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Introduction
Chicken food safety is necessary due to high consump-

tion. According to FAO [1] chicken has consistently been 
the most produced type of meat in the past four years. 
To ensure chicken food safety and extend shelf life, sanita-
tion techniques, including chemical and system application, 
have become the focus of many studies [2–4]. The poultry 
industry mainly uses chemical disinfectants for microbial 
control. Sodium hypochlorite (NaOCl) is widely used as a 
sanitizing agent at a concentration of 200 ppm. It is pre-
ferred for its strong effectiveness and affordability  [5,6]. 
Even so, the presence of organic matter with NaOCl higher 
ppm levels will enhance trihalomethane (THM) formation, 
which is a critical disadvantage. Chloroform, a marker of 
THM, has been found in broilers after NaOCl treatment, 
posing a carcinogenic risk [7]. Slightly Acidic Electrolyzed 
Water (SAEW) is considered in chicken processing due to 
its advantages over other sanitizing agents. It offers greater 

stability and high bactericidal efficacy with lower chlorine 
concentration. Moreover, it will affect the lower possibility 
of trihalomethane formation, and is less corrosive [4,5,7]. 
Rahman et al.  [8] showed that chicken samples treated 
with SAEW had a lower total aerobic bacterial count 
(1.49  log CFU/g) than the control. Our previous research 
also showed a reduction of aerobic plate count by 1.36 log 
CFU/cm2 after immersion in SAEW for five times [9].

Sanitation in chicken processing usually occurs in the 
chilling step. Generally, the step is performed using an im-
mersion system or an air system. The immersion system 
is the most frequently chosen due to its efficiency  [10]. 
However, our previous research showed that the samples 
treated using the immersion system had a higher microbial 
growth than the control [9]. Liu et al. [11] wrote that SAEW 
with immersion may damage egg cuticles. In contrast, 
SAEW with a sprayed mist did not affect the egg cuticle. 
Moreover, cooling carcasses with mist has some advantages 
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compared to immersion. It offers reduced water consump-
tion and waste, as well as no cross-contamination  [12]. 
Therefore, an air system should be further explored as a 
sanitation method in chicken processing.

In an air sanitation system, the liquid sanitation agent 
should be converted into gas phase. The transformation can 
occur when atomizing or forced-air vaporizing is used. The 
atomizing method utilizes spraying or ultrasonic misting. 
Ultrasonic misting of hypochlorite solution has effectively 
sanitized bacteria and viruses on solid surfaces. The mist 
contains fine HOCl droplets in aqueous form with higher 
densities than in gas form [13]. During mist production, 
the loss of free chlorine was around 11.7–13.2 % [14]. Dry 
mist with HClO at a concentration of 300 ppm reduced 
Escherichia coli and Salmonella enterica by more than 5 log 
after 60 s [15]. However, electrolyzed water with ACC more 
than 10 ppm could inactivate bacteria within 0.5 min [13]. 
Liu et al. [11] reported that using 50 ppm significantly re-
duced total culturable bacteria on eggshell compared to 
tap water. SAEW with 30–50 ppm was proven to eliminate 
Staphylococcus aureus after 3 hours of atomizing [16].

In forced-air vaporizing, gaseous HOCl is released along 
with the evaporation of water by flowing air through porous 
water-holding materials. A hypochlorite solution with a pH 
of 8.5 at 100 ppm resulted in an HOCl concentration of ap-
proximately 12 to 17 ppm after 2 hours with a flow rate of 
2 m³/min in a 75 m³ room. An air sanitation system that 
uses chlorinated water in its gaseous state has demonstrat-
ed the capability to reduce E. coli cells on 0.9 % NaCl agar 
by more than 2.8 log CFU within 2 hours when positioned 
3 meters from the vaporizer. Moreover, V. parahaemolyticus 
showed a reduction of 3.8 log CFU after being exposed to 
20–50 ppb of gaseous HOCl at one meter from the vapor-
izer. Nevertheless, the research also indicated that the bacte-
ricidal effectiveness of HOCl diminishes in the presence of 
organic substances that consume chlorine [13]. Additionally, 
the research about an air sanitation system using SAEW has 
not been developed for chicken sanitizing, and its effect on 
the quality of raw chicken has not been investigated. There-
fore, the purpose of this research is to evaluate an effect of 
different air sanitation systems using SAEW by comparing 
mist (SAEW-Mist) and forced-air (SAEW-Gas) against con-
trols in terms of raw chicken quality during storage and the 
potential formation of trihalomethane.

Objects and methods

Preparation of SAEW solution
SAEW solution was produced by diluted electrolysis of 

saturated NaCl solution with tap water using a SAEW gen-
erator with three room-type electrolyte cells which was de-
veloped by Morinaga Milk Industry Co., Ltd. (Figure 1). Its 
characteristics include a pH range of 5.5–6.5, as measured 
by pH‑meter D‑51 (HORIBA, Ltd., Japan), and a total 
available chlorine content of 80 ppm, which was measured 
using a handy water meter AQUAB model AQ‑202 (Sibata 
Scientific Technology Ltd, Japan).

Preparation of chicken samples
Chicken carcasses were transported from the Sanwa 

Oyadori factory to the laboratory in a cool box within 
3  hours after slaughter. The chicken meat samples were 
cut from the thigh and breast parts closest to the gastroin-
testinal tract for microbiological analysis. James et al. [17] 
showed that the decay starts from the meat part nearest to 
the gastrointestinal tract. For other analyses, filleted thigh 
and breast parts were used. The chicken parts were stored 
at 4 °C before being used for the experiment.

Procedures for sanitizing
Cut chicken meat samples (120–150 g) were placed in 

the first rack of the chamber, positioned 30 cm above the 
fan in and exposed to gaseous SAEW generated either by 
forced-air vaporizing (SAEW-Gas) or ultrasonic misting 
(SAEW-Mist) for 120 min (Figure 2). The chamber was 
chilled by covering with a hose that was connected to a 
recirculating chiller, maintaining an internal temperature 
below 15 °C. Outside the chamber, the Rh was controlled 
with an automatic SALARI Pro dehumidifier Mitsubishi 
Electric MJ-P180RX-W (Mitsubishi Electric Corpora-
tion, Japan) to 50–60 %. For an air sanitation system us-
ing SAEW-Gas, the the speed of fan in and fan out was 
5.3 m3/min and 3 m3/min, respectively, while SAEW-Mist 
was used to only fan out with a speed of 4.6 m3/min. Nega-
tive control samples (Control) were chicken packed in steril-
ized plastic and placed together in the chamber during the 
operation of SAEW-Gas or SAEW-Mist for 120 minutes. For 
positive control samples (NaOCl), the sanitation system im-
itated the condition of the chicken factory with some modi-
fications, in which chicken meat samples were immersed in 
200 ppm of NaOCl solution two times with a ratio of 2:1 
for 15 minutes each and drained for 15 min [18]. All samples 
were vacuumed, packed, and stored at 4 °C for 3 and 7 days.

Microbiological properties
Microbiological properties were evaluated before and 

after the treatment (0 days), 3 days, and 7 days of storage. 

Figure 1. Three room-type electrolyte cells
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Chicken was swabbed in an area of 5 cm × 5 cm for 3 times 
with a sterilized wetted swab. Then, the swab was im-
mersed in 10 mL of buffered peptone water (BPW), mixed 
with vortex TTM‑1 (Sibata Scientific Technology, Ltd, Ja-
pan), and diluted serially with a ratio of 9:1 in sterile BPW. 
Total microorganisms and Enterobacteriaceae were evalu-
ated by spreading 1 mL of aliquots of dilution to the top of 
3М Petrifilm Aerobic Count Plate 6406 with the following 
incubation at 35 °C for 48 ± 2 hours and 3M Petrifilm En-
terobacteriaceae Count Plate 6420 with the following in-
cubation using CN‑25C (Mitsubishi Electric Corporation, 
Japan) at 35 °C for 24 ± 2 hours [19,20].

Chemical properties
The chemical properties of the samples were evaluated 

using total volatile basic nitrogen (TVB-N) and lipid oxi-
dation analyses. These chemical parameters were analyzed 
on 0, 3 and 7 days of storage.

TVB-N levels were determined using the Conway 
method. Chicken meat was cut into samples with a size 
of 1x1 cm and chopped using 100 mL portable mini food 
processor for 1 min. (WBLLGG, China). A 5-g portion of 
chopped meat was homogenized (Physcotron homogeniz-
er NS‑52K, Microtec, Japan) with 45 mL of trichloroacetic 
acid (TCA) at 17000 rpm for 30 seconds. The mixture was 
allowed to stand for 30 minutes. It was then filtered using 
Whatman No. 2 filter paper. One milliliter of the resulting 
filtrate was placed into the outer ring of a Conway dish. 
Meanwhile, 1 mL of 0.01 N boric acid solution containing 
methyl red and bromocresol green indicators was added 
to the inner chamber. Additionally, 1 mL of 50 % (w/v) 
potassium carbonate (K₂CO₃) solution was placed on 
the opposite side of the outer ring. The Conway dish was 

sealed and gently shaken to mix the sample and K₂CO₃. 
It was incubated (LTI‑600SD, Tokyo Rikakikai, Japan) at 
37  °C for 120 minutes. After incubation, 0.01 N sulfuric 
acid (H₂SO₄) was added to the inner chamber until a pink 
color appeared. The TVB-N was calculated as mg/100 g of 
sample [21].

Lipid oxidation was assessed using TBARS value. 
A 5-g portion of chopped meat obtained using the same 
method as for TVB-N was homogenized (Physcotron 
homogenizer NS‑52K, Microtec, Japan) at 17000 rpm for 
20  seconds in 10 mL of 10 % (w/v) trichloroacetic acid 
(TCA), then centrifuged (CN‑1050, AS-ONE, Japan) at 
4032 × g for 30 minutes over ice. The resulting mixture 
was filtered using Whatman No. 2 filter paper. From the 
obtained supernatant, 2 mL was collected and combined 
with 2 mL of 0.15 % (w/v) 2-thiobarbituric acid (TBA) so-
lution. The mixture was vortexed and incubated at 70 °C 
for 2.5 hours in a water bath (Advantec Hotting Bath B-CS, 
Advantec Group, Japan). After cooling to room tempera-
ture for approximately one hour, the absorbance was mea-
sured using a spectrophotometer (V‑630, JASCO Cor-
poration, Japan) at 531 nm (maximum absorbance) and 
600 nm (for nonspecific turbidity correction). The TBARS 
value was determined as equivalents of malondialdehyde 
(mg MDA eq/kg meat) [9,21].

Physical properties
The physical properties of the samples were evaluated 

in terms of water holding capacity (WHC) and color of 
chicken meat. Those parameters were analyzed for 0, 3, and 
7 days. WHC was calculated as the percentage of the meat 
mass remained after centrifugation (CN‑1050, AS-ONE, 
Japan) at 2800 × g for 10 minutes relative to the initial mass 

Figure 2. The air sanitation system
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of the meat [22]. The color was analyzed using CIE values 
for lightness (L*), redness (a*), and yellowness (b*). The 
meat was scanned using an EPSON GT-X980 (Epson, Ja-
pan) at a 24-bit color depth and 300 dpi resolution. The 
background was removed from the resulting image of meat 
using Canva BG Remover. The removed background image 
was calculated using Python 3.9.7 to get CIE values [23].

Muscle structure
Muscle structure was photographed for the meat sam-

ples only after treatments in SEM Hitachi TM4000 II (Hi-
tachi High-Tech, Japan) using a 5kV voltage with the mag-
nification of x100 and x1000. Before that, the samples were 
pretreated using one-time fixation. In one-time fixation, 
chicken meat was fixed using only 2.5 % glutaraldehyde in 
buffer phosphate solution pH 7.2–7.4 for one night. After 
fixation, meat samples were washed with buffered phos-
phate pH 7.4 two times for 10 min. Then samples was dehy-
drated by immersion in ethanol serially (25, 50, 70, 80, 90, 
99, and 99 %) for 13 min each, and dried for 2 days using 
a freeze dryer (Eyela FDU‑1200, Tokyo Rikakikai Co. Ltd, 
Japan) [24–26]. Porosity was calculated using images from 
one-time fixed samples by thresholding operation in open 
source software ImageJ [27].

Trihalomethane detection
Trihalomethane (THMs) was determined using GC–MS 

Shimadzu QP‑5050 (Shimadzu Corporation, Japan) us-
ing the method 8260D [28]. The chopped meat (2 g) was 
weighed in a 20 mL glass vial; then, the 10 mL matrix mod-
ifying solution was added and the glass vial was sealed. The 
headspace solid phase extraction was done by injecting 
SPME fiber into the vial. Then the sample was mixed for 
2 min at room temperature and heated at 85 °C for 40 min. 
During the heating, the sample was agitated for 10 min. 
After that, the fiber was removed and directly injected to 
GC injector manually  [29]. Separations were performed 
on DB‑5 capillary column (30 m × 0.25 mm I.D. × 0.25 μm 
film thickness). Injection occurred in spitless mode with 
helium as carrier gas (1.0 mL/min). The initial tempera-
ture of the GC–MS was set to 40 °C for 3 min and followed 
by an increase of 8 °C/min to 80 °C held for 3 min, and an 
increase of 6 °C/min to 140 °C. Then the temperature was 
increased 10 °C/min to 200 °C and held for 3 min.

Statistical analysis
This research used randomized complete block design, 

in which all treatments were applied in each replication. 
Each experiment was conducted in triplicate, with replica-
tions performed at different times. The data from all rep-
licates were subjected to descriptive analysis to calculate 
means and standard deviations, shown as error bars in 
the figures. Additionally, repeated measures and one-way 
analysis of variance were performed to determine signifi-
cant differences between treatments. Means that showed 
significant differences were further analyzed using Tukey’s 
Honestly Significant Difference (HSD) test. The means 
within repeated measurements were analyzed using Bon-
ferroni correction. Data analysis was performed using Mi-
crosoft Excel 365 and JASP [30].

Results and discussion
Figure 3 illustrates total microorganisms and Entero-

bacteriaceae before and after treatment. An air sanitation 
system with SAEW-Gas and SAEW-Mist showed no sig-
nificant differences compared to the control (P ≥ 0.05). 
However, SAEW-Gas and SAEW-Mist reduced total mi-
croorganisms by 0.23 ± 0.07 and 0.20 ± 0.084 log CFU/cm2 
and Enterobacteriaceae by 0.49 ± 0.46 and 0.32 ± 0.33 log 
CFU/cm2, respectively, in all replications. In contrast, the 
total microorganisms and Enterobacteriaceae of the con-
trol samples increased. Gaseous HOCl has been proven 
to have bactericidal action. Gas is more effective against 
pathogens due to its ability to penetrate surface irregu-
larities [31]. However, chlorine-consuming organic matter 
reduced HOCl effectiveness [13]. Additionally, the loss of 
ACC during misting also caused lower antibacterial activ-
ity of SAEW-Mist [14].

Immersion with 200 ppm of NaOCl solution reduced 
total microbial counts by 1.20 ± 0.70 log CFU/cm2, and 
they were significantly different before and after treatment 
(P < 0.05). Still, the reduction was not significantly differ-
ent from SAEW-Gas and SAEW-Mist treatments. Byun et 
al. [2] showed that Salmonella enteritidis biofilm on chick-
en skin treated with 200 ppm NaOCl was not significantly 
different from that on the untreated sample. On the other 
hand, chlorine levels used in poultry processing are limited 

Figure 3. Total microorganisms (a) and Enterobactericeae (b) in raw chicken before and after treatment. 
a shows significant differences within treatment (P < 0.05)
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to a maximum of 50 ppm in the USA because of the forma-
tion of trihalomethanes. Kartikawati et al. [9] showed that 
immersion in 30 ppm of SAEW repeated three times with 
a total time of 9 min could reduce total microorganisms 
to 1.25 ± 0.14 log CFU/cm2, which was slightly higher than 
NaOCl treatment.

Table 1. Growth rate and porosity of raw chicken

Treatment
Total 

microorganisms,
log CFU/cm2.day

Enterobacteriaceae,
log CFU/cm2.day Porosity, %

Control 0.19 ± 0.12 0.21 ± 0.22 12.36 ± 5.16
SAEW-Gas 0.12 ± 0.20 0.31 ± 0.10 12.85 ± 3.54
SAEW-Mist 0.16 ± 0.14 0.36 ± 0.16 14.47 ± 4
NaOCl 0.32 ± 0.33 0.50 ± 0.26 15.17 ± 3.02

Values are means ± standard deviations. There was no significant differ-
ence between all treatments (P ≥ 0.05).

There were no significant differences in the growth of 
total microorganisms and Enterobacteriaceae between 
treatments (Figure 4). NaOCl treatment showed the high-
est growth rate of total microorganisms and Enterobacte-
riaceae of 0.32 ± 0.33 and 0.50 ± 0.26 log CFU/cm2.d, res
pectively, with the highest porosity of 15.17 ± 3.02 %, even 
though they were not significantly different from those 
of other treatments (P ≥ 0.05) (Table 1). During the stor-
age, NaOCl treatment resulted in the highest growth rate, 
since the immersion system caused damage to the muscle 

bundle (Figure 6), leading to higher porosity and growth 
rate. Immersing salmon in 100 ppm HOCl solution also re-
sulted in higher total microorganisms than the control af-
ter 7 days of storage. The treatment likely caused increased 
cell lysis. Cell lysis released nutrients that became available 
for microbes [32]. Our previous research also showed that 
the muscle bundle was broken with an immersion system, 
which led to the increased growth rate [9]. SAEW-Mist had 
a higher growth rate of total microorganisms and Entero-
bacteriaceae than SAEW-Gas. However, the growth rate of 
total microorganisms for SAEW-Gas and SAEW-Mist was 
lower than that of the control. These results demonstrated 
that an air sanitation system could reduce microorganisms 
while slowing the growth rate.

Figure 5 shows that TVB-N and lipid oxidation in raw 
chicken increased in all groups during storage. TVB-N is 
widely used as an indicator of freshness and overall qual-
ity. This relates to protein and nonprotein breakdown by 
bacteria and enzymes [33]. However, the increases in these 
parameters were not significantly different between all 
treatments (P ≥ 0.05). The highest TVB-N after 7 days of 
storage was observed in the negative control. In contrast, 
the lowest TVB-N on 0 to 7 days was in the NaOCl treat-
ment, which was 6.63 ± 0.66 mg/100 g and increased to 
11.75 ± 3.08 mg/100 g. Lower TVB-N in raw chicken may 
result from chlorine binding to protein, forming insoluble 
and less volatile precipitate forms  [34]. The SAEW-Mist 

Figure 4. Total microorganisms (a) and Enterobactericeae (b) in raw chicken during storage. 
There was no significant difference between all treatments (P ≥ 0.05)

Figure 5. TVB-N (a) and lipid oxidation (b) in raw chicken during storage. 
There was no significant difference between all treatments (P ≥ 0.05)
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treatment showed lower TVB-N values and smaller change 
during storage compared to SAEW-Gas. This indicates that 
chlorine was incorporated into proteins in the aqueous 
form more than in the gaseous one. Since chlorine-based 
sanitizing agents were used, treated samples had lower 
TVB-N values during storage. Additionally, all the sanitiz-
ing treatments reduced microorganisms in meat that pre-
vent protein decomposition [6]. The 15 mg/100 g TVB-N 
threshold appears to be the most commonly used standard 
in the literature  [35]. Therefore, SAEW-Mist and NaOCl 
treatments maintained acceptable quality even after 7 days 
of storage.

Lipid oxidation products are often evaluated through 
TBARS analysis [32]. After treatment, the lipid oxidation 
values of samples were 0.22 ± 0.33 to 0.34 ± 0.10 mg MDA 
eq/kg. NaOCl treated samples showed the highest values, 
while SAEW-Mist had the lowest. However, the differ-
ences among the treatments were not significant (P ≥ 0.05). 
SAEW-Mist maintained the lowest lipid oxidation on both 
day 3 and 7. Meanwhile, SAEW-Gas resulted in the highest 
lipid oxidation after 7 days of storage. The phenomenon 

of lipid oxidation can occur due to the presence of oxy-
gen [36]. SAEW-Gas was generated using a forced-air sys-
tem, which introduces additional oxygen. The destruction 
of lipids which is shown by non-round shape of the lipid in 
the SAEW-Gas treated sample is shown in Figure 6 at 1000x 
magnification. As an oxidant, chlorine interacts with lipids 
and increases lipid oxidation. Lipid oxidation threshold of 
0.6–2.0 mg MDA/kg may cause off-flavors detectable by 
untrained consumers  [36]. SAEW-Mist maintained lipid 
oxidation levels below this threshold after 3 days storage, 
unlike other treatments. Previous findings have shown that 
electrolyzed water can prevent lipid oxidation during stor-
age [9,37].

WHC and color changes of raw chicken during stor-
age are presented in Figure 7. WHC describes the ability of 
meat to retain water content. Water loss or retention affects 
the economic value of meat during processing and stor-
age  [21]. This property depends on interactions between 
muscle proteins and water molecules. Denaturation of pro-
teins can disrupt these interactions and reduce WHC sig-
nificantly [38]. The air sanitation systems with both SAEW 

[35]. Therefore, SAEW-Mist and NaOCl treatments maintained acceptable quality even after 7 
days of storage. 

Lipid oxidation products are often evaluated through TBARS analysis [32]. After 
treatment, the lipid oxidation values of samples were 0.22 ± 0.33 to 0.34 ± 0.10 mg MDA eq/kg. 
NaOCl treated samples showed the highest values, while SAEW-Mist had the lowest. However, 
the differences among the treatments were not significant (P≥0.05). SAEW-Mist maintained 
the lowest lipid oxidation on both day 3 and 7. Meanwhile, SAEW-Gas resulted in the highest 
lipid oxidation after 7 days of storage. The phenomenon of lipid oxidation can occur due to the 
presence of oxygen [36]. SAEW-Gas was generated using a forced-air system, which introduces 
additional oxygen. The destruction of lipids which is shown by non-round shape of the lipid in 
the SAEW-Gas treated sample is shown in Figure 6 at 1000x magnification. As an oxidant, 
chlorine interacts with lipids and increases lipid oxidation. Lipid oxidation threshold of 0.6–2.0 
mg MDA/kg may cause off-flavors detectable by untrained consumers [36]. SAEW-Mist 
maintained lipid oxidation levels below this threshold after 3 days storage, unlike other 
treatments. Previous findings have shown that electrolyzed water can prevent lipid oxidation 
during storage [9,37].  

 

 
Figure 6. Muscle structure of raw chicken (Left: 100x magnification; Right: 1000x 

magnification) 
Figure 6. Muscle structure of raw chicken (Left: 100x magnification; Right: 1000x magnification)
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Mist and Gas were not significantly different compared to 
the negative control. Immersion in 200 ppm NaOCl re-
duced WHC after treatment and during storage resulting 
in values that were significantly different from the control 
and SAEW-Gas treatment (P < 0.05). The lower WHC after 
NaOCl and SAEW-Mist treatment was due to increased 
moisture content absorption  [39]. Carciofi and Laurin-
do [40] also showed that water uptake by poultry carcasses 
occurred within 10–15 minutes of immersion, which in 
turn may reduce the water holding capacity due to the 
higher amount of free water within the tissue. The poros-
ity of raw chicken, as shown in Table 1, followed a similar 
trend to the WHC result. Kong et al. [41] also reported that 
larger gaps between muscle bundles are associated with 
lower WHC, further supporting this observation.

In terms of color, the NaOCl treated sample was the 
brightest with the L* value of 48.02 ± 1.93, although the 
difference was not significant compared with other treat-
ments. Muscle proteins are generally classified into three 
main groups: sarcoplasmic proteins, myofibrillar proteins, 
and stromal or connective tissue proteins. Myofibrillar 
proteins, which form long, fibrous structures, constitute 
the majority of skeletal muscle proteins, contributing ap-
proximately 60 % to 70 % of the total protein content [42]. 
Che et al.  [43] wrote that the denaturation of myofibril-
lar and sarcoplasmic proteins caused lower WHC and led 
to higher L* values. The positive correlation between L* 
values of poultry meat and WHC was also reported in pre-
vious research  [44]. However, although SAEW‑mist had 
lower WHC than SAEW-Gas, it showed higher L* values. 
SAEW-Gas had higher TVB-N values, suggesting greater 
protein denaturation, which may contribute to increased 

L* values. SAEW-Mist exhibited color values similar to the 
control. At day 0, L*, a*, and b* values were 45.03 ± 1.44, 
2.38 ± 0.20, 1.91 ± 0.30 for SAEW-Mist, and 44.39 ± 3.42, 
2.23 ± 0.24, 1.76 ± 0.40 for the control, respectively. SAEW-
Gas showed the highest a* value among all treatments, 
although it was not significantly different (P > 0.05). This 
may be attributed to the use of a forced-air system, which 
enhances surface myoglobin oxygenation and increases 
a*  values  [45]. In addition, SAEW-Gas also had higher 
b* values than SAEW-Mist. According to Kong et al. [41], 
increased b* values may be associated with lipid oxidation.

Table 2. Trihalomethane formation (chloroform) on raw chicken
Treatment Chloroform, μg/kg

Control ND
SAEW-Gas 3.43 ± 3.81
SAEW-Mist ND

NaOCl 5.46 ± 5.62
Values are means ± standard deviations and not significantly different 
(P ≥ 0.05)

Chloroform was detected in NaOCl and SAEW-Gas at 
levels of 5.46 ± 5.62 and 3.42 ± 3.81, respectively (Table 2). 
One of the trihalomethanes that is usually detected in 
chicken is chloroform. The ACC types of NaOCl solu-
tion is mostly ClO- that drive to trihalomethane forma-
tion [6]. The high standard deviation indicates variations 
in results across different replications. These variations 
likely occurred due to differences in meat quality result-
ing from varying harvest times. As shown in Figure 4, 
the control group had a total Enterobacteriaceae count 
of 2.54 ± 1.78  log  CFU/cm², reflecting variations in sam-
ple quality among replicates. Enterobacteriaceae are also 

Figure 7. WHC (A) and color (B, C, and D) of raw chicken during storage. 
Values with different letters (a and b) are significantly different (P < 0.05)
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known as predominant histamine-producing bacteria in 
fish  [46]. Meat quality can change depending on storage 
conditions and handling practices. Seasonal factors may 
also influence meat quality at the time of sampling  [47]. 
Therefore, inconsistent meat conditions could affect the 
consistency of experimental results. The retention time of 
chloroform was recorded between 3.33 to 3.58. Some rep-
lications showed another peak with retention time 1.40 to 
1.66. This peak was identified as propenamide (Figure 8). 
Protein through hydrolysis, rearrangement, and decarbox-
ylation, can eventually give rise to formation of propen-
amide [48]. The presence of propenamide indicates the de-
terioration of meat. NaOCl and SAEW-Gas samples with 
propenamide peak also showed chloroform peaks. In con-
trast, control and SAEW-Mist samples showed no chloro-
form peak. This occurred even when propenamide peaks 
were present in those samples. The quality of the initial 
meat treated with a chlorine-based sanitation system may 
influence potential of trihalomethane formation. However, 
SAEW-Mist did not generate trihalomethanes. Therefore, 
SAEW-Mist can be considered a safer option for air sanita-
tion systems.

Compared to an immersion sanitation system using 
NaOCl, the air sanitation system using SAEW-Gas and 
SAEW-Mist showed a lower microbial reduction. Howev-
er, those treatments resulted in a slower microbial growth 
rate during storage. SAEW-Mist caused fewer chemical 
and physical changes throughout the storage period. This 
treatment also did not generate trihalomethanes. More-
over, the air system with mist reduces water usage and 
minimize waste. It also prevents cross-contamination and 

improves hygienic production conditions during the chill-
ing process [12]. Therefore, atomized SAEW (SAEW-Mist) 
can be proposed for air sanitation in chicken processing. 
It is especially suitable for the chilling step as part of an 
integrated sanitation system.

Conclusions
This study demonstrated that air sanitation systems us-

ing SAEW-Gas and SAEW-Mist were able to reduce total 
microorganisms and Enterobacteriaceae, although the re-
ductions were not significantly different from the control 
groups. However, both treatments effectively slowed mi-
crobial growth during storage. SAEW-Mist showed better 
consistency in maintaining microbial, chemical, and phys-
ical quality. Compared to air sanitation system, the NaOCl 
immersion system caused higher porosity and faster mi-
crobial growth due to cell lysis and protein denaturation. 
SAEW-Mist also showed lower levels of TVB-N and lipid 
oxidation throughout storage, remaining below the thresh-
old for off-flavor detection. Furthermore, SAEW-Mist pro-
duced no detectable trihalomethanes, unlike NaOCl and 
SAEW-Gas, which had potential of trihalomethane forma-
tion. The SAEW-Mist treatment offers additional benefits, 
including reduced water usage, elimination of liquid waste, 
and lower risk of cross-contamination. These advantages 
support the potential of SAEW-Mist as a safe, effective, and 
environmentally friendly alternative for air sanitation dur-
ing the chilling step in chicken processing. Therefore, in-
corporating SAEW-Mist into integrated sanitation systems 
may improve product safety and quality while minimizing 
environmental impact.
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