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Abstract

This study was aimed to evaluate antimicrobial mode of action of Ginkgo
biloba leaf essential oil against food-borne pathogenic bacteria. Gas-
chromatography and mass-spectrometric analysis determined 34 different
compounds, representing 95.4% of the total oil. The G. biloba leaf essential oil
(1,000 pg/disc) showed potential antibacterial effect as diameters of inhibition
zones (12.0 £ 04 - 18.0 = 1.2 mm) along with minimum inhibitory and
minimum bactericidal concentration values ranging of 250 - 1,000 pg/mL.
Also the G. biloba leaf essential oil had potential inhibitory effect on the cell
viability of the tested pathogens. The scanning electron microscopic analysis
using G. biloba leaf essential oil showed considerable morphological
alterations on the cell wall of tested pathogens. The oil revealed its mode of
action on membrane integrity as confirmed by release of extracellular ATP,
increase of 260 nm absorbing materials and increased leakage of potassium
ions against food-borne pathogenic bacteria.

Introduction

Illness resulting from consumption of food
contaminated with food-borne pathogenic bacteria is a
priority concern to public health (Kordali et al., 2005).
Various synthetic biocides have been used to control
microbial growth and to reduce the incidence of food
poisoning and spoilage. However, synthetic
antimicrobials are sometimes associated with adversary
health effects which have encouraged the development
of antimicrobial agents of natural origin including
essential oils (Cakir et al., 2005; Leonard et al., 2010).
Essential oils are complex mixtures of biologically
active volatile substances. Chemically essential oils are
teepees and their oxygenated derivatives. In addition,
plant-based volatile essential oils and non-volatile
secondary metabolites have wide applications in
dietary supplements, food flavoring and preservation,
folk medicine and fragrance industry (Huang et al,
2005; Kalemba and Kunicka, 2003).

Ginkgo biloba, belonging to family Ginkgoaceae, is an

important herb, used in traditional Chinese system of
medicine (Huh and Staba, 1992). Extracts of G. biloba
leaves have been found to possess anti-diabetic, anti-
asthmatic, antimicrobial, cardioprotective,
hepatoprotective and potent central nervous system
activities (Pietri et al., 1997; Mazzanti et al., 2000; Naik
and Panda, 2007; Panda and Naik, 2008; Sati and Joshi,
2011). G. biloba contains numerous therapeutically
active phyto-constituents such as flavonoids, diterpenes
and sesquiterpene lactones which have shown potent
scavenging activities (Braquet, 1987; Kleijnen and
Knipschild, 1992; Naik et al., 2006; Kaur et al., 2012).

The objective of this study was to investigate the
antimicrobial mode of action of G. biloba leaf essential
oil against food-borne pathogens in various in vitro
models.

Materials and Methods

Chemicals and instrument
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The standard tetracycline and other chemicals were
purchased from Sigma-Aldrich (St. Louis, USA) or
Merck (NJ, USA). Spectrophotometric measurements
were done by using a 96-well microplate enzyme-linked
immunosorbent assay reader (Infinite M200, Tecan,
Mannedorf, Switzerland) and a luminometer (Synergy
HT Multi-Mode Microplate Reader, Biotek, VT, USA).

Plant material and extraction

Dried leaves of G. biloba (200 g), which was collected
from the campus of Yeungnam University in November
2011 were subjected to hydrodistillation using a
microwave extraction apparatus for a period of 2 hours.
The microwave extraction apparatus was purchased
from the Korea Microwave and Dry Engineering
Company, Yangju city, Korea. The distillate was
collected and mixed with dichloromethane, shaken and
kept in a separating funnel. The lower layer of
dichloromethane containing the essential oil was
collected and evaporated at room temperature. Finally,
the oil was dried over anhydrous Na)SO; and
preserved in a sealed vial at 4°C until tested and
analyzed.

Gas chromatography-mass spectrometry (GC-MS)
analysis

The detailed chemical composition analysis of the G.
biloba leaf essential oil was carried out using a GC/MS
system (Jeol JMS 700 mass spectrometer equipped with
an Agilent 6890N GC) using a DB-5 MS fused silica
capillary column (30 m x 0.25 m i.d., film thickness 0.25
pm). For GC-MS detection, an electron ionization
system with ionization energy of 70 eV was used.
Helium gas was used as the carrier gas at a constant
flow rate of 1 mL/min. Injector and MS transfer line
temperature were set at 280 and 250°C, respectively.
The initial oven temperature of 50°C was maintained
for 2 min, and then increased to 250°C at a rate of 10°C/
min followed by holding at 250°C for 10 min. Diluted
samples (1/100 v/v, in methanol) of 1.0 pL were
injected manually in the splitless mode. The relative
percentage of the oil constituents was expressed as
percentages by peak area normalization. Identification
of essential oil components was based on GC retention
time on a DB-5 capillary column relative to computer
matching of mass spectra using Wiley and NIST
libraries for the GC-MS system (Adam, 2001).

Microbial strains

The following microorganisms as food-borne patho-
genic bacteria were used in this study which included
Listeria  monocytogenes ATCC 7644, Salmonella
typhimurium ATCC 43174, Escherichia coli ATCC 43889,
Staphylococcus aureus ATCC 12600 and Bacillus cereus
ATCC 13061. The bacterial pathogens were obtained
from the Korea Food and Drug administration (KFDA),
which were maintained on nutrient agar medium at 4°
C.

Determination of antibacterial activity

Standard agar diffusion method was used for the
determination of antibacterial efficacy of G. biloba leaf
essential oil (Bajpai et al., 2009). Petri plates were
prepared by pouring 20 mL of nutrient agar medium
and allowed to solidify. Plates were dried and 1 mL of
standardized inoculum containing 107 CFU/mL of
bacterial suspension was poured and uniformly spread,
and the inoculum was allowed to dry for 5 min. A
Whatman No. 1 sterile filter paper disc (6 mm diameter)
was impregnated with 1,000 pg/disc of GBEO. The
GBEO was dissolved in 5% dimethylsulphoxide.
Negative controls were prepared using dimethyl-
sulfoxide. Standard reference antibiotic, tetracycline (20
ng/disc) was used as positive control against the tested
food-borne pathogenic bacteria. The plates were
incubated at 37°C for 24 hours. Anti-bacterial activity
was evaluated by measuring the diameter of inhibition
zones against the tested bacteria. Each assay in this
experiment was performed in triplicate.

Determination of minimum inhibitory and minimum
bactericidal concentrations

The minimum inhibitory concentration of G. biloba leaf
essential oil was tested by 2-fold serial dilution method
(Bajpai et al., 2009). The G. biloba leaf essential oil was
first dissolved in DMSO and incorporated into nutrient
broth medium for bacterial pathogens to obtain a
concentration of 2000 pg/mL, and serially diluted to
achieve 1,000, 500, 250, 125, 62.5, 31.25, 15.62 and 7.81
pg/mL, respectively. A 10 pL standardized suspension
of each tested organism (approximately 107CFU/mL)
was transferred to each tube. The control tubes
containing only bacterial suspensions were incubated at
37°C for 24 hours. The lowest concentration of the
GBEO, which did not show any visible growth of test
organisms after macroscopic evaluation, was
determined as MIC, which was expressed in pg/mL.
Further, the concentrations showing complete inhibi-
tion of visual growth of bacterial pathogens were
identified, and 50 pL of each culture broth was
transferred on to the agar plates and incubated for
specified time and temperature as mentioned above.
The complete absence of growth of bacterial colonies on
the agar surface is the lowest concentration of sample
and was defined as the minimum bactericidal
concentration. Each assay in this experiment was
replicated three times.

Effect of GBEO on viable count of bacterial pathogens

Active cultures for viable count assay were prepared in
nutrient broth medium. For each strain, 1 mL of active
stock solution was transferred to 4 mL of nutrient broth.
All treated cultures were kept at 37°C for 2 hours. The
cultures were then centrifuged at 10,000 g for 10 min.
The pellets were retained and re-suspended with 1 mL
of phosphate buffer saline. For viable counts, each of
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the tubes containing re-suspended bacterial suspension
(approximately 107CFU/mL) of B. cereus ATCC 13061
and E. coli ATCC 43889 was inoculated with 100 pL
essential oil at MIC concentration in 900 uL. NB broth,
and kept at 37°C. Samples for viable cell counts were
taken out at 0, 40, 80, 120, 160 and 200 min time
intervals. The viable plate counts were monitored as
followed: after incubation, 100 pL of the re-suspended
culture was diluted into 900 uL PBS, there by diluting it
10-fold. A 100 pL sample of each treatment was diluted
and spread on the surface of nutrient broth agar. The
colonies were counted after 24 hours of incubation at
37°C (Bajpai et al., 2009). The controls were inoculated
without compound for each bacterial strain with the
same experimental condition as mentioned above. Each
assay in this experiment was replicated three times.

Scanning electron microscopic analysis

To determine the efficacy of G. biloba leaf essential oil on
the morphology of B. cereus ATCC 13061 and E. coli
ATCC 43889, a scanning electron microscopic study
was performed wusing the minimum inhibitory
concentration of G. biloba leaf essential oil. Control
samples were prepared without the G. biloba leaf
essential oil. Further, to observe the morphological
changes, the SEM was modified from the Kockro
method (Kockro et al.,, 2000; Bajpai et al., 2009). The
bacterial sample was washed gently with 50 mM/L
phosphate buffer solution (pH 7.2), fixed with 2.5%, 100
mL glutaraldehyde and 100 mL osmic acid solution
(1%). The specimen was dehydrated using sequential
exposure per ethanol concentrations ranging from 50-
100%. The ethanol was replaced by tertiary butyl
alcohol. After dehydration, the specimen was dried
with carbon dioxide (COy). Finally, the specimen was
sputter-coated with gold in an ion coater for 2 min,
followed by microscopic examinations (S-4300; Hitachi,
Hitachi City, Japan).

Measurement of extracellular adenosine 5’-triphophate
concentration

To determine the efficacy of G. biloba leaf essential o0il on
the membrane integrity, concentration of extracellular
adenosine 5-triphophate (ATP) was measured
according to the method described previously (Lee et
al., 2002). The working culture of B. cereus ATCC 13061
and E. coli ATCC 43889 containing approximately 107
CFU/mL were centrifuged for 10 min at 1,000 g and the
supernatants were removed. The cell pellets were
washed three times with 0.1 mol/L of sodium
phosphate buffer (pH 7) and then cells were collected
by centrifugation under the same conditions. A cell
suspension (107 CFU/mL) was prepared with 9 mL of
sodium phosphate buffer (0.1 mol/L, pH 7) and 0.5 mL
of cell suspension was taken into the Eppendorf tube
for the treatment of G. biloba leaf essential oil. Then, the
different concentrations (control and minimum
inhibitory concentration) of G. biloba leaf essential oil

were added to the cell suspension. Samples were
maintained at room temperature for 30 min, centrifuged
for 5 min at 2,000 g, and incubated in ice immediately to
prevent the ATP loss until measurement. The
extracellular (upper layer) adenosine 5'-triphophate
concentrations were measured using an ATP
bioluminescent assay kit (Sigma, MO, USA) which
comprised ATP assay mix containing luciferase,
luciferin, magnesium sulfate, dithiothreitol,
ethylenediamine tetraacetic acid, bovine serum albumin
and tricine buffer salts. The ATP concentration of the
supernatants, which represents the extracellular
concentration, was determined using a luminometer
(Synergy HT Multi-Mode Microplate Reader, Biotek,
VT, USA) after the addition of 100 pL of ATP assay mix
to 100 pL of bacterial supernatant. The emission and
excitation wavelengths were 520 and 420 nm; excitation
band pass and emission band pass were 1 and 2 nm,
respectively.

Measurement of release of 260 nm absorbing cellular
materials

The measure of the release of 260 nm absorbing
materials from B. cereus ATCC 13061 and E. coli ATCC
43889 cells was carried out in aliquots of 2 mL of the
bacterial inoculum in sterile peptone water (0.1 g/100
mL) added of G. biloba leaf essential oil (minimum
inhibitory concentration) at 37°C. At 0, 30 and 60 min of
treatment, cells were centrifuged at 3,500 g, and the
absorbance of the obtained supernatant was
determined at 260 nm by a 96-well plate enzyme-linked
immunosorbent assay reader (Infinite M200, Tecan,
Mannedorf, Switzerland) as described by Carson et al.
(2002). Control flasks without G. biloba leaf essential oil
were tested similarly. Results were expressed in terms
of optical density of 260 nm absorbing materials in each
interval with respect to the ultimate time.

Assay of potassium ions efflux

A previously described method was used to determine
the amount of potassium ions (Lee et al., 2002). The
concentration of free potassium ions in bacterial
suspensions of B. cereus ATCC 13061 and E. coli ATCC
43889 was measured after exposure to the G. biloba leaf
essential oil at minimum inhibitory concentration in
sterile peptone water (0.1 g/100 mL) for 0, 30, 60 and
120 min. At each pre-established interval, the
extracellular potassium concentration was measured by
a photometric procedure using the Kalium/Potassium
kit (Quantofix, GmbH, Wiesbaden, Germany). Control
flasks without GBEO were tested similarly. Results
were expressed as amount of extracellular free
potassium (mmol/L) in the growth media in each
interval of incubation.

Statistical analysis

All data are expressed as the mean + SD by measuring
three independent replicates. Analysis of variance using
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one-way ANOVA followed by Duncan's test was 5% level of significance using a SAS software (Version:
performed to test the significance of differences  SAS 9.2, SAS Institute Inc., Cary, NC, USA).
between means obtained among the treatments at the

Table I
Chemical composition analysis of the microwave-assisted leaf essential oil of G. biloba
No. Sla RT® Compounde Composition (%)d Identification methode
1 415 1.40 Boronic acid 491 EI-MS
2 466 1.44 Scyllitol 15.50 EI-MS
3 860 1.49 Boric acid 6.62 EI-MS
4 453 1.54 Germane 448 EI-MS
5 898 595 Phenethyl alcohol 4.09 EI-MS
6 571 6.65 1,1-dimethoxy-2-chloro-2-propene 0.39 EI-MS
7 665 7.01 Thymol 0.85 EI-MS
8 582 7.08 1-octanol 0.09 EI-MS
9. 467 7.80 4-phenyldodecane 0.28 EI-MS
10 419 8.28 6-methyl-1,2,5-heptatrien-4-ol 0.35 EI-MS
11 912 11.31 [-selinene 1.60 EI-MS
12 733 11.41 y-gurjunene 0.41 EI-MS
13 821 11.51 Butylated hydroxyl toluene 0.97 EI-MS
14 569 12.42 Valerenol 4.23 EI-MS
15 794 12.46 Ethylpthalate 26.47 EI-MS
16 643 1251 trans-caryophyllene 2.68 EI-MS
17 685 12.61 Veridiflorol 0.40 EI-MS
18 585 12.81 3-menthene 0.52 EI-MS
19 626 12.84 Juniper camphor 0.50 EI-MS
20 611 13.29 B-eudesmol 0.84 EI-MS
21 597 13.32 t-cadinol 0.66 EI-MS
22 424 13:51 Z-jasmone 0.29 EI-MS
23 524 13.54 Cetal 0.77 EI-MS
24 474 14.24 Isolongifolineoxide 0.82 EI-MS
25 531 14.32 Platambin 0.98 EI-MS
26 579 14.37 Aristolone 0.69 EI-MS
27 355 14.71 Urea 0.43 EI-MS
28 282 14.74 Tartaric acid 0.37 EI-MS
29 455 16.02 4,4-diphenyl-5-methyl-2-cyclohexenone 2.53 EI-MS
30 571 16.40 5,7-dimethoxy-2,2-dimethyl-2H-chromene 0.85 EI-MS
31 305 16.74 1,2-dimethylquinoline 1.58 EI-MS
32 413 16.77 6-azidochrysene 1.85 EI-MS
33 325 17.37 Maculosidine 0.92 EI-MS
34 294 24.65 Di-desethylflurazepam 6.53 EI-MS

aNIST library search purity values; PRetention time (RT); c<Compounds listed in order of elution from a DB-5 capillary column; dPercentage based on
FID peak area normalization (n = 3); eIdentification based on computer matching of electron ionization mass-spectra using Wiley and NIST libraries
for the GC-MS system
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Table II
Antibacterial activity of G. biloba leaf essential oil
against food-borne pathogens
Bacterial patho- Diameter of inhibition zone (mm)
gen G. biloba leaf Tetracycline
essential oil
Bacillus cereus 18.0+1.2a 25.5+0.07¢
ATCC 13061
Listeria monocyto- 14.0 £ 0.3b 27.0+0.70
genes ATCC 7644
Staphylococcus 17.0£0.8a 22.0+0.22
aureus ATCC
12600
Salmonella typhi- 12.0 £ 0.4¢ 12.5+0.2¢
murium ATCC
43174
Escherichia coli 14.0 £ 0.6> 144 £0.74
ATCC 43889
Results

The GC-MS analysis of the G. biloba leaf essential oil led
to the identification of 34 different components,
representing 95.5% of the total oil (Table I). The
microwave-assisted hydrodistillation of G. biloba leaf
yielded light yellowish oil with the major composition
of the oil containing terpenes and their oxygenated
derivatives, aliphatic and aromatic hydrocarbons, along
with some other oxygenated essential phytochemicals.
The major components detected in the oil were
ethylpthalate (26.5%), boric acid (6.6%), didesethyl-
flurazepam dehydration product (6.5%), boronic acid
(4.9%), germane (4.5%), valerenol (4.2%), phenethyl
alcohol (4.1%), trans-caryophyllene (2.7%), 4,4-diphenyl
-5-methyl-2-cyclohexenone (2.5%), 6-azidochrysene
(1.9%), 1,2-dimethylquinoline (1.6%), B-selinene (1.6%),
platambin (1.0%), butylated hydroxy toluene (1.0%)
maculosidine (0.9%) and thymol (0.9%). The GBEO was
also found to contain aristolone (0.7%), t-cadinol (0.7%),
urea (0.4%), and tartaric acid (0.4%) as the trace
components of G. biloba leaf essential oil in the present
study.

The antibacterial activity of GBEO against the tested
foodborne pathogenic bacteria was qualitatively and
quantitatively determined by the presence or absence of
inhibition zones. As presented in Table II, G. biloba leaf
essential oil (1,000 pg/disc) exhibited potent inhibitory
effect against the tested food-borne pathogenic bacteria.
In this assay, B. cereus ATCC 13061, S. aureus ATCC
12600 and L. monocytogenes ATCC 7644 were found to
be the most inhibited bacterial pathogens by the G.
biloba leaf essential oil with their respective diameters of
inhibition zones of 18 +1.2,17 £ 0.8, 14 + 0.3 mm, where
-as E. coli ATCC 43889 and S. typhimurium ATCC
43174 were inhibited moderately with diameters of

Table III

Determination of minimum inhibitory (MIC) and

minimum bactericidal (MBC) values of G. biloba
leaf essential oil against food-borne pathogens

Bacterial pathogen G. biloba leaf essen-
tial oil

MIC? MBCe
Bacillus cereus ATCC 13061 250 500
Listeria monocytogenes ATCC 7644 250 500
Staphylococcus aureus ATCC 12600 250 500
Salmonella typhimurium ATCC 43174 500 1,000
Escherichia coli ATCC 43889 500 1,000

inhibition zones of 14.0 + 0.6 and 12.0 * 0.4 mm,
respectively (Table II). The G. biloba leaf essential oil
exhibited significant and almost similar antibacterial
effect as did by standard compound tetracycline at the
used concentration. In this assay, the diameters of
inhibition zones of G. biloba leaf essential oil against
Gram positive bacteria were found to be higher than
Gram negative bacteria (Table I). The dimethyl-
sulfoxide, as a negative control had no inhibitory effect
at the used concentration.

The G. biloba leaf essential oil showed potent inhibitory
effect as minimum inhibitory and minimum
bactericidal concentration values against all the tested
foodborne pathogenic bacteria. As shown in Table III,
the minimum inhibitory and minimum bactericidal
concentration values of G. biloba leaf essential oil against
the tested Gram positive bacteria of B. cereus ATCC
13061, L. monocytogenes ATCC 7644 and S. aureus ATCC
12600 were found in the range of 250 to 500 pg/mL,
while for Gram negative bacteria such as S. typhimurium
ATCC 43174 and E. coli ATCC 43889, the MIC and MBC
values were ranged from 500 to 1000 pg/mL. In this
assay, B. cereus ATCC 13061, L. monocytogenes ATCC
7644, and S. aureus ATCC 12600 were found extremely
susceptible pathogens to the G. biloba leaf essential oil
with their respective MIC and MBC values of (250, 250
and 250 pg/mL) and (500, 500 and 500 pg/mL),
respectively. Although both Gram positive and Gram
negative bacteria were found susceptible to G. biloba
leaf essential oil in this study, S. typhimurium ATCC
43174 and E. coli ATCC 43889 showed less susceptibility
to G. biloba leaf essential oil.

Based on the sensitivity of the test food-borne
pathogens, one Gram positive (B. cereus ATCC 1306)
and a Gram negative (E. coli ATCC 43889) bacteria were
selected as the model organisms for further studies to
confirm the antibacterial mode of action of G. biloba leaf
essential oil. In this regard, further study was carried
out to evaluate the effect of GBEO on the viable counts
of the selected bacteria such as B. cereus ATCC 13061
and E. coli ATCC 43889. The effect of G. biloba leaf
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Figure 1: Effect of the Ginkgo biloba leaf essential oil on the viability of the tested food-borne pathogenic bacteria of B. cereus ATCC
13061 (A) and E. coli ATCC 43889 (B); CT: control without treatment

essential oil on the growth of tested bacterial pathogens  observed on the inhibition of the cell viability of the
demonstrated reduced viability at the used concen- tested bacteria of E. coli ATCC 43889 and B. cereus
tration (Figure 1). The exposure of 0 to 80 min of G.  ATCC 13061 at the exposure time of 120 min.
biloba leaf essential oil did not cause severe decline on Interestingly, the exposure of the G. biloba leaf essential
the inhibition of cell viability of the tested pathogens,  oil for 160 min revealed complete inhibition of colony
however, considerable amount of inhibitory effect was forming unit numbers against B. cereus ATCC 13061
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Figure 2: Pictures of the scanning electron microscopy of B. cereus ATCC 13061 (A, B, C) and E. coli ATCC 43889 (D, E, F) treated

with the G. biloba leaf essential oil

A, D: Controls, showing a regular and smooth surface; B, E: disruption and swelling of the cells; C, F: surface collapse or lysed cell

formation

(Figure 1a). On the other hand, complete inhibition of
cell viable counts of E. coli ATCC 43889 was observed at
200 min exposure time of GBEO, and no colony forming
unit formation was observed (Figure 1b).

Physical and morphological alterations may encounter
the cell wall surface deterioration of bacterial pathogens
when treated with a suitable antimicrobial agent.
Hence, a scanning electron microscopic analysis was
carried out to further visualize the effect of G. biloba leaf
essential oil on the morphology of B. cereus ATCC 13061
and E. coli ATCC 43889 cells as compared to control
group (Figure 2). Control cells of the test food-borne
pathogens in the absence of G. biloba leaf essential oil
showed a regular and smooth surface (Figure 2a,d). In
contrast, B. cereus ATCC 13061 and E. coli ATCC 43889
cells treated with GBEO at minimum inhibitory
concentration (250 and 500 pg/mL, respectively)
revealed severe damaging effect on the cell morphology
of the tested pathogens, showing disruption of cell
membrane and swelling of the cells (Figure 2b.e).
Moreover, initial exposure of G. biloba leaf essential oil
to the tested foodborne pathogenic bacteria revealed
large surface collapse and abnormal cell breaking, as
well as complete lysis or dead cell formation (Figure

2¢f).

The effect of G. biloba leaf essential oil on the
determination of the concentration of extracellular
adenosine 5'-triphophatein B. cereus ATCC 13061 and E.
coli ATCC 43889 cells is presented in Figure 3. The

extracellular adenosine 5’-triphophate concentrations in
the untreated cells (control) of B. cereus ATCC 13061
and E. coli ATCC 43889 were found to be 0.3 and 0.9
pg/mL, respectively (Figure 3). B. cereus ATCC 13061
and E. coli ATCC 43889 cells treated with G. biloba leaf
essential oil at minimum inhibitory concentration
showed significant (p<0.05) increase in the release of
extracellular ATP concentrations. At minimum
inhibitory concentration of G. biloba leaf essential oil,
the extracellular adenosine 5’-triphophate
concentrations for B. cereus ATCC 13061 and E. coli
ATCC 43889 cells were found to be 9.5 (Figure 3a) and
9.3 (Figure 3b) pg/mL, respectively (Figure 3).
Destabilization of the plasma membrane and/or
leakage of ions are expected to have an impact on the
membrane-associated energy-transducing system. It
was confirmed that G. biloba leaf essential oil had
detrimental effect on damaging cell membrane
integrity, resulting in the increased extracellular ATP
concentration from the treated cells.

Further antibacterial mode of action of G. biloba leaf
essential oil against the tested food-borne pathogens
was confirmed using the assay for release of potassium
ions from the treated cells of B. cereus ATCC 13061 and
E. coli ATCC 43889 (Figure 4). In this assay, the release
of potassium ions from the bacterial cells occurred
immediately after the addition of G. biloba leaf essential
oil at minimum inhibitory concentration following a
sturdy loss along the specified intervals (Figure 4a,b).
However, no leakage of potassium ion was observed in
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Figure 3: Effect of the Ginkgo biloba leaf essential oil on extracellular ATP concentration of B. cereus ATCC 13061 (A) and E. coli
ATCC 43889 (B). Data are expressed as mean + SD (n = 3). Values with different superscripts are significantly different (p<0.05)

control cells of tested bacterial pathogens of B. cereus
ATCC 13061 and E. coli ATCC 43889 cells during the
study. It was found that potassium ion efflux of Gram
positive bacteria was higher than Gram negative
bacteria.

Another strategy for determining the mode of action of
G. biloba leaf essential oil against Gram positive and
negative bacteria of food-borne origin was performed
on the basis of release of 260-nm absorbing materials
from the treated cells of B. cereus ATCC 13061 and E.
coli ATCC 43889. The optical density (OD2s nm) of the
culture filtrates of B. cereus ATCC 13061 and E. coli
ATCC 43889 cells exposed to G. biloba leaf essential oil
at minimum inhibitory concentration revealed an
increasing release of 260 nm absorbing materials with
respect to exposure time (Figure 5). However, no
changes in the optical density of untreated (control)
cells of B. cereus ATCC 13061 and E. coli ATCC 43889
were observed during the study. After 60 min of
treatment, approximately more than 2-fold increase was
observed in the optical density of the bacterial cell
culture filtrate treated with G. biloba leaf essential oil
(Figure 5a,b). This directly indicates the confirmation of
leakage of 260 nm absorbing materials from the
bacterial cells treated with G. biloba leaf essential oil.

Discussion

Food-borne diseases create a significant hazard to
human health and the economy of individuals (Kordali
et al., 2005). Food safety is an essential concern of both
consumers and the food industry, especially as the

number of reported cases of food-borne infections
continues to increase (Alzoreky and Nakahara, 2003).
Frequent outbursts of food-borne diseases have
sustained the demand for preservation systems that
limit the proliferation of food-borne pathogens in
processed foods. Currently, many food additives i.e.,
benzoic acid and sorbic acid are used in the food
industry. Although these synthetic preservatives are
effective, they can be detrimental to human health and
consequently an increasing number of consumers
choose food products which are preservative-free or
contain only trace amounts (Kim et al., 2005). The
exploration of naturally occurring antimicrobials for
food preservation receives increasing attention due to
consumer awareness of natural food products and a
growing concern of microbial resistance towards
conventional preservatives (Draughon, 2004).

The plant-based essential oils have been used since
decades in food preservation and pharmaceuticals as
alternative medicines and natural therapies
(Devasagayam et al., 2004). Essential oils are fairly
complex mixtures, which are well known to possess
varying antimicrobial effects (Bajpai et al., 2012). They
generally show selective toxicity towards various
pathogens and are relatively safe both to animals and
humans (Bajpai et al, 2012). In complex mixtures,
synergism of individual components is also expected so
that micro-organisms hardly can develop resistance
towards essential oils. Their mode of action works on
various bacterial sites inside and outside the cell (Burt,
2004). Various studies on different foods and food
environments showed significant antimicrobial effects
of essential oils both in vitro and in vivo (Burt, 2004).
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Figure 4: Effect of the Ginkgo biloba leaf essential oil on the leakage of potassium ions from the tested food-borne pathogenic
bacteria of B. cereus ATCC 13061 (A) and E. coli ATCC 43889 (B). CT: Control without treatment

Hence, it is worth-while to scientifically explore these
traditional medicinal plants to improve the quality of
healthcare systems. Also, the renewal of interest in food
industry and increasing consumer demand for safe and
effective natural products means that scientific data on
plant-based essential oils are required.

In this study, a microwave-assisted extraction method,
which selectively extracts target compounds from
various raw materials, was applied for the isolation of
G. biloba leaf essential oil. The main advantages of the
microwave extraction over the conventional extraction
techniques are its higher extraction efficiency,
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Figure 5: Effect of the Ginkgo biloba leaf essential oil on the release rate of 260 nm absorbing material from B. cereus ATCC 13061
(A) and E. coli ATCC 43889 (B). Data are expressed as mean * SD (n = 3)

environmental friendliness, no provision for handling
potentially hazardous fumes, less time consumption,
higher recovery rate, better reproducibility and lesser
sample manipulation during the extraction process
(Ayuso et al., 2001). Especially, this technique has a
great advantage over extracting essential oils from
hardshell nuts or the rigid parts of the plants without
any breakage of the tissues prior to extraction.

In this study, the results of the antibacterial screening
showed that G. biloba leaf essential oilhad strong and
consistent inhibitory effects against the panel of tested
foodborne pathogens as confirmed by the inhibitory
effect of G. biloba leaf essential oil showing different
susceptibility rate against the tested food-borne
pathogens. Essential oils are volatile and odorous
principles of plant secondary metabolism which have
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wide applications in food flavoring and preservation
industries (Bajpai et al., 2012). In recent years, several
researchers have reported that terpenes and their oxy-
genated derivatives, which are the major components of
essential oils, exhibit potential antimicrobial activity
(Cakir et al., 2004). These findings strongly support the
outcomes of this study since G. biloba leaf essential oil
was also found to contain terpenes, terpenoids and
their respective hydrocarbons, confirming its efficacy as
natural antimicrobial agent.

Furthermore, the results from viable count assay
revealed that exposure of G. biloba leaf essential oil had
a rigorous effect on the cell viability of the tested
bacterial pathogens. The G. biloba leaf essential oil
exerted its maximum bactericidal activity as evident by
the significant reduction in microbial counts and
complete inhibition of B. cereus ATCC 13061 and E. coli
ATCC 43889 cell viable counts observed at 160 and 200
min exposure, respectively. Previously we confirmed
the inhibitory effects of various plant-based essential
oils on the cell viability of food-borne pathogenic
bacteria (Bajpai et al., 2008; Bajpai et al., 2009; Bajpai et
al., 2012). Similar to our findings, other essential oils
also exerted inhibitory effects against various food-
borne pathogens (Al-Reza et al., 2010).

Membrane permeability and surface characteristic
parameters were used to determine the mode of action
of G. biloba leaf essential oil against the tested bacterial
pathogens of food origin including Gram positive and
Gram-negative bacteria which included determination
of extracellular ATP concentration, loss of 260 nm
absorbing materials and leakage of potassium ions as
well as determination of effect of G. biloba leaf essential
oil on cell wall structure of the tested food-borne
pathogens wusing SEM analysis associated with
morphological changes and surface characteristics.

The physical and morphological alterations in cell wall
structure were investigated by SEM analysis. The G.
biloba leaf essential oil revealed its inhibitory effect as
confirmed by the severe morphological alterations on
the cell wall of the tested food-borne pathogens leading
to disruption and lysed cell formation. Previously such
morphological alterations have been observed for
various kinds of test organisms when treated with
different essential oils (Zhu et al., 2005; Bajpai et al.,
2009). These morphological alterations in bacterial cells
might be occurred due to the effect of G. biloba leaf
essential oil on membrane integrity, thereby resulting in
the lysis of bacterial cell wall followed by the loss of
intracellular dense material on the surface of treated
cells, as evident by the previous findings (Ghannoum,
1988). Changes in membrane fluidity are usually occur
due to alterations in membrane lipid composition
(Sikkema et al, 1994) and are thought to be a
compensatory mechanism to counter the lipid
disordering effects of the treatment agent. The literature

suggests that the active components of the essential oil
might bind to the cell surface and then penetrate to the
target sites possibly the plasma membrane and
membrane-bound enzymes, resulting in the disruption
of cell wall structure (Zhu et al.,, 2005; Bajpai et al.,
2009).

On the other hand, ATP is used for many cell functions
including transport work moving substances across cell
membranes which might be a potential target para-
meter to understand the mode of action of antimicrobial
agents. In prokaryotes, the cell membrane takes care of
not only the cell’s energy-conversion needs, but also
nutrient processing, synthesizing of structural macro-
molecules and secretion of the many enzymes needed
for life. The results of our study on the determination of
extracellular ATP concentration showed an increasing
rate of extracellular ATP concentrations after B. cereus
ATCC 13061 and E. coli ATCC 43889 cells exposed to G.
biloba leaf essential oil at minimum inhibitory
concentration. This might be occurred because of
significant impairment in membrane permeability of
the tested bacteria by G. biloba leaf essential oil, which
caused the intracellular adenosine 5'-triphophate
leakage through defective cell membrane. Previously
similar findings on this phenomenon have also been
reported for various antibacterial agents (Herranz et al.,
2001). In addition, Burt (2004) reported that exposure of
B. cereus cells to some monoterpene alcohols resulted in
decreased level of intracellular ATP while
disproportionately increased the level of extracellular
adenosine 5'-triphophate. Similarly Helander et al.
(1998) found that B. subtilis ATCC 6633 cells treated
with essential oil components resulted in the release of
decreased level of intracellular adenosine 5'-
triphophate pool and increased level of extracellular
adenosine 5'-triphophate pool. In addition, the
significant reduction in intracellular adenosine 5'-
triphophate can be resulted due to the loss of inorganic
phosphate across the compromised high permeable cell
membrane or in virtue of the efforts made by the cell to
recover the electrochemical gradient by proton motive
force driven by the ATPase, an increased adenosine 5'-
triphophate hydrolysis is established (Abbe et al., 1994;
Chen and Montville, 1995). Subsequently, the antimi-
crobial effect might be established due to the inhibition
of proton motive force, inhibition of mitochondrial
respiratory and electron transfer chain, inhibition of
substrate oxidation and active transportation, and loss
of pool metabolites, as well as disruption of synthesis of
DNA, RNA, protein, lipid and polysaccharides might
also occur. Leakage of intracellular material is a general
phenomenon induced by many antimicrobial substan-
ces results in cell death (Farag et al., 1989; Denyer,
1990).

Another apparent antimicrobial mode of action of G.
biloba leaf essential oil was visualized by the
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confirmation on the leakage of 260 nm absorbing
materials when the test food-borne pathogens exposed
to G. biloba leaf essential oil at minimum inhibitory
concentration. The macromolecules of a bacterial cell
including DNA and RNA (nucleic acids) which reside
throughout the interior of the cell, in the cytoplasm, are
the key structural components. Measurement of specific
cell leakage markers such as 260 nm absorbing
materials is an indicative of membrane sensitivity to
specific ~antimicrobial agent in relationship to
unexposed cells. In this study, exposure of B. cereus
ATCC 13061 and E. coli ATCC 43889 to GBEO caused
rapid loss of 260 nm absorbing materials from the
treated bacterial cells. The literature suggests that
ability of antibacterial agent to kill bacteria might be a
function of the stable interaction complex that is formed
between drug-bound topoiso-merases and cleaved
DNA (Kohanski et al., 2010). On such basis, studies
have shown that strand breakage can occur in the
presence of antibacterial agent. As a result of
antibacterial action, the DNA replication machinery
becomes arrested at blocked replication forks, leading
to inhibition of DNA synthesis, which immediately
leads to Dbacteriostasis and eventually cell death
(Kohanski et al., 2010).

Furthermore, the antimicrobial mode of action of G.
biloba leaf essential oil was also confirmed on the basis
of leakage of the potassium ions from B. cereus ATCC
13061 and E. coli ATCC 43889 cells when exposed to G.
biloba leaf essential oil at minimum inhibitory
concentration. The bacterial plasma membrane
provides a permeability barrier to the passage of small
ions such as potassium ions which are necessary
electrolytes, facilitating cell membrane functions and
maintaining proper enzyme activity. This
impermeability to small ions is maintained and even
regulated by the structural and chemical composition of
the membrane itself. Increases in the leakage of
potassium ions will indicate a disruption of this
permeability barrier. Maintaining ion homeostasis is
integral to the maintenance of the energy status of the
cell as well as membrane-coupled, energy-dependent
processes such as solute transport, regulation of
metabolism, control of turgor pressure and motility
(Cox et al, 2001). Therefore, even relatively slight
changes to the structural integrity of cell membranes
can detrimentally affect cell metabolism and lead to cell
death (Cox et al.,, 2001), potassium efflux and therefore,
the extent of plasma membrane damage -closely
followed the effect on cell viability. This suggests that,
in the case of B. cereus ATCC 13061 and E. coli ATCC
43889, monitoring K*efflux and release of 260 nm
absorbing materials may be the more sensitive
indicators of membrane damage (Cox et al., 2001).

These findings assume that the accumulation of the
essential oil components in the cytoplasm membrane
causing instant loss of their integrity and become

increasingly more permeable to protons and ions that
might be responsible for the establishment of the
antibacterial activity. Marked leakage of cytoplasmic
material is used as indication of gross and irretrievable
damage to the cytoplasm membrane and plasma
membrane (Cox et al., 1998). Moreover, the observation
that the amount of loss of 260 nm absorbing materials
was as extensive as the leakage of potassium ions might
indicate that the membrane structural damage
sustained by B. cereus ATCC 13061 and E. coli ATCC
43889 cells resulted in release of macromolecular
cytosolic constituents (Cox et al.,, 2001). Similarly the
effect of essential oil component (carvacrol) on proton
motive force of bacteria has been strongly correlated to
leakage of various substances, such as ions, ATP,
nucleic acids and amino acids (Helander et al., 1998).

Moreover, some essential oils exert greater inhibitory
effect against broad range of pathogenic micro-
organisms. However, in this study, the Gram positive
bacteria were found to be more susceptible to the G.
biloba leaf essential oil than Gram negative bacteria. The
hydrophilic cell wall structure of Gram negative
bacteria is constituted essentially of lipo-polysaccharide
that blocks the penetration of hydrophobic components
and avoids the accumulation of essential oils in target
cell membrane (Bezic et al., 2003). The single membrane
of Gram positive bacteria is considerably more ace-
ssible to permeation by hydrophilic components of
essential oil in the target sites. This might be the reason
that Gram positive bacteria were found to be more
sensitive to the G. biloba leaf essential oil than those of
Gram negative bacteria. Similar findings on the
susceptibility of various essential oils against food-
borne pathogenic bacteria including Gram positive and
negative bacteria have been reported previously (Bajpai
et al., 2008; Bajpai et al., 2009; Bajpai et al., 2012).

The results of this study indicate that the essential oil
derived from G. biloba leaves is able to disrupt
membrane functions of both Gram positive and
negative bacteria. We conclude that the G. biloba leaf
essential oil exerts its inhibitory effect through
permeabilization of the cell membrane associated with
generalized membrane-disrupting effects, and this
corresponds to a simultaneous reduction in the number
of viable bacteria, increase of the 260 nm absorbing
materials, and leakage of potassium ions with increased
pool of extracellular adenosine 5’-triphophate, these all
data indicative of loss of membrane integrity.
Moreover, the scanning electron microscopic
observation also supports the above hypothesis, and
strongly indicates the membrane disturbing activity of
G. biloba leaf essential oil. This should lead to an
effective application of the G. biloba leaf essential oil as a
natural antimicrobial agent to control food-borne
pathogens in food industries. Given the heterogeneous
composition of G. biloba leaf essential oil and the
antimicrobial activities of many of its components, it
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seems unlikely that there is only one mechanism of
action or that only one component is responsible for the
antimicrobial action.
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