Application of slightly acidic electrolyzed water and ultraviolet light
for Salmonella enteritidis decontamination of cell suspensions and surfaces
of artificially inoculated plastic poultry transport coops and other
facility surfaces
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ABSTRACT The efficiency of combination treat-
ment of slightly acidic electrolyzed water (SAEW) and
ultraviolet light (UV) for inactivation of Salmonella
enteritidis (S. enteritidis) on the surface of plastic poul-
try coops and other facility surfaces was evaluated in
the presence of organic matter. The bactericidal activ-
ities of SAEW, UV + SAEW, and composite phenol
(CP) for inactivating S. enteritidis were also compared.
Moreover, a model of UV + SAEW treatment of plastic
transport coops with different times and available chlo-
rine concentrations (ACC) was developed using multi-
ple linear regression analysis. There are differences be-
tween SAEW and CP inactivation of S. enteritidis on
coops, stainless steel, and glass surfaces (P < 0.05), and
there are no differences between SAEW and CP on tire
surfaces (P > 0.05). Disinfection of some rough material
surfaces with SAEW treatment alone under feces inter-
ference on poultry farms may need a longer treatment

time and/or a higher ACC than smooth surfaces. The
combined treatment of UV and SAEW showed higher
inactivation efficiency of S. enteritidis compared to CP
and SAEW treatment alone (P < 0.05) in pure cultures
or on the facility surfaces. A complete 100% inactiva-
tion of S. enteritidis on plastic poultry coop surfaces
was obtained by using UV 4+ SAEW with an ACC of
90 mg/L for more than 70 s. The established model had
a good fit that was quantified by the determination co-
efficient R? (0.93) and a lack of fit test (P > 0.05). The
bactericidal efficiency of UV + SAEW increased with
greater ACC and increasing time. The findings of this
study indicate that the combination treatment of UV
and SAEW may be a promising disinfection method
and could be used instead of SAEW alone, especially
on rough materials in the presence of organic matter on
poultry farms.
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INTRODUCTION

Contaminated transport coops, iron materials, and
other facility surfaces have been reported to be sources
of Salmonella on poultry farms, and Salmonella is
an important pathogen for animals and humans and
represents a serious public health concern worldwide
(Racicot et al., 2012; Totton et al., 2012). Disinfection
has been reported as a generally employed method
for preventing the introduction of both endemic and
epidemic infections in animal production (Totton
et al., 2012). Some studies have demonstrated that
disinfection can reduce microbial contamination of
poultry transport coops and other objects and decrease
the prevalence of Salmonella spp (DeBenedictis et al.,
2007; Zang et al., 2017a,b). At present, most farmers
utilize chemical sanitation systems to decontaminate
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facility surfaces in the poultry industry. However, the
use of chemical disinfectants to eliminate or inactivate
pathogens may cause potentially toxic, corrosive, or
volatile problems (Gulati et al., 2001; Cao et al., 2009).

In recent years, the use of slightly acidic electrolyzed
water (SAEW) as a facility surface decontamination
method has been met with increasing interest. SAEW,
with a near-neutral pH of 5.0-6.5, is generated by
electrolysis of dilute hydrochloric acid or sodium chlo-
ride solution in an electrolytic cell without diaphragm
separation (Cao et al., 2009; Koide et al., 2009; Sheng
et al., 2018). Relative to chemical disinfectants, SAEW
has the advantage of being less corrosive for equipment,
less irritating for hands, and minimizes human health
and safety issues from Cl, off-gassing (Cao et al., 2009).
Some studies have demonstrated that SAEW could be
used as a disinfectant in the poultry industry. Cao
et al. (2009) have reported that a reduction of
6.5 logyy CFU/g of Salmonella enteritidis (S. en-
teritidis) on eggshells was obtained by SAEW at an
available chlorine concentration (ACC) of 15 mg/L for
3 min. Hao et al. (2013) reported that treatment with
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SAEW with an ACC of 250 mg/L significantly reduced
bacteria and fungi in dust, feces, feathers and feed (P <
0.05) in a layer house. Zang et al. (2015a) also indicated
that a maximum reduction of 3.12 log;y CFU/cm? for
S. enteritidis was obtained for coops treated with tap
water for 15 s followed by SAEW treatment for 40 s
at an ACC of 50 mg/L. These findings indicate that
SAEW may be an alternative disinfectant to reduce the
population of pathogens on facility surfaces on poultry
farms. However, it was shown that SAEW efficiency
could be affected by the presence of organic matter.
Zang et al. (2015b) found that under feces soiling
interference, a reduction of 1.38 log;y CFU/cm? for an
Escherichia coli (E. coli) and S. enteritidis mixture was
obtained on vehicle tires, after washing with tap water
for 4 min followed by SAEW treatment for 5 min at an
ACC of 140 mg/L. Zang et al. (2017a) also reported a
2.61-log reduction of bacteria on iron materials, which
was obtained after 2 min of treatment with an ACC
of SAEW of 200 mg/L. However, in the food industry,
SAEW is often used at an ACC of approximately 30 to
100 mg/L (Deza et al., 2005; Jung et al., 2018). Single
antimicrobial treatments of SAEW need longer wash-
ing and treatment times and/or a higher ACC in the
poultry industry than in other industries. Therefore, to
overcome this drawback, combining the effects of 2 or
more decontamination methods with SAEW in lower
quantities and lower treatment times could be applied.

Currently, ultraviolet (UV) light is used as a surface
decontamination method, and it is lethal to most
microorganisms on hard surfaces and is increasingly
preferred and applied in research and the poultry
industries (Goerzen and Scott., 1995; Gabriel et al.,
2017). UV-C light (A = 254 nm) provides effective
inactivation of microorganisms by damaging nucleic
acids and creating nucleotide dimers, thus leaving the
microorganisms unable to perform vital cellular func-
tions (Turtoi and Borda, 2014). De Reu et al. (2006)
obtained a 4-log reduction when a strain of FE.coli
and a Listeria monocytogenes strain were treated
with UV-C light at 0.18 J/cm?. Chavez et al. (2002)
investigated the effects of UV-C light on the total
number of bacterial populations total aerobic plate
count (APC) of eggshells and found that the APC was
significantly reduced for eggshells exposed to UV-C
light with an intensity of 7.35 mW /cm? for 30 and 60 s
compared to untreated eggs. UV light has also usually
been combined with electrolyzed water to improve
the inactivation of microorganisms. Pang and Hung
(2016) demonstrated that the combined treatment of
SAEW and UV-ozonated water in the spray washing
process could more effectively reduce E. coli O157: H7
on lettuce. It has also been reported that UV light is
more efficient when combined with other disinfectants
(Mcdaniel, 2011; Turtoi and Borda, 2014). However,
little information is available on the synergistic effects
of SAEW and UV-light to decontaminate contam-
inated facility surfaces in the presence of organic
materials.

ZANG ET AL.

Hence, the overall objectives of this study were to:
(1) to compare the efficiency of SAEW, UV4+SAEW,
and other disinfectants (composite phenol) to inac-
tivate S. enteritidis in cell suspensions under the
presence of organic matter, (2) to compare the effi-
ciency of SAEW, UV4+SAEW, and other disinfection
methods (composite phenol, UV) to inactivate S. enter-
itidis on the surface of plastic poultry transport coops
and other facility surfaces in the presence of feces soil-
ing, and (3) to develop a model and to determine the
effect of available chlorine treatment time on bacteri-
cidal activity of UV-+SAEW on the surface of plastic
poultry transport coops.

MATERIALS AND METHODS

Bacterial Cultures

The strains of S. enteritidis (CVCC 2184) were
obtained from the China Veterinary Culture Collection
(Beijing, China). The bacterium was hydrated accord-
ing to the directions of the manufacturer and cultured
in tryptic soy broth (TSB; Beijing Land Bridge Tech-
nology Company Ltd., Beijing, China) at 37°C for
24 h. Following incubation, a 10 mL culture was pooled
into a sterile centrifuge tube and centrifuged at 4000 x
g at 4°C for 10 min. The supernatant was decanted,
and the pellets were resuspended in 10 mL of 0.1%
buffered sterile peptone water (BPW; Beijing Land
Bridge Technology Company Ltd., Beijing, China),
washed 3 times, and resuspended in 10 mL of the same
solution to obtain a final cell concentration of approx-
imately 9 log CFU/mL. The bacterial population in
each culture was confirmed by plating 0.1 mL portions
of appropriately diluted culture on tryptic soy agar
(TSA; Beijing Land Bridge Technology Company Ltd.,
Beijing, China) plates and then incubating the plates
at 37°C for 24 h. The prepared cultures were then used
in subsequent experiments.

Inoculation

A 20% solution of liquid feces was prepared by the
addition of 100 g of chicken feces (obtained from poul-
try with no bedding) to 500 mL of sterile distilled
water and then inactivated by autoclaving (YXQ-LS-
18SI, Shanghai Boxun Industrial Co., Ltd., Shanghai
China). The liquid feces solution was shaken and then
mixed with equal portions of the prepared culture mix-
tures to obtain final populations of contaminated cul-
ture of approximately 10° CFU/mL and 10% concen-
tration (Zang et al., 2015a).

The plastics were obtained from a plastic poultry
transport coop (High Density Polyethylene materials,
7.35 X 5.45 x 2.60 cm, Shenzhen Lanhai Co., Ltd.,
Shenzhen, China). The stainless steel and glass were
purchased from commercial suppliers. The tires were
obtained from a waste tire (750-16, Qingdao Hongxinyu
Rubber Co., Ltd., Qingdao, China). The plastic coop
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Table 1. Physicochemical properties of spraying solutions.

Concentration of

Solutions active ingredient (mg/L) pH ORP! (mV)
Control (deionized water) 0 6.15 + 0.02* 398.7 &£ 0.4
SAEW? 10 6.49 £ 0.03 797.8 + 04
30 6.51 £ 0.02 803.2 £ 0.2

50 6.52 £ 0.01 818.3 £ 0.3

70 6.54 £ 0.01 825.6 £ 0.7

90 6.56 £ 0.02 835.4 = 0.6

UV+SAEW? 10 6.49 £ 0.03 798.5 + 0.1
30 6.51 £ 0.02 806.7 £ 0.4

50 6.52 £ 0.01 819.7 £ 0.7

70 6.54 £ 0.01 826.5 £+ 0.4

90 6.56 £ 0.02 836.7 £ 0.1

Composite phenol 0.4% 3.93 £ 0.03 432.6 £ 0.2
0.7% 3.75 £ 0.05 440.8 £ 0.9

1% 3.57 £ 0.02 4785 £ 0.5

1Oxidation reduction potential.
2SAEW = slightly acidic electrolyzed water

SUV4SAEW = Combination treatment of ultraviolet and slightly acidic electrolyzed water

4Values are the means 4 standard deviation (n = 3).

was washed with tap water to remove soil, trimmed to
approximately 1.5 x 1.5 cm? and packed in a polyethy-
lene bag. The tires, stainless steel, and glasses were
also washed with tap water to remove soil, trimmed
to approximately 5 x 5 cm? in size and packed in
a polyethylene bag for the experiment. Before inoc-
ulation, the surface samples packed by the kraft pa-
pers were inactivated by an autoclave (YXQ-LS-18SI,
Shanghai Boxun Industrial Co., Ltd., Shanghai, China)
and then air-dried under a biosafety hood (DH-920, Bei-
jing East Union Hall Instrument Manufacturing Co.,
Ltd., Beijing, China) at room temperature for 60 min
to remove water. Each sample piece was inoculated by
spreading 0.1 mL onto the front side region of the pre-
pared contaminated culture inoculum. Subsequently,
all inoculated pieces were air-dried under the biosafety
hood for 30 min at room temperature to allow bacte-
rial attachment. The final concentrations of S. enteri-
tidis inoculated on the plastic coop, tires, the stainless
steel and glasses samples were approximately 6.67 log
CFU/cm?, 6.01 log;y CFU/cm?, 6.64 log;y CFU/cm?,
and 6.61 logyy CFU/cm?, respectively, on average. The
samples for each treatment were prepared at least in du-
plicate, and all treatments were repeated 3 times. The
results were reported as the mean values.

Preparation of Treatment Solutions

SAEW at different ACCs (Table 1) was produced us-
ing a nonmembrane generator (Ruiande Biosafety Tech-
nology Co., Ltd., Beijing, China) to electrolyze NaCl
(1 g/L) containing HCI (100 p/L) solution. Composite
phenols (CP; Guangdong Treasure Biological Pharma-
ceutical Co., Ltd., Guangdong, China) were purchased
from commercial suppliers and prepared by dilution
with deionized water to obtain the final concentration
(Table 1).

The pH, oxidation reduction potential (ORP), and
ACC of treatment solutions were measured immedi-

ately before each experiment. The pH and ORP val-
ues were measured with a dual scale pH/ORP meter
(CONG60, Trans-Wiggens, Singapore). The ACC was
determined by a digital chlorine test system (RC-2Z,
Kasahara Chemical Instruments Co., Saitama, Japan).
The detection range was 0 to 320 mg/L.

Preparation of UV light

The UV-C treatments were performed in a chamber
(85 cm x 75 cm X 45 cm) equipped with 2 sets of 2 un-
filtered germicidal emitting lamps (253.7 nm, Philips,
Co., Netherlands). One set of lamps was placed on the
left and the other one on the right of the radiation cab-
inet, and the height of the 2 lamps was both 40 cm. All
UV experiments were conducted at a fixed initial UV
intensity (10.2 + 0.3 W/cm?), which was measured by
a radiometer (UVX-254, Ultraviolet Products, Califor-
nia, USA). Before each experiment, the UV lamp was
turned on for approximately 20 min to achieve stable ir-
radiation intensity. Contaminated samples, prepared as
previously described, were aseptically transferred to the
base of sterile glass petri plates and placed on a net po-
sitioned midway between the UV-C lamps. To achieve
the combined effect, the treatments with SAEW were
carried out in the order shown in Tables 2 and 4.

Treatment of Pure Culture in the Presence
of Organic Matter

A volume of 9 mL of CP (0.4, 0.7, and 1%) or SAEW
(containing 10, 30, 50, 70, and 80 mg/L of ACC) was
transferred to sterile tubes. One milliliter of each bac-
terial culture (approximately 8.0 log;y CFU/mL) con-
taining 1% bovine serum albumin (BSA) was added to
9 mL of CP or SAEW (with and without UV light) for
20, 40, 60, and 80 s. Following treatment, 1 mL of each
sample was transferred to a tube containing 9 mL of
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Table 2. Efficacy of SAEW, UV+SAEW, and CP against pure cultures of S.enteritidis with different ACCs and times in the presence
of 1% BSA.

Surviving population of S. enteritidis (logijg CFU/mL)3

Concentration of active

Treatment ingredient! (mg/L) 20 s 40 s 60 s 80 s
SAEW® 30 4.56 4+ 0.044 4.54 4+ 0.034 4.50 4+ 0.024 4.48 4+ 0.014
50 3.34 4+ 0.084 3.31 4+ 0.064 3.26 4+ 0.024 3.23 4+ 0.104
70 2.55 £+ 0.114 2.51 £+ 0.03* 2.48 4+ 0.054 2.44 4+ 0.074
UV+ SAEWS 30 2.44 + 0.05° 2.32 £ 0.06° 2.19 4+ 0.08" 2.09 4+ 0.02B
50 1.47 £ 0.078 1.23 £ 0.028 1.02 £+ 0.078 0.73 4 0.048

70 0.71 4 0.13B 0.47 4+ 0.088 0.15 4 0.05° ND*
CP? 0.4% 4.88 + 0.06° 4.86 + 0.11¢ 4.85 4+ 0.03¢ 4.84 4+ 0.06°
0.7% 3.47 4+ 0.04° 3.44 4+ 0.01¢ 3.42 4+ 0.05¢ 3.39 4+ 0.02¢
1% 2.74 + 0.02¢ 2.71 £ 0.09¢ 2.69 4+ 0.09¢ 2.64 4+ 0.04¢

LACC = Available chlorine concentration.

2CP = Composite phenol.

3Values are the means + standard deviation (n = 3).

4ND = No detectable.

SSAEW = slightly acidic electrolyzed water.

SUV+ SAEW = Combination treatment of ultraviolet and slightly acidic electrolyzed water.

A-Cyalues with different capital-case letters in superscripts, within the same column of different disinfection methods at same concentration of
active ingredient mean significantly different (P < 0.05).

Table 3. Surviving populations of SAEW, UV4+SAEW, and CP against S.enteritidis on plastic poultry transport coops and other
facility surfaces with ACC of 70 mg/L and treatment time of 80 s.

Surviving population of S. enteritidis (logigp CFU/cm?)3

Treatment ACC! (mg/L) Tire Coop Stainless steel Glass
Control 0 421 £+ 0.1284 3.93 + 0.05"4 3.52 4+ 0.08%4 3.46 4+ 0.11¢4
SAEW® 70 3.81 4+ 0.02*8 1.15 £ 0.01>B 0.91 4+ 0.04¢8 0.87 &+ 0.07¢B
(oA 0 4.19 £+ 0.094 4.01 £ 0.0424 3.43 £+ 0.02%B 2.86 £+ 0.11»¢
UV+ SAEW 70 3.19 4+ 0.05%¢ 0.79 4+ 0.03>° ND* ND
Cp? 1% 3.83 4+ 0.02*8 1.34 £ 0.07>P 1.17 £ 0.06%° 1.15 £ 0.08%P

'ACC = Available chlorine concentration.

2CP = Composite phenol.

3Values are the means + standard deviation (n = 3).
4ND = No detectable.

SSAEW = slightly acidic electrolyzed water.

UV = Ultraviolet.

“yalues with different lower-case letters in superscripts within a line were significantly different (P < 0.05).

AD

neutralizing buffer (0.5% NayS;03) and then vortexed
using the mixer. After 5 min of neutralization, surviv-
ing bacteria were determined by serial dilution in ster-
ile 0.1% peptone water, plated in duplicate (0.1 mL) on
tryptic soy agar plates, and then incubated at 37°C for
24 h.

Treatment of Samples and Microbiological
Determination

Inoculated sample pieces were sprayed with com-
posite phenol or SAEW (with and without UV light)
or sterilization deionized water (control) by an at-
mospheric pressure manual sprayer to disinfect them
under different conditions (Tables 3 and 4). After
treatment, moistened sterile swabs were treated with a
neutralizing agent (described above) and used to collect
surface samples from the plastic pieces. The sterilized
cotton swabs, which had been wiped back and forth
twenty times on the sample surfaces, were immediately

values with different capital-case letters in superscripts within a column were significantly different (P < 0.05).

transferred into 5 mL neutralizing agent tubes for
microbiological analyses. The tubes were shaken at
1800 rpm (MIR-S100, Sanyo Electric Biomedical Co.,
Ltd., Osaka, Japan). The surviving bacteria was deter-
mined by serial dilutions in sterile 0.1% peptone water,
and 0.1 mL of each dilution was plated onto TSA in
triplicate and then incubated at 37°C for 24 h before
the colonies were counted. No viable cells in the blank
control group were detected in each trial.

Statistical Analysis

All treatments were repeated 3 times, and the re-
sults were reported as the mean values. A ttest was
performed to determine the significance of differences.

Origin (Version 9.0, OriginLab Cor., Hampton, USA)
was used for multiple linear regression analysis and
to generate the models according to the data from
Table 4. The statistical significance and goodness of
fit of the models were evaluated using the adjusted
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Table 4. Efficacy of UV+SAEW against S.enteritidis on plastic poultry transport coops with different ACCs and times.

Surviving population of S. enteritidis (logig CFU/mL)?

Treatment ACC! (mg/L) 10 s 30s 50 s 70 s 90 s

Control 0 4.69 4+ 0.09%A 4.67 + 0.07"4 4.63 4+ 0.06%A 4.61 4+ 0.034A 4.58 4+ 0.08%4

UV+ SAEW? 10 4.59 + 0.03*B 4.36 £+ 0.03>B 4.17 + 0.06°8 3.95 + 0.0248 3.72 + 0.02¢:B
30 4.21 + 0.01%C 3.79 £+ 0.07"¢ 3.41 4+ 0.04¢ 3.08 4+ 0.044¢ 2.61 £+ 0.08%€
50 3.62 + 0.06*P 3.01 + 0.08"P 2.45 + 0.09¢P 1.85 £+ 0.05%:P 1.28 + 0.01¢P
70 3.09 + 0.05%F 2.27 + 0.05E 1.43 + 0.04¢F 0.80 + 0.024E 0.19+ 0.07F
90 2.95 + 0.04>F 1.94 4+ 0.02>F 0.85 + 0.02¢F ND* ND

LACC = Available chlorine concentration.

2UV+ SAEW = Ultraviolet and slightly acidic electrolyzed water.
3Values are the means 4 standard deviation (n = 3).

4ND = No detectable.

2 °yalues with different lower-case letters in superscripts within a line were significantly different (P < 0.05).
ATvalues with different capital-case letters in superscripts within a column were significantly different (P < 0.05).

determination coefficients (R?). The statistical signif-
icance of the model was determined using Fisher’s
F-test.

RESULTS AND DISCUSSION

Treatment of Pure Cultures of S. Enteritidis
in the Presence of Organic Matter

Table 2 shows the CP, SAEW, and UV 4+ SAEW
with different concentrations and their bactericidal ac-
tivity for pure S. enteritidis cultures at different times
in the presence of 1% BSA. The initial population of
S. enteritidis was approximately 9.2 log;y CFU/mL,
and the bactericidal efficiency of all solutions increased
with increasing available concentrations and time. The
populations of S. enteritidis were reduced to unde-
tectable levels with SAEW at an ACC of 70 mg/L in
the presence of 1% BSA after 80 s of treatment. The
SAEW and CP treatments reduced the population of
S. enteritidis significantly (P < 0.05). Similar results
were reported by Ni et al. (2015). They showed that
with BSA at a concentration of 3.0%, SAEW at an
ACC of 40 to 80 mg/L reduced the population of S.
enteritidis after 2.5 to 7.5 min of treatment compared
to the no treatment group (P < 0.05), and the re-
duction in the bacterial count was 2.60 to 4.96 logg
CFU/mL. However, Cao et al. (2009) reported 100%
inactivation of pure cultures of S. enteritidis (reduction
of approximately 8.2 log;g CFU/mL) using SAEW with
a very low ACC of 4 mg/L. Different results in these
studies may be due to the absence of BSA. Oomori
et al. (2000) reported that the bactericidal activity of
acidic electrolyzed water declines in the presence of
organic materials. Ni et al. (2015) indicated that as the
BSA concentration increased, the activity of SAEW de-
creased. The absence of organic materials causes SAEW
with a high ACC to reach the same sterilization effect.

As shown in Table 2, the combined treatment of
UV 4+ SAEW showed higher inactivation of S. en-
teritidis compared to SAEW alone at the same ACC
(P < 0.05). Our findings indicate that UV in combina-
tion with SAEW was a more effective way to inactivate

S. enteritidis in suspension. Although suspension tests
are often used as an official method to test disinfectants,
the main disadvantage of these tests is that they are un-
realistic, because the bacteria in suspensions are usually
more susceptible to disinfectants than bacteria dried on
surfaces (Gradel et al., 2004; Ni et al., 2015). Therefore,
surface tests should also be performed to confirm the
disinfection efficiency of UV + SAEW combined treat-
ment on S. enteritidis.

Treatment of S. Enteritidis on the Facility
Surfaces in the Presence of Organic Matter

The effectiveness of various decontamination tech-
nologies, including CP, UV, SAEW, and the combina-
tion of UV and SAEW for the inactivation of S. enteri-
tidis on the surface of facilities is summarized in Table 3.
The initial populations of S. enteritidis on tire, plastic
coop, stainless steel, and glass in the untreated group
were 4.52, 4.63, 4.48, and 4.51 log;y CFU/cm?, respec-
tively. No differences between the control group and the
UV treatment group of tire, plastic coop samples were
observed (P > 0.05). This result is mainly caused by
the absence of feces on the surface of facilities, which
shields cells from cramping the UV light penetration.
Gomez-Lopez et al. (2007) have reported that the effi-
cacy of using UV light for decontamination of foods is
often lower than when tested on clean surfaces. Some
studies have also demonstrated that UV light does not
penetrate well through organic matter, such as protein
and other organic matrices (Unluturk et al., 2007; Mun
et al., 2009).

The maximum 3.64 log;y reduction of bacteria
in glass materials (initial populations of 4.51 logy
CFU/cm?) was obtained with SAEW at an ACC of
70 mg/L for a treatment time of 80 s. However, only
0.71 logyy was observed for the tire surface (initial
populations of 4.52 log;y CFU/cm?) after the same
treatment. This difference is mainly because of the
materials, which are highly significant factors when
disinfecting using SAEW. Several studies have re-
ported similar results. Liu and Su (2006) reported that
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L. monocytogenes immersed in EO water (50 mg/L
chlorine) for 5 min was reduced in number by 3.73 log;
CFU/25 cm? on stainless steel, and a reduction of only
1.52 log;g CFU/25 cm? was observed on floor tile. Zang
et al. (2017a) showed that the inactivation efficiency
of S. enteritidis sprayed by SAEW treatment was
different between iron materials, kits and clothing
surfaces (iron > kit > clothing).

When compared to the control (sterilization deion-
ized water, DW) and UV group, spraying with SAEW,
CP, and UV + SAEW reduced the populations of S. en-
teritidis on the surface of facilities (P < 0.05). There are
differences between SAEW and CP on coops, stainless
steels and glasses (P < 0.05), and there were no dif-
ferences between SAEW and CP on tires (P > 0.05).
Deza et al. (2005) and Ni et al. (2016) obtained a simi-
lar report. Ni et al. (2016) showed that treatment with
SAEW at an ACC of 30 to 90 mg/L was statistically
more effective than treatment with CP in reducing the
populations of E.coli, S. typhimurium and S. aureus
on stainless steel (P < 0.05). They also found no sig-
nificant differences in bactericidal efficiency between
SAEW and CP for reducing total aerobic bacteria in
the vehicles (P > 0.05) under the presence of organic
matter. Our findings also found that only 0.71 and
0.69 log CFU/cm2 reduction on tires was obtained
after SAEW (ACC, 70 mg/L) and CP (1%) single
treatment for 80 s, respectively. It was speculated that
SAEW efficiency could be affected by the presence of
feces. Moreover, low bacterial reduction on tire sur-
faces might be explained by an insufficient short time
(80 s, in this study) or a low ACC (70 mg/L) of treat-
ment and that tire surfaces are a rough material for
decontamination, which strongly attach bacterial cells
and feces compared to smooth surfaces (stainless steel,
glass, coop). These findings also demonstrate that sin-
gle treatment with SAEW on some rough material sur-
faces under feces interference in poultry farm may need
a longer treatment time and/or a higher ACC than on
other smooth surfaces. Zang et al. (2015b) also reported
that in the presence of the feces soiling, to obtain the
reduction of 1.38 log;y CFU/cm?” for E. coli and S. en-
teritidis mixture on the vehicle tire, the surface needed
to be treated with tap water washing for 4 min followed
by SAEW treatment for 5 min at an ACC of 140 mg/l.

However, the synergistic effect of SAEW combined
with UV gave a higher S. enteritidis inactivation than
SAEW single treatment (P < 0.05). These findings
showed that UV4+SAEW treatment was effective in dis-
infection of S. enteritidis on the facility surfaces. Some
studies have also demonstrated that ultraviolet light
is more efficient when used in combination with other
disinfectants. Ekundayo (2011) have investigated the
efficacy of combining electrolyzed oxidizing water and
UV light on the microbiological quality of fresh jalapefio
peppers. They found that peppers treated with UV and
EO water produced the best microbial inhibition. Tur-
toi and Borda (2014) reported that Salmonella was ef-
fectively inactivated on egg shells in a short time and at
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low temperature with the use of a combination of UV
light and ozone treatment or UV light and HyO, treat-
ment. Pang and Hung (2016) also demonstrated that
the combined treatment of SAEW and UV-ozonated
water in the spray washing process could more effec-
tively reduce E. coli O157: H7 on lettuce. These find-
ings suggested that the combination treatment of UV
and SAEW may be a promising disinfection method
and could be used instead of SAEW alone, especially
on rough materials in the presence of organic matter.

Model Fitting

Multiple linear regression analysis was applied to an-
alyze the influence of treatment time and ACC on the
inactivation of S. enteritidis by UV + SAEW on the
surfaces of plastic coops. The variables used in the ex-
perimental design are listed in Table 4. Multiple re-
gressions were performed to model the equation. The
general model equation was:

y = —0.0392, — 0.0272, + 5.87 (1)

where y is the surviving population value in logg
CFU/cm?; x; is the ACC in mg/L; and x, is the treat-
ment time in s. The adjusted determination R? was
0.93. The adjusted R? higher than 0.90 indicated that
no significant terms were missed by the model (Myers,
1976). Moreover, the quality of fitness models were as-
sessed by a lack of fit test (P > 0.05), which determines
model accuracy. The linear coefficients (x; and x») were
significant (P < 0.05).

The significantly linear coefficients of x; and x; mean
that the bactericidal efficiency of UV + SAEW is sig-
nificantly affected by ACC and time (P < 0.05). As
shown in Table 4, the bactericidal efficiency of UV +
SAEW increased with increasing available chlorine and
increasing time. The initial population of S. enteritidis
on the surface of coops was approximately 4.63 logg
CFU/cm?. 100% inactivation of S. enteritidis was ob-
tained by using UV + SAEW with an ACC of 90 mg/L
for more than 70 s.

CONCLUSION

In conclusion, our findings indicated that the combi-
nation treatment of UV and SAEW may improve the
microbiological quality of S. enteritidis in pure cultures
or on the facility surfaces compared to the application
of SAEW alone in the presence of organic matter. The
bactericidal efficiency of UV + SAEW is significantly
affected by ACC and time (P < 0.05) and is increased
with increasing ACC and increasing time. The lower
ACC and the reduced treatment time of UV 4+ SAEW
treatment compared to SAEW alone on facility surfaces
make it a suitable option in controlling microbial con-
tamination on the facility surfaces in poultry farms, es-
pecially on the rough material surfaces in the presence
of organic matter.
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