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Inactivation of bacteria on surfaces by sprayed slightly acidic hypochlorous acid 
water: in vitro experiments

Hakimullah HAKIM1,2), Md. Shahin ALAM1,2), Natthanan SANGSRIRATANAKUL1,2), Katsuhiro NAKAJIMA1),  
Minori KITAZAWA1), Mari OTA1), Chiharu TOYOFUKU1), Masashi YAMADA1), Chanathip THAMMAKARN1,2),  
Dany SHOHAM1,3) and Kazuaki TAKEHARA1,2)*

1)Laboratory of Animal Health, Department of Veterinary Medicine, Faculty of Agriculture, Tokyo University of Agriculture and 
Technology, 3–5–8, Saiwai-cho, Fuchu-shi, Tokyo 183–8509, Japan

2)The United Graduate School of Veterinary Science, Gifu University, 1–1, Yanagido, Gifu 501–1193, Japan
3)Bar-Ilan University, Begin-Sadat Center for Strategic Studies, Ramat Gan 5290002, Israel

(Received 7 February 2016/Accepted 16 March 2016/Published online in J-STAGE 5 April 2016)

ABSTRACT. The capacity of slightly acidic hypochlorous acid water (SAHW), in both liquid and spray form, to inactivate bacteria was 
evaluated as a potential candidate for biosecurity enhancement in poultry production. SAHW (containing 50 or 100 ppm chlorine, pH 6) 
was able to inactivate Escherichia coli and Salmonella Infantis in liquid to below detectable levels (≤2.6 log10 CFU/ml) within 5 sec of 
exposure. In addition, SAHW antibacterial capacity was evaluated by spraying it using a nebulizer into a box containing these bacteria, 
which were present on the surfaces of glass plates and rayon sheets. SAHW was able to inactivate both bacterial species on the glass plates 
(dry condition) and rayon sheets within 5 min spraying and 5 min contact times, with the exception of 50 ppm SAHW on the rayon sheets. 
Furthermore, a corrosivity test determined that SAHW does not corrode metallic objects, even at the longest exposure times (83 days). Our 
findings demonstrate that SAHW is a good candidate for biosecurity enhancement in the poultry industry. Spraying it on the surfaces of 
objects, eggshells, egg incubators and transport cages could reduce the chances of contamination and disease transmission. These results 
augment previous findings demonstrating the competence of SAHW as an anti-viral disinfectant.
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Bacterial contamination is a significant and recurring prob-
lem affecting the poultry industry worldwide. This problem 
varies from severe acute infections with sudden and high 
mortality, to mild infections of a chronic nature with low 
morbidity and mortality rates, but always with injurious im-
pacts on meat and egg production, egg hatchability and public 
health [19, 20, 22, 29, 34, 46, 49]. A wide variety of bacteria 
are present in the air, and on surfaces of the equipment and 
facilities of farms and hatcheries [22, 30, 40]. In addition, 
upon laying eggs in adequate environments, eggshells are 
highly contaminated with various kinds of bacteria [22, 32, 
33]. Bacteria found on the eggshell can be easily distributed 
from farms to hatcheries. Given that hatcheries play critical 
roles in collecting hatching eggs from breeder farms and 
selling newly hatched chicks to commercial farms, they are a 
potential source of various infectious disease contaminations 
across farms. Furthermore, these contaminations cause sig-
nificant economic losses for the poultry industry [22, 34, 41].

Among the bacterial infections affecting the poultry in-
dustry, Salmonella spp. and Escherichia coli are the most 

common; they are widely distributed in nature and have 
been isolated from large numbers of animal species and hu-
mans [6, 12, 17, 21, 24, 35, 37, 38, 45]. E. coli is a common 
pathogen of commercial poultry farms, causing colibacil-
losis worldwide [1, 3, 5, 8, 34, 40]. Salmonellosis is another 
important bacterial disease of the poultry industry, causing 
heavy economic losses through chick mortality and reduced 
meat and egg production [2, 29, 46]. Infected chicks shed 
these enteric bacteria through their feces and products (meat 
and eggs), and contaminate environments and nearby objects 
including air, food water, manure, bedding materials and 
soil, and the bacteria survive for up to several months [6, 10, 
15, 23, 24, 29, 37]. The long-term survival of these bacteria 
in the environment increases their chance of transmission 
to sensitive hosts via the ingestion of such contaminated 
products, food and water, or through their contact with such 
inanimate objects [6, 10, 17, 37]. Furthermore, farm person-
nel also play a role in transmission of bacteria within and 
among the farms through their contact with contaminated 
hands, clothes and boots [4, 16, 18, 36].

Bacterial survival in food, water, soil, and porous and non-
porous surfaces plays a critical role in the transmission of 
bacterial infections within and between the farms and flocks 
[17, 21, 28, 44]. Among the bacterial diseases transmissible 
from poultry to human, salmonellosis is the primary concern 
for public health, although the risk of colibacillosis cannot be 
ignored [9, 11, 16, 29, 37, 47]. Thus, inactivation on the sur-
faces of objects through application of materials with strong 
and broad-spectrum disinfectant capacity is very important to 
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prevent their infection and colonization in poultry farms, as 
well as their transmission to humans. To reach these goals, 
enhancement of biosecurity within the poultry industry is es-
sential. Slightly acidic hypochlorous acid water (SAHW) is a 
chlorine-based solution that contains a high concentration of 
hypochlorous acid (HOCl) at pH 6 (ratio in the molecule and 
the ion is 97.18% and 2.82% at 25°C); overall, the molecule 
form is the most effective disinfectant of the chlorine species 
present in solution. Given that HOCl is uncharged and has a 
relatively low molecular weight, it easily penetrates cell walls 
and reacts more rapidly than any other chlorine species, in 
both oxidative and substitution reactions. It has a high capac-
ity for killing pathogens by irreversibly denaturing the criti-
cal components of cells, such as nucleic acids (DNA/RNA), 
mitochondria, enzymes and surface proteins [48]. Previously, 
we have reported that SAHW has a virucidal efficacy toward 
avian influenza virus (AIV) on surfaces [13] and Newcastle 
disease virus (NDV) in the air, along with confirmed safety 
for chicks [14]. In the present study, we evaluated sprayed 
SAHW for its efficacy in inactivating Salmonella Infantis and 
E. coli on rayon sheets and glass plates, as models for porous 
and non-porous surfaces, respectively, to confirm its applica-
bility to biosecurity enhancement of poultry production.

MATERIALS AND METHODS

SAHW: SAHW containing free chlorine at the rate of 
50 ppm was prepared by a Well Clean-TE generator (OSG 
Co., Ltd., Osaka, Japan) in our laboratory with the normal 
tap water on the day of use, and SAHW containing 100 ppm 
chlorine was kindly supplied by OSG Co., Ltd.

Aerosol sprayer and spray box: A nebulizer (NE-C28 
Camp A-I-R) with the ability to produce small droplets 
(<3 µm in diameter) was purchased from Omron Corp. 
(Kyoto, Japan). SAHW was sprayed at a rate of 200 µl/min. 
Plastic boxes, measuring W360 × D290 × H112 mm, were 
purchased from a local market.

Inocula preparation: E. coli strain NBRC106373 was pur-
chased from the National Institute of Technology and Evalu-
ation Biological Resource Center (NBRC) (Chiba, Japan), 
and S. Infantis was kindly provided by Prof. Hiroshi Fujikawa 
(Laboratory Public Health, Department of Veterinary Medi-
cine, Tokyo University of Agriculture and Technology, Tokyo, 
Japan). Both bacterial species were stored in 10% skim milk 
at −80°C until they were used. For the experiments, both bac-
teria were sub-cultured by plating on Luria-Bertani (LB) agar 
(containing 1% Bacto tryptone, 0.5% Bacto yeast extract, 1% 
sodium chloride and 1.5% Bacto agar, pH 7.4), followed by 
overnight incubation at 37°C. Colonies were then picked from 
the overnight culture and cultivated in LB medium (containing 
1% Bacto tryptone, 0.5% Bacto yeast extract and 1% sodium 
chloride, pH 7.4) as previously described [31]. Stationary-
phase bacteria were centrifuged at 1,750 ×g for 20 min at 4°C 
to remove organic materials. Cell pallets were re-suspended 
twice in phosphate-buffered saline (PBS: 0.14 M NaCl, 2 mM 
KCl, 3 mM Na2HPO4 and 1.5 m KH2PO4, pH 7.4) and then 
adjusted to a bacterial concentration of about 2 × 108 colony 
forming units (CFU)/ml. Both E. coli and S. Infantis were enu-

merated by surface plating on deoxycholate hydrogen sulfide-
lactose agar after serial tenfold dilution in PBS, followed by 
overnight incubation at 37°C. The number of colonies was 
then determined and converted to log10 CFU/ml.

Computation of reduction factor: Reduction factor (RF) 
was calculated using the equation below after conversion of 
sample titer to log10 CFU/ml:

RF tpc ta= −

In the above equation, tpc is bacterial titer from an un-
treated sample in log10 CFU/ml, whereas ta is the titer of 
recovered bacteria from treated samples. The inactivation 
rate was acceptable when the RF was greater than or equal 
to 3 [13, 27, 42, 43].

Direct exposure: Fifty microliters of E. coli and S. Infantis 
were individually inoculated into 225 µl of 50 or 100 ppm 
SAHW, in a reaction tube and mixed, using a vortex mixer. 
After different exposure times, 225 µl of fetal bovine serum 
(FBS) was added to stop SAHW activity and determine the 
time required for bacterial inactivation. To confirm whether 
225 µl of FBS is able to completely stop SAHW activity, 
a reaction mixture was prepared with the same volumes of 
SAHW and FBS, and then, 50 µl of E. coli or S. Infantis was 
inoculated onto the mixture. Given that there was no contact 
between these bacteria and SAHW before adding FBS, this 
exposure time was marked as the zero-second contact time. 
For the positive control, 50 µl of E. coli and S. Infantis was 
individually inoculated in 450 µl of PBS and indicated as 
treatments. This experiment was performed in triplicate.

Indirect exposure: A. Dry condition. One hundred microli-
ters of E. coli and S. Infantis were individually inoculated onto 
a 5 × 5 cm glass plate placed inside a 90-mm diameter petri 
dish without a lid and incubated for 30 min to facilitate evapo-
ration of PBS and attachment of bacteria on the surface of the 
glass plate. Then, the petri dishes with lids were transferred 
to a spraying box and 50 or 100 ppm SAHW was sprayed for 
3, 5 or 7 min inside the box, using a nebulizer from one side, 
and the samples were kept covered on the opposite side of the 
box (Fig. 1). Reverse osmosis (RO) water was sprayed for 
the positive control under the same conditions as for SAHW 
treatments. After stopping aerosol spraying of SAHW or 
RO water, the lids of the petri dishes were removed and the 
lid of the box was kept closed for 5 min. The samples were 
then removed and placed inside a stomacher bag (size 100 × 
150 × 0.09 mm and capacity 80 ml; Organo Corp., Tokyo, 
Japan) containing 900 µl of 20% (v/v) FBS in PBS, to stop 
the activity of SAHW and to manually harvest the remaining 
viable bacteria. The supernatant was then transferred into a 
microfuge-tube for titration of the remaining viable bacteria.

B. Wet condition. In this test, samples were prepared, and 
bacteria were inoculated in the same way as for the dry con-
dition on the glass plate, except that samples were directly 
transferred to the spraying box after inoculation and exposed 
to the sprayed SAHW.

C. Inactivation on the rayon sheets. In this study, bacteria 
were inoculated on to the 3 × 3 cm double-fold rayon sheets, 
which were placed on the 5 × 5 cm glass plate surface in-
side a 90-mm diameter petri dish, and then transferred to 
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the spraying box and sprayed with SAHW according to the 
wet and dry conditions described above. The rest of the 
procedure was performed identical to that in A and B. All 
experiments were conducted in triplicate.

Direct exposure of non-stainless metals to SAHW: This 
exposure was performed to examine the corrosivity of 
SAHW towards metallic objects. Fifty milliliters of SAHW 
containing 50 or 100 ppm chlorine was added to 90-mm 
diameter petri dishes, and then, non-stainless steel screws 
with or without a flat washer, to act as models for the flat 
and rough surfaces of metallic objects, were placed inside 
them and incubated at room temperature (25 ± 2°C) under a 
desk in the laboratory (dark area). At the same time, 100 and 
400 ppm sodium hypochlorite (NaOCl), pH 7.97 and 9.64, 
respectively, were evaluated to compare their corrosivity. 
RO water was used as the negative control. These liquids 
neither changed nor refilled until the end of the experiment. 
The experiment was performed in duplicate, except for 50 
ppm SAHW and 100 ppm NaOCl.

RESULTS

Inactivation efficacy in liquid (direct exposure): Table 1 
summarizes the capacity of SAHW to inactivate bacteria in 
liquid. Both 50 and 100 ppm SAHW inactivated E. coli from 
108.35 CFU/ml to below the detection limit (≤102.6 CFU/ml) 
(RF≥5.75), as well as S. Infantis from 108.76 CFU/ml to be-
low the detectable level (≤102.6 CFU/ml) (RF≥6.16) within 
5 sec of exposure time, respectively. In the 0-sec samples 
treated with 50 ppm SAHW, no reduction was observed 
in the E. coli and S. Infantis titers (RF=0.00), whereas in 
the 100-ppm samples, the E. coli titer was reduced from 
108.76 CFU/ml to 107.95 CFU/ml (RF=0.39), and that of S. 
Infantis was reduced from 108.76 CFU/ml to 108.39 CFU/ml 
(RF=0.37). This experiment demonstrated that the efficacy 
of SAHW was negated by adding an equal volume of FBS.

Inactivation by sprayed SAHW: Table 2 presents the results 
of spraying SAHW to inactivate bacteria on the glass plate or 
rayon sheet surfaces after the indicated spray times and 5 min 
of exposure. In the dry condition, the sprayed 50 ppm SAHW 
reduced the titer of E. coli from 106.94 CFU/ml to 104.46 CFU/
ml (RF=2.48) at 3 min of spraying, from 106.94 CFU/ml to 

102.91 CFU/ml (RF=4.03) at 5 min of spraying and from 106.94 
CFU/ml to 102.6 CFU/ml (RF=4.34) at 7 min of spraying. In 
addition, 50 ppm reduced the titer of S. Infantis from 107.14 
CFU/ml to 102.99 CFU/ml (RF=4.15) at 3 min of spraying, 
from 107.14 CFU/ml to 103.26 CFU/ml (RF=3.88) at 5 min of 
spraying and from 107.14 CFU/ml below the detectable level 
(≤102.6 CFU/ml) (RF≥4.54) at 7 min of spraying. In addition, 
in the wet condition, 50 ppm SAHW could not inactivate bac-
teria even at the 7-min exposure. In the dry condition, after 5 
min of exposure, 100 ppm SAHW reduced the titer of E. coli 
from 107.04 CFU/ml to 103.28 CFU/ml (RF=3.76) at 3 min of 
spraying from 107.04 CFU/ml to ≤102.6 CFU/ml (RF≥4.44) at 
5 min of spraying and from 107.04 CFU/ml to ≤102.6 CFU/ml 
(RF≥4.44) at 7 min spraying. In addition, 100 ppm SAHW 
reduced the titer of S. Infantis from 107.56 CFU/ml to 104.89 
CFU/ml (RF=2.67) at 3 min of spraying and from 107.56 CFU/
ml to 103.49 CFU/ml (RF=4.07) at 5 min of spraying, and S. 
Infantis was not tested at 7 min of spraying at dry condition 
with 100 ppm SAHW. In the wet condition, sprayed 100 ppm 
SAHW reduced the E. coli titer from 108.65 CFU/ml to 107.92 
CFU/ml (RF=0.73) at 3 min of spraying, from 108.65 CFU/ml 
to 107.57 CFU/ml (RF=1.08) at 5 min of spraying and from 
108.65 CFU/ml to 108.12 CFU/ml (RF=0.53) at 7 min of spray-
ing. Furthermore, 100 ppm also reduced the titer of S. Infantis 
from 108.49 CFU/ml to 106.83 CFU/ml (RF=1.66) at 3 min of 
spraying, from 108.49 CFU/ml to 106.77 CFU/ml (RF=1.72) at 
5 min of spraying and from 108.49 CFU/ml to 106.44 CFU/ml 
(RF=2.05) at 7 min of spraying.

On the rayon sheets (Table 2), sprayed 50 ppm SAHW 
reduced the E. coli titer from 108.17 CFU/ml to 107.03 CFU/
ml (RF=1.14) at 5 min of spraying and from 108.17 CFU /ml 
to 107.01 CFU/ml (RF=1.16) at 7 min of spraying. In addi-
tion, 50 ppm reduced the titer of S. Infantis from 108.25 CFU/
ml to 107.85 CFU/ml (RF=0.4) within 5 min of spraying and 
from 108.25 CFU /ml to 10 7.75 CFU/ml (RF=0.50) at 7 min 
of spraying. The 100 ppm SAHW reduced the titer of E. coli 
from 108.49 CFU/ml to 106.99 CFU/ml (RF=1.50) at 3 min of 
spraying, from 108.49 CFU/ml to 105.34 CFU/ml (RF=3.15) 
at 5 min of spraying and from 108.49 CFU/ml to below the 
detection limit (≤102.6 CFU/ml) (RF≥5.89) within 7 min of 
spraying. In addition, 100 ppm reduced the S. Infantis titer 
from 108.30 CFU/ml to 106.25 CFU/ml (RF=2.05) at 3 min of 
spraying, from 108.30 CFU/ml to 103.86 CFU/ml (RF=4.44) at 
5 min of spraying and from 108.30 CFU/ml to the detectable 

Fig. 1. Indirect spray of SAHW on bacteria. SAHW was sprayed 
using a nebulizer, from the side opposite to that of the petri dishes, 
into the box for 3, 5 and 7 min, after which the petri dishes lids 
were removed and the bacteria present on the glass plate or rayon 
sheets were exposed to SAHW for 5 min.

Table 1. SAHW bactericidal effects after direct exposure

SAHW Bacteria Controlb)
RFa) 

0c) sec 5 sec
50 ppm E. coli 8.35 ± 0.36d) 0.00 ± 0.00 ≥5.75 ± 0.44

S. Infantis 8.76 ± 0.08 0.00 ± 0.00 ≥6.16 ± 0.08
100 ppm E. coli 8.35 ± 0.44 0.39 ± 0.19 ≥5.74 ± 0.44

S. Infantis 8.76 ± 0.08 0.37 ± 0.33 ≥6.16 ± 0.08

a) Reduction factor (RF)=log10 (titer of control/ml) −log10 (titer of 
treated samples/ml). b) Titer of bacteria in the control (log 10 CFU/ml) . 
c) Contact times. d) Data represent means ± standard deviation of three 
different experiments.
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limit (RF≥5.70) at 7 min of spraying.
Corrosivity of SAHW towards metallic objects: Figure. 2 

illustrates the results of corrosivity tests of SAHW as well as 
NaOCl towards metals. Within 83 days of exposure, 50 ppm 
SAHW did not corrode the non-stainless metals, as there was 
no change observed in their color, in comparison to 100 ppm 
NaOCl, which clearly changed the normal color of metallic 
objects to oxidized iron pigments. Such changes were slightly 
observed in the RO water-exposed metals, which was used 
as a negative control. Furthermore, within 65 days of non-
stainless metal exposure to 100 ppm SAHW, no corrosion 
was observed in comparison to 400 ppm NaOCl or RO water.

DISCUSSION

Bacterial contamination is always a significant concern 
for poultry producers, not only in terms of morbidity and 
mortality of the chicks, but also as the main cause of poor 
hatchability and chick performance of the hatcheries, and as 
a potential risk to public health. Understanding the mecha-
nisms underlying effective bacterial inactivation under dif-
ferent conditions, and selection of an appropriate disinfec-
tant with a capacity for fast and strong disinfection efficacy 
against a broad range of pathogens in the air, on surfaces 
and in liquids, is vital for designing proper infection control 

Table 2. SAHW bactericidal effects on bacteria on glass plates or rayon sheets within 5 min of expo-
sure time

SAHW Bacteria Conditions
RFa)

3b) min 5 min 7 min
50 ppm E. coli Wet Not tested Not tested 0.00 ± 0.00

Dry 2.48 ± 1.43c) 4.03 ± 0.35 4.34 ± 0.15
On rayon Not tested 1.14 ± 0.51 1.16 ± 0.85

S. Infantis Wet Not tested Not tested 0.00 ± 0.00
Dry 4.15 ± 0.69 3.88 ± 0.57 4.54 ± 0.15
On rayon Not tested 0.40 ± 0.02 0.50 ± 0.08

100 ppm E. coli Wet 0.73 ± 0.92 1.08 ± 1.25 0.53 ± 0.18
Dry 3.76 ± 0.89 4.44 ± 0.59 4.44 ± 0.00
On rayon 1.50 ± 0.41 3.15 ± 0.90 5.89 ± 0.52

S. Infantis Wet 1.66 ± 1.58 1.72 ± 0.50 2.05 ± 1.12
Dry 2.67 ± 1.14 4.07 ± 1.05 Not tested
On rayon 2.05 ± 1.97 4.45 ± 1.44 5.70 ± 0.00

SAHW was sprayed in a box for indicated periods (3, 5 or 7 min). Subsequently, the lids of the dishes that 
contained bacteria on either glass plates or rayon sheets were removed, and the bacteria were exposed to 
SAHW for 5 min. a) Reduction factor (RF)=log10 (titer of control/ml) −log10 (titer of treated samples/ml). 
b) Spraying times. c) Data represent means ± standard deviation of three different experiments.

Fig. 2. SAHW effects on non-stainless metallic objects and its comparison with NaOCl and RO water.
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strategies, enhancement of biosecurity and prevention of 
zoonotic infections. To minimize contamination of hatcher-
ies, disinfection of eggs and hatcheries is necessary. There 
are several methods for disinfection of eggs, such as wiping, 
spraying, dipping into disinfectant and most importantly, 
fumigation of the hatching eggs, which can be performed 
during incubation (during or just after transfer to the hatch-
ery), but most commonly prior to incubation. The most com-
mon disinfectant used as fumigant is formaldehyde, which 
is an excellent anti-microbial agent, but in comparison to 
SAHW, requires higher concentration and longer exposure 
time [25, 26, 50]. Furthermore, it is highly toxic and causes 
serious damage to the embryos, if fumigation is not properly 
carried out [2, 7, 30, 39]. Such damage mostly occurs on 
the outermost organic layer and cuticle, which constitute an 
important barrier to microbial invasion; hence, such damage 
may cause serious problems during incubation [2].

SAHW is also an excellent anti microbial agent with a fast 
and strong capacity for inactivating pathogens. We previous-
ly confirmed its efficacy towards NDV in the air and AIV on 
surfaces, as well as its safety for chicks [13, 14], and the pres-
ent study documented its high performance for inactivation 
of bacteria in liquid and on porous and non-porous surfaces. 
Moreover, inactivation of bacteria in the dry condition was 
very easy, as even 50 ppm SAHW was able to inactivate them 
to an acceptable level. However, in the wet condition, it was 
not demonstrated to be effective for inactivation of bacteria 
even at the higher concentration, due to limited contact with 
sprayed SAHW, caused by PBS. Furthermore, inactivation of 
bacteria on a porous surface required a higher concentration 
of SAHW (Table 2). These data also suggest limited contact 
of SAHW with the bacteria, especially covered with water 
that may dilute SAHW. Aerosol spraying (indirect exposure) 
of SAHW caused great reduction of the bacterial titer on the 
surfaces of glass plates and rayon sheets, and is equivalent to 
the fumigation method. It is therefore a good candidate for 
disinfection of eggshells by spraying, and most importantly, 
fumigation of the egg incubators and hatcheries by aerosol 
spraying. Along with its excellent capacity for inactivating 
pathogens, SAHW is also harmless for metallic objects, even 
less corrosive than RO water, and safe for chicks; hence, it 
can be applied without hesitation at farms and hatcheries.

In conclusion, this study demonstrated SAHW’s fast and 
strong capacity against bacteria in liquid and on surfaces, 
and confirmed its non-corrosivity towards metallic objects. 
Confirmation of its non-corrosivity towards metallic objects 
and its safety for chickens increases its applicability to poul-
try production. Despite its safety and non-corrosivity, SAHW 
is also less expensive, readily available and applicable, 
inactivates a broad range of pathogens, and requires shorter 
exposure time. These characteristics of SAHW would encour-
age farmers to use these materials as ideal disinfectants on 
their farms and in other poultry facilities. From the results we 
obtained with S. Infantis and E. coli, its effectiveness towards 
other bacterial pathogens may well be inferred. Given that a 
study was conducted at the laboratory level, further investiga-
tion may be required to evaluate its remarkable properties and 
capacity to inactivate pathogens in poultry production units.
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