Vasavi et al. 2014).
Similarly, mango leaf extract inhibited motility and biofilm
formation in P. aeruginosa. Its QS inhibitory activity was
attributed to its complex composition of more than 14
compounds including trifluoromethyl ketones, phenoth-
iazine and phenothiazine, efflux pump inhibition and
multiple targets (Husain et al. 2017). In another study, the
leaf extracts of burdock (Arctium lappa) significantly
inhibited biofilms in P. aeruginosa by inhibiting the syn-
thesis of the QS molecule 3-0xo-C12-HSL (Lou et al.
2017).

GC-MS analysis

The content of different phytoconstituents present in Cel-
ery oleoresin (Table 1) was determined with the help of
GC-MS (Fig. 4). The analysis reveals the presence of 1,19-
Eicosadiene (58.378%), Benzenemethanol, .Alpha.-Pentyl
(19.913%), Hexanoic acid, 2-Isopropyl-2-methyl-5-oxo-,
Methyl ester (8.353%), 1-Propanone, 1-(2,4-Dimethylphe-
nyl)-2-Methyl (6.816%), Naphthalene, 1,2,3,4,4a,5,6,8a-
octahydro-4a,8-dimethyl-2-(1-methylene) (2.775%), 3-Te-
tradecyn-1-ol (2.06%), and Z-(13,14-epoxy)tetradec-11-en-
1-ol acetate (1.705%).

Fig. 3 P. aerunginosa PAOLI exhibiting motility (a twitching, b swarming, ¢ swimming). Inhibition of motility (d twitching, e swarming,
f swimming) in P. aerunginosa PAOI treated with A. graveolens oleoresin (12.5% v/v)
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Table 1 Major phytoconstituents present in Apium graveolens
oleoresin

S. no. Retention time Phytoconstituents Concentration (in %)
1 19.51 1,19-Eicosadiene  58.378
2 16.664 Benzenemethanol 19.913
3 23.027 Hexanoic acid 8.353
4 16.174 1-Propanone 6.816
5 13.308 Naphthalene 2.775

Previous spectral studies have revealed the presence of
limonene, selinene, phthalide compounds such as seda-
nenolide, 3-n-butyl phthalides as major aromatic com-
pounds present in celery seed oil (Choudhary and Kaul
1992).0Other than these components, Jian-Qin et al. (1990)
reported presence of carvone, pentyl benzene, a-pinene,
myrcene, thymol etc. in celery oil extracted by soxhelation
process. None of the aforementioned components of celery
were detected by GC-MS analysis of celery oleoresin.
However, 1, 19-Eicosadiene was found to be present in
high concentration. 1, 19-Eicosadiene is a derivative of
eicosadienoic acid. Eicosadienoic acid belongs to omega-6
family of polyunsaturated fatty acids (PUFA) which is
known to enhance human health (Simopoulos 2002). A
little amount of naphthalene derivative was also detected in
GC-MS. Naphthalene is a precursor of phthalides com-
pounds which are known to be present in celery and helps
in reducing blood pressure (Sowbhagya 2014). Also, a
derivative of benzenemethanol with pentyl chain was
detected in mass spectroscopy. Benzenemethanol is a food
additive and preservative. It is found in various numbers of
plants (NCBI, PubChem: 244). Jian-Qin et al. (1990) have
also reported a benzene pentyl compound by GC-MS
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8§ 3
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Concentration (% v/v)
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Fig. 5 Cytotoxicity of A. graveolens oleoresin (2.5 and 50% v/v) in
NIH 3T3 determined by MTT assay

analysis. Similarly, cardamom essential oil at 0.313 mg/
mL, inhibited violacein production in C. violaceum but
GC-MS analysis revealed the presence of around twenty-
six compounds bioactives such as terpinyl acetate, cineole,
linalool acetate, sabinene and linalool (Abdullah et al.
2017).

Cytotoxicity assay: MTT assay

The A. graveolens oleoresin was studied for cytotoxicity in
normal cell line NIH 3T3. It was observed that phyto-
chemical showed concentration dependent cytotoxicity in
the murine fibroblast cells (Fig. 5). In comparison to the
untreated control, the number of viable cells at the highest
concentration of 50% v/v of oleoresin treatment was
34.02%. Thus, it could be observed that A. graveolens
oleoresin exhibits toxicity only at higher concentrations. At
lower concentrations, A. graveolens oleoresin have lower
cytotoxic effect on normal cells of NIH 3T3. Hence, the
assay helps in determining the concentration of oleoresin
safe for use in foods and dietary supplementations.
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Conclusion

The oleoresins of Apium graveolens (Celery) has shown
significant quorum sensing inhibition activity in C. vio-
laceum and P. aeruginosa. The study may lead to the
development of a potential quorum sensing inhibiting and
anti-biofilm agent from the constituents of the Apium
graveolens oleoresin. The findings of this study could lead
to the development of novel intervention methods for
increasing shelf life and food safety.
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