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Abstract This study examined the antibacterial activities
of two different cinnamon essential oil emulsions against
Escherichia coli O157:H7 and Salmonella Typhimurium
on basil leaves. Cinnamon oil (0.25%) treatments con-
taining CPC (0.05%) exhibited greater effects on the
pathogenic bacteria than cinnamon oil treatment without
this emulsifier (p < 0.05). Treatment with cinnamon bark
and leaf oil emulsions (CBE and CLE, respectively)
reduced the populations of E. coli O157:H7 by 4.10 and
5.10 log CFU/g, and S. Typhimurium by 2.71 and 2.82 log
CFU/g, respectively. Scanning electron micrographs
showed morphological changes in the two pathogenic
bacteria following emulsion treatment. In addition, there
was no difference in the color or ascorbic acid content of
the basil leaves by the emulsion treatment. These results
suggest that CBE or CLE treatment can be an effective way
to ensure the microbial safety of minimally processed
vegetables and a good alternative to chlorination treatment
in the fresh produce industry.
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Introduction

High-quality, minimally processed vegetables are popular
in fresh produce markets due to their high nutritional value
and ease of consumption [1]. Non-thermal processing
methods are usually used to deliver high-quality, minimally
processed vegetables to consumers without health-related
problems [2]. Chlorination, which is a commonly used non-
thermal processing method, has the advantage of low
processing cost [3]. However, there have been many
studies aiming at replacing chlorination because of the
harmful substances, such as trihalomethanes and
chlorophenols, generated during this process [4].

Basil (Ocimum basilicum), which is frequently con-
sumed in salads, is particularly vulnerable to foodborne
bacteria such as Escherichia coli O157:H7 and Salmonella
spp. [3, 6]. Due to difficulty in removing adherent bacteria
and the nature of basil cultivation in the field, basil leaves
can be contaminated during harvest [7], and contaminated
basil-related foodborne illnesses have been reported [8].
Therefore, appropriate treatments are needed to ensure the
microbial safety of basil.

Essential oils (EOs) are natural antimicrobial substances
that are derived from plants [9]. Due to their strong
antibacterial properties, EOs generally recognized as safe
(GRAS) have been used as food preservatives [10, 11].
Burt [12] reported that, to have antimicrobial effects on
fresh vegetables, the concentration of EOs should be higher
than the minimum inhibitory concentration (MIC). How-
ever, application of EOs at concentrations that are too high
can have a negative effect on food quality, such as an
intense aroma of the EOs [13]. EOs exert antimicrobial
effects by penetrating cell membranes and damaging cells,
and the mechanism is explained by the main components of
EOs [11, 14]. As the outer membrane present in gram-
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negative bacteria acts as a barrier against EOs, they are
generally more resistant to EOs than gram-positive bacteria
[11]. A solution to this problem is using an EO emulsion
containing a surfactant; however, there have been few
studies on EO emulsions [15].

Cinnamon (Cinnamomum zeylanicum) EOs are divided
into two types based on their source; cinnamon bark (CB),
which contains trans-cinnamaldehyde as the main compo-
nent, and cinnamon leaf (CL), which contains eugenol as
the major compound and very little trans-cinnamaldehyde
[16, 17]. Both EOs have been used because they have
excellent antibacterial effects due to penetrating cell
membranes by the main component [14, 17].

In this study, cetylpyridinium chloride (CPC), a qua-
ternary ammonium compound, was used as a surfactant to
enhance the antibacterial effect of the cinnamon EOs. CPC
has been widely used in oral hygiene products as a cationic
surfactant that is known to have antibacterial properties
[18]. CPC has been approved by the Food and Drug
Administration (FDA) as GRAS, and its application has
been extended to food industries [19]. However, there have
been few studies on the use of CPC as an antimicrobial
agent on fresh vegetables [20, 21]. In addition, its appli-
cation as EO emulsion for fresh vegetables is limited [15].
Therefore, studies on EO emulsion with CPC are needed to
improve the microbiological safety of fresh vegetables. The
objective of this study was aimed to examine the antimi-
crobial activities of cinnamon EO/CPC emulsions against
two major pathogenic bacteria on basil leaves.

Materials and methods
Materials

The basil (O. basilicum) leaves used for this study were
harvested from a farm located in Pyeongtaek, Korea, right
before the experiment. Upon harvest, the basil leaves were
kept at 10 °C and were used within 24 h for the experi-
ment. The cinnamon EOs (purity, 100%) and CPC were
purchased from Gooworl Co. (Daegu, Korea) and Sigma-
Aldrich Co. (St. Louis, MO, USA), respectively, before the
experiment.

Preparation of bacterial culture

To examine the antibacterial activity of the EOs and EO
emulsions, E. coli O157:H7 (ATCC 43889, NCTC 12079)
and S. Typhimurium (KCTC 2421, ATCC 14028) were
used as test bacteria (11). Both bacterial strains were
streaked onto corresponding selective medium, i.e.,
MacConkey sorbitol agar (Difco Co., Detroit, MI, USA),
and xylose lysine deoxycholate agar (Difco Co.),
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respectively. After streaking, the plates were incubated at
37 °C for 24 h, and colonies of E. coli O157:H7 and
S. Typhimurium were added into tryptic soy broth (TSB)
and incubated at 37 °C for 18 h. Cultures were then cen-
trifuged at 2000x g for 15 min, washed twice with sterile
0.1% peptone water, and then re-suspended in the same.
The density of each bacterial cocktail was approximately
8-8.5 log CFU/mL.

Minimum inhibitory concentration (MIC)
measurement

The method used for measuring the MIC of the EOs in a
96-well plate was previously described by Bassanetti et al.
[22]. Four EOs with different active ingredients were used:
CB, CL, rosewood oil (RW), and tea tree oil (TT). First,
100 pL of sterile TSB was added to the plates. Then, each
EO was dissolved in distilled water to a concentration of
8%, and 100 pL of each EO solution was added to the wells
by twofold serial dilution. Finally, 100 puL of a tenfold
diluted bacterial cocktail (approximately 7-7.5 log CFU/
mL) was added. The total volume in each well was 200 pL,
and the concentration range of the EOs was 2—4 x 10~ '%.
A well without EO was used as a control. All plates were
incubated at 37 °C for 24 h, and then the optical density of
each well was measured using a microplate reader (Bio-
Rad, Hercules, CA, USA). The experiment was performed
in triplicate.

Viable cell count assay

Viable cell counts were determined to assess the antimi-
crobial activity of CB, CL, CBE, and CLE. To obtain 7.5-8
log CFU/mL of each bacterial solution, the bacterial
cocktail, which had been incubated for 18 h, was diluted
fivefold with sterile 0.1% peptone water. For a single
treatment, diluted inoculum and EO were mixed in a sterile
tube to obtain a total volume of 10 mL. The CB and CL
concentration used was 0.0625%, which was based on the
MIC. CBE and CLE were applied to the diluted inoculum
at a ratio of 5:1 (EO, 0.0625%; CPC, 0.0125%). All
treatment solutions were homogenized with a sonicator
(500 W, Sonics & Materials Inc., USA) for 10 min. The
samples were then incubated at 37 °C for 0, 2, 5, 15, and
30 min, and 1-mL aliquots were removed and diluted
serially. Then, a portion (100 pL) of each diluted sample
was plated onto selective media, and the plates were
incubated at 37 °C for 24-48 h.

Inoculation of pathogens on basil leaves

Fresh basil leaves, weighing about 1 g, were selected and
treated with UV-C radiation (front and back, UV-340,
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Lutron Electronic Co., Taipei, Taiwan) for 10 min on a
clean bench to reduce the background microflora on the
leaves. After UV-C treatment, it was confirmed that there
were no both pathogens used in this study on the leaves.
Then, the leaves were spot-inoculated 5 times with 20 pL
of each bacterial cocktail (100 pL total) and dried on a
sterile aluminium foil for 40 min on a clean bench.

CB, CL, or CPC single treatment

The concentrations of the CB and CL solutions were set to
0.0625, 0.125, and 0.25% based on the MIC (0.0625%) of
CL, and the concentrations of the CPC solution were 0.005,
0.01, and 0.05%. All solutions were homogenized in dis-
tilled water with ultrasonication (500 W) for 10 min.
Inoculated samples (10 g) were immersed in each solution
(500 mL) for 3 min and then dried for 30 min on a clean
bench. The basil leaves (5 g) were transferred to a sterile
bag containing 45 mL of sterile peptone water, and the bag
was vigorously shaken by hand for 3 min. Then, the con-
tents were placed in a sterile tube. The solution was diluted
tenfold with sterile 0.1% peptone water, and the diluted
solutions were plated onto selective media and incubated at
37 °C for 2448 h.

Cinnamon EO emulsion treatment

CBE and CLE solutions were prepared by mixing CB and
CL (0.25%) with CPC (0.05%), based on the single treat-
ment results. First, 0.05% CPC was added to the distilled
water and the mixture was stirred at 500 rpm for 10 min.
Then, 0.25% of each cinnamon EO was added to a total
volume of 500 mL and homogenized by ultrasonication
(500 W) for 10 min. To determine the particle size, poly-
dispersity index (PDI), and zeta ({) potential of both
emulsions, particle size analyser (Malvern Instruments,
Worcested, UK) was used. For the emulsions, the inocu-
lated basil leaves were treated using the same method as
described above for the single treatment.

Scanning electron microscopy (SEM) analysis

The morphology of the pathogens treated with CBE and
CLE was examined with a focused ion beam SEM (Tescan,
Warrendale, PA, USA). Each bacterial cocktail was diluted
tenfold with 0.05 M phosphate buffered saline (PBS, pH
7.0), and the diluted cocktails were treated with CBE and
CLE at 37 °C for 3 min. The treated samples were cen-
trifuged at 3000x g for 15 min and washed three times with
0.05 M PBS. After washing the bacterial pellets, the sam-
ples were re-suspended in 0.05 M PBS containing 2.5%
glutaraldehyde and incubated at 4 °C for 2 h. After incu-
bation, the samples were centrifuged as described above,

and then dehydrated in a graded series of ethanol (30, 50,
70, 95, and 100%). The final dehydrated samples were
dropped onto a cover glass and dried. For the measurement,
a cover glass was attached to the carbon tape and coated
with osmium for 10 s.

Color measurement

The color changes in the treated basil leaves were deter-
mined using a colorimeter (Minolta Camera Co., Osaka,
Japan). After drying, 30 points in the basil leaves were
measured per treatment. The values are shown as Hunter
value L, a, and b.

Ascorbic acid content measurement

The changes in the ascorbic acid content of the basil leaves
were measured using 2, 6-dichlorophenol indophenol [23].
Each treated sample (1 g, each, including the control) was
blended in 40 mL of extraction solution (pH 4.0) con-
taining 5 g of oxalic acid and 0.75 g of EDTA in 1 L of
distilled water for 1 min. The blended solution was cen-
trifuged at 10,000x g for 15 min, and 1 mL of the super-
natant was reacted with 5 mL of 2, 6-dichlorophenol
indophenol (DIP) solution. The DIP solution was prepared
by dissolving 100 mg of DIP in 1 L of distilled water at
80 °C, cooling the solution, and diluting 5 times with
distilled water. The supernatant was reacted with the DIP
solution, and the absorbance was measured at 520 nm (E,).
Then, to bleach the pink colour, a drop of 1% ascorbic acid
solution was added, and the solution was re-measured at
the same wavelength (E,). The absorbance of a blank,
containing the extraction solution and the DIP solution,
was also measured at 520 nm (Eq). The final absorbance
was calculated as follows: [Eq — (E; — E,)]. A standard
curve was prepared using ascorbic acid. The ascorbic acid
content of the basil leaves was expressed in ppm.

Statistical analysis

The experimental data were analysed using Duncan’s
multiple range test in the Statistical Analysis System pro-
gram version 9.4 (SAS Institute Inc., Cary, NC, USA), and
P values less than 0.05 were considered statistically sig-
nificant. All data were presented as mean =+ standard
deviation, and were the results of at least two independent
experiments with triplicate assays.

@ Springer



50

J.-B. Park et al.

Results and discussion

MIC of essential oils against E. coli O157:H7 and S.
Typhimurium

CB and CL are typical EOs with antimicrobial activities.
The MIC results were used to measure the antimicrobial
activity of the EOs. As shown in Table 1, the MICs of CB
and CL were lower than those of RW and TT and there
were significant differences (p < 0.05). The MIC of CB
was 0.125 and 0.0625% for E. coli O157:H7 and
S. Typhimurium, respectively, whereas the MIC of CL was
0.0625% for both pathogens. These results indicate that CB
and CL have superior antimicrobial effects against these
two pathogens compared to those of the other two EOs,
RW and TT. The antimicrobial activities of CB and CL

Table 1 Minimum inhibitory concentration (MIC) of essential oils
(unit: %)

Essential oils E. coli O157:H7 S. Typhimurium

CB 0.125 0.0625
CL 0.0625 0.0625
RW 2 1
TT 2 2

CB cinnamon bark oil, CL cinnamon leaf oil, RW rosewood oil, 7T tea
tree oil

Viable cell count (log CFU/ml)

Time (min)

Fig. 1 Antimicrobial activity of Cinnamomum zeylanicum oil emul-
sions against pathogenic bacteria. (A) E. coli OI157:H7,
(B) S. Typhimurium (filled circle) control; (opened circle) cinnamon
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come from the action of trans-cinnamaldehyde and eugenol
[11]. However, trans-cinnamaldehyde and eugenol have
different antimicrobial mechanisms, although they both
penetrate and destroy bacterial cell membranes by the same
principle [11, 24]. The MICs of CB and CL observed in
this study are similar to those reported by Senhaji et al. [25]
and Mazzarrino et al. [26].

Antimicrobial activity of cinnamon EOs and EO
emulsions

In the control, the populations of the two pathogens did not
change during the first 30 min of incubation; however,
treatment with CB or CL (single treatment) reduced the
populations of the two pathogens by 2-3 log CFU/mL
(Fig. 1). In addition, 2 min of treatment with CBE reduced
the populations of E. coli O157:H7 and S. Typhimurium by
4.21 and 4.25 log CFU/g, respectively, and CLE treatment
reduced them by 5.34 and 4.22 log CFU/g, respectively.
And after 15 min of both treatments, neither pathogen was
detected. The results of the viable cell count experiment
showed that the antimicrobial effects of the emulsions on
both pathogens were greater than those of the cinnamon
EOs alone. Moghimi et al. [27] also reported that treatment
with a sage oil emulsion had a greater inhibitory effect on
E. coli O157:H7 than sage oil alone. Thus, it is apparent
that the antimicrobial activity of EOs is increased when it
is in the form of an emulsion.

Viable cell count (log CFU/ml)

Time (min)

bark oil; (inverted filled triangle) cinnamon leaf oil; (opened triangle)
cinnamon bark emulsion; (filled square) cinnamon leaf emulsion
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Particle size, PDI, and zeta () potential of CBE
and CLE

CBE and CLE had average sizes of 228.23 4+ 9.83 and
169.17 £ 17.35 nm, with PDI of 0.161 £ 0.015 and
0.183 & 0.026, respectively. The surfaces of the CBE and
CLE had cationic charges with zeta ({) potential of
61.77 & 1.47 and 74.63 + 2.42 mV, respectively, mainly
due to the property of CPC that is a cationic surfactant.
These cationic charges make these emulsions penetrate

easily the microbial cell membrane with negative charge
[20].

(A)

35

30
151

10
05
0.0 l

CB 0.0625% CB0.125% CB 0.25% CL 0.0625% CL 0.125% CL 0.25%
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Effects of washing treatment

The antimicrobial effects of CB and CL increased with
increasing concentration [Fig. 2(A)], and at 0.25%, CB and
CL reduced the population of E. coli O157:H7 by 2.27 and
2.67 log CFU/g, respectively, compared to the numbers of
bacteria in the water washed samples. Likewise, treatment
with 0.25% CB and CL reduced the S. Typhimurium
population by 1.61 and 1.82 log CFU/g. Overall,
S. Typhimurium was more resistant to the EOs than E. coli
O157:H7. Our results are similar to those of Bhargava et al.
[13], wherein E. coli O157:H7 was more sensitive to EO

(B)
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0.8 -

0.6

04

Log reduction ( log CFU/g)

02
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CPC 0.005% CPC 0.01% CPC 0.05%
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Log reduction (log CFU/g)
3%

CB CL

CBE CLE

Treatment

Fig. 2 Change in the populations of E. coli O157:H7 and
S. Typhimurium on basil leaves by various treatments. (A) Cinnamon
essential oil treatment, (B) cetylpyridinium chloride treatment,

(C) cinnamon essential oil-cetylpyridinium chlroride emulsion treat-
ment. filled square, E. coli O157:H7; opened square, S. Typhimurium
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(A) (B) (C)
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(D) (E) (F)
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View field: 10.4 ym | Date(m/dly): 03/07/17 CNU_CEREF

Fig. 3 Scanning electron micrographs of pathogens (magnification x20,000). (A) E. coli O157:H7, (B) E. coli O157:H7 treated with CBE,
(C) E. coli O157:H7 treated with CLE, (D) S. Typhimurium, (E) S. Typhimurium treated with CBE, (F) S. Typhimurium treated with CLE

Table 2 Changes in hunter

color values of basil by different Treatment Hunter color values

washing treatments L a b AE
Control 33.02 + 1.234 —11.53 + 0.53% 12.30 + 0.954 -
Water 33.50 + 0.974 —11.57 £ 0.754 12.38 + 1.03* 1.99 + 0.774
CB 0.25% 33.50 + 0.96* — 1146 + 0574 12.31 + 0.68* 232 + 0.75%
CL 0.25% 33.06 + 0.844 — 11.58 + 0.44% 12.48 + 0.714 1.80 £ 0.76*
CBE 33.36 + 0.974 —11.55 £ 0.73% 12.42 + 1.00* 225+ 1.024
CLE 33.33 £+ 1.16" — 11.44 + 0.61* 12.05 + 0.69* 1.81 + 0.76*

Means with same letter (A) in the same column are not significantly (p > 0.05) different
Data are presented as the mean =+ standard deviation (n = 3)

CB cinnamon bark oil, CL cinnamon leaf oil, CBE cinnamon bark oil 0.25% + CPC 0.05%, CLE cinnamon
leaf oil 0.25% + CPC 0.05%

emulsion than S. Typhimurium. In comparison, CPC  [Fig. 2(C)]. While CB and CL treatment reduced the
treatment at 0.05% decreased the populations of E. coli  population of E. coli O157:H7 by 2.07 and 2.39 log CFU/g,
O157:H7 and S. Typhimurium by 0.87 and 0.56 log CFU/g,  respectively, CBE and CLE treatment reduced the popu-
respectively [Fig. 2(B)]. Compared to the CB and CL as  lation of E. coli O157:H7 by 4.10 and 5.10 log CFU/g.
single treatments, treatment with CBE or CLE was more  Similarly, CBE and CLE treatment reduced the population
effective in terms of the log reduction of the two pathogens  of S. Typhimurium by 2.71 and 2.82 log CFU/g,
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Table 3 Changes in ascorbic

acid content (ppm) of basil Treatment Ascorbic acid

leaves by different washing Control 10.95 + 0.26*

treatments (unit: ppm) A
Water 10.88 + 0.35
CB 0.25% 10.73 + 0.29*
CL 0.25% 10.95 + 0.12%4
CBE 10.97 + 0.28"
CLE 10.92 + 0.21*

Means with same letter (A) in
the same column are not sig-
nificantly (p > 0.05) different

Data are presented as the
mean + standard deviation
(n=3)

CB cinnamon bark oil, CL cin-
namon leaf oil, CBE cinnamon
bark oil 0.25% + CPC 0.05%,
CLE cinnamon leaf oil
0.25% + CPC 0.05%

respectively, whereas CB and CL treatment reduced it by
1.59 and 2.00 log CFU/g, respectively, suggesting a syn-
ergistic effect that has better antibacterial activity against
pathogens than the sum of each single treatment.

There are several limitations to the application of CB
and CL as a washing agent for fresh produce, including the
resistance of gram-negative bacteria to the EOs and their
poor water solubility [15]. To resolve these issues, EOs can
be mixed with emulsifiers to generate emulsions that can
easily penetrate the cell membranes through the porins
present in outer membrane of gram-negative bacteria [15].
The use of EO emulsions can increase the antibacterial
activities of the EOs and decrease the resistance of gram-
negative bacteria [15]. In this study, increased antimicro-
bial activities were clearly observed when CBE and CLE
were applied to basil leaves inoculated with two pathogens
compared to the effects of CB and CL. Similarly, it was
reported that a carvacrol emulsion was effective for inhi-
bition of E. coli O157:H7 on cabbage [28]. In addition,
when 0.05% oregano oil and oregano oil emulsion were
applied to lettuce inoculated with S. Typhimurium, a
greater log reduction of S. Typhimurium was observed with
the emulsion treatment [13, 29].

The use of EOs as EO emulsions enhances their wetta-
bility on the food surface and expands their coverage on
fresh produce [13]. As a result, the antimicrobial activities
of the EOs are increased [15]. In addition, the use of CPC
as an emulsifier had a synergistic effect on the antimicro-
bial activities of CB and CL. CPC is a cationic surfactant
that can penetrate a cell membrane with negative charges
[20]. Chang et al. [30] reported that the antimicrobial
activity of a thyme oil emulsion produced with a lauric
arginate ester (LAE) emulsifier was greatly increased

compared to the activity of the EO alone. Ruengvisesh
et al. [31] also reported an increased antibacterial effect of
a eugenol emulsion with LAE against foodborne pathogens
inoculated on spinach.

The present study also demonstrated that CL showed
enhanced antimicrobial activity against the two pathogens
when compared the activity of CB. These results can be
explained by the different major compounds in the EOs.
Mattson et al. [32] reported that the antimicrobial activity
of eugenol against Salmonella spp. was higher when
compared to the same amount of trans-cinnamaldehyde.
Kim and Rhee [33] also showed that eugenol led to a
greater reduction of E. coli O157:H7 when compared to the
reduction induced by trans-cinnamaldehyde with the same
medium chain fatty acid.

SEM analysis and quality changes in basil leaves

Figure 3 shows the morphology of the two pathogens after
treatment with CBE or CLE. SEM images of control
pathogens showed that they were intact in terms of cellular
morphology, whereas bacteria treated with CBE or CLE
were severely damaged and wrinkled. This was similar to
the morphological changes observed in EO-treated patho-
gens in previous studies [13, 34]. These results clearly
demonstrate that treatment with CBE or CLE disrupts the
cellular morphology. To monitor the quality changes in
basil samples treated with cinnamon EOs and emulsions,
the changes in the color and ascorbic acid contents of the
basil leaves were determined after each treatment. There
were no significant differences (p > 0.05) among the
treatments, even when compared with the untreated control
and water washed samples (Tables 2, 3). Therefore, these
results clearly indicate that cinnamon EOs and emulsions
do not affect the color and quality of the basil leaves.

In conclusion, the addition of CPC as an emulsifier
enhanced the antimicrobial activities of CB and CL. EO
emulsion containing CPC increased the solubility as well
as the antibacterial effect of EO at relatively low concen-
tration, indicating that the cost of washing process can be
decreased and be more effective than chlorination treat-
ment. Thus, CBE and CLE treatments are effective for
improving microbiological safety and maintaining quality,
including the color and ascorbic acid content of basil
leaves. EO emulsions using cationic surfactants such as
CPC are considered to be a suitable alternative to chlorine-
based sanitizers to ensure the microbial safety of fresh
produce. However, it should be noted that further studies
are needed on the optimal combination of EO and cationic
surfactants to control foodborne pathogens in minimally
processed vegetables more effectively.
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