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ABSTRACT The present study evaluated the effi-
cacy of ethanol treatment (0, 30, 50, or 70%) alone or
in combination with ultrasound (37 kHz, 380 W) for
the reduction of natural indigenous mesophilic aerobic
bacteria (MAB), coliforms, and inoculated Salmonella
Typhimurium on chicken skin. Bacterial cells with
loose, intermediate, or tight attachment to chicken skin
were recovered by shaking in an incubator (200 rpm)
for 5 min, stomaching for 1 min, or blending for
1 min, respectively. Chicken skins were inoculated with
a suspension (7 log CFU/mL) of S. Typhimurium.
Ethanol reduced the number of MAB, coliforms, and S.
Typhimurium on the chicken skin in a concentration-
dependent manner, whereas ultrasound treatment with-
out ethanol was ineffective. A combination of 70%
ethanol with ultrasound treatment was the most

effective in reducing S. Typhimurium populations with
loose, intermediate, and tight attachment (reduction by
2.86 log CFU/g, 2.49 log CFU/g, and 1.63 log CFU/g,
respectively). However, chicken skin treated with 50%
ethanol alone or with a combination of >50% ethanol
and ultrasound showed significant changes in Hunter
color values (a* and b*) and texture (shear force)
(P > 0.05). On the other hand, a combination of 30%
ethanol and ultrasound yielded the best results, leading
to a reduction of S. Typhimurium by a >1.0 log CFU/g,
but did not alter the color or texture of chicken skin.
Thus, a combination of 30% ethanol and ultrasound
appears to be the optimum treatment for reduction of
microbial contamination in production and distribution
of skin-on chicken products, and enhance poultry safety
without decreasing food quality.
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INTRODUCTION

Contamination of poultry and poultry products with
pathogenic microorganisms has been of considerable
concern to both consumers and the poultry indus-
try. Salmonella, one of the most prevalent microor-
ganisms in poultry, is a serious public health concern,
being a major cause of food-borne gastroenteritis, espe-
cially in immune-compromised individuals (El-Gazzar
and Marth, 1992; Rabsch et al., 2001). According to
the Foodborne Diseases Active Surveillance Network
(FoodNet) reports, Salmonella serotypes continue to be
the leading causes of large foodborne outbreaks in the
United States (Henao et al., 2010; Nyachuba, 2010).
Of the 25,656 cases of infection (per 100,000) reported
in the United States, 5,893 were hospitalized and 120
died, and non-typhoidal Salmonella spp. was identified
as the second primary causative microbe (18.3%) af-
ter the Campylobacter during 2018 (Tack et al., 2019).
Although extensive food regulations and monitoring

© 2019 Poultry Science Association Inc.
Received June 9, 2019.
Accepted August 5, 2019.
1Corresponding author: sangdoha@cau.ac.kr

systems have been implemented in the food industry,
meat and poultry products continue to be associated
with consumer concern regarding food safety. Accord-
ing to the European Food Safety Authority (EFSA) and
European Centre for Disease Prevention and Control
(ECDC) report, 9,061 human cases have been associ-
ated with 1,067 salmonellosis outbreaks in the EU and
egg, poultry, poultry products, and cheese are the main
sources of salmonellosis (EFSA and ECDC, 2017). In
2014, the predominant serovar in food was S. Infan-
tis, followed by S. Typhimurium, S. Enteritidis, and S.
Dublin in the European region. All these serovars were
reported to be the most frequent among human cases in
Europe (Lelièvre et al., 2019). Most reports of human
Salmonella infections in the United States involve one
of the 3 serotypes, S. Enteritidis (2.6 per 100,000 pop-
ulation), S. Newport (1.6), and S. Typhimurium (1.5)
during 2015 to 2018 (Tack et al., 2019). Among these,
S. Typhimurium is the most predominant serotype as-
sociated with the consumption of poultry and poultry
products, with the findings supported by laboratory
confirmation.

As poultry is a major food source worldwide regard-
less of religion or racial and cultural barriers, global
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poultry consumption has been continuously increas-
ing (FAO, 2010, 2013). In the poultry industry, micro-
bial contamination on the surface of and within deep
channels in poultry skin has been identified, occurring
during a variety of poultry processing stages including
scalding, defeathering, evisceration, and chilling (Hafez
et al., 1997; Ono and Yamamoto, 1999; Buhr et al.,
2005; McKee, 2012). Thomas and McMeekin (1980) re-
ported that a greater variety of microorganisms were
found on poultry skin immersed in water than on unpro-
cessed poultry skin. Various microorganisms can con-
taminate poultry via tears in the skin generated during
feather plucking. Although most chicken is chemically
treated prior to packaging, microorganisms that are
strongly attached to the skin often cannot be elim-
inated completely, thus potentially leading to cross-
contamination (Ko et al., 2005; Zhang et al., 2011).
Microorganisms on poultry skin cannot be easily re-
moved by gentle rinsing (Hinton and Cason, 2008), and
the number of bacterial cells detected with intermedi-
ate or tight attachment increases due to stomaching
(Notermans and Kampelmacher, 1975). Therefore, sev-
eral microorganisms remain on poultry skin after pro-
cessing (Hannah et al., 2011). Lee et al. (2014) have
reported that naturally occurring microbes are more
likely to have intermediate or tight attachment to the
skin than loose attachment.

Chemical or physical treatment or their combinations
(McClements 1995; Piyasena et al., 2003; James et al.,
2006) have been used to reduce microbial contamina-
tion in chicken skin, which represents a major reser-
voir of pathogenic microorganisms and is hazardous be-
cause it is often consumed with the meat (Ko et al.,
2005; Zhang et al., 2011). Various methods of chemical
disinfection including treatment with acidified sodium
chlorite, bromine, chlorine dioxide, organic acid, per-
acetic acid, trisodium phosphate, monochloramine, or
electrolyzed water (Bilgili, 2009) have been employed
in the poultry industry to eliminate microbial organ-
isms. In particular, ethanol has been extensively used
as a disinfectant and a preservative in food products
(Barker and Park, 2001; Kalathenos and Russell, 2003)
since the 1970s. Conventionally, 70% ethanol is used as
a surface disinfectant. Various studies have found that
ethanol treatment is effective in microbial reduction. A
study reported that 20% ethanol had no effect against
Bacillus cereus, Staphylococcus aureus, or Escherichia
coli but 30% ethanol did (Jang et al., 2003). Most com-
panies that manufacture noodles in Korea use ethanol
treatment to prolong the shelf-life of wet noodles (Kim
et al., 2011).

Ultrasound treatment has been used as a physical
treatment method to reduce pathogenic microorgan-
isms in food processing and produce healthy, safe, and
high-quality foods. Ultrasound leads to powerful cav-
itation, which can detach microorganisms from food
surfaces and disrupt their lipid membranes; the fre-
quency of ultrasound commonly used in the food in-
dustry ranges from 20 kHz to 10 MHz (Leighton,

1994; Scouten and Beuchat, 2002; Seymour et al., 2002;
Piyasena et al., 2003). Ultrasound has been shown to
effectively reduce microorganisms when combined with
temperature, pH, or chemical treatment such as chlo-
rination (Earnshaw et al., 1995; McClements, 1995;
Piyasena et al., 2003; Sagong et al., 2011). São José and
Vanetti (2012) reported that combinations of commer-
cial sanitizers (hydrogen peroxide, sodium dichloroiso-
cyanurate, peracetic acid, and chlorine dioxide) with
ultrasound were effective in removing mesophilic aero-
bic bacteria (MAB) and S. Typhimurium from cherry
tomatoes. Ultrasound has also been shown to be more
effective in spinach disinfection when used in combina-
tion with a disinfectant than alone (Zhou et al., 2009).
Therefore, the use of ultrasound for decontamination in
the poultry industry is justifiable (Bolder, 1997).

However, a combination of ethanol and ultrasound in
treatment of chicken skin has not yet been evaluated.
The purpose of the present study was to investigate the
effectiveness of 30, 50, or 70% ethanol in combination
with ultrasound (37 kHz, 380 W) for removal of MAB,
coliforms, and S. Typhimurium with loose, intermedi-
ate, or tight attachment to chicken skin.

MATERIALS AND METHODS

Bacterial Strains and Inoculum Preparation

S. Typhimurium isolated from poultry was used. The
strain was transferred from a stock culture and stored
at –70°C in tryptic soy broth (TSB; Difco Laborato-
ries, Detroit, MI, USA) containing 50% glycerol (Fisher
Scientific, Itasca, IL). For activation, the strain was
subcultured at least twice at 37°C for 24 h in 10 mL
of TSB. The cells were centrifuged at 12,000× g for
10 min at 4°C. The cell pellet was suspended in phos-
phate buffered saline (PBS; Oxoid, Basingstoke, UK)
after one wash to yield a final cell concentration of 7 log
CFU/mL for inoculation. Bacteria were counted by
plating on xylose lysine deoxycholate agar (XLD; Difco
Laboratories, Detroit, MI, USA) containing 25 μg/mL
of nalidixic acid (NA; Sigma Aldrich Co. St. Louis, MO,
USA) and 25 μg/mL of novobiocin (NO; Sigma Aldrich
Co. St. Louis, MO, USA) and incubated at 37°C for
24 h.

Sample Preparation and Inoculation

Chicken skin was obtained from a local market
(Anseong, Korea) and stored at 4°C prior to the ex-
periment. The chicken skin was cut into uniform 10 g
pieces using sterile stainless steel scissors and used im-
mediately. To remove background microorganisms from
the chicken skin in S. Typhimurium inoculation experi-
ments, samples were treated with UV light (Sankyo UV
Co. Ltd., Seoul, Korea) at 1,000 μW s/cm2 for 5 min
and then rinsed once with sterile distilled water for
2 min. Experiments involving natural indigenous MAB
or coliforms did not involve UV treatment. Samples
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were dried on a clean bench for 10 min, and the skin sur-
faces were inoculated with 0.5 mL of S. Typhimurium
suspension for 10 min. The samples were stored at 4°C
for 1 h to allow the S. Typhimurium to become at-
tached, and then rinsed in sterile distilled water for 20 s
to remove non-attached cells. Uninoculated skins were
used to evaluate coliforms and MAB.

Disinfection Treatments

Ethanol at 30, 50, or 70% (Biosesang, Sungnam,
Korea) was used as chemical treatment to remove S.
Typhimurium, MAB, and coliforms from chicken skin.
All disinfectant solutions were manufactured before use
and applied at room temperature. Ultrasound (P 300
H model, 230 V, Hucom System Co., Elmasonic, Kolp-
ingstr, Singen, Germany) was used as physical treat-
ment to detach the S. Typhimurium, MAB, and co-
liforms from the surface of the chicken skin. Before
the ultrasound treatment, the ultrasound chamber was
filled with 12 L of distilled water, and then inoculated
samples were placed in sterile glass beakers (250 mL)
containing 90 mL of chemical disinfectant and exposed
to ultrasound at 37 kHz and 380 W for 5 min. Levels of
S. Typhimurium, MAB, and coliforms were measured.
Skin samples with non-treated ethanol and ultrasound
served as control for this study. All experiments were
repeated 3 times.

Enumeration of Microorganisms

Microbial analysis was performed as described in
Zhang et al. (2013). Briefly, samples (10 g) were treated
with chemical or physical disinfection or both; the sam-
ples were placed in 90 mL of 0.1% peptone water (PW,
Oxoid, Basingstoke, Hampshire, England) in a sterile
glass beaker and shaken at 200 rpm for 5 min in a
shaking incubator (VS-101Si, Vision Science, Daejeon,
Korea) at room temperature. The recovered microor-
ganisms were classified as cells with loose attachment.
Rinsed chicken skin was transferred to Whirl-Pak bags
(Nasco, Fort Atkinson, WI) containing 90 mL of 0.1%
PW and stomached for 1 min in a stomacher (Stom-
acher, SH-IIM, Elmex, Tokyo, Japan). The recovered
microorganisms were classified as cells with interme-
diate attachment. Finally, stomached chicken skin was
transferred to a sterile bottle containing 90 mL of PW.
Using a blender (SMX-760 J, Shinil, Seoul, Korea), the
sample was blended for 1 min. The recovered microor-
ganisms were classified as cells with tight attachment.
Serial 10-fold dilutions of the rinsed, stomached, or
blended samples were plated on xylose lysine deoxy-
cholate agar (XLD, Difco Laboratories, Detroit, MI,
USA) containing 25 μL/mL of NA and 25 μm/mL of
NO, tryptic soy agar (TSA, Difco Laboratories, De-
troit, MI, USA), or violet red bile agar (VRBA, Difco
Laboratories, Detroit, MI, USA) and the numbers of S.
Typhimurium, MAB, and coliforms, respectively, were
counted following incubation.

Color and Texture Measurement

After the combination treatments, differences in the
color and texture of all treated samples were measured
to assess any changes in the quality of the chicken skin.
Chicken skin color was measured using a color dif-
ference meter (UltraScan PRO, Hunterlab Co., USA)
at 5 locations on each sample and expressed as light-
ness (L*), redness (a*), and yellowness (b*). As de-
scribed by Salim et al. (2012), sample texture was mea-
sured by stretching the chicken skin using a texture
analyzer (TAHDi/500, TAHD Co.) at a test speed of
1.00 mm/s and trigger force of 0.04903 N. This force was
required to tear the skin samples and samples slipped
out from the clamp were omitted. All experiments were
performed 3 times.

Field Emission Scanning Electron
Microscopy

Field emission scanning electron microscopy
(FE-SEM, Sigma, Carl Zeiss, Germany) was per-
formed as described in Lee et al. (2014). FE-SEM
was conducted to observe changes in the number of
S. Typhimurium on the surface of chicken skin after
treatment with 70% ethanol, ultrasound, or their
combination. The results were compared with controls
treated with sterile distilled water. The samples were
dipped into a suspension of S. Typhimurium (8 log
CFU/mL) for 10 min. The chicken skin was dried
for 1 h on a clean bench. Then, the chicken skin was
gently washed with PBS (PBS, pH 7.2, Oxoid, Bas-
ingstoke, UK), fixed overnight with 2% glutaraldehyde
(Sigma, St. Louis, MO, USA) and post-fixed in 2%
osmium tetroxide (OsO4, Sigma, St Louis, MO, USA)
for 1 h followed by washing in PBS for 15 min to
remove the fixation solution. Next, the samples were
dehydrated using a graded ethanol series (50, 60,
70, 80, 90, and 100). The final treatment with 100%
ethanol was performed 3 times. All ethanol steps were
performed for 15 min in duplicate. The samples were
then successively dehydrated with 25, 50, 75, and 100%
hexamethyldisilazane (Sigma Aldrich, MO) in ethanol
for 15 min. The chicken skin samples were then dried in
a freeze dryer for 3 D, coated with gold palladium, and
observed under FE-SEM. The FE-SEM microscope
was operated at an acceleration voltage of 2 kV at a
5-mm working distance.

Statistical Analysis

The experimental data were analyzed with ANOVA
using the software Statistical Analysis System (SAS),
version 9.2 (SAS Institute, Cary, NC, USA). Average
values and significance were determined using Duncan’s
multiple-range test, and results were considered signif-
icantly different at P < 0.05.
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Table 1. Populations (log CFU/g) of loosely, intermediately, and
tightly attached mesophilic aerobic bacteria and coliform on
chicken skin.

Item Loosely Intermediately Tightly

Mesophilic aerobic
bacteria

5.87 ± 0.15b 6.84 ± 0.20a 6.72 ± 0.32a

Coliform 3.51 ± 0.27 3.77 ± 0.26 3.36 ± 0.41

a,bMean values within the same row with no common superscripts
were different (P < 0.05).

RESULTS AND DISCUSSION

Autochthonous Flora on Chicken Skin

In many countries, chicken meat including breasts,
legs, and wings are commonly consumed at home and
produced in the food service industry. Chicken meat
in Korea is generally distributed in packaged and re-
frigerated products via supermarkets, or without plas-
tic packaging in some traditional markets. It is plau-
sible that contamination of chicken meat and skin is
likely to occur during storage in retail markets due to a
number of pathogenic bacteria. Table 1 shows the num-
ber of natural indigenous MAB and coliforms found on
chicken skin without treatment. No significant differ-
ences (P > 0.05) were observed between the number of
MAB with intermediate (6.84 log CFU/g) attachment
and those with tight (6.72 log CFU/g) attachment;
however, the number of MAB with loose attachment
was significantly different from both the above, at 5.87
log CFU/g (P < 0.05). The number of coliforms with
loose, intermediate, or tight attachment to chicken skin
was 3.51, 3.77, and 3.36 log CFU/g, respectively, and
had no significant differences (P > 0.05). The naturally
existing MAB and coliforms with intermediate attach-
ment were the most numerous, at 6.84 and 3.77 log
CFU/g respectively, compared to those with loose or
tight attachment. Lee et al. (2014) reported that natu-
rally existing MAB and coliforms had more cells with
intermediate (6.69 and 5.06 log CFU/g) or tight (6.59
and 5.59 log CFU/g) attachment those with loose (5.84
and 4.61 log CFU/g) attachment. Microorganisms can
proliferate on chicken skin, which can be damaged dur-
ing production processes including defeathering, scald-
ing, plucking, and subsequent stages (Notermans and
Kampelmacher, 1975; Thomas and McMeekin, 1980).

Effect of Treatments on Autochthonous
Flora

The effect of ethanol and ultrasound treatment on
MAB and coliforms with loose, intermediate, or tight
attachment to chicken skin are shown in Tables 2 and 3.
Chicken skin treated with 0% ethanol (water treat-
ment) had MAB and coliforms, respectively at 4.48
and 2.58 log CFU/g with loose attachment, 5.04 and
3.52 log CFU/g with intermediate attachment, and 5.22
and 3.31 log CFU/g with tight attachment (data not
shown). Single treatment with 30% ethanol produced

no significant (P > 0.05) reduction in any of the above 3
types of MAB or coliforms. However, a single treatment
with 50 or 70% ethanol caused significant differences
(P < 0.05) in the reductions of all 3 types of MAB and
coliforms on chicken skin. The reduction in MAB num-
bers due to 50 or 70% ethanol treatment was 1.03 and
1.57 log CFU/g, respectively, in those with loose attach-
ment, 0.80 and 0.98 log CFU/g, respectively, in those
with intermediate attachment, and 0.57 and 0.69 log
CFU/g, respectively, in those with tight attachment. In
the case of coliforms, treatment with 50 or 70% ethanol
alone caused decreases of 0.93 and 1.02 log CFU/g, re-
spectively, in those with loose attachment, which were
significantly different (P < 0.05) from the decreases in
the numbers of coliforms with intermediate (0.72 and
0.88 log CFU/g, respectively) or tight (0.53 and 0.65 log
CFU/g, respectively) attachment. The reduction in the
numbers of MAB and coliforms increased in an ethanol
concentration-dependent manner from 30 to 70%, with
70% being the most effective (Table 2 and 3). Cho and
Park (2012) reported that treatment with 10% ethanol
reduced the numbers of total mesophilic bacteria and
coliforms to 2.43 and 2.37 log CFU/g, respectively in
cabbage. Piernas and Guiraud (1998) observed that
treatment with 70% ethanol for 10 min reduced the
number of total mesophilic bacteria to 3.50 log CFU/g
in rice sprouts. However, the present study found that
treatment with a single chemical antimicrobial agent
could not remove microorganisms with intermediate or
tight attachment to chicken skin as effectively as those
with loose attachment. Many studies have been focused
on the application of hurdle technology in rapid and ef-
ficient decontamination in the food industry including
in poultry processing (McKee, 2012; Ahn et al., 2013).

The effect of ultrasound treatment alone did not re-
sult in significant differences (P > 0.05) in bacterial
numbers in the present study. Sams and Feria (1991)
reported that ultrasound treatment reduced aerobic mi-
croorganisms by 0.8 log CFU/cm2 on chicken legs. Most
studies have shown that antimicrobial activity of ultra-
sound alone is relatively low and is only effective under
specific conditions (Cao et al., 2010: Fulya et al., 2015:
O’Donnell et al., 2010). However, the present study
found that a combination of 30 or 50% ethanol and
ultrasound significantly (P < 0.05) reduced the num-
bers of MAB with loose attachment (by 1.38 and 2.60
log CFU/g respectively), intermediate attachment (by
0.85 and 1.50 log CFU/g, respectively), or tight at-
tachment (by 0.72 and 1.34 log CFU/g, respectively).
Likewise, a combination of 30% or 50% ethanol and
ultrasound reduced the number of coliforms with loose
attachment (by 1.04 and 1.80 log CFU/g respectively),
intermediate attachment (0.80 and 1.05 log CFU/g), or
tight attachment (0.52 and 0.94, log CFU/g) to chicken
skin. There were no significant differences between
50 and 70% ethanol in combination with ultrasound
(P > 0.05). These results indicated that increase in
ethanol concentration beyond 50% did not result in an
additional antimicrobial effect.



6958 SEO ET AL.

Table 2. Reduction efficacy (log CFU/g) of ethanol alone and ethanol/ultrasound against loosely, interme-
diately, and tightly attached mesophilic aerobic bacteria on chicken skin.

Treatments Ethanol (%) Loosely Intermediately Tightly

Without US 30 0.67 ± 0.17d 0.59 ± 0.06c,d 0.44 ± 0.04b,c

50 1.03 ± 0.03c,x 0.80 ± 0.01b,c,y 0.57 ± 0.11b,c,z

70 1.57 ± 0.27b,x 0.98 ± 0.25b,y 0.69 ± 0.04b,c,z

With US1 0 0.13 ± 0.05e 0.28 ± 0.05d 0.22 ± 0.08c

30 1.38 ± 0.18b,c,x 0.85 ± 0.09b,c,x,y 0.72 ± 0.10b,y

50 2.60 ± 0.01a,x 1.50 ± 0.26a,y 1.34 ± 0.04a,y

70 2.66 ± 0.08a,x 1.63 ± 0.01a,y 1.43 ± 0.23a,y

a–eMean values within the same column with no common superscripts were different (P < 0.05).
x–zMean values within the same row with no common superscripts were different (P < 0.05).
1US: ultrasound treatment (frequencies of 37 kHz, 380 W, 5 min).

Table 3. Reduction efficacy (log CFU/g) of ethanol alone and ethanol/ultrasound against
loosely, intermediately, and tightly attached coliform on chicken skin.

Treatments Ethanol (%) Loosely Intermediately Tightly

Without US 30 0.57 ± 0.17d 0.39 ± 0.05d 0.32 ± 0.43c

50 0.93 ± 0.24c,d,x 0.72 ± 0.01c,y 0.53 ± 0.18b,z

70 1.02 ± 0.44b,c,x 0.88 ± 0.14b,c,y 0.65 ± 0.11a,b,y

With US1 0 0.16 ± 0.37e 0.15 ± 0.01e 0.12 ± 0.07d

30 1.04 ± 0.01b,c,x 0.80 ± 0.08b,c,y 0.52 ± 0.06b,z

50 1.80 ± 0.07a,b,x 1.05 ± 0.14a,b,y 0.94 ± 0.20a,z

70 1.91 ± 0.12a,x 1.27 ± 0.15a,y 0.99 ± 0.12a,z

a–eMean values within the same column with no common superscripts were different (P < 0.05).
x–zMean values within the same row with no common superscripts were different (P < 0.05).
1US: ultrasound treatment (frequencies of 37 kHz, 380 W, 5 min).

Table 4. Reduction efficacy (log CFU/g) of ethanol alone and ethanol/ultrasound against loosely, interme-
diately, and tightly attached S. Typhimurium on chicken skin.

Treatments Ethanol (%) Loosely Intermediately Tightly

Without US 30 0.59 ± 0.25d 0.42 ± 0.11d 0.40 ± 0.05e

50 1.26 ± 0.33b,x 1.09 ± 0.32c,x 0.79 ± 0.01d,y

70 1.38 ± 0.26b,x 1.22 ± 0.15c,y 1.15 ± 0.17c,y

With US1 0 0.89 ± 0.08c,x 0.55 ± 0.11d,y 0.53 ± 0.05e,y

30 1.58 ± 0.02b,x 1.36 ± 0.03c,y 1.15± 0.24c,z

50 2.86 ± 0.16a,x 1.82 ± 0.12b,y 1.43 ± 0.29b,z

70 2.86 ± 0.16a,x 2.49 ± 0.16a,y 1.63 ± 0.07a,z

a–eMean values within the same column with no common superscripts were different (P < 0.05).
x–zMean values within the same row with no common superscripts were different (P < 0.05).
1US: ultrasound treatment (frequencies of 37 kHz, 380 W, 5 min).

Effect of Treatment on S. Typhimurium

The effects of ethanol and ultrasound treatment
on S. Typhimurium with loose, intermediate, or tight
attachment to chicken skin are shown in Table 4. The
numbers of S. Typhimurium on chicken skin treated
with 0% ethanol (water treatment) were 5.93 log
CFU/g with loose attachment, 5.45 log CFU/g with
intermediate attachment, and 4.40 log CFU/g with
tight attachment (data not shown). Treatment
with 30% ethanol reduced S. Typhimurium with
loose, intermediate, or tight attachment by 0.59, 0.42,
and 0.40 log CFU/g, respectively, which were not sig-
nificant differences (P > 0.05). Ingram (1989) reported

that ethanol can freely penetrate bacterial membranes.
Ethanol inhibits the cross-linking of peptidoglycans
via a decomposition mechanism. Treatment with 50 or
70% ethanol caused significant differences (P < 0.05)
in the numbers of S. Typhimurium with intermediate
or tight attachment, and loose or intermediate attach-
ment, respectively, compared to control. As with the
previous results, the antimicrobial effect increased as
the ethanol concentration increased. Treatment with
30, 50, or 70% ethanol significantly (P < 0.05) reduced
S. Typhimurium with loose, intermediate, or tight at-
tachment to chicken skin (Table 4). Phongphakdee and
Nitisinprasert (2015) also found that 70, 50, or 30%
ethanol treatment significantly reduced the numbers
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Figure 1. Field emission scanning electron microscopy images of Salmonella Typhimurium on chicken skin (flat surface) treated with 50%
ethanol and ultrasound at room temperature (arrows; 15,000 × arrows; 15,000) h (a) S. Typhimurium on chicken skin treated with sterile
distilled water (control) (b) S. Typhimurium on chicken skin treated with ethanol alone (c) S. Typhimurium on chicken skin treated with
ultrasound alone (d) S. Typhimurium on chicken skin treated with a combination of ethanol and ultrasound.

of S. Enteritidis, S. Typhimurium, and E. coli O157;
therefore, these concentrations of ethanol may be useful
as antimicrobial treatment to reduce Gram-negative
bacteria. However, such high levels of ethanol might
result in undesirable odor or other quality problems in
chicken skin (Lachenmeier, 2008).

The effect of ultrasound resulted in significant dif-
ferences (P < 0.05) in the numbers of S. Typhimurium
with loose (0.89 log CFU/g), intermediate (0.55 log
CFU/g), or tight (0.59 log CFU/g) attachment com-
pared to control. Kwak et al. (2011) reported that
the numbers of E. coli O157:H7 and S. Typhimurium
were reduced by 0.33 to 0.95 log CFU/g with single
ultrasound (40 kHz) treatment for 20 min. The ef-
fect of combinations of 30, 50, or 70% ethanol with
ultrasound resulted in significant differences (P <
0.05) in the numbers of S. Typhimurium with any
of the 3 different types of attachment. As observed
previously, the combination of 70% ethanol and ultra-
sound resulted in the most S. Typhimurium reduction
(1.63–2.86 log CFU/g), followed by ethanol alone
(1.15–1.38 log CFU/g). Piyasena et al. (2003) reported
that the bacteria are killed due to cavitation created
via changes in pressure caused by the ultrasonic waves.
Cavitation occurs when air bubbles are generated in a
liquid due to a reduction in pressure. Thus, microbes
with intermediate or tight attachment to chicken
skin can be eliminated due to cavitation. Studies on
the combination of chemical agents with ultrasound
have demonstrated pathogen inactivation (São José and

Vanetti, 2012; Sagong et al., 2013). Sagong et al. (2011)
reported that numbers of S. Typhimurium, Listeria
monocytogenes, and E. coli O157:H7 on lettuce were
reduced (0.8–1.0 log CFU/g) by combined treatment
with ultrasound (40 kHz) and 2% organic acids (malic
acid, lactic acid, and citric acid). Lee et al. (2014) also
reported that the combination of NaOCl (200 ppm)
and ultrasound (37 kHz, 380 W) reduced the numbers
of MAB, coliforms, and S. Typhimurium with loose
(0.75, 0.43, and 0.83 log CFU/g respectively), inter-
mediate (0.38, 0.35, and 0.99 log CFU/g respectively),
or tight (0.47, 0.41, and 0.54 log CFU/g respectively)
attachment. In the present study, the combination of
30% ethanol and ultrasound reduced the number of S.
Typhimurium to a similar extent as 70% ethanol alone.
Taken together, this study showed that a combination
of ultrasound and ethanol treatment was the most
effective in reducing microbial load on chicken skin.

Field Emission Scanning Electron
Microscopy

Using FE-SEM, the numbers of S. Typhimurium
on the flat surfaces (Figure 1) and in the crevices
(Figure 2) of chicken skin were visualized. The FE-
SEM micrographs show the effect of sterile distilled
water (Figure 1a and 2a), ethanol (Figure 1b and 2b),
ultrasound (Figure 1c and 2c), or a combination of
ethanol and ultrasound (Figure 1d and 2d) on reducing
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Figure 2. FE-SEM images of Salmonella Typhimurium in the crevices of chicken skin treated with 50% ethanol and ultrasound at room
temperature. (a) S. Typhimurium on chicken skin treated with sterile distilled water (control) (arrows; 11,000 × terile distille (b) S. Typhimurium
on chicken skin treated with ethanol alone (arrows; 11,000 × arrows; 11,000) (c) S. Typhimurium on chicken skin treated with ultrasound alone
(arrows; 11,000 × arrows; 11,000 (d) S. Typhimurium on chicken skin treated with a combination of ethanol and ultrasound (arrows; 15,000 ×
arrows; 15,000.

the numbers of S. Typhimurium. The images showed
that treatment with water (control) or ultrasound
alone resulted in retention of a large number of S.
Typhimurium on the chicken skin. Lee et al. (2014) re-
ported FE-SEM data showing that ultrasound or water
treatment had no effect on numbers of S. Typhimurium
on chicken skin, regardless of attachment type. Noriega
et al. (2011) reported that it is challenging to remove
pathogens from crevices or folded sections with a single
treatment. Ultrasound was shown to physically detach
microorganisms from the skin surface and thus enhance
the action of NaOCl on Salmonella and E. coli O157:H7
on alfalfa seeds (Demirdoven and Baysal, 2009). In the
present study, compared with sterile distilled water
(control, Figure 1a), flat-surface samples treated with a
combination of 70% ethanol and ultrasound (Figure 2d)
showed less dense microorganism populations. A com-
bination of 70% ethanol and ultrasound (Figure 2d) was
more effective in reducing microbe density compared to
ethanol treatment alone (Figure 2c). Similarly, samples
treated with a combination of ethanol and ultrasound
(Figure 2d) showed a lower density of microorganisms
in the crevices of chicken skin than those treated with
sterile distilled water (control) (Figure 2a), ethanol
(Figure 2b), or ultrasound (Figure 2c) alone. Thus,
FE-SEM demonstrated that combined treatment with
70% ethanol and ultrasound reduced S. Typhimurium
on chicken skin more effectively than treatment with
70% ethanol alone.

Color and Texture

The color and texture of poultry meat are important
factors associated with consumer concern (Karaoglu
et al., 2004; Sharma et al., 2013). Weak skin is more sen-
sitive to mechanical tearing and can easily reduce the
quality and shelf life of meat (Fletcher and Thomason,
1980; Salim et al., 2012). The present study found no
significant differences (P > 0.05, Table 5) in Hunter
color L* values due to any of the treatments. Further,
compared to control (water treatment), single ultra-
sound treatment did not cause a significant difference
in Hunter color L*, a*, or b* values and texture. Lee
et al. (2014) found that chicken skin treated with ul-
trasound (37 kHz, 380 W) alone showed no changes in
color or texture. Ultrasound has shown potential ad-
vantages as a novel and alternative technique to main-
tain meat quality and microbial safety, in addition
to prolonging shelf-life during the poultry processing
(Bhat et al., 2011). Ultrasound treatment did not af-
fect the quality of chicken skin in the present study.
Therefore, ultrasound could be a useful technique in
the poultry industry in combination with other de-
contamination techniques such as chemical treatments.
Results of the present study also showed that as ethanol
concentration increased, Hunter color a* values de-
creased and Hunter color b* values increased (P < 0.05,
Table 5). In a previous study, the quality of chicken
skin was sensorially and instrumentally verified, and the
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Table 5. Color parameters (L*, a*, and b*)1 and shear force values (kg/cm2) for chicken skin treated with
ethanol alone and ethanol/US.2

Treatments Ethanol (%) L* a* b* Shear force (kg/cm3)

Control 83.77 ± 0.373 4.28 ± 0.49a 13.35 ± 1.30d 0.33 ± 2.83c

Without US 30 84.98 ± 0.71 3.65 ± 0.30b,c 14.84 ± 1.19a 0.33 ± 4.72c

50 84.39 ± 0.92 2.27 ± 0.80b,c 16.55 ± 0.30b,c 0.39 ± 4.79a–c

70 84.86 ± 0.73 2.78 ± 0.08b 16.15 ± 0.58b,c 0.43 ± 1.74a

With US2 0 84.21 ± 1.38 3.97 ± 0.69a 14.19 ± 0.55c,d 0.33 ± 2.64c

30 84.65 ± 0.34 3.28 ± 0.18b 14.47 ± 0.64c,d 0.34 ± 3.40b,c

50 84.00 ± 0.93 2.07 ± 0.62b,c 16.25 ± 0.60b 0.37 ± 1.11b,c

70 84.19 ± 1.03 2.09 ± 0.70c 16.91 ± 0.47a 0.40 ± 2.19a

a–dMean values within the same column with no common superscripts were different (P < 0.05).
1Color are L* (lightness), a* (redness), b* (yellowness).
2US: ultrasound treatment (frequencies of 37 kHz, 380 W, 5 min).
3No significance; means value within a same column are no different (P > 0.05).
The means and standard deviations were calculated based on 10 replicates (color) and 10 replicates (texture).

results showed that chicken skin became yellower and
harder following treatment with increasing concentra-
tions of ethanol, compared to skin treated with lower
ethanol concentrations or with no ethanol at all (Lee
et al., 2014). Sensory evaluation by panelists was not
conducted in the present study. However, the control
(water-treated) chicken samples were characterized as
having more chicken flavor than ethanol-treated chicken
samples. Further, compared to the control chicken skin,
ethanol-treated chicken samples were composed of more
white meat or dark meat. In addition, shear force in-
creased as ethanol concentration increased (P < 0.05,
Table 5), indicating that the hardness of the chicken
skin increased. Thus, treatment with 50% or higher
ethanol concentrations changed the color and texture
of chicken skin.

CONCLUSIONS

The present study demonstrates that microor-
ganisms with intermediate or tight attachment
to chicken skin (total MAB, coliforms, and S.
Typhimurium) were more resistant to chemical disin-
fectant than those with loose attachment. Ethanol had
a concentration-dependent antimicrobial effect against
MAB, coliforms, and S. Typhimurium on chicken skin,
whereas ultrasound alone was not particularly effec-
tive in reducing numbers of any of the 3 groups of
microbes. Combined treatment with 30, 50, or 70%
ethanol and ultrasound (37 kHz, 380 W, 5 min) more
effectively removed microorganisms with loose attach-
ment than those with intermediate or tight attach-
ment. Among all combination treatments, the combi-
nation of 70% ethanol and ultrasound was the most
effective at reducing numbers of bacteria with loose,
intermediate, or tight attachment; 2.66, 1.63, and 1.43
log CFU/g reduction respectively in MAB; 1.91, 1.27,
and 0.99 log CFU/g reduction respectively in coliforms,
and 2.86, 2.49, and 1.63 log CFU/g reduction respec-
tively in S. Typhimurium. The combination of ethanol
(30–70%) and ultrasound treatment resulted in better

decontamination than ethanol alone. Changes in the
color and texture of chicken skin occurred following
treatment with 50% ethanol alone or a combination of
>50% ethanol and ultrasound. However, the combina-
tion of 30% ethanol and ultrasound was considered to
be optimal, because it produced >1 log CFU/g reduc-
tion in S. Typhimurium without changes in color or
texture. The results of the present study suggest that
the combination of 30% ethanol and ultrasound may be
the optimum treatment for reduction of microbial con-
tamination in skin-on chicken meat products, and thus
enhance poultry safety without decreasing food quality.
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