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Abstract: Problem statement: Poultry industry is intensive and consistently &splan all-in, all-out
system with the aim of minimizing infection pressand targeting specific pathogens If@monella
which remains one of the leading causes of footkddiness, many questions regarding the introdaocti
and persistence in animal production still remdiherefore disinfection during production brealais
routine part of the biosecurity programs of poultguses. The correct usage of disinfectants is an
important key of a successful biosecurity progranpaultry farms and in-turn the role of the scisinti
was to evaluate the efficacy of these disinfeciomgrams Approach: In this study five commercial
disinfectants [Green work (green non anionic stiafaty, Sanidate RTU (hydrogen peroxide compound),
Hi-yeild®consan 2B (phenolic compound), Tektrp(quaternary ammonium compound) and Kgdso
(phenolic compound)] were evaluated agaigsimonella typhimurium in two different experimental
conditions. In Experiment IS. typhimurium was inoculated into fresh poultry litter (aluminurays

L: 30 cmx W: 25 cmx D: 6 cm filled with wood shavings) by inoculumgeiof ~16 CFU mL™*
and then mixed with 100 g of fresh poultry dropgin§ample sizes of 3 g were obtained daily for
the bacterial counts. Green work achieved100%nigllof S. typhimurium by day 7 (g0.0001);
Sanidate RTU achieved100% killing by day &@m001); Hi-yield® Consafi, Tektrol, and Kresg D
achieved100% killing by day 5 £0.001). Disinfectants were also compared to eabkran their
efficacy each day. At day 1, Green work was infetiall other disinfectants at{f.05). On day 2,
Kresa, D was significantly superior to TektgglHi-yield® Consafi, Sanidate RTU and Green work
at p<0.01, p<0.01, 0.01, p<0.005; respectively. At day 4 Kres® was significantly superior to Hi-
yield® Consafi at p<0.01, Tektrop was also significantly superior to Green work &0.p1. In
experiment II; MIC use-dilution test was used talasate the five disinfectants agaiiSsttyphimurium
(~10'CFU mL™) in the absence of organic matt&esults: Hourly samples were collected for the
bacterial counts. Maximum efficacy (100% killingieacy against. typhimurium) was achieved for
Green Work after 16 h §0.0001), with Sanidate RTU after 8 h<(p0001), with Hi-yield Consaff
and Kresg D after 2 h at (§0.0001) and with Tektrglafter 4 h (g0.0001). In presence of organic
matter Green work and Sanidate RTUachieved 1008adigfficacy againss. typhimurium after 16 h
(p<0.0001), Hi-yiel® Consafi and Kresg D after 2 h at (§0.0001); Tektra) after 8 h (50.0001).
When disinfectants were compared to each othezlation to time; we found that there was no kind of
significance between their efficacies. When comgdoeother tested disinfectants, Krgsd which is

a phenolic compound revealed superior activity rgfaSalmonella typhimurium in the two
experimentsConclusion: The study showed that many disinfectants regasdiegheir constituents
continues to give a very powerful efficacy agaitiet most virulent bacterial strains, but the questi
remain can they be used in the presence of lidsbFurther studies are required to explore thetygaf
and the efficacy of these compounds when appligobiitry farms in the presence of live birds.
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INTRODUCTION several target sites resulting in membrane disvapti
metabolic inhibition and lysis of the d&f”. Removal
The objective of disinfection is to reduce micradbi of old litter followed by cleaning and disinfectiaof
populatioff’. Disinfectants act on microorganisms atfacilities helps reduce pathogen numbers and break
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disease cycles or at the minimum, keep pathogehog (average CFU/drop vol.) (dilution factor) (Vol.
numbers from reaching a level that can cause diseascrapped into/surface area)
outbreaks. In addition, as live production becortines
target area of programs for the reduction of humarmBiochemical identification: The  biochemical
pathogens such &lmonellae on poultry carcasses, it identification of Salmonella was carried out using
will become necessary to document that sanitatiomutomated method (MICROSCAN auto SCAN4, Dade
procedures are effective. Unfortunately, poor sdioih ~ Behring), which confirmed that the suspension was
procedures and/or increased soil moisture level® ha positive for Glucose, Lysine, Citrate utilization,
been linked to increased or sustained bacteri®afinose, Hydrogen Sulphid, Sorbitol, Arabinose,
leveld'®4 Meltonin and Ornithin.

Several studies were carried out on disinfectants
and many of these disinfectants are not considiereé  Experiment |. Efficacy of chemical disinfectants
environmentally safe e.g., gluteraldhyde, formaijdeh against Salmonella typhimurium under conditions
to show their effectiveness againSalmonellal®%, simulating naturally ventilated poultry houses.
Further, poultry houses have inaccessible equipment _ ) ) S
and considerable amounts of organic matter and highhoculation of thelitter with Salmonella typhimurium:
contents of protective compounds (fats, carbohgdrat Six trays of aluminum foil (L: 30 crm W: 25 cnx D:
and proteins) from whictSalmonella are difficult to & cm) were filled with litter (wood shavings). Adhe
remové. On the other hand, water hardness, lowirays were sterilized by autoclaving at 121°C foh.1

temperature and biofilm development also decreaséter”ization_ was confirmed by placing 25 g of
efficacy of disinfectant&!22%) autoclaved litter into 225 mL of buffered peptonatev

Disinfectant efficacy is often tested against(BPW; Oxoid, Fisher Scientific Int.) and incubatid

laboratory bacterial suspensidrt¥. However, this rotatory incubator for 3 h; followed by spread gt

approach may not always prove to simulate commiercig’” CHROMaga&almonella plates (BD, VMR Int). Al

production conditions, thus, making it difficult to trays were incubated at 37°C for 20-24 h and then t

determine the true effectiveness of the disinfectan cologjets V\llere(;er;umﬁrate(?t. q . dded t
Disinfectants that are effective against bacterial utocliaved Iresh poultry droppings were added 1o

suspensions may have a reduced effect againstriaactethe trays as a chfilllenge to the chemical disinféstat
that adhere to surfad&d rate of 100 g tray. The trays were labeled, one for

The main objective of this study was to compareeaCh disinfectant, then the six trays were inoedlat

. . . . 7 —1,
the efficacy of some new commercial disinfectantsVith S typhimurium suspension (4:80° CFU mL™),
againstS. typhimurium, in the presence or absence offive trays were used for treating with the disinéets
organic matter as an extra-challenge for theand the last one was used as control.

disinfectants. o _ o
Application of the chemical disinfectants:

MATERIALSAND METHODS The following disinfectants were chosen to be tested

against S. typhimurium: Hi-Yield® Consan2®
Propagation of Salmonella  typhimurium: (Parkway Research Corp., Houston, TX) a mixtur(_a of
S typhimurium (ATCC 1331) genomic DNA strain quaternary ammonium compounds as 20 with 80% inert

NCTC74 was propadated and counted using dro Iaf‘ggredients. The recommended dilution_rgte waoi fl
technique Zelf)/eeg a‘?m] and Herigstadt al [1%] Thpep per 30 gallon water (1.85 mL of the disinfectantswa

procedures were carried out by pipetting 1 mL ofaddithggéstI(‘E(l):n?,\'litglc?dg; arltkerls?gi(?ﬁzzémaha) a
bacterial suspension into a dilution tube contajnth ’

. - . I mixture of coal tar neutral oil, coal tar phendadsap
mL of tetrathionate broth; making dilution “.renfold and water. The recommended dilution rate was lqfart

serial dilutions were made to obtain dilutions of KRESQ,D to 72 parts warm water (5 mL of the
_1 .
10°,10%, 10", 10, 10, 10’ and 16mL™". Bacterial count gisinfectant was added to 360 mL distilled watet, p

in each dilution was obtained by inoculating ong 57y,

CHROMagar Salmonella plates  (Becton-Dickinson, TekTrol (ABC Compounding Co, Int., Atlanta,
VMR Int.) The plates were incubated overnight f@r 1 GA) is a mixture of Paratertiary Amylphenol (40%),
20 h at 35-37°C. Viable cell counts were express®d Orthobenzyl Para Cholorophenol (10%), Orthophenyl
CFU/surface area. The calculation was carried suigu  phenol (12%) and inert ingredients (74%). The
the following formula: recommended dilution rate was 15 cc per one gallon
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water (1ml of the disinfectant was added to 258 mL0.5 mL™? of the bacterial suspension (418 mL™)
distilled water, pH 10.20). was added to 4.5 mL organic matter suspensional(fec

Sanidate (RTU) a ready to use suspension thalroppings 5%). One mL of the bacterial-organic evatt
clean and sanitize with a green chemistry and ofdor suspension was added to the tubes containing 9fmL o
alternative that is effective and works on contdétis each of the disinfectant dilutions. The treatedetub
disinfectant utilizes activated peroxygen chemistry were votexed. One mL was transferred from the
which is highly stable chemical technology utiligin bacterial/organic matter-disinfectant tubes to 1& m
hydrogen dioxide, peroxyacetic acid and proprietarytubes containing 9 mL glycine 1.2% (neutralizerRat
stabilizers and buffers, pH 4.75. 4, 8 and 16 h from the zero time of bacterial-OMtomie

Green Works (Clorox Comp., Oakland, CA) is ainoculation to the disinfectant dilutionsSalmonella
non anionic surfactant (alkyl polyglucoside) andngo typhimurium was counted on chromagaalmonella
essential oils with citric and lactic acid. It ha® plates using plate drop techniques Zeleeal.”® and
extraordinary cleaning power without harsh chemicaHerigstadet al.™® as described previously. Viable cell
fumes or residues. It was diluted at the rate :4f 1 counts were expressed as CFU/surface area. The
(200 mL of the disinfectant was added to 200 mLcalculation was carried out using the followingnfiora:
distilled water, pH 2.40).

All the disinfectants were applied using a sprayer-0g (average CFU/drop vol.) (dilution factor) (Vol.
bottle of 200 mL capacity; 50 mL of each disinfettta scrapped into/surface area)
was sprayed on its specific litter tray. The tirmquired
by each disinfectant to kils. typhimurium population
in the presence of organic matter was measured
following the decline irS. typhimurium count.

Evaluation of the efficacy of the chemical
isinfectants in the absence of organic matter:
enfold serial dilution was carried out for each

disinfectant in 15ml tubes using PBS to obtain the

Collection of the litter samples; Three samples each dilutions of 16, 1¢, 1¢%, 10 and 10 cfu mL™ 0.1 mL

of three grams were collected from each inoculateq100 pL) of the bacterial suspension ¢L8’cfu mL™)

aluminum tray and the control tray through the whol was added to the tubes containing 10 mL of the

depth of the litter on a daily basis. The samplesew (disinfectant dilutions. The treated tubes were xexe
added to 27 mL Phosphate Buffered Saline (PBS)y Theone mL was transferred from the bacterial-disirgfatt

were allowed to stand for 20-25 min and then theure  tyhes to 15 mL tubes containing 9 mL glycine 1.2%

was filtered using filter paper (7 cm dlame[fé][) The (neutralizer) at 2, 4, 8 and 16 h from the zeroetiof

ambient temperature, relative humidity percentdgé®  pacterial-OM mixture inoculation to the disinfectan
atmosphere and litter pH were recorded daily thhou  iutions.

the length of the experiment. Salmonella typhimurium  was  counted on

Salmonella Typhimurium count: The filtrate was CHROMagar Salnnnell[%] plates using plat[eiO] drop
used for obtaining bacterial count using the drigiep €Chniques Zelveet al.™ and Herigstacet al.”™ as
technique with CHROMaga®almonella plate®? and  described previously. Viable cell counts were esgeel
Herigstadet al.’? as described previously. Viable cell @ CFU/surface area. The calculation was carrigd ou
counts were expressed as CFU/surface area. THsing the following formula:

calculation was carried out using the followingrfada: o
Log (average CFU/drop vol.) (dilution factor) (Vol.

Log (average CFU/drop vol.) (dilution factor) (Vol. scrapped into/surface area)
scrapped into/surface area)

Statistical analysis. The statistical analysis was carried
Experiment 11: Laboratory evaluation of the chemical out by performing Analysis Of Variance (ANOVA,
disinfectants using modified use-dilution test GLM, MIXED) using SAS 9.2.0 software.
Robinsonet al.??. The test was repeated twice; once in
the presence of organic matter and the second itime RESULTS

the absence of the organic matter.
Efficacy of the tested chemical disinfectants on the

Evaluation of the efficacy of the chemical survival of Salmonella Typhimurium in poultry litter:

disinfectants in the presence of organic matter: The objective of this study was to evaluate thecadly

Tenfold serial dilutions were carried out for eachof some new commercial disinfectants some of whieh

disinfectant in 15 mL tubes using PBS to obtain theconsidered environmentally safe and possibly cdnad

dilutions of 18, 1@, 10, 10" and 16 mL™. About used in poultry houses while the birds alkstsent.
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Table 1: Efficacy of chemical disinfectants agai@styphimurium in poultry litter (log CFU g* and killing percent during each day of the 7

days experimental period) in experiment |

Days Parameter Green work Sanidate Consan 20 olektr Kreso D Control
1 Log; count 7.56° 6.45% 6.25° 5.46° 5.44% 7.59°
Killing (%) 32.50 94.04 96.18 99.41 99.45 10.41
2 Log; count 7.08 6.12 5,750 5.30* 5.04°% 7.58%8
Killing (%) 74.79 97.18 98.82 99.69 99.76 10.41
3 Log, count 6.7 5.720A 5.5 487 4.40% 7.5g%4
Killing (%) 88.18 98.88 99.30 99.85 99.92 14.58
4 Log, count 6.48% 5.3@cd"e 5.20°8 4.58°8 4334 7.51°¢
Killing (%) 94.04 99.51 99.66 99.91 99.95 20.83
5 Log; count 5.88™ 5.08%" 0.00%"™ 0.00%* 0.00" 7.494A
Killing (%) 98.48 99.74 100.00 100.00 100.00 25.00
6 Log, count 4.68% 0.0 0.00" 0.00" 0.00™ 7.49%
Killing (%) 99.89 100.00 100.00 100.00 100.00 37.0
7 Log, count 0.06™ 0.0 0.00" 0.00" 0.00* 7474
Killing(%) 100.00 100.00 100.00 100.00 100.00

*. Represents values with significance aD01; **: Represents values with highly significanat ;0.0001;* > © 939 Represented the
significance in each disinfectant through 7 ddy$3™ < Represented the significance between the fiviefeistants in each day through 7 days

Table 2: pH of the litter treated with each cheridasinfectant
during the 7 day experimental period in experiment

Days KresoD Tektrol Consan20 Sanidate Green w@tntrol

Table 4: Efficacy of chemical disinfectants aga®gyphimuriumin
a laboratory trial in the presence of organic nmafteg,
CFU g¢* and kiling percent during 24 h experimental

1 8.07 858 850 8.90 7.95 8.07 period)
2 8.07 8.31 7.68 8.15 8.05 8.00 Time (h)
3 7.86 8.23 7.81 7.89 7.81 7.86
4 7.45 7.68 7.39 7.71 7.56 7.51 Disinfectants Parameters 2 4 8 16
5 7.35 757 7.24 7.35 6.39 6.68 Green Work Logcount 6.48~ 6.0&8~ 421 o
6 7.22 7.38 7.03 7.19 6.20 6.46 Kiling (%) 93.75 97.66 99.62 100
7 7.09 721 6.92 6.99 6.13 6.31 Sanidate Logcount 647" 590™  s5a1r™ o™
Killing (%) 94.58 98.33 99.73 100
Table 3: Efficacy of chemical disinfectants aga®gyphimuriumin ~~ Consan20  Logcount ~ 0.08™*  0.00** 0.00* 0
a laboratory trial in the absence of organic matte; CFU Killing (%) 100.00 100.00 ~ 100.00 100
g and killing percent during 24 h experimental pdio Tektrol Log count  4.9%  4.50 0.00° o
Time (h) Kiling (%) 99.81  99.92 100.00 100
Kreso D Logcount  0.06™ 0.0 0.0G* o
Disinfectants _Parameters 2 4 8 16 *. Represents }f/g;ggs(wth1§gﬁ?fci)cancelc;%§)%1' ** 1I'«?g;.)(r)((e)s,entsl\(/)e?lues
A A CA A . ctl . .
Green work K;o_gcount 6.08 5.84 4.7t o with highly significance at €0.0001; ® P © " 9 Represented the
iling (%)  97.50 98.66 99.88 100 . . °
Sanidate Logcount 5 18 4,647 o°A oA s!gn!f!cance in each d|smfectar_1t through 7 days.Represented the
Killing (%)  99.62 99.90 100 100 significance between the five disinfectants in eda
Consan20  Logcount 0.06™  0.00" o o
Tektrol lEi"ing (%) 10%%%; 1%06(()79**’* 1ng %)(3/9 Efficacy of the chemical disinfectants against
ektro og count . X ; ; ; ;
Killng (%) 99.97 100.00 100 100 Salmonella Typhimurium in the_laboratory in th_e
Kreso D Logcount ~ 0.08™  0.00* oA oA presence and absence of organic matter: In this
Killing (%) 100.00 100.00 100 100 experiment (experiment 1), the object was to corapa

*. Represents values with significance aD®01; **: Represents values
with highly significance at £0.0001; * > ¢ @9 9 Represented the
significance in each disinfectant through 7 days.Represented the
significance between the five disinfectants in eda

In this experiment (experiment ), the object was t
compare the efficacy of these disinfectants in fopul
litter with organic matter during 7 days of the
experiment. The data are shown in Table 1 as CEU g

the efficacy of these disinfectants in the labamato
without poultry litter andvith or without organic matter
for 24 h. The data are presented in Table 3 and 4 a
CFU g*. The data reflect nearly the same effect for the
superiority of the phenolic and quaternary ammonium
compounds by killing Salmonella Typhimurium in
faster time and higher significant when compareth wi
other tested chemical disinfecnats.

The results showed superiority in action that was

obvious in case of Kreg®, Tektrok and Hi-yield
Consaff when compared with the other disinfectants

DISCUSSION

that were used in the experiment. pH of the liter = Commercially available disinfectants are not
didn't show any significant level which can be classified as broad spectrum agents. Multiple facto
reflected to thr effect of the chemical disinfedtanf  should be considered when a disinfectant is chosen,
Salmonella Typhimurium, (Table 2) such as organic matter on the surface to be treated
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presence of organic matter in the diluents, quadity environmentally safe their action seems to be tdtec
water, corrosiveness or toxicity of the product, by the presence of organic matter. It would be enid
application method, temperature, porosity of théage  to study their efficacy at higher concentrations.
being treated, length of contact time, infectious  The pH of the litter did not show any obvious
organisms targeted, susceptibility of the infeciou influence on the activity of the disinfectantshaligh it
organisms and correctdﬂuh% ] . is well known that each disinfectant has its own
It is well known that elimination oBalmonella  tayorable pH range to acSamonella is known to
from poultry houses is a difficult ta3®. The main risk  syrvive in pH range of up to 5.3. In this study fité

of Salmonella contamination of poultry flocks are the yajues broadly were ranged from 8.90-6.13 which is
Salmonella status of the previous flofR Salmonella  considered to be within the working range pH foe th

watef'!! presence of contaminated cariérsodents, gptimum range for the growth Gimonella. It is to be

21] . .
trucks®, diluted to the recommended concentrations, pH was

Data showed that Green work was effective againgtighly acidic 4.75 and 2.40, respectively but when
S typhimurium starting at day 5 (0.001) with killing  pyiyeq with the litter the pH was in same range ha t
ratio of 98.48% and showed 100% killing efficacy ON jitter treated with other disinfectants (Table 2)
day 7 (0.0001). Sanidate RTU was effective starting These data showed that in the absence of organic
at day 4 (g0.05) with killing ratio of 99.51 and showed matter Green work started to show high efficacgra®:
100% Kkilling efficacy starting at day 64p.001) and ", 0001) with killing ratio of 97.50% and showed
day 7 (0.0001). Hi-yield Consafi was effective 100% killing efficacy after 16 h ¢9.0001). Sanidate

starting at day 4 0.05) with killing ratio of 99.66% RTU started to show hi .
- i gh efficacy after 2 kEQ@0001)
and showed 100% killing efficacy at day 5@0001),  \yith illing ratio of 99.62% and showed 100% kitn

day 6 (p0.0005) and day 7 §8.0001). Tektral was ffi ft.
effective startingat day 4 (g0.05) with killing ratio of © |ca<i:_);iaelde®r %gr(gg}ém:nlg' Kresg D showed 100%

99.91% and showed 100% Kkilling efficacy at day Skillin )
g efficacy after 2 h (§0.0001). Tektrg} started to
(p<0.001), day 6 (g0.0001) and day 7 §0.0001). g high efficacyafter 2 h (50.0001) with killing

Kresq, D was effective startingt day 2 (g0.05) with ; 0 o Lilli .
killing ratio of 99.76% and showed 100% killing Laﬂczgc,g&gi)/"(?ggljgg’wed 100% killing efficacteaf

efficacy at day 5 (g0.001), day 6 (10.0005) and day 7 In the presence of organic matter Green work and

(p<0.0001). . . . i
- .Sanidate RTU, both starting to show high efficaftgra
_The_ disinfectants were compared to each other L (p£0.0001) with killing ratio of 93.75 and 94.58%,
their efficacy each day and the results showed dhat spegtively and showed 100% killing efficacy aftér

day 1 there was a significant difference betweerLe(p<0 0001). Hi-yielfConsaf and KreseD showed

Sanidate RTU and Green work<(p05). On day 2 e }
there was a significant difference between KgeBo 100% Kkilling efficacy after 2 h 0.0001). Tektral

and Tektroh, Hi-yield® Consafi, Sanidate RTU, Green Starting to show high efficacafter 2 h (£0.0001) with
work  (p<0.01), (p0.01), (x0.01), (x0.005), Killing ratio of 99.81% and showed 100% killing
respectively. On day 4 there was a significantefficacy after 8 h at (¢0.0001), (Table 4).

difference between KresdD and Hi-yiel® Consafl Latasaet al.'*!, reported that life in a biofilm state
(p<0.01), Tektrah and Green work 0.01). On day 3, protects the bacteria against environment insukes |
5, 6 and 7 there were no significant differencasvben  chemical sanitizers which are generally unable to
the efficacy of the disinfectants and each others. eliminate most biofilm-associated bacteria.

The intention of disinfectant programs in poultry The disinfectants were compared to each other in
facilities is to reduce the pathogenic micro-orgams. their efficacy at each specific time by taking sieap
However, if disinfectants are used without properlyfrom the disinfectant/bacterial mixture. There weie
cleaning the facility prior to application, theneth significant differences between Green work, Saeidat
effectiveness of the disinfectant may be comprodhise RTU, Hi-yield® Consaf, Tektrol, and Kresg D.

Organic matter provides a physical barrier thatquts Quinn and Marke§?! suggested that phenolic
microorganisms from contact with the disinfect&hts compounds should be used for any application where
In this study both Green work and Sanidate RTUexcessive organic matter may be present, due io the
showed delayed action. Although they areefficacy even in the presence of organic matter.
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CONCLUSION 5.

In summary both of KregoD and Hi-yiel®
Consan 28 which are phenolic compounds have shown
higher efficacy againss. typhimurium compared with
the other compounds. In experiment | in the preserfc
organic matter in the litter, they achieved 100%hde 6-
effect by day 5 (0.0001) (Table 1) and in experiment
Il they achieved 100% lethal activity after 2 h
(p<0.0001) (Table 3 and 4) irrespective of the absencé:
or the presence of organic matter.

Green work and Sanidate RTU are considered
environmentally safe disinfectants. Although their
efficacy was less compared to Krgdo in this study,
future experiments are necessary to see if theydnme
effective at higher concentrations. Future studies
also needed to study the efficacy of environmeptall
safe disinfectants while the birds are presentonltpy
houses.
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