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Background: Disinfectants i‘feed factories have a crucial role in maintaining a clean, hygienic

ABSTRACT

environment, preventi S se@read, controlling cross-contamination, and ensuring product

quality, thereby enﬁng food)afety.

Objecti es:f S\de to assess the performance of multiple disinfectants in a factory
AN

prmw

itock, poultry, and aquatic feed, as well as in the laboratory.



Methods: The microplate and agar-well diffusion methods were utilized to assess the efficiency
¢

of commercial chemical disinfectants (1 and 2) and formalin (37%) on the intet%rfaces of

the mixer, mill, extruder, dryer, and cooler in the factory and examine the pelﬁn %f eight

common disinfectants, including disinfectants 1, 2, 3, NaCIO (10%), e'a W);methanol

e
(70%), povidone-iodine (10%), and formalin, against Salmo%yp{muriu‘mb cherichia coli,
and Fusarium oxysporum, in the laboratory. o \
Results: The extruder had the highest level of microbi tamination, while the cooler had the

lowest. Disinfectant 2 and formalin had the most ew tib&:terial and antifungal properties.
Disinfectants 2 and 3 had the highest a&cte@fects in the laboratory, while other
disinfectants had the lowest. DisinfectarQ hm strongest antifungal effect, followed by
formalin, povidone-iodine, and I;Ie‘llQ\aBol and methanol had the least effect.

Conclusions: The study em size‘he importance of selecting effective disinfectants to reduce
contamination in animeee\r\uction facilities. Disinfectant 2 (Huwa-san), with its unique
combination of hydrogen peroxide and silver-based ionic chemistry, is recommended as a
powerw&ct&smﬁon for various applications. The findings can serve as a valuable

gui r cho‘ing appropriate disinfectants in similar industries.
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Introduction

[ ¢

Feed is an integral part of the food chain, and its safety is a prerequisite for hurﬂ&y animal
>

health and welfare, income generation, and economic sustainability. Feed a%ash?red value
and responsibility, and should be subject to quality assurance throﬁgh itegrated food safety

-
systems, similar to food production (Negash, 2020). intaming \clean and hygienic

environment in livestock, poultry, and aquatic feed pr& ion facil"ies is crucial in preventing
the spread of disease and controlling cross—cmﬂi ion lktween contaminated and non-
contaminated materials. This prevents the c‘dz ion-igfection-contamination cycle, ensuring
the safety and quality of final products an: reduch‘le risk of microbial agents entering human
food sources. In this regard, effic si;fegon protocols play a vital role in controlling
microbial contamination an(i(;uéiﬁthe risk of pathogen transmission (Dvorak, 2008; Muckey,
2016). Some pathoge @ enter the human food supply through feed microbial
contamination include Salmenella enterica serotypes, Shiga toxin-producing Escherichia coli

strains,§,Ca IOWpecies, and Yersinia enterocolitica (Huss et al.,, 2015). Since

decontamination of facilities is an important step in preventing the spread of these diseases and

controlling¥eross-contamination (Dvorak, 2008; Huss et al., 2015; Muckey, 2021), it is therefore
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necessary to evaluate the effectiveness of disinfectants in disinfecting facilities and removing or
| &
inhibiting the growth of microorganisms (Wales et al., 2021). The assessment Kiiinfectant

performance can be conducted through a variety of methods, all of \ﬂ p nﬂit the

investigation of antibacterial and antifungal effects with regard to srvlogens. The
e

judicious and effective selection of disinfectants assumes a critical lﬂe in‘the maintenance of a
clean and secure environment, the reduction of th{risk disease “transmission, and the
guarantee of the quality of the final products (Abba l., 20133 Davies and Wales, 2019;

Stringfellow et al., 2009). The outcomes derived@ is in\estigation will offer invaluable
insights into the capacities of disinfectant agx foWﬁon in livestock, poultry, and aquatic
feed production facilities. These ﬁndings% szed as a pragmatic guide by professionals
within the industry for the gebc of’ suitable disinfectant agents, thereby mitigating
contamination and promotin*ood ety.

This study evaluated tl@e\‘\ﬁce of several common disinfectants in animal, poultry, and
aquatic feed production facilities, focusing on their ability to remove feed microorganisms from

surfacew&se was conducted in the animal feed production factory and, at the same

timNab‘atory setting. Some of these disinfectants are commercially used on a large scale



in the animal feed industry, while others are used on a smaller scale to clean and disinfect

specific small surfaces.

Materials and methods ‘

K .
(\ N
Chemicals and media \
L U .

Plate count agar (PCA), yeast extract glucose chloramphenicel (YGC), tryptic soy broth (TSB),

A
\Y/

potato dextrose agar (PDA), and Mueller-t inton@we roduced from Mirmedia (Kardan

S Ml, methanol, and NaCl, were prepared

Azma Co., Iran). Sabouraud dextrose bro
from Merck (Germany); commerci i e@nts 1 (based on hydrogen peroxide, Iran);
commercial disinfectants 2 (baséd on &n peroxide with silver ions, Belgium); commercial

disinfectants 3 (based o *rw)\on of stabilized peroxyacetic acid and hydrogen peroxide,

Iran); formalin (379 ald yde) sodium hypochlorite (NaClO), povidone-iodine 10%, and
_4

nalidixic acid( pr\ ced from Iran.
Mi@rvs %



Fusarium oxysporum (PTCC-2112), obtained from the Iranian Research Organisation for

[ &
Science and Technology (IROST), Salmonella Typhimurium (ATCC-14028) a-ﬁherichia

e\ Food

Microbiology Laboratory of the Department of Food Hygiene and Publ h,/School of

coli (ATCC-10698) were obtained from the Microorganisms Collectiﬁ

e
Veterinary Medicine, Shiraz University, Shiraz, prepared anwtgaccordin to the provided

\

instructions.
) A
%

Animal feed factory phase

S N

Surface determination, preparation, and samkcol@from factory facilities

The performance of disinfectant age 'n%ctkoducing animal, poultry, and fish feed was
studied. This study was conduc‘e&i om’letely randomized design with four treatments and
three replicates. The experi\*tal Nments included two chemically-based disinfectant agents
available on the markee tr%n ts), formalin as a positive control, and a location without the
use of a disinfectant %tas ﬁ'flegative control (sterile water spray).

As partwe analysis and Critical Control Point (HACCP) program, certain areas in the
facto rodu(‘ag animal, poultry, and fish feed were identified, which were as follows: 1) inside

the mixer; 2) inside the mill; 3) inside the extruder area; 4) inside the dryer; and 5) inside the
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cooler. After physically cleaning the designated areas (10 cm?), disinfectants were applied to the
surfaces in quantities consistent with the manufacturer's recommended conc%Ktions. The

liRg was
then conducted using a swab, and the swabs were transferred to glass co‘ﬁwhﬁcrew lids

containing 5.0 mL of normal saline. Subsequently, the 5216 wre promptly sent to the

treated surfaces were allowed to dry following the manufacturer's instructio

laboratory.

Laboratory analysis

In the lab, the samples were diluted under ic c !mons PCA was used for total microbial
enumeration, and YGC was used for mo and enumeratlon The cultivation was done in
two layers. The mold and yeast cou Iamed after three to five days of incubation at 25

°C, and the bacterial counts re perfo gfter two days of incubation at 37 °C.

The laboratory phase C
Microplate r{ \V

cropla meéthod was utilized to examine the performance of disinfectant agents. Nine

common disinfectant agents on the market were used, including commercial disinfectants 1, 2,
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and 3, sodium hypochlorite (10%), ethanol (70%), methanol (70%), povidone-iodine (10%),
¢
nalidixic acid (40 ppm), and formalin (37% formaldehyde). The tests were perfon%vice, with

three replicates for each treatment. h \

Bactericidal tests: Following Farouk et al.'s (2020) method with ’m‘oxmgtions, the
recommended amount of disinfectant was mixed with steril@eav ter, and then 100 pL of
each disinfectant was added to 100 puL of TSB mediu&(doubléyoncentration) in each well. A
volume of 10 pL of bacterial suspension (Salmonella Typ murlur: and E. coli) equal to 0.5
McFarland standard (approximately 10% C V‘ILQ d to the wells. A row of culture
medium and bacterial suspension was used'as a%MOmrol, while a row of culture medium
without bacteria was a negative co e:’oculation with bacteria and disinfectants, the
microplate was placed 1ns1de a’nﬁcro kader instrument (model: mqx200r2), and the data

were obtained after 2 CJ 37\ the wavelength 600 nm, and the shaking intensity 10
t x

seconds every 60 D‘Pl one-hour reading.

Fungaci al{ts: W tifungal effects were studied using a 96-well microplate (Rahimi-
Kakolaki et*al., 2023). To prepare a spore suspension, a sterile normal saline solution was
pipetted onto a five-day-old PDA culture. After collecting the resulting solution, the number of
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spores was adjusted to 2x10° spores per mL using a hemocytometer. The recommended amount
of disinfectant was mixed with sterile distilled water. In each well, 100 pL of ea' isinfectant
was added to 100 pL of SDB (double concentration). A volume of 10 ﬁg&ﬁarium
0Xysporum spore suspension (2x 10° spores/ml) was added to the wells. A‘t i Ml(fl at 25 °C
for five to seven days, the wells were examined for fungal wtbi)y visually observing the
mycelium. The absence of fungal growth in the wells in\dicaQ inhibM effect of the tested

<R

substance in the respective culture. Agar-well diffusion d S

The agar-well diffusion method was used tciqes@ the effects of the antimicrobial activity

of the disinfectants in Mueller-Hinton aga(CAVd)l ’A.

Bactericidal tests: The bacteri’aw nosﬂated with 0.5 McFarland concentration (1x10*
cfu/mL) of Salmonella and‘ Coli@Howing the method of Gomaa et al. (2020) with minor
modifications. After ba@a\(\laﬁon, 5-mm-diameter wells were created in the agar plates.

A volume of 50 pl of each'sample was added to the wells. The plates were then incubated at 37

°C for && MIXIC acid antibiotics were used as the standard control in both methods.

: 5 . e
Af'N)atl‘l, the diameter of the created inhibition zone was measured.



Fungacidal tests: Applying the method introduced by Kavitha and Satish (2016) with slight
modifications to investigate the antifungal effects of disinfectants, the surface of t' A culture
medium was inoculated with the appropriate amount (in this test, 100 Aﬁlﬁarium
oxysporum spores with a concentration of 2 x 10° spores/mL. After M\I’ace five-

millimeter-diameter wells were made in the agar plates. A v ﬁQQO plyof each disinfectant
e

sample was added to the wells, and the plates were 1ncubat 25-28 °C for three days. After

incubation, the diameter of the created inhibition zone easured~

Statistical analysis x ! )
Statistical analysis was performed u SSJO to compare mean values using Duncan's

multiple range test with a signifg:zh el ’f less than 0.05 and Graph Pad Prism 8 software for

laboratory data analysis and ph (Nrmg

Results

A \&“
A
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Samples were collected post-physical cleaning to minimize surface contamination (Figure 1) and

[ &
promptly transported to the laboratory for further analysis. The antibacterial and*nold and
anti-yeast effects of disinfectants in samples obtained from feed factory surfﬁre fgwn in

Tables 1 and 2. Examination of factory sections showed high microbi Maﬁon in the

@

extruder and low contamination in the cooler. Disinfectant él t% posi gent (formalin

. t&
37%) had the best antimicrobial effects. Commercial di{infect t 1 onlyM a good effect in the
most contaminated area (extruder). A &

The extruder had the highest mold and yeast tion’in the factory equipment and
facilities, while the cooler had the least coxminW)isinfectant 2 and the positive agent
(formalin 37%) had the best antifungal e&s.%&:ctant 1 had no effect in different sections
of the facilities. Formalin and di‘si}f 2 &ad the greatest antimicrobial effects. Disinfectant 1
had no antimicrobial effect‘ sornVlaces (sampling locations 1, 3, etc.) and had a minimal
antimicrobial effect in@m t\ places. The comparison of antifungal effects in sampling
location 5 (cooler) showed 1o significant difference (P> 0.05), but formalin and disinfectant 2

had aw&anwlga! effect compared to disinfectant 1 and the control group. The

diswts ‘owéd inhibitory effects on E. coli. However, disinfectant 1 had no inhibitory
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effect on this bacterium. The results of the inhibitory effects on E. coli were similar to the results

The laboratory phase ‘ \

y
Microplate method ‘ \\
A\ {

Formalin and disinfectant 2 had antifungal effects at different c&*centratlons but disinfectant 1

of the inhibitory effects on Salmonella Typhimurium.

N

only had antifungal effects at 5% and 10% concentrations. Disinfectants 2, 3, and nalidixic acid
had the highest effects, while 70% ethanol, 70‘mha , tO% povidone-iodine, and 10%

sodium hypochlorite had the least antimicrebia fMinst Salmonella Typhimurium (Figure
n

2). Nalidixic acid had the highest eff 1sjectants 2 and 3 had good antimicrobial effects
against E. coli compared to other glb ces’while 70% ethanol, 70% methanol, 10% povidone-
iodine, and 10% sodium *hlorMad the least antimicrobial effects. Disinfectant 2 had the
greatest antifungal ﬁ g the Fusarium oxysporum fungus. formalin (37% formaldehyde),

10% povidon -iodiu) sodlum hypochlorite, and disinfectant had good antifungal effects

pare stances while 70% ethanol and 70% methanol had the least antifungal
eftk ‘

12



Agar-well diffusion method

€

Table 3 shows the results of a comparison of disinfectant inhibitory effects on E. Salmonella
Typhimurium, and Fusarium oxysporum using the agar well diffusion methodﬁﬁ%nts 2,
disinfectants 3, and nalidixic acid had the highest inhibitory effects, w‘l Mh‘nol, 70%
methanol, 10% povidone-iodine, and 10% sodium hypoub ‘l{d thewleast antimicrobial

N\
.

Q
Nalidixic acid had the highest effect, and disinfectanthK had good antibacterial effects

effects against Salmonella Typhimurium (Figure 3). A

against E. coli compared to other substancewile %0 ethanol, 70% methanol, 10% povidone-
iodine, and 10% sodium hypochlorite hgw Mantibacterial effects (Figure 4, A and B).
c

Disinfectant 2 had the greatest antifi @ dainst the Fusarium oxysporum fungus (Figure

&

4, C). Formalin and disinfect{t 3 have og antifungal effects; 10% povidone-iodine and 10%

sodium hypochlorite wﬁﬁhile 70% ethanol and 70% methanol had the least antifungal

effects. ( o
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In this study, the internal surfaces of five important parts of livestock, poultry, and aquatic feed

[ &
production facilities that were identified in research as potential sources of &ta)mination

rograms

>

have been evaluated, selected, and reviewed. Sampling was done after phy Wn'pg so that

. o & |
the presence of organic substances inside and on the surface thP\equlpmen does not affect

(Davies and Wales, 2010; Huss et al., 2015; Jones, 2011; Muckey, 2016) and W

the effectiveness of disinfectants. Organic matter can deactivate chemical, disinfectants such as
sodium hypochlorite (Huss et al., 2015). A %

In this study, the pellet cooler had the lowest levem mi]&tion, while the extruder had the
highest levels of mold, bacteria, and yeast. O‘esuwm contradiction with the results of the
study by Davies and Wray (1997), who o&vem%% of the samples collected from coolers
were contaminated with Salmorleﬂa. erit al. (2019) also reported that the probability of a
positive Salmonella sample*m tlwooler is twice the probability of its detection in the final
feed (P < 0.05). This C€e thhe increase in moisture density in the pellet cooler. Moisture
added to the powder feed to"generate steam during pellet preparation is removed through a pellet
cooler Ne&i Nyer, condensation on pellet cooler indoor surfaces can lead to increased

humidi and‘nicrobial growth such as Salmonella (Jones, 2008). The lower contamination

observed 1n the pellet cooler in this study may be attributed to the implementation of adequate

14



ventilation. Additionally, in the studied factory, the production line involves a dryer where
| &

pellets are dried for 30 minutes at 100 degrees before entering the cooler. This proﬁminates

many existing microorganisms. The hot pellets, which are still hot when elﬁ t ~cooler,

reduce the microbial load in the cooler area. These results are consis‘rvnps' (2011)
of

.
findings, which indicated that maintaining a temperature of 46° af*he top e pellet cooler

.

can effectively reduce Salmonella growth. All three commerciahdisinfectants, 1, 2, and 3, utilize
hydrogen peroxide in their structure. Hydrogen p ide a202) is a disinfectant with
bactericidal and sporicidal properties, effective ag chlbrine—resistant bacteria (Linley et
al., 2012) and effectively combats biofilms prw free radicals that affect the biofilm
matrix (Farjami et al., 2022). Unlike per&ic Mnd aldehydes, which require disruption of
the biofilm matrix before use, hzdp eroaiide can be effective without this process (Wirtanen
and Salo, 2003). The su;‘or p{n’mance and more effective efficiency of commercial
disinfectant 2 compare@ c\r&cial disinfectants 1 and 3 can be attributed to the presence of

colloidal silver in commercial product 2. By adding a silver stabilizer to hydrogen peroxide, a

complew&xt\containing ionic silver is formed. This mixture plays a crucial role in

stawthe‘ydr\ogen peroxide and augmenting its effectiveness (Martin et al., 2015).
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Our results are consistent with previous research on the antimicrobial effects of formalin (Chen
et al., 2016; Ricke et al., 2019), but there are also reports that show that some m' organisms,
including Pseudomonas species, members of the Enterobacteriaceae familyﬂgrﬁrichia
coli strains, have shown resistance to formalin (Chen et al., 2016;‘\1 M al., 2019).
Resistance to formaldehyde has often been observed in gra atée bactj:g (Nikolic et al.,
2019). Although formaldehyde is one of the most effe{ive an acterials\vailable (Ricke et al.,
2019), concerns have been raised about its safety, 'ally\foripeople working in closed
environments (Carrique-Mas et al., 2007, Rickw 2015). The European Food Safety
Authority considers formaldehyde safe forknanw used as an additive in animal feed
products, but warns against inhalation and%n awe contact (Resae et al., 2023; EFSA, 2014).
The results of the present stud}; rngg 7‘)% ethanol, 70% methanol, 10% povidone iodine,
and 10% sodium hypochlo‘ against salmonella are consistent with the results of Abed and
Hussein's study in 2016. In \ixsearch, the disinfectant chemicals used (0.5% NaClO, 70%
ethanol, 1% iodine, and 10% potassium permanganate) had the lowest antimicrobial effect
against‘&iie@orgfmisms compared to formalin and the commercial disinfectant

DeNn c‘ﬂrast to our findings, in the study of Meretre et al. (2009), 70% ethanol and

alcoholic compounds were more effective in controlling Salmonella strains in animal feed

16



production facilities in Norway compared to acids, aldehydes, peroxides, and chlorine-based
| &

surface disinfectants.

The observed differences can be attributed to the variety of disinfectant compﬁ&(kln the
present study, while most of the commonly used compounds demonstr‘ Nvepess, they
ranked lower when compared to formalin and disinfectant 2¢ﬂ.,§he i:@fllent efficacy of
disinfectants such as povidone-iodine 10%, sodium h@ochl itc 10%,\% ethanol, and 70%
methanol can be attributed to the emergence of resist in the studied microbes, which has
become a serious concern and highlights the neeﬁ e e&ctive and sustainable solutions
(Tong et al., 2021). Continuous exposure to‘infw increases adaptation and tolerance in
microorganisms through phenotypic ada&tion&e mutation, and horizontal gene transfer
(Cloete, 2003). The rapid grow‘thp nfe‘tant—resistant bacteria is alarming and reduces the
killing efficiency of disin*ants hu et al., 2021), which poses challenges for medical
treatment and foodbor€ diNs& These concerns have led to extensive research into safer
alternatives to disinfectant €hemicals, including formaldehyde, in the animal feed industry.
Effectiw&smls have been identified as a potential solution to combat microbial

resistance (Vi‘cs ét al., 2018; Rahimi Kakolaki et al., 2023 ). The antimicrobial effects of some

probiotics (Soltani et al., 2023; Rahimi-Kakolaki and Omidi, 2020; Zhang et al., 2012; Zhao et
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al., 2017) and the interaction of probiotics and bacteria to remove biofilms have also been
| &

confirmed, making them potential alternatives to disinfectants (Tong et al., 2021; Hassanzadeh

and Mohammadzadeh, 2022; Asad Salman et al., 2023). Anyway, the foodﬁt ?ploys

new technologies, such as nanotechnology, precise methods, and higl“] 'Mrgdients, to

fulfill global requirements for extended storage, strmgen@ 3‘:ontrol and international

hygiene standards (Peidaei et al., 2023).

Conclusion
r)Q X

This research was focused on evaluating the gfect s of several common disinfectants in
animal, poultry, and aquatic feed pro awles The findings of this research highlight the
importance of selecting factors ﬂl:&& ffe’lvely reduce and control microbial contaminants in

the sensitive area of livesto pouN, and aquatic feed. In the present research, as a baseline
study, by analysin%x erfo\1>ce of several common chemical disinfectants and three new
commercial

spectmNs i

labora tha‘t can compete with formaldehyde in the parameters investigated in this study.

smfe%commermal disinfectant 2 (Huwa-san) was identified as a broad-

thvith high reliability in the factory environment, and it was observed in the
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Table 1: Comparative evaluation of antibacterial effects of disinfectants (Total count, CFU/10 ¢

Negative Control Positive Control
Sampling Location Disinfectant 1
(No Disinfectant) (Formalin)
Mixer 30.67+10.78 * 7.67+2.51° 29.67+4
Hammer mill 37.33£7.02 % 1.00+0.0 °
Extruder 61.00+7.0° 5.67+1.52° 67+5.85° 17.00+4.35 °
Dryer 34.3343.05 % 6.00+£1. 34.00£1.0% 9.3343.51°
Cooler 5.67+2.08 * 1.33:40'57 3.00+2.0 % 1.330.57 ¢
Dissimilar letters in each row represent differenc tween.groups (P< 0.05).
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Table 2: Comparative assessment of disinfectants' anti-mold and anti-yeast effects (Total co FU/10 cm?)

Negative Control Positive Control
Sampling Location Disinfectant 1 ec
(No Disinfectant) (Formalin)

Mixer 8.3342.51 2.00+2.0 ° 2.33+1.52°
Hammer mill 8.00+2.0 3.00£1.0 3.67+1.52
Extruder 33.67+10.21° 6.67+2.88 32.67+5.03 ° 7.67+2.51°
Dryer 8.67+2.30 2 3.0 5.33+2.08° 4.00£1.0°
Cooler 1.67+1.15 33+0,57 ¢ 0.67+0.57 2 0.033£0.57 2
Dissimilar letters in each row represent differences between s (P<0.05).
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Table 3: Comparative evaluation of disinfectant performance in laboratory using agar well ion method
(cm?)
Disinfectants E.coli Salmonella Typhimurium W’sporum
Disinfectant 1 0.00+0.00 © 0.00+0.00 © \OOi0.00 d
Disinfectant 2 1.7£0.89 ¢ 2.2+0.28 2
Disinfectant 3 1.840.15 1.6+0.15°
Sodium hypochlorite (10%) 0.7+0.00 ¢ 1.4+0.05 ¢
Ethanol (70%) 0.5+0.45 4 0.1+0.00 ¢
Methanol (70%) 0.2+0.35 ¢ 9%0. 0.1+0.00 ¢
<
Betadine (10%) \?(iQ 0.8+0.11 < 1.340.15 ¢
4
Formalin (37%) { 05% 1.9+0.05 ° 1.6+0.11°°
Nalidixic acid (40pp||c \xt0.00 a 2.5+0.05 % -
Dissimilar  letters '\ in row  represent  differences  between  groups  (P<  0.05).

\
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