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Biofilms are a significant concern in the food industry. The utilization of plant-derived compounds to
inactivate biofilms on food contact surfaces has not been widely reported. Also, the increasing
negative perception of consumers against synthetic sanitizers has encouraged the hunt for natural
compounds as alternatives. Therefore, in this study we evaluated the antimicrobial activities of
ethanol extracts, acetone extracts, and essential oils (EOs) of seven culinary herbs against Salmonella
enterica serotype Typhimurium and Listeria innocua using the broth microdilution assay. Among all
tested extracts and EOs, the ethanol extract of Piper betle L. exhibited the most efficient
antimicrobial activities. To evaluate the biofilm inactivation effect, S. Typhimurium and L. innocua
biofilms on pitted and smooth stainless steel (SS) coupons were exposed to P. betle ethanol extract
(12.5 mg/ml), sodium hypochlorite (NaClO; 200 ppm), hydrogen peroxide (HP; 1100 ppm), and
benzalkonium chloride (BKC; 400 ppm) for 15 min. Results showed that, for the untreated controls,
higher sessile cell counts were observed on pitted SS versus smooth SS coupons. Overall, biofilm
inactivation efficacies of the tested sanitizers followed the trend of P. betle extract > BKC > NaClO >
HP. The surface condition of SS did not affect the biofilm inactivation effect of each tested sanitizer.
The contact angle results revealed P. betle ethanol extract could increase the surface wettability of
SS coupons. This research suggests P. betle extract might be utilized as an alternative sanitizer in
food processing facilities.
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Introduction

Foodborne illnesses have been of paramount concern to the food industry. The US Centers for Disease Control
and Prevention estimates approximately 48 million sick patients, 128,000 hospitalizations, and 3,000 deaths from
foodborne illnesses per year [1]. According to the Thailand Bureau of Epidemiology, more than 100,000 annual
cases of foodborne illness have been reported over the past decade [2]. Food can become contaminated at any
point from farm to table as well as during manufacturing, transportation, and even in the consumer’s kitchen;
consuming contaminated food will eventually result in foodborne illnesses. Ineffective cleaning and sanitizing of
food contact surfaces (FCSs) in food processing plants can promote soil buildup and, in the presence of water,
contribute to the formation of bacterial biofilms which may harbor pathogens [3]. Biofilms are spatially
structured communities of microorganisms attached to and growing on surfaces embedded in extracellular
polymeric substances (EPSs) consisting of polysaccharides, proteins, nucleic acids, and lipids [3, 4]. Salmonella
spp. and Listeria monocytogenes are bacterial pathogens that can form biofilms on FCSs and have been associated
with many foodborne illnesses [5-7]. Once formed on an FCS, biofilms can become more resistant to cleaning and
sanitizing agents, rendering it more difficult to remove [3, 8]. It has been reported that commonly used sanitizers
(e.g., sodium hypochlorite, sodium hydroxide, hydrogen peroxide, and peroxyacetic acid) failed to eradicate
biofilms on FCSs [9, 10]. Some commonly used sanitizing agents may also produce harmful by-products (e.g.,
chloramine, trihalomethane, haloacetic acid, and other potentially carcinogenic compounds), cause microbial
resistance [11], and corrode FCSs [12, 13].
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Stainless steel (SS) is widely used in the manufacture of FCSs and equipment for food processing facilities [14].
Pitting corrosion is a common type of corrosion that usually occurs in SS due to exposure to corrosive sanitizers
(e.g., chlorides, bromide, and other halides) [13]. This type of corrosion is difficult to detect by visual observation
because the opening is narrow, and the pits (small holes resulting from pitting corrosion) may be hidden under
surface deposits. Once formed, pitting corrosion has the potential to continue to grow under SS surfaces and cause
further damage inside the material [15]. In addition, pitting corrosion may promote microbial adhesion and
biofilm development and could contribute to pathogen transmission from FCS to food [16].

Increasing negative perception of consumers against synthetic chemicals and sanitizers has prompted the
search for natural compounds as alternatives. Plant extracts and essential oils (EOs) are mixtures of active organic
compounds (e.g., phenols, terpenes, aldehyde, acids, and alcohols) that can be obtained from plants and have been
reported to exhibit antimicrobial and antibiofilm activities [5, 6, 11, 17-20]. However, the efficacy of plant-derived
extracts or EOs to inactivate biofilms on pitted SS versus smooth has barely been reported.

Concerning the aspects above, we sought in this study to i) evaluate the antimicrobial activities of ethanol
extracts, acetone extracts, and EOs obtained from seven culinary herbs (i.e., Zingiber officinale, Piper betle L.,
Ocimum sanctum, Coriandrum sativum, Cymbopogon citratus, Mentha cordifolia, and Ocimum basilicum), ii)
determine the biofilm inactivation effect of the selected plant extract against S. Typhimurium and L. innocua on
pitted versus smooth SS samples, and iii) determine how the selected plant extract affects the wettability of the SS
samples. Due to its strong genetic similarities and harmless nature, L. innocua has been frequently employed as a
surrogate for L. monocytogenes [21]. Therefore, L. innocua was used as a surrogate for L. monocytogenes in this
work because of laboratory biosafety regulations.

Materials and Methods

Preparation of Plant Materials

Culinary plants, including rhizomes of ginger (Z. offinale), leaves of betel vine (P. betle), leaves of holy basil
(O. sanctum), seeds of coriander (C. sativum), aerial parts of lemongrass (C. citratus), leaves of spearmint
(M. cordifolia), and leaves of sweet basil (O. basilicum) were purchased from a local market. The fresh samples
were washed, cut into small pieces, and dried in a hot air oven (Jeio Tech, Korea) at 50°C for 24 h.

Solvent Extraction and Acquisition of Essential Oils

After 24 h of drying, the dried plant materials (50 g) were individually submerged in 250 ml of 95% ethanol
(Alcoh-A, Thailand) and acetone (Fisher Scientific, UK) at room temperature for 72 h. The extracts were then
filtered through a Whatman filter paper, and the solvents were removed using a rotary vacuum evaporator (Buchi,
USA) at 60°C. The extract yields (%w/w) were calculated as follows [22]:

(Weight of plant extract)
(Weight of initial sample)

%Yield = x100%.

The EOs were kindly provided by Thai-China Flavors and Fragrances Industry Co., Ltd. The plant extracts and
EOs were stored at 4°C and dissolved in 20% dimethyl sulfoxide (DMSO; Fisher Scientific) as stock solutions prior
to use.

Preparation of Microbial Cultures

S. enterica serotype Typhimurium TISTR 292 and L. innocua DMST 9011 were maintained on tryptic soy agar
(TSA; HiMedia, India) and tryptic soy agar + 0.6% yeast extract (TSAYE; HiMedia) slants at 4°C. S. Typhimurium
and L. innocua were morphologically confirmed by microscopic observation and cultivation on xylose lysine
desoxycholate (XLD; HiMedia) agar and Oxford agar (HiMedia), respectively. To prepare the working cultures,
loopfuls of S. Typhimurium and L. innocua were transferred to 10 ml of tryptic soy broth (TSB; HiMedia) and
tryptic soy broth + 0.6% yeast extract (TSBYE; HiMedia), respectively. The cultures were incubated at 37°C for
24 h. Then, the cultures were transferred to 10 ml of TSB and TSBYE and incubated for 24 h.

Determination of Minimum Inhibitory and Minimum Bactericidal Concentrations

The broth microdilution assay was performed to determine the minimum inhibitory concentration (MIC) and
the minimum bactericidal concentration (MBC) values of plant extracts and EOs as described by Damrongsaktrakul
et al. [23]. TSB and TSBYE were used for culturing S. Typhimurium and L. innocua, respectively. The plant
extracts and EOs (100 pl) were serially 10-fold diluted in 20% DMSO in a 96-well plate to obtain initial
concentrations ranging from 0.78 to 400 mg/ml. Then, 100 pl of S. Typhimurium and L. innocua in 2X TSB and
TSBYE were added to the wells to obtain a concentration of approximately 5log CFU/ml; the final concentrations
of the plant extracts and EOs were 0.39 to 200 mg/ml in 10% DMSO. Negative growth controls (extracts and EOs
in the test medium without bacteria) and positive growth controls (bacteria in the test medium + 10% DMSO
without extracts and EOs) were also included. The plates were incubated at 37°C for 24 h. Then, 30 pl of 0.015%
resazurin (Sigma Aldrich Co., USA) was added to the wells. After 30-min incubation, the plates were visually
inspected. The lowest concentrations of the extracts and EOs that inhibited the growth of tested microorganisms
(i.e., no red or pink color) were considered the MIC. To determine the MBC values, 100 pl of the test solutions
from inhibitory wells were spread on TSA plates. The plates were incubated at 37°C for 24 h. The lowest
concentrations of extracts and EOs yielding > 3.0 log CFU/ml reduction were deemed the MBC. The assay was
completed in triplicate; each replicate was performed in duplicate (1 = 6).
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Determination of Total Phenolic Content of P. betle Extract

To determine the total phenolic content of the P. betle ethanol extract, a Folin-Ciocalteu assay was performed as
described by Damrongsaktrakul et al. [23] with minor modifications. The standard gallic acid solutions were
prepared using 95% ethanol to obtain concentrations of 0 to 400 mg/l. The P. betle ethanol extract was dissolved in
95% ethanol to obtain a concentration of 500 mg/ml. Then, the standard gallic acid solutions and the P. betle
extract were individually mixed with 0.5 ml of distilled water and 125 ul of Folin-Ciocalteu reagent, respectively.
The resulting solutions were allowed to incubate for 6 min. After that, 1.25 ml of 7% sodium carbonate solution
was added, followed by distilled water to bring the final volume to 3 ml. The resulting solutions were then
incubated for 90 min and measured at 760 nm using a spectrophotometer (BioTek, USA) with a reference blank.
The total phenolic content was represented as milligrams of gallic acid equivalent in a gram of crude extract (mg
GAE/g).

Preparation of Pitted and Smooth Stainless Steel Coupons

The type 304 SS coupons (1 cm x 2 cm) were kindly provided by AEC Industrial Services Co., Ltd. For the
smooth surface condition, the SS coupons were polished using a fine grit sandpaper and rinsed with distilled
water. The pitted surface condition was prepared using an electrochemical technique, according to Asaduzzaman
et al. [24], with modification. The polished SS coupons were coated with plastic tape leavinga 1 cm x 1 cm area for
electrolyte exposure. The coated SS coupons were then submerged in 50 ml of 3.5% NaCl. The DC power supply
YG3005D (Yugo, Thailand) was used to provide an electrical potential (5 V) for 5 min to induce corrosion in order
to generate pits on the SS coupons at room temperature. The pitted and smooth SS coupons were then cut into a
size of 1 cm x 1 cm and submerged in acetone for 10 min. To sterilize them, the SS coupons were soaked in 95%
ethanol for 15 min. Then, the coupons were autoclaved at 121°C for 15 min and dried in a hot air oven at 60°C for
24 h.

Pit Measurement

Pits were observed under a Carl Zeiss Axiovert 40 MAT optical microscope (Carl Zeiss, Germany) equipped
with a Dino-Eye Edge AM7025X digital camera (Dino-Lite, Taiwan), and the density of pits was expressed as
numbers of pits/mm’. The pit diameter was determined using DinoCapture 2.0 microscope imaging software
(Dino-Lite). Pit depth was determined by measuring the depth of pit cross-sections under the optical microscope
using DinoCapture 2.0 microscope imaging software.

Biofilm Formation on Stainless Steel Coupons

A cocktail inoculum of S. Typhimurium and L. innocua was prepared as described by Yegin et al. [25] with
minor modifications. S. Typhimurium and L. innocua were centrifuged at 10,000 xg at 22°C for 15 min, and the
supernatants were discarded. The resulting pellets were washed in 10 ml of phosphate-buffered saline (PBS;
HiMedia) and centrifuged for 15 min. Cell washing and centrifugation were completed twice. Then, S. Typhimurium
and L. innocua pellets were resuspended in 0.1% peptone water (PW; HiMedia) and mixed. To form biofilm on SS
coupons, the sterile coupons were placed in conical tubes containing 10 ml of TSB. Then, the cocktail inoculum
was added to the tubes to achieve a target concentration of approximately 7 log CFU/ml. The tubes were incubated
at 30°C for 48 h to allow biofilm formation.

Sanitization Treatment

Following 48 h of incubation, the SS coupons were withdrawn from the conical tubes and washed three times
using PBS to remove loosely attached cells. To prepare sanitizers, P. betle extract was dissolved in 10% DMSO to
obtain the final concentration of 12.5 mg/ml. Sodium hypochlorite (NaClO; Loba Chemie, India), hydrogen
peroxide (HP; QRec, New Zealand) and benzalkonium chloride (BKC, Hong Huat, Thailand) were dissolved in
sterile distilled water to obtain the final concentrations of 200 ppm, 1,100 ppm, and 400 ppm, respectively. For
sanitization treatment, the coupons were individually submerged in conical tubes containing 4 ml of P. betle
ethanol extract, NaClO (pH 7), HP, and BKC for 15 min. The untreated control samples were included to assess
sessile cell numbers of S. Typhimurium and L. innocua on the SS coupons without sanitization. After sanitizing
treatment, the coupons were washed twice with PBS to eliminate sanitizer residues and loosely attached cells. The
coupons were placed in conical tubes bearing 10 ml of 0.1% PW and sonicated at 50 Hz for 1 min (Sonics &
Materials, Inc., USA). The dislodged biofilm was serially diluted in 9 ml of 0.1% PW and spread on XLD and
Oxford agar plates. The resulting plates were incubated at 37°C for 24 h, and the microbial colonies were then
enumerated. The limit of detection (LOD) of the assay was 0.7 log CFU/cm’. The assay was performed in triplicate,
with two independent samples being tested per replicate (1 = 6).

Scanning Electron Microscopy Analysis

The untreated control and sanitizer-treated biofilm samples on pitted and smooth SS coupons were subjected to
scanning electron microscopy (SEM) analysis. The coupons were washed with PBS and distilled water. The sample
fixation was done by submerging the samples in 4% glutaraldehyde (Fisher Scientific) at 4°C for 2 h. Then, the
coupons were washed with distilled water and gradually dehydrated in an ethanol series of 25, 50, 75, 95, and
100%, respectively. Following dehydration, samples were subjected to PdAu sputter coating and then observed
under SEM (Quanta 450, FEI, USA) [23].
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Contact Angle Measurement

The contact angle measurement was performed as described by Zezzi et al. [26] with modifications. The pitted
and smooth SS coupons were submerged in 4 ml of P. betle for 15 min and then washed with distilled water. To
determine the effect of 10% DMSO (solvent for P. betle extract) on the contact angles, the SS samples were also
treated with 4 ml of 10% DMSO for 15 min and then rinsed with distilled water. For the control samples, the SS
coupons were immersed in distilled water for 15 min. All SS samples were then dried in a desiccator for 24 h. A
sessile drop technique was used to assess the contact angle by dropping 2 pl of distilled water on the SS samples.
The contact angle was measured after 10 s deposition to allow the water droplet to stabilize. An optical contact
angle and interface tension meter (Model SL150, USA Kino, China) was used for the contact angle measurement.

Statistical Analysis

Two-way analysis of variance (ANOVA) at a = 0.05 was used to determine mean differences in the populations
of the tested pathogens as a function of the main effects of sanitizing treatment, surface condition of SS, and their
interaction via PASW Statistics software version 17.02 (SPSS Inc., USA). The contact angle results were analyzed
using one-way ANOVA. Mean separation of the pathogens and the contact angle data were performed using
Fishers least significant difference (LSD) procedure. For the purpose of statistical analysis, 0.4 log CFU/cm’ was
assigned to the non-detectable level of the tested pathogens.

Results and Discussion

Extraction Yields

The plant extraction yields are presented in Table S1. The yields from ethanol and acetone extraction ranged
from 0.94 to 6.14% w/w and 0.78 to 5.84% w/w, respectively. Among all tested plant extracts, the highest yield was
observed with the ethanol extract of P. betle (6.14% w/w). The plant parts and the type of solvents played a crucial
role in the crude extract yields. Different types of organic solvents vary in polarity and capacity to permeate plant
cell walls. Hence, the targeted products were distinctly dissolved and separated from the structural components
[27]. Ethanol extract yields of P, betle have been reported in previous studies [28, 29]. Boontha et al. [28] reported
1.4% w/w yield, while Pin et al. [29] demonstrated approximately 10% yield for the ethanol extract of P. betle. Yield
variation could be due to phytochemicals in plants, the extraction method, the extraction temperature, and the
ratio of solvent to solid [29, 30].

Minimum Inhibitory and Minimum Bactericidal Concentrations

Table 1 shows the MICs and MBCs of ethanol extracts, acetone extracts, and essential oils (EOs) of the tested
plants against S. Typhimurium and L. innocua. MIC and MBC values against S. Typhimurium ranged from 3.125
to 200 mg/ml and 12.5 to >200 mg/ml, respectively. Overall, the acetone extract of C. citratus was the least
inhibitory and bactericidal to S. Typhimurium. For L. innocua, MIC and MBC values varied from 3.125 to 100 and
12.5 to 200 mg/ml, respectively. For both tested microorganisms, the ethanol extract of P. betle displayed the lowest
MICs and MBCs, and thus indicated the highest antimicrobial activity among the ethanol extracts, acetone
extracts, and EOs of the tested plants. Growth of the tested pathogens was observed in the control wells, indicating
that 10% DMSO showed no inhibitory effect against S. Typhimurium and L. innocua.

Hydroxychavicol, eugenol, and gallic acid have been reported to be significant phytochemical components of
P. betle leaf, among others [31]. Hydroxychavicol has two hydroxyl groups and is more soluble in the solvent with
high polarity [29]. Nguyen et al. [31] reported that P. betle leaf extracts using polar solvents showed more efficient
antimicrobial activities than that with a nonpolar solvent. High contents of hydroxychavicol and eugenol were also
observed with ethanol extract of P. betle [31]. In our study, the ethanol extract of P. betle exhibited higher
antimicrobial activity than the acetone extract. Ethanol has higher polarity than acetone [32]. It may have
dissolved hydroxychavicol and other polar or semi-polar components more efficiently than acetone, thus
resulting in the P. betle ethanol extract having a higher amount of phytochemical components and antimicrobial
activity. Previous findings have shown that P. betle extract exerted no significant adverse effects on human cells
[33], rats, and mice [34-36], suggesting the safety of P. betle extract for human use.

Table 1. Minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) of
ethanol extracts, acetone extracts, and essential oils against S. Typhimurium and L. innocua.

S. Typhimurium L. innocua
MIC (mg/ml) MBC (mg/ml) MIC (mg/ml) MBC (mg/ml)
Plant Species EtOH  Ace EO EtOH  Ace EO EtOH Ace EO EtOH Ace EO
Z. officinale 25 50 25 100 200 50 50 50 25 100 100 100
P, betle 3125 125 125 12.5 25 25 3.125 125 25 12.5 50 50
O. sanctum 100 100 25 200 200 50 50 100 12.5 100 200 50
C. sativum 100 50 12.5 200 200 50 100 50 12.5 100 100 50
C. citratus 50 200 50 200 >200 25 50 100 25 200 200 50
M. cordifolia 100 100 25 100 200 50 100 50 50 200 200 100
O. basilicum 25 50 25 100 100 50 12.5 25 100 25 50 200

Ethanol (EtOH); Acetone (Ace); Essential oil (EO)
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Fig. 1. Optical microscope images of pits on stainless steel surface: (A) top view of pitted stainless steel
surface, (B) cross-section of pit.

Total Phenolic Content of P. betle Extract

The total phenolic content of P. betle ethanol extract was 444 mg GAE/g. The result was within the range of the
total phenolic content values reported by previous studies [27, 31, 37]. Factors affecting differences in the phenolic
content across studies could be the extraction temperature, extraction method, age of plants, and conditions of the
phenolic content assay.

Pit Characteristics

The optical microscope images of pits on SS surfaces formed by an electrochemical technique are demonstrated
in Fig. 1. According to ASTM G46-94 (2018) [38], pits in this study appeared to have a “wide, shallow” shape
(Fig. 1B). It should be noted that the pit formation was conducted for 5 min; therefore, longer exposure time to an
electrical potential may have resulted in changing the shape of pits. The average size of simulated pit mouths was
63.3 £27.3 um in diameter. Several aspects, such as the inhomogeneity of the SS alloys during manufacture, could
cause a broad range of pit sizes. This could result in different resistance to corrosion locally. Therefore, the pit size,
which was the result of pitting corrosion, could be varied accordingly. The depth of the simulated pits was 25.7 +
10.6 um. The same reason was applied to the variation of the pit depth. In addition, the method for determining pit
depth could also affect the measurement results, such as the selection of the pit for evaluation and the pit cross-
sectioning method used. Another aspect of determining the extent of the pitting is the pit density, which in this
case was 41.6 + 9.2 pits/mm’.

Biofilm Inactivation Effect of Tested Sanitizers

According to the MIC and MBC results, the ethanol extract of P. betle was selected for the biofilm inactivation
assay compared with the commonly used sanitizers, i.e., NaClO, HP, and BKC. Fig. 2 shows the means of surviving
S. Typhimurium and L. innocua obtained from the mixed-culture biofilms on the pitted and smooth SS coupons
following sanitization treatment. For S. Typhimurium, the sessile cell population on the untreated, pitted SS
control (6.6 + 0.2 log CFU/cm”) was significantly higher (p < 0.05) than those on the untreated, smooth SS control
(6.0 £0.4log CFU/cm?) (Fig. 2A). After sanitization treatment, the S. Typhimurium cell numbers were reduced to
the range of below detectable level to 3.5 0.7 log CFU/cm’. For L. innocua, a significant difference (p < 0.05) was

B
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o~ i
€ 60
O Pitted L O Pitted
2 50
c B Smooth E') B Smooth
T ¢ o 4.0 c
‘_ :?, 3.0 o :
d de S 20 de
d de E ef ¢ _L P
bl | ... I ... 3 1.0 Li for
[ | || - [1 ] |
Untreated PB NacClo HP BKC Untreated PB NaClo HP BKC
control control

Fig. 2. Means of surviving S. Typhimurium (A) and L. innocua (B) obtained from the mixed-culture biofilms on the pitted and smooth
stainless steel coupons following sanitization treatment. The sanitizers were 12.5 mg/ml P. betle extract (PB), 200 ppm sodium hypochlorite (NaClO; pH 7),
1100 ppm hydrogen peroxide (HP), and 400 ppm benzalkonium chloride (BKC). Means sharing a different letter are significantly different (p < 0.05). Bars represent
means; error bars represent standard deviations of three independent replicates. The horizontal dotted line depicts the limit of detection of the assay (0.7 CFU/cm”).
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also observed between the sessile cell numbers on the untreated, pitted SS control (6.4 + 0.2 log CFU/cm”) and the
population on the untreated, smooth SS control (5.8 + 0.4 log CFU/cm’) (Fig. 2B). The sessile cell numbers of
L. innocua ranged from below detectable level to 3.5 + 0.3 log CFU/cm” after treatment with the tested sanitizers.
For each tested pathogen, the sessile cell numbers did not differ when treated with the same sanitizer (p > 0.05)
regardless of the SS surface conditions. Our preliminary data showed that 10% DMSO had no significant
inactivation effect on biofilms of S. Typhimurium (Table S2) and L. innocua (Table S3).

Overall, the biofilm inactivation effect of the tested sanitizers followed the pattern P. betle extract > BKC >
NaClO > HP. Piper betle L. is a medicinal plant that belongs to the Piperaceae family with an origin in Southeast
Asia [39]. It has been reported to possess anticarcinogenic, antimutagenic, anti-inflammatory, antibiofilm, and
antimicrobial activities [31, 40]. However, the study on the biofilm inactivation efficiency of P. betle extract on
FCSs is still lacking. In this study, P. betle extract exhibited the most significant biofilm inactivation effect among
the tested sanitizers. The qualitative phytochemical analysis by Syahidah et al. [41] demonstrated the presence of
phenols, flavonoids, alkaloids, tannins, saponins, glycosides, terpenoids, and steroids in the P. betle leaf extract.
Hydroxychavicol and eugenol are the major phenolic compounds in P. betle leaves [31, 42]. Hydroxychavicol
could induce DNA damage and suppress cell division, resulting in bacterial cell death [43]. For eugenol, the
hydroxyl group could interact with microbial proteins and disrupt the enzyme function, leading to non-specific
membrane permeability and inhibition of ions and ATP transport [31]. NaClO, HP, and BKC are commonly used
sanitizers in food processing facilities [44]. NaClO has strong oxidizing activity and can oxidize the sulfydryl
groups on certain enzymes in the cell membrane or protoplasts, resulting in impairment of cellular protein
activities. Also, it may induce irreversible decarboxylation reactions [45]. HP is a strong oxidant and has been
reported to damage bacterial DNA, proteins, and cellular membranes [46]. BKC is a quaternary ammonium
compound; it can perturb and disrupt the membrane bilayers by the alkyl chains and disrupt the charge
distribution of the microbial membrane by the charged nitrogen [47]. Robbins et al. [46] demonstrated 100 ppm
chlorine decreased the biofilm of L. monocytogenes on stainless steel chip by 6.49 log CFU/chip after 10 min of
exposure. Damrongsaktrakul et al. [23] showed 3.37 log CFU/cm” reduction of S. Typhimurium on SS samples
after 30 min treatment with NaClO. The study by Kostaki et al. [48] revealed that 6 min exposure to 50 ppm BKC
produced < 4 log CFU/cm”and < 3 log CFU/cm’ reduction of the biofilms of S. enterica and L. monocytogenes
(monospecies and dual species), respectively. In our study, NaClO and BKC reduced the biofilms of S. Typhimurium
and L. innocua on pitted and smooth SS samples by > 5 log CFU/cm’. Nevertheless, NaClO failed to decrease
biofilms of the tested pathogens to below the detectable level, while BKC was able to do so for L. innocua biofilms.
The variation in sanitizer efficacy across studies might be attributable to the concentration of sanitizers, contact
time, temperature, biofilm age, growth condition, and microbial type. For HP, reduction of < 4 log CFU/ cm?®of the
tested pathogens was obtained in our study. S. Typhimurium and L. innocua are catalase-positive microorganisms
[49, 50]. Therefore, HP might be degraded by the tested pathogens, making it less efficient to inactivate biofilms
than other tested sanitizers.

Pits and crevices could facilitate bacterial adhesion and biofilm formation on SS surfaces [9, 16]. In the present
study, the sessile cell numbers in the biofilms of S. Typhimurium and L. innocua on pitted SS were significantly
greater than those on smooth SS samples. However, the sessile cell numbers of each tested pathogen on smooth
versus pitted SS surfaces were not significantly different when treated with the same sanitizer. This may have been
due to the large pit size on SS surfaces, which allowed sanitizer access to the pits. In agreement with our study, Kim
et al. [51] reported higher counts of Staphylococcus aureus biofilm on scratched SS surfaces vs. smooth SS surfaces.
No significant difference in chlorine (200 ppm) efficacy against biofilms on smooth and scratched SS surfaces was
observed. In another study, the efficacy of 200 ppm chlorine dioxide, 70% alcohol, and 200 ppm quaternary
ammonium compound against the biofilm of Bacillus cereus did not differ on smooth versus scratched SS surfaces
after 10 min sanitization [52]. However, the sizes of scratches or crevices were not reported in these studies.

Scanning Electron Microscope Imaging

The SEM images of the mixed culture of S. Typhimurium and L. innocua biofilms on pitted and smooth stainless
steel coupons after treatment with sanitizers are represented in Fig. 3. The untreated control samples on both SS
surface conditions (Figs. 3A, 3a) showed intact, rod-shaped cell morphology with EPS. In addition, the sessile cells
of the mixed culture were also observed in the pit of the SS coupon. The samples treated with P. betle extract
(Figs. 3B, 3b) and BKC (Figs. 3E, 3e) showed a great reduction in the sessile cell numbers on both SS surface
conditions. However, less reduction in the sessile cell numbers was observed with samples exposed to NaClO
(Figs. 3C, 3¢) and HP (Figs. 3D, 3d). A thick EPS layer was still present in the sample treated with HP (Fig. 3d).

In agreement with the plate count results, the SEM images showed greater amounts of sessile cells of the mixed-
culture biofilms on pitted versus smooth SS coupons. This indicated pits/crevices could allow for microbial
attachment and biofilm formation. In line with our findings, the SEM images by Kim et al. [51] revealed more
sessile cells of S. aureus biofilm on scratched SS surfaces compared to smooth surfaces. In our study, P. betle extract
showed the greatest biofilm removal on both SS surface conditions, suggesting that P. betle extract may be
employed as an alternative to the commonly used sanitizers in food processing facilities. For other tested
sanitizers, lower numbers of sessile cells were observed after sanitization, indicating that these sanitizers could
partially remove biofilms of S. Typhimurium and L. innocua. In addition to inactivating microorganisms, chlorine
is known to remove EPS from surfaces [53, 54]. Agreeing with our study, SEM images from previous research
showed that commonly used sanitizers failed to completely eradicate microbial biofilms on SS surfaces [23, 55]. It
is worth noting that our study employed the submersion method for sanitization. Therefore, the sanitization
efficacy may be improved by the combination of chemical, biological, and physical treatment [56].
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Fig. 3. Scanning electron microscope images of the mixed culture of S. Typhimurium and L. innocua
biofilms on pitted (uppercase letters) and smooth (lowercase letters) stainless steel coupons after sanitization
treatment. Untreated control (A,a); Piper betle extract (B,b); NaClO (C,c); HP (D,d); BKC (E,e).

Table 2. Contact angle measurements of pitted and smooth stainless steel coupons treated with DMSO and
P. betle extract.

Treatment Contact angle (°)
Control (pitted SS) 101.39 + 5,05
Control (smooth SS) 94.15 + 6.68°
DMSO (pitted SS) 104.28 +2.06"
DMSO (smooth SS) 96.15 +2.69™
P, betle (pitted SS) 17.79 +2.54°
P betle (smooth SS) 16.27 +4.42°

Means sharing a different letter are significantly different (p < 0.05).

Contact Angles of Stainless Steel Samples

To determine how P, betle extract affected the wettability of the SS samples, the pitted and smooth SS samples
treated with P. betle extract were subjected to contact angle measurements (Table 2). For either surface condition,
10% DMSO showed no significant effect (p > 0.05) on the contact angle values of the SS coupons versus controls.
The contact angle values of the SS samples treated with P. betle extract were significantly lower (p < 0.05) than
those of the controls. Results indicated that P. betle extract could increase the hydrophilicity of the SS samples; this
could be due to the hydroxyl group and the polar bioactive compounds in P. betle extract. Greater hydrophilicity
allows a sanitizer to spread on the surface more easily (greater wettability) [57]. When applied to biofilms, it could
be deduced that P. betle extract may have increased the wettability of the biofilms, resulting in more efficient
sanitization.

Conclusion

Overall in this study, the biofilm inactivation efficacy of the tested sanitizing agents against S. Typhimurium and
L. innocua biofilms on pitted and smooth SS surfaces followed the trend of P. betle extract > BKC > NaClO > HP.
The surface conditions of SS samples did not affect the biofilm inactivation efficacy of all tested sanitizers. P. betle
extract increased the wettability of the pitted and smooth SS samples. This study indicates that P. betle extract may
be an alternative to frequently used sanitizers for removing biofilms from food contact surfaces in food processing
environments.

June 2023 | Vol.33 | No. 6



778  Ruengvisesh et al.

Acknowledgments

This research was funded by the Thailand Research Fund (Grant No. MRG6280095). The authors would like to
thank Miss Parichatr Aupawan and Mr. Sanong Kinkasorn for their assistance with sample preparation. Also, the
authors would like to acknowledge Thai-China Flavors and Fragrances Industry Co., Ltd. and AEC Industrial
Services Co., Ltd. for their kind supplies of EO samples and stainless steel coupons, respectively.

Conflict of Interest
The authors have no financial conflicts of interest to declare.

References

1. Centers for Disease Control and Prevention (CDC). 2018. Estimates of Foodborne Illness in the United States. Available from https://
www.cdc.gov/foodborneburden/index.html. Accessed Dec. 22, 2022.

2. Bureau of Epidemiology. 2018. Food Poisoning. Available from http://www.boe.moph.go.th/boedb/surdata/disease.php?dcontent=old&ds=03.

Accessed July 1,2022.

. Chmielewski RAN, Frank JE. 2003. Biofilm formation and control in food processing facilities. Compr. Rev. Food Sci. Food Saf. 2: 22-32.

4. Coughlan LM, Cotter PD, Hill C, Alvarez-Ordéiiez A. 2016. New weapons to fight old enemies: Novel strategies for the (bio)control
of bacterial biofilms in the food industry. Front. Microbiol. 7. 1641.

5. Jadhav S, Shah R, Bhave M, Palombo EA. 2013. Inhibitory activity of yarrow essential oil on Listeria planktonic cells and biofilms.
Food Control 29: 125-130.

6. Valeriano C, de Oliveira TLC, de Carvalho SM, Cardoso MdG, Alves E, Piccoli RH. 2012. The sanitizing action of essential oil-based
solutions against Salmonella enterica serotype Enteritidis S64 biofilm formation on AISI 304 stainless steel. Food Control 25: 673-677.

7. Wang H, Wang H, Xing T, Wu N, Xu X, Zhou G. 2016. Removal of Salmonella biofilm formed under meat processing environment by

surfactant in combination with bio-enzyme. LWT-Food Sci. Technol. 66: 298-304.
. Simdes M, Simdes LC, Vieira MJ. 2010. A review of current and emergent biofilm control strategies. LW T-Food Sci. Technol. 43: 573-583.
9. Corcoran M, Morris D, De Lappe N, O'Connor J, Lalor P, Dockery P, et al. 2014. Commonly used disinfectants fail to eradicate
Salmonella enterica biofilms from food contact surface materials. Appl. Environ. Microbiol. 80:1507-1514.

10. Krolasik J, Zakowska Z, Krepska M, Klimek L. 2010. Resistance of bacterial biofilms formed on stainless steel surface to disinfecting
agent. Pol. J. Microbiol. 59: 281-287.

11. FalcdI, Verdeguer M, Aznar R, Sdnchez G, Randazzo W. 2018. Sanitizing food contact surfaces by the use of essential oils. Innov. Food
Sci. Emerg. Technol. 51: 220-228.

12. Boguslaw P, Kowalski I. 2011. The influence of hypochlorite-based disinfectants on the pitting corrosion of welded joints of 316L
stainless steel dairy reactor. Int. J. Electrochem. Sci. 6: 3913 - 3921.

13. Schmidt RH, Erickson DJ, Sims S, Wolff P. 2012. Characteristics of food contact surface materials: Stainless steel. Food Prot. Trends.
32:574-584.

14. Tantratian S, Srimangkornkaew N, Prakitchaiwattana C, Sanguandeekul R. 2022. Effect of different stainless steel surfaces on the
formation and control of Vibrio parahaemolyticus biofilm. LWT 166: 113788.

15. Mouritz AP.2012. 21 - Corrosion of aerospace metals, pp. 498-520. In Mouritz AP (ed.), Introduction to Aerospace Materials, 1st Ed.
Woodhead Publishing, Cambridge.

16. Van Houdt R, Michiels CW. 2010. Biofilm formation and the food industry, a focus on the bacterial outer surface. J. Appl. Microbiol.
109:1117-1131.

17. Rodrigues JBD, de Carvalho R], de Souza NT, Oliveira KD, Franco OL, Schaffner D, et al. 2017. Effects of oregano essential oil and
carvacrol on biofilms of Staphylococcus aureus from food-contact surfaces. Food Control 73: 1237-1246.

18. Vidacs A, Kerekes E, Rajko R, Petkovits T, Alharbi NS, Khaled JM, et al. 2018. Optimization of essential oil-based natural
disinfectants against Listeria monocytogenes and Escherichia coli biofilms formed on polypropylene surfaces. J. Mol. Liq. 255: 257-262.

19. Bazargani MM, Rohloff]. 2016. Antibiofilm activity of essential oils and plant extracts against Staphylococcus aureus and Escherichia
coli biofilms. Food Control 61: 156-164.

20. Varposhti M, Abdi Ali A, Mohammadi P, Saboora A. 2013. Effects of extracts and an essential oil from some medicinal plants against
biofilm formation of Pseudomonas aeruginosa. J. Med. Microbiol. Infec. Dis. 1: 36-40.

21. HuM, Gurtler JB. 2017. Selection of surrogate bacteria for use in food safety challenge studies: A review. J. Food Prot. 80: 1506-1536.

22. Sasongko P, Laohankunjit N, Kerdchoechuen O. 2011. Evaluation of physicochemical properties of plant extracts from Persicaria
odorata. Agricultural Sci. J. 42: 333-336.

23. Damrongsaktrakul P, Ruengvisesh S, Rahothan A, Sukhumrat N, Tuitemwong P, Phung-on L. 2021. Removal of Salmonella
Typhimurium biofilm from food contact surfaces using Quercus infectoria gall extract in combination with a surfactant. J. Microbiol.
Biotechnol. 31: 439-446.

24. Asaduzzaman MD, Mohammad M, Islam MM. 2011. Effects of concentration of sodium chloride solution on the pitting corrosion
behavior of AISI 304L austenitic stainless steel. Chem. Ind. Chem. Eng. Q 17: 477-483.

25. Yegin Y, Perez-Lewis KL, Liu S, Kerth CR, Cisneros-Zevallos L, Castillo A, et al. 2021. Antimicrobial-loaded polymeric micelles
inhibit enteric bacterial pathogens on spinach leaf surfaces during multiple simulated pathogen contamination events. Front.
Sustain. Food Syst. 5: 646980.

26. Zezzido Valle Gomes M, Nitschke M. 2012. Evaluation of rhamnolipid and surfactin to reduce the adhesion and remove biofilms of
individual and mixed cultures of food pathogenic bacteria. Food Control 25: 441-447.

27. Tagrida M, Benjakul S. 2021. Betel (Piper betle L.) leaf ethanolic extracts dechlorophyllized using different methods: antioxidant and
antibacterial activities, and application for shelf-life extension of Nile tilapia (Oreochromis niloticus) fillets. RSC Advances 11: 17630-17641.

28. Boontha S, Taowkaen J, Phakwan T, Worauuaichai T, Kanonnate P, Buranrat B, et al. 2019. Evaluation of antioxidant and anticancer
effects of Piper betle L (Piperaceae) leaf extract on MCF-7 cells, and preparation of transdermal patches of the extract. J. Trop. For. Sci.
18:1265-1272.

29. PinK, Lugman Chuah A, Rashih A, Md.Pisar M, Jamaludin E, Vimala S, ef al. 2010. Antioxidant and anti-inflammatory activities of
extracts of betel leaves (Piper betle) from solvents with different polarities. J. Trop. For. Sci. 22: 448-455.

30. Zamakshshari N, Ahmed IA, Nasharuddin MNA, Mohd Hashim N, Mustafa MR, Othman R, et al. 2021. Effect of extraction
procedure on the yield and biological activities of hydroxychavicol from Piper betle L. leaves. J. Appl. Res. Med. Aromat. Plants. 24: 100320.

31. Nguyen LTT, Nguyen T'T, Nguyen HN, Bui QTP. 2020. Simultaneous determination of active compounds in Piper betle Linn. leaf
extract and effect of extracting solvents on bioactivity. Eng. Rep. 2: e12246.

32. Ngo TV, Scarlett CJ, Bowyer MC, Ngo PD, Vuong QV. 2017. Impact of different extraction solvents on bioactive compounds and
antioxidant capacity from the root of Salacia chinensis L. J. Food Qual. 2017: 9305047.

W

el

J. Microbiol. Biotechnol.



Biofilm Inactivation Effect of Piper betle Extract 779

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

Valle DL, Jr., Cabrera EC, Puzon JJ, Rivera WL. 2016. Antimicrobial activities of methanol, ethanol and supercritical CO, extracts of
Philippine Piper betle L. on clinical isolates of gram positive and gram negative bacteria with transferable multiple drug resistance.
PLoS One 11: e0146349.

Arawwawala LD, Arambewela LS, Ratnasooriya WD. 2014. Gastroprotective effect of Piper betle Linn. leaves grown in Sri Lanka. J.
Ayurveda. Integr. Med. 5: 38-42.

Arambewela LS, Arawwawala LD, Kumaratunga KG, Dissanayake DS, Ratnasooriya WD, Kumarasingha SP. 2011. Investigations on
Piper betle grown in Sri Lanka. Phcog. Rev. 5: 159-163.

Sengupta K, Mishra AT, Rao MK, Sarma KV, Krishnaraju AV, Trimurtulu G. 2012. Efficacy of an herbal formulation LI10903F
containing Dolichos biflorus and Piper betle extracts on weight management. Lipids Health Dis. 11: 176.

Chanudom L, Tangpong J. 2011. Total phenolic content, antioxidant and antimicrobial activities from 13 Thai traditional plants.
Wichcha J. NSTRU 30: 1-11.

American Society for Testing and Materials (ASTM). 2018. Standard guide for examination and evaluation of pitting corrosion.
ASTM G46-94.

Abrahim NN, Kanthimathi MS, Abdul-Aziz A. 2012. Piper betle shows antioxidant activities, inhibits MCF-7 cell proliferation and
increases activities of catalase and superoxide dismutase. BMC Complement. Altern. Med. 12: 220.

Saeloh D, Visutthi M. 2021. Efficacy of Thai plant extracts for antibacterial and anti-biofilm activities against pathogenic bacteria.
Antibiotics 10: 1470.

Syahidah A, Saad CR, Hassan MD, Rukayadi Y, Norazian MH, Kamarudin MS. 2017. Phytochemical analysis, identification and
quantification of antibacterial active compounds in betel leaves, Piper betle methanolic extract. Pak. J. Biol. Sci. 20: 70-81.

Nayaka NMDMW, Sasadara MMV, Sanjaya DA, Yuda PESK, Dewi NLKAA, Cahyaningsih E, et al. 2021. Piper betle (L): Recent
review of antibacterial and antifungal properties, safety profiles, and commercial applications. Molecules 26: 2321.

Singh D, Narayanamoorthy S, Gamre S, Majumdar AG, Goswami M, Gami U, et al. 2018. Hydroxychavicol, a key ingredient of Piper
betle induces bacterial cell death by DNA damage and inhibition of cell division. Free. Radic. Biol. Med. 120: 62-71.

Abdallah M, Benoliel C, Drider D, Dhulster P, Chihib N-E. 2014. Biofilm formation and persistence on abiotic surfaces in the context
of food and medical environments. Arch. Microbiol. 196: 453-472.

Lomander A, Schreuders P, Russek-Cohen E, Ali L. 2004. Evaluation of chlorines' impact on biofilms on scratched stainless steel
surfaces. Bioresour. Technol. 94: 275-283.

Robbins JB, Fisher CW, Moltz AG, Martin SE. 2005. Elimination of Listeria monocytogenes biofilms by ozone, chlorine, and hydrogen
peroxide. J. Food Prot. 68: 494-498.

Merchel Piovesan Pereira B, Tagkopoulos I. 2019. Benzalkonium chlorides: uses, regulatory status, and microbial resistance. Appl.
Environ. Microbiol. 85: e00377-19.

Kostaki M, Chorianopoulos N, Braxou E, Nychas GJ, Giaouris E. 2012. Differential biofilm formation and chemical disinfection
resistance of sessile cells of Listeria monocytogenes strains under monospecies and dual-species (with Salmonella enterica)
conditions. Appl. Environ. Microbiol. 78: 2586-2595.

Akoachere JF, Tanih NE, Ndip LM, Ndip RN. 2009. Phenotypic characterization of Salmonella typhimurium isolates from food-
animals and abattoir drains in Buea, Cameroon. J. Health Popul. Nutr. 27: 612-618.

Nayak DN, Savalia CV, Kalyani IH, Kumar R, Kshirsagar DP. 2015. Isolation, identification, and characterization of Listeria spp. from
various animal origin foods. Vet. World 8: 695-701.

Kim CY, Ryu G, Park H, Ryu K. 2017. Resistance of Staphylococcus aureus on food contact surfaces with different surface
characteristics to chemical sanitizers. J. Food Saf. 37: 12354

Kim H, Moon MJ, Kim CY, Ryu K. 2019. Efficacy of chemical sanitizers against Bacillus cereus on food contact surfaces with scratch
and biofilm. Food Sci. Biotechnol. 28: 581-590.

Caixeta DS, Scarpa TH, Brugnera DE, Freire DO, Alves E, de Abreu LR, et al. 2012. Chemical sanitizers to control biofilms formed by
two Pseudomonas species on stainless steel surface. Cienc. Tecnol. Aliment. 32: 142-150.

Meyer B. 2003. approaches to prevention, removal and killing of biofilms. Int. Biodeterior. Biodegradation 51: 249-253.

Marques S, Rezende J, Alves L, Silva B, Alves E, Abreu L, et al. 2007. Formation of biofilms by Staphylococcus aureus on stainless steel
and glass surfaces and its resistance to some selected chemical sanitizers. Braz. . Microbiol. 38: 538-543.

Iniguez-Moreno M, Gutiérrez-Lomeli M, Avila-Novoa MG. 2021. Removal of mixed-species biofilms developed on food contact
surfaces with a mixture of enzymes and chemical agents. Antibiotics 10: 931.

Dayan J, Mireles K, Massicotte R, Dagher E, Yahia LH. 2016. Clinical and medical investigations effect of disinfectants on wettability
and surface tension of metallic and polymeric surfaces found in hospitals. Clin. Med. Invest. 1: 48-55.

June 2023 | Vol.33 | No. 6




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


