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Abstract: Water microbial contamination is a serious issue that poses a risk to both animal and human health.
120 water samples collected from main water source and drinkers from a poultry farm. Different bacterial
pathogens were isolated from water sources. Escherichia (E.) coli, Pseudomonas (P.) aureoginosa, (Salmonella)
S. Typhimurim, Aeromonas (A.) hydrophila at different percentages. Variable degree of bacterial resistance to
some commercial disinfectants commonly used to disinfect water system (iodine, terminator and H2O2).
Nanoparticles were used to control bacteria in water. About the safety investigation for the prepared
nanomaterials, the work results demonstrated that zinc oxide (ZnO) nanoparticles (NPs) exhibit the highest
safety profile among the manufactured materials. The median fatal dose (LD50) for ZnO NPs was determined
to be 3709 mg/kg body weight. In comparison, the LD50 values for zeolites and nanocomposites were 3251
mg/kg and 2658 mg/kg, respectively. Therapeutic dosages were estimated based on the LD50. Zeolite NPs,
ZnO NPs and ZnO/zeolite NPs showing promising results in control of those bacteria. It was concluded that
the escalating resistance of bacteria to disinfectants have led to a need to find alternative such as nanoparticles
that proved promising results in control of pathogens, particularly it showed a safe effect on laboratory

animals.
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1. Introduction

The quality of drinking water is a matter of ultimate importance for livestock especially poultry
affecting both health and performance of the birds [1] (Umar et al., 2014). Unfortunately, most of
farmers are unaware of the impact of the water quality on their animals [1]. Besides, many rural areas
in developing countries lack the hygienic quality of drinking water offered to livestock [2]. Water is
an essential nutrient, it is required for all vital processes done in the animal body, transport nutrient
to/out the cells, remove waste materials, and maintain proper fluid and ion balance [3].

In Egypt, the River Nile is the main source of drinking water for both humans and animals, also
it supplies about 97.0% of water reserves across the country [4,5]. Drinking water sources (tab water

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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or ground water) receive many contaminants through many ways such industry, agriculture and
domestic wastes [6]. There is a wide range of pathogens could be found in water especially this
offered to animals. The major type of these pathogens is coliform bacteria; the most important
bacteria in this group include Escherichia coli, Klebsiella spp. and Enterobcater spp. Besides, Psuedomonas
spp., Salmonella, Aeromonas spp. and Protus which are highly pathogenic and of zoonotic importance
[7,8].

Drinking water purification plants are designed specifically to eliminate chemical and
microbiological pollution in raw water sources through many treatment stages; noteworthy in the
last step of disinfection, bacteria and other pathogens which cause water-borne diseases are
eliminated [9]. Many disinfectants have been used in poultry farms such: chlorine and chlorine
containing substances, iodine, hydrogen peroxide, and quaternary ammonium compounds (QAC)
that exhibited high efficacy in controlling water borne pathogens [10], but due to their abuse and /or
overuse and other factors that have led to development of microbial resistance toward disinfectants
[11].

To overcome microbial resistance to disinfectants and environmental pollution including water
pollution, researchers have resorted to nanoparticles [12,13]. NPs can be made of metals, metal
oxides, carbon nanotubes, zeolites, and other materials. The actual mechanisms of action of different
NPs against microorganism vary depending on the type of NP and the target microorganism [14].
One of the promising materials that could be used in water purification is zinc-zeolite (ZnO-Z)
nanocomposite where zeolites are used as an adsorbing platform for zinc nanoparticles which act as
a source of zinc ions that are released slowly from zeolite matrix and attack bacterial cells inhibiting
their growth [15].

The aim of this study was to investigate the bacterial profile of commercial poultry farms that
impair the quality of drinking water of the farm under the study causing water-borne diseases for
both birds and farm workers and evaluating the effectiveness of some disinfectants commonly used
in water treatment and then comparing their antibacterial effect to ZnO,Z and ZnO-Z
nanocomposites in controlling virulent pathogenic bacteria and In vivo evaluating the pathological
effect of the tested nanomaterial on lab animal.

2. Materials and methods

2.1. Study area and period

A field study was conducted in Beni-Suef district, Beni-Suef province (coordinates 29°04 N-31°
05'E) during the period from March till November 2022. Representative water samples were collected
from main water supplies tap, underground [hand pump] and drinkers from two commercial poultry
farms. Many birds and some of the farm workers were suffering from nausea, diarrhea, vomiting and
weight loss which mainly associated with water-borne infections after exclusion of other causes,
despite continuous water treatment using different disinfectants. The ethical approval for the in-vivo
assessments of the tested nanoparticles was authorized by of Institutional Animal Care and Use
Committee (IACUC), Ref. No: IORG 022-412), Beni-Suef university.

2.2. Water sample collection

A total of 120 water samples were collected from the main water sources (n=10) and drinkers
(n=30) intended for poultry and the farm workers' drinking. The water samples represented three
different sources (tap and underground [hand pump]) from the investigated two farms in different
areas. Water samples were gathered from tap and hand pump wells in 250 ml sterilized Schott Duran
bottles for bacteriological examination. The tap's outlets were thoroughly disinfected with 70.0%
ethyl alcohol, water is then allowed to flow, and the samples were taken [16]. Sampling bottles were
tightly sealed, properly labeled and then immediately sent to laboratory for bacteriological analysis
as described by APHA [17].
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2.3. Isolation of bacterial pathogens in the screened water samples

For isolation of Pseudomonas spp., initially 10 ml of the water samples were enriched in 90 ml of
tryptic soya broth (TSB, Oxoide, CM0129T), incubated at 37 °C for 24 h, in the second day the enriched
broth was subsequently inoculated at surface of Pseudomonas cetrimide agar (Oxoide, CM0579),
incubated at 37°C for 24h. Blue, blue-green pigmented or non-pigmented colonies with specific
sweaty grape odor on the surface of cetrimide agar were picked up and purified on tryptic soya agar
(TSA) media (Oxoide, PO0163) [18,19]. For recovery of Aeromonas organism, another 10 ml of the
water samples were poured into 90 ml of buffered peptone water (BPW, Oxoide, CM509), incubated
at 37°C for 24 h, followed by plating on Aeromonas specific media (Oxoide, CM0833), supplemented
with ampicillin antibiotic (Oxoide, SR0136) and incubated at 37°C for 24h, Green and yellow colonies
were taken on nutrient agar (Oxoide, CM0003) plates and incubated at 37°C for 24 h for purification
[20].

While, the isolation of Salmonella spp., the third portion of water samples (10 ml) was firstly
enriched into BPW, incubated at 37°C for 24h, followed by post-enrichment on Rappaport-Vassiliadis
(RV, Oxoide, CMO0669), incubated at 42°C for 24 h and finally selectively plated on the surface of
Salmonella-Shigella agar (S-S, Oxoide, CM0099), incubated at 37°C for 24 h, colonies of white color
with black centers were subsequently purified on the surface of nutrient agar plates [21]. For
cultivation of E. coli O157:H7, the fourth part of water samples (10 ml) was added to 90 ml of tryptic
soya broth supplemented with novobiocin (20 mg/L, Oxoid, SR0181). After incubation for 24 h at
37°C, a volume of 100-uL of the broth media was spread onto Sorbitol MacConkey (SMAC, Oxoid,
CMO0813) agar supplemented with cefixime (0.25 mg/ml) and tellurite potassium (2.5 mg/ml) (Oxoid,
SR0172) [22]. Plates were incubated for 24 h at 37°C and examined for typical E. coli O157 colonies
(non-sorbitol fermenters). The suspected typical colonies were streaked on TSA plates. The suspected
non-fermenting colonies were assessed for agglutination using specific E. coli O157:H7 agglutination
latex kit (Oxoid, DR0620M) according to manufacturer instruction. Bacterial colonies showing an
agglutination reaction were considered as E. coli O157:H7 positive. After purification of the all
previous isolates they were preserved on TSA slopes at 4°C where they were subjected for
confirmation by biochemical and molecular analysis.

2.4. Identification of bacterial pathogens in screened water samples

2.4.1. Biochemical and serological identification of bacterial pathogens

All recovered Pseudomonas colonies were biochemically identified according to Palleroni [18]
and Holtz et al. [19], while the suspected Aeromonas isolates were identified using morphological and
biochemical characters [23]. On the other hand, the obtained E. coli and Salmonella isolates were
serologically identified according to Kauffman-White Scheme by slide agglutination test using
polyvalent and monovalent O and H antigen (Difco Laboratories, Detroit, Michigan, USA) [24,25].
The serological analyses were applied in Serology Unit, Animal Health Research Institute, Dokki,
Giza, Egypt.

2.4.2. Molecular identification of the bacterial pathogens

All biochemically or serologically identified isolates of A. hydrophila, P. aeruginosa, E. coli and
Salmonella spp. were submitted to the molecular characterization in the biotechnology center at the

animal health research institute, Egypt, as well determining the virulence genes as mentioned in
Table 1.

doi:10.20944/preprints202311.1590.v1
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Table 1. Oligonucleotide sequence and virulence genes specific for A. hydrophila, P. aeruginosa, E. coli
and Salmonella determined during the study.

Amplification (35 cycles)

Amplif

Microbial Target - ied Primary Secondar . . Final-
agent gene Primers sequences segmen derfaturat y AnnealiExtensi extensiReference
ion denaturat ng on on
t (bp) .
ion
GAAAGGTTGATGCCTAAT Gord
165 ACGTA o5 O¥C wC  s0C 72C 72C er [szet
rRNA CGTGCTGGCAACAAAGGA 5min. 30sec. 40sec. 45 sec. 10 min.
CAG
A.. AGAAGGTGACCACCACCA
hydrophil Act AGAACA 230 94°C 94°C 55°C  72°C 72°C
a AACTGACATCGGCCTTGAA 5min. 30sec. 30sec. 30sec. 7 min.
CTC Nawaz et
TGACCCAGTCCTGGCACGG al. [27]
alt C 440 94°C 94°C 55°C 72°C 72°C
GGTGATCGATCACCACCA 5min. 30sec. 40sec. 40 sec. 10 min.
GC
16S GGGGGATCTTCGGACCTCA 956 94°C 94°C 52°C 72°C  72°C Spilkeret
rDNA TCCTTAGAGTGCCCACCCG 5min. 30sec. 40sec. 45sec. 10 min. al. [28]
GACAACGCCCTCAGCATC
P. toxA ACCAGC 396 94°C 94°C 55°C  72°C 72°C Mataret
Reriginos CGCTGGCCCATTCGCTCCA 5min. 30sec. 40sec. 40sec. 10 min. al.[29]
u GCGCT
TGAACGTGGCTACCAAGA Ghadaksa
flic ACG 180 94°C 94°C  56.2°C 72°C 72°C zet al. [30]
TCTGCAGTTGCTTCACTTC 5min. 30sec. 30sec. 30sec. 7 min. 2015
GC
CGATTCTGGAAATGGCAA i
phoA AAG oo OC wC  sC m2C 72C H‘;;]t]a '
CGTGATCAGCGGTGACTAT 5min. 30sec. 40sec. 45 sec. 10 min.
GAC
ATGTTATTTTCTGCCGCTCT
, G 94°C 94°C 54°C  72°C  72°C Yaguchiet
E.coli Iss 266 . .
CTATTGTGAGCAATATACC 5min. 30sec. 30sec. 30sec. 7min. al.[32]
C
TGCAGAACGGATAAGCCG Ghanbarp
fimH TGG 508 94°C 94°C 50°C 72°C 72°C our and
GCAGTCACCTGCCCTCCGG 5min. 30sec. 40sec. 45sec. 10 min. .
Salehi [33]
TA
GGT GGC AAG GGA ATG
STM44 AA 915 94°C 94°C 50°C  72°C 72°C Liuetal.
95 CGC AGC GTA AAG CAA 5min. 30sec. 40sec. 50sec. 10 min. [34]
CT
S TTG TGT CGC TAT CAC
tTphzzmur St TGG CAA CC 617 94°C 94°C 59°C 72°C  72°C Murugkar
ium ATT CGT AAC CCG CTC 5min. 30sec. 40sec. 45sec. 10 min. et al. [35]
TCG TCC
TCA GAA GRC GTCTAA
sopB CCA CTC 517 94°C 94°C 58°C 72°C 72°C Huehnet
TAC CGT CCT CAT GCA 5min. 30sec. 40sec. 45sec. 10 min. al. [36]

CACTC
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2.5. Synthesis and characterization of ZnO NPs, Z NPs and ZnOnanocomposite

Commercial ZnO powder (size 0.6-1 m, purity 99.9%, Loba, Chemi, Pvt. Ltd., India) was ground
using hardened steel balls (diameter) in steel cells (250 mL). 15 mm, 32 gm) in ambient conditions for
various times between 2 and 10 hours. The automated milling was carried out in a mill with a
horizontal oscillator (Retsch, PM 400) with a 25 Hz frequency. Steel ball ratio in the combination and
ZnO powders was approximately 15.0% by weight. The use of already-milled materials without
further milling media. Each compartment contained 10 g and five balls of the powdered sample.
There were two parallel cells utilized in the total powder sample weight for this experiment is 20 g).

Commercial zeolite (Clinoptilolite ore and Nano Zeolite with particle sizes ranging from 1 to 10
m were utilized in the mailing process for commercial zeolite. The Nano-zeolite was produced by
combining commercial zeolite with processed natural clay zeolite that had been dried at 100°C for 48 hours,
and then passed through a photon ball mill for 12 hours at a constant mechanical speed of 300 rpm. Then, 200
ml of DMF (di-methyleformamide) solution were combined with 0.5 g of ZnO to synethsis ZnO-Z. The liquid
was then filtered to get rid of any settled solids after spending 24 hours in an ultrasonic bath. Then, 1 g of zeolite
was added to the mixture, and the ultrasonication process was repeated for 24 hours. The mixture was then
centrifuged, dried at 100 °C for 24 hours, and filtered.

The crystal structure and crystallinity of the prepared materials were detected using X-ray
diffraction (XRD), while the vibration and chemical bonds of the materials were screened by fourier-
transform infrared spectrum (FT-IR). The average size and morophologic shape of zinc oxide, zeolite
nanocomposite was characterized by Scanning Electron microscope (SEM) at National Research
Center (NRC), Egypt.

2.6. Evaluation of biocidal activity of tested disinfectants

The efficacy of different disinfectants commercially used for sanitation and disinfection of
drinking water at animal and poultry facilities and listed by Food and Drug Administration also
proven to be effective under field condition [10], (Aksoy et al.,2019), and ZnO-Z nanocomposite at
different concentrations using broth macro dilution method against different bacterial pathogens
isolates from water samples from the farm under the study as following: lodine at concentrations of
(0.5 and 1.0%) (India), commercial preparation of hydrogen peroxide (H202) 50% stock solution
(Sigma) at concentration of (3.0 and 5.0%), Terminator (glutraladehyde and cocobenzyl dimethyl
ammonium chloride) (Bomac laboratories, Ltd, Newzealand) at concentration of (0.3 and 0.5%), and
ZnO-Z nanocomposite at concentrations of (0.1 and 0.5 mg/ml), against 40 isolates of different
pathogens that were isolated from different water sources E. coli, Salmonella sp., Pseudomonas sp. and
Aeromonas sp. (10 isolates each) using broth macro dilution method as described by Li et al. [14] at
contact time (30 min, 2 h and 24 h).

2.7. Experimental animals

The Department of Physiology at Beni-Suef University, Faculty of Veterinary Medicine acquired
rats for use as laboratory animals. The rats were kept in a standard laboratory environment with a
12-hour light/dark cycle, a humidity level of 60.0%, and a temperature of 23°C. The Faculty of
Veterinary Medicine at Beni-Suef University evaluated and approved the animal handling
guidelines, which included weighing and gavage techniques. Protocol of Animal Rights for
Laboratory Experiments, IACUC was approved at Beni-Suef University for ethical handling of
laboratory animals. The experiment was conducted under a standard 12-hour cycle of light and
darkness. To perform the LDso values, adult rats weighing 160 to 180 g b.wt. were used in
toxicological experiments. All of the animals included in the acute investigation had a constant diet
and had access to water every single day.

2.7.1. Experimental groups and medications for 10 days” acute study

In this investigation, 54 adult male albino rats were used, with an average body weight of 100 to
150 gm and an average age of 3 to 4 months. Rats were divided into equal groups of nine for each
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dose increase during each experiment, beginning with 200 mg/kg b.wt. in the first group, the
concentration of all investigated compounds was raised in subsequent groups, reaching 10000 mg/kg
b.wt. in the final group.

2.7.2. The assessment of LDso, LDsas a measure of toxicity (Probit analysis)

The independent variable X can collect experimental data by converting the value evaluation of
a mathematical model that best fits the dependent variable Y (percent) into probit values. Results of
the investigation (X-different concentrations) Regression and probit analyses are much inferior to
traditional LDso calculation methods, which involve (percent) at specified doses of the investigated
components and Y-experimental animal death (Regression analysis) [37].

In order to calculate the number, data and interpolation are needed. Since the Miller and Tainter
method similarly causes a 50.0% rise in the experimental data variable Y [38], it is very noteworthy.
If the mortality of the lowest and/or highest doses is 0.0% and/or 100.0%, respectively, Miller-Tainter
method also converts mortality results (in percent) into probit values; however, the percentage values
are first corrected against the number of experimental animals; these corrected values are then
transformed into probit values for additional processing. The doses were expressed in mg/kg rather
than percentages, allowing the LDsoand LD to be calculated.

2.7.3. Estimation of the maximum LD;¢ and median lethal dose LDs for the tested nanomaterials

Rats were used in the tests, which were divided into six groups of nine each. The various test
materials received oral doses ranging from 200 to 10,000 mg/kg b.wt. Following administration, the
animals were observed for two hours, then again after twenty-four, then again after 10 days. The
death rate (%) was estimated after 24 hours up until 10 days [39]. The outcomes were processed using
Miller-interactive Tainter's LDso calculation techniques. The trials employed rats with LDo, LD2o, LDs,
LDso, and LD1oo. The SPSS program's probit analysis was used to determine the linear correlation
coefficient and analyses mortality trends as a function of the measured drug concentrations.

2.7.4. Mortality and Toxic Signs

Ocular observations of mortality, distinct changes in physical appearance, behavior (sleepy,
salivation, lethargy), and any damage or illness were made at 2, 6, and up to 24 hours after dosing,
and throughout the course of the next 10 days [40].

2.8. Histopathological observation

Standard histological procedures were used to fix a tiny piece of the liver, kidney, and brain
before embedding it in paraffin, sectioning it for 5-6 mm thick, and mounting it on glass microscope
slides. Hematoxylin and eosin was used to stain the sections, and light microscopy was used to
examine the prepared slides [41].

3. Statistical analysis

Data obtained were recorded the prevalence of identified bacterial traits in the collected water
samples as well as the germicidal efficacy of tested disinfectants and zinc oxide-zeolite
nanocomposite using non-parametric test (Chi-square test) using SPSS (Inc. version 22.0, Chicago, IL,
USA).

4. Results and discussion

E. coli was the most prevalent bacteria isolated from different water sources 34/75 (45.3%)
followed by Salmonella spp. 21/75 (28.0%). Besides E. coli was mainly recovered from drinkers filled
from surface water followed by drinkers filled from tap water (53.0 and 41.7%, respectively).
Meanwhile Salmonella spp. were mainly recovered from surface water (40.0%), also P. aeruginosa and
A. hydrophila were mainly obtained from tap water and drinkers filled out from tap water (100.0 and
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20.8%, respectively) (Table 2). High detection rates of the isolated bacteria were found in the drinkers
in comparing to the main water rates.

Table 2. Prevalence of the pathogenic bacteria isolated from different water sources in the current

study.
. No. (%) of No. (%) of bacterial isolates
Water source Examined positive . Salmonella P. A.
samples E. coli ) .
samples Spp. aeruginosa hydrophila
Tap water
Main source 10 1(10.0) 0(0.0) 0(0.0) 1(100.0) 0 (0.0
Drinkers 30 24(80.0) 10 (41.7) 6 (25.0) 3(12.5) 5 (20.8)
Hand pump
Main source 10 0(0.0) 0(0.0) 0(0.0) 0 (0.0 0 (0.0
Drinkers 30 12 (40.0) 5 (41.6) 2(16.7) 3 (25.0) 2(16.7)
Surface water
Main source 10 10 (100.0) 4 (40.0) 4 (40.0) 1 (10.0) 1(10.0)
Drinkers 30 28(93.3) 15(53.0) 9(32.1) 2(7.1) 2(7.1)
Total 120 75(62.5) 34 (45.3) 21 (28.0) 10 (13.3) 10 (13.3)
X2=56.250 P>0.000 X2=20,840 P>0.000

E. coli isolation in the screened water samples was not in consistent to those found by Selim et
al. [42], (8.0%) and Barbosa et al. [43], (16.5%) also, Momtaz et al. [44] , who found that only 4 out of
448 water samples (0.89%) were positive for E. coli. While, our findings for Salmonellae isolates were
not matched to those isolated by Yam et al. [45], (18.0%), Haley et al. [46] (79.2%), Adingra et al. [47]
(15.4%), Momtaz et al. ( [44] (7.58%), Tracogna et al. [48] (8.8%), Yhils and Bassey [49] (12.9%) and
Abd El-Tawab et al.[50] (25.0%). Furthermore, P. aeruginosa was found in 38.9% and A. hydrophila
wasn’t detected in any of the examined water samples as reported by Mohammed [51].

Although E. coli is a normal inhabitant of the intestinal tract of bird, man and animals.It must be
pointed out that the water that is supplied to the birds should be free from this pathogen which is a
requirement for water intended for the birds. Drinkers are considered important foci for the
microbiological quality of the water provided to the birds. Open water supplies, such as troughs and
bell drinkers, may present high contamination levels of 107 and 10* per ml for mesophiles and fecal
coliforms [52]. In the closed system (nipple), the quality of the water offered to the birds is better
protected and there are no deleterious effects on bird performance compared to the open systems
[53].

The risk of contamination with Salmonellas was 6 to 7 times higher when the water given to birds
was exposed to the environment [54]. Besides, more water samples were positive to Salmonellas in a
broiler facility when water was provided in troughs and therefore water was considered an important
means of re-infection in birds [55]. Salmonellas were isolated from 21.6% of the broiler farms and from
12.3% of the water samples examined in Canada by Poppe et al. [56]. The use of open drinkers in the
majority of the farms acts as favorable media to contamination and the presence of Salmonellas in the
litter was considered an important contamination route of the water provided to the birds.

Water systems could provide as an important environmental vehicle (reservoir) for pathogenic
organisms and serve as a potential source of water contamination, resulting in a possible health risk
for man, accompanied with severe gastrointestinal, food-borne infections in addition to, high
mortality rate in the immuno-compromised individuals [57,58]. The existence of the pathogenic
enteric bacteria represents an alarming circumstance for water- and food-borne epidemics in the
screened settings. The isolation of those pathogenic bacteria from water with high percentage in
poultry farms necessitated the strict application of biosecurity measures inside the farms and using
safe and efficient disinfectants to control those pathogens.

doi:10.20944/preprints202311.1590.v1
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Concerning the serological identification of the isolated Salmonella and E. coli as investigated in
Table 3, it showed that the most predominant serotype recovered traits of E. coli was O157 16/34
(47.1%), followed by Ouu 8/34 (23.5%). Meanwhile the percentage of serogroups S. Kentucky was
higher than other recovered serogroups 10/21 (47.6%), followed by S. Typhimurium. S. Infants 5 and
4/21 (23.8 and 19.0 %, respectively). The obtained results for determining E. coli O157 was the parallel
to those obtained by Momba et al. [59], Mersha et al. [60], El-Leithy et al. [61] and Goma et al. [62]
(25.56, 4.2, 32.0 33.3, respectively). S. Kentucky was the prominent serotype detected in poultry water
sources; this was in accordance to those found by Hassan et al. [63], and Djeffal et al. [64]. E. coli 0157
is belonged to the Enterohemorrhagic E. coli (EHEC), that causes hemorrhagic colitis and are often
associated with devastating or life-threatening systemic manifestations, the hemolytic uremic
syndrome (HUS), results from Shiga toxins (Stxs) produced by the bacteria in the intestine of the
diseased man. While the attention devoted to EHEC O157:H?7 is justified by the pathogenicity, low
infectious dose, and ability of the bacteria to survive in extra-intestinal environments, a number of
non-0157:H7 EHEC cause severe human disease and are often implicated in HUS as O26. Also, S.
Kentucky is a common causative agent of gastroenteritis in humans, poultry act as the main reservoir
of S. Kentucky, and also domestic poultry has played an important role in its global spread of this
species. S. Kentucky has been identified as one of the most prominent Salmonella serovars isolated
from broilers causing diarrhea and high mortalities resulting in severe economic losses [65,66].Upon
the molecular characterizations (Figure 1) for the screened traits, it was denoted that all the examined
isolates revealed their specific genus identification as well as virulence related genus, indicated their
severity at the farm or consumer levels.

Table 3. Serological identification and percentage of E. coli and Salmonella spp. obtained from the
examined water sources.

Bacteria isolated Serogroups No. (%)
O1s7 16 (47.1)
Oz 4 (11.8)
E. coli O144 8 (23.5)
Ountyped 6 (17.6)
Total 34 (45.3)
S. Kentucky 10 (47.6)
S. typhimurium 5(23.8)
S. infantis 4(19.0)
S. ferruch 1(4.8)
Salmonella spp. S. kottobus 1 (4.8)
Total 21 (28.0)

X2=29.273, P >0.000

doi:10.20944/preprints202311.1590.v1
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Figure 1. PCR amplification for identification and virulence related genes specific for A. hydrophila
(A), P. aeruginosa (B), Salmonella (C) and E. coli (D) isolates. Lane (L): 100 bp Ladder "Marker", Lanes
(1): examined samples, Lane Pos: Positive control, Lane Neg: Negative control.

Biocidal efficacy of tested disinfectants (Table 4) showed that all of the isolated bacteria exhibited
resistance against both concentrations of iodine (0.5 and 1.0%) and only P. aeruginosa isolates showed
moderate sensitivity by 50.0% after 24h of exposure to 1.0% concentration. A similar pattern was
exhibited by most of the recovered isolates to H202 3.0% conc. where all of them showed resistance
at variable degree except for P. aeruginosa was sensitive by 40.0% after 24h contact time, meanwhile
both E. coli and P. aeruginosa were sensitive to 5.0% concentration of HO: after 24h of exposure (55.0
and 40.0%, respectively). Concerning Terminator disinfectant Salmonella spp. was resistant to both of
its concentration (0.3 and 0.5%) by 80.0 and 70.0%, respectively. Whilst E. coli, P. aeruginosa and A.
hydrophila were sensitive to both concentrations (0.3 and 0.5%) variably where E. coli was sensitive
(45.0 and 50.0%, respectively) after 24h, P. aeruginosa was sensitive by (45.0 and 60.0%, respectively)
after 24h and A. hydrophila showed sensitivity by (50.0 and 60.0%, respectively) a for the same contact
time (Table 4). Our findings were Similar to those obtained by Amini Tapouk et al. [67] who reported
that E. fecalis showed high sensitivity to 2.0% glutaraldehyde.

Table 4. Biocidal activity of the tested disinfectants at different concentration against the isolated
bacterial traits.

Biocidal activity of tested disinfectant against bacterial isolates at different contact times

Disinfectant . E. coli (20) Salmonella spp. (20) P.Aerogenosa (10) A. hydrophila(10)
tested nemg/l S imin  2h  24h  30min  2h  24h 30min  2h  24h  30min  2h  24h
S R S R SRS R SRSRSRSR SRS RS R SR
Iodine 0.5 0 100.0 0 100.015.085.0 5.0 95.0 15.085.030.070.0 5.0 95.020.080.035.065.0 0 100.010.0 90.0 25.075.0
1.0 5.0 95.010.090.0 25.075.0 5.0 95.0 20.080.025.075.0 5.0 95.025.075.050.050.0 0 100.015.085. 030.070.0
H:O2 3.0 5.0 95.025.075.030.070.010.0 90.0 20.080.025.075.0 5.0 95.020.080.040.060.0 0 100.0 0 10.0 20.080.0
5.0  15.085.045.0 55.0 55.045.020.0 80.0 30.070.030.070.010.090.035.065.040.060.0 5.0 95.0 15.0 85.0 30.070.0
Terminator 0.3 10.0 90.0 25.0 75.0 45.055.0 0 100.0 5.0 95.020.080.015.085.025.075.045.055.5 5.0 95.0 20.0 80.0 50.050.0
0.5 15.0 85.0 40.0 60.0 50.050.015.0 85.0 25.075.025.075.020.080.030.070.060.040.010.0 90.0 25.0 75.0 60.040.0
P.value X2=522.7, P=0.000 X2=734.7, P=0.000 X2=382.7, P=0.000 X2=669.5, P=0.000

Concerning in-vitro sensitivity of zeolite nanoparticles, zinc oxide nanoparticles and ZnO-Z
nanocomposite at different contact time against tested pathogens as shown in Table 5, it revealed that
all of the tested pathogens (E. coli, Salmonella spp., P. aeroginosa and A. hudrophila were significantly
resistant to zeolite nanoparticles at p = 0.000 at all contact times, on the other hand they showed less
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resistant pattern to ZnO nanoparticles particularly with increasing the contact time mainly after 24hr
of exposure where A. hydrophila, Salmonella spp., P. aeroginosa and E. coli were sensitive to it as
following 48, 43, 42 and 40%, respectively after 24 hr of exposure (at p= 0.000). Meanwhile ZnO
nanocomposite showed a significantly promising results in control of those pathogens where their
sensitivity to composite increase with the increase of contact time where Salmonella spp. was the most
affected pathogen (76.0%), followed by E. coli (73.0%) then P. aeroginosa (69.0%) and finally A.
hydrophila (63.0%) at p=0.000 after 24hr of exposure.

Table 5. Biocidal activity of the tested Nano materials (Zeolite NPs, ZnO NPs and ZnO-Z NPs) at
different contact times against the isolated bacterial traits.

Zeolite nanoparticles Zinc oxide nanoparticles Zinc oxide-zeolite nanocomposites
30min 2hr 24hr 30 2hr 24hr 30min 2hr 24hr
Bacteria spp. I

SIRSO/RSIRSIRSIRSIRSIRSIRSIR
% % % % % % % % % % % % % % % % % % % % % % % % % %

E. coli 0.0 2.0 98.03.05.092.0 8.0 9.0 83.019.010.071.036.011.053.040.012.048.042.0 11.047.050.015.035.073.015.012.0
Salmonella
spp-
p.aeroginosa 2.0 3.0 95.05.02.093.0 5.0 5.0 90.039.012.049.029.015.056.042.019.039.0 57.0 12.031.043.027.030.069.018.013.0
A.hydrophila2.0 5.0 93.05.04.091.0 8.0 3.0 88.031.019.050.031.014.055.048.017.035.0 52.0 10.038.045.029.026.063.022.015.0
P-value X2=864.004, P=0.000 X2=214.914, P=0.000 X2=281.951, P=0.000

1.0 2.0 97.02.04.094.0 2.0 7.0 91.036.019.045.041.012.039.043.013.040.041.0 15.036.052.020.028.076.015.0 9.0

In contrast to the finding in this study de Souza et al. [68] found that P. aeruginosa was highly
resistant to ZnO-Nps, meanwhile S. aureus and S. Typhimurium were sensitive. Stankovic et al. [69]
and Talebian et al. [70] reported that antimicrobial activity of ZnO-NPs is mainly affected by the
morphology of particles. On the other hand Wang et al. [71] had to some extent similar results to our
study were ZnO-coated zeolite was significantly effect in controlling S. aureus compared to ZnO NPs
that showed less effect in their control. Also Wakweya and Jifar [72] reported that ZnO NPs had lesser
antibacterial effect on both E. coli and S. aureus thanZnO-Z. Incorporation of the matrix of zeolites
with metal oxides such ZnO NPs increases the antibacterial properties of composite [73] which
increase the capacity of it to penetrate the bacterial layer and subsequently increasing its biocidel
effect.

FTIR of the synthesized materials as showed in Figure 2, (a) FTIR of ZnO nanoparticles showed
a broad absorption peak at 3423 cm-1 may be attributed to the characteristic peak of hydroxyl group
(O-H) [74,75]. Peak appeared at 1631 cm-1 may be due to the bending of water molecules and the
absorption peaks located in the range from 450-600 cm-1 is due to the presence of Zn-O bond [76-78].
In Figure 2 (b) FTIR of zeolite nanoparticles show, the -OH, -5i-O, and Al-O bonds in the prepared
zeolite are presumably responsible for the characteristic absorbance at 3448 cm-1, 1639 cm-1, and
below 1042 cm-1 to 467cm-1due to symmetric and asymmetric stretching vibration of zeolite [79]. In
Figure 2 (c) FTIR of Zeolite/ ZnO nanoparticles show peaks of zeolite ZnO nanoparticles are
somewhat sharper and stronger than those of pure zeolite or ZnO indicating weaker interactions and
ordered arrangements of ZnO molecules in the zeolite. All stretching vibrations associated with the
hydroxide fictional group at frequencies over 3000 cm-1 in the FTIR spectra of zeolite change towards
lower frequency, possibly as a result of the chemical bonding activity between Zn+2 and O atoms
[79].

Additionally, the IR spectra of the ZnO-Z nanoparticles showed little variation from the
reference material (zeolite) at frequencies below 1640 cm-1, which should be caused by the disordered
alignment and irregular conformation of ZnO molecules in the zeolite network [80]. (Hara et al.,
2000). The range between 460 and 530 cm1 is where zinc oxide concentrations peak [80]. (Hara et al.,
2000). We can see that the IR peak of zinc oxide nanoparticles is clearly defined in the FT-IR spectra
of the samples containing ZnO nanoparticles and appeared at 441-530 cm-1, also the presence of ZnO
nanoparticles in zeolite was confirmed by the interaction between zeolite and ZnO nanoparticles
leading to the shift in zeolite peaks like from 1639 cm-1 to 1638 cm-1 and also from 1042 cm-1 to 1030
cm-1.
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Figure 2. FTIR of the ZnO nanoparticles (a), Zeolite nanoparticles (b) and ZnO-Z nanocomposite.

The current findings of XRD spectrum for the synthesized ZnO NPs, zeolite NPs and ZnO-Z
NPs was showed in Figure. 3. The crystalline structure of ZnO NPs Figure. 3(a) was confirmed by the
observation of distinct diffraction peaks at 31.7°, 34.4°,36.15°, 47.47°, 56.56°and 62.73° in the spectra
which corresponds to the indices of (100), (002), (101), (102), (110) and (103), respectively [81-83].
Figure.3 (b) showed XRD of zeolite nanoparticles, the patterns of zeolite peaks were in agreement
with (Ref Cod 01-087- 1619) [84]. (Alswat et al., 2017). While, Figure 3 (c) showed XRD of ZnO-Z NPs,
from which we observed the similar peaks of ZnO NPs were appeared in that composite that showed
successful incorporation and preparation of zeolite NPs and ZnO NPs.
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Figure 3. XRD of ZnO NPs(a), zeolite NPs(b), ZnO-Z nanocomposite (c).

Regarding Figure 5 (a, b), SEM of ZnO nanoparticles showed that the particles were discovered
to be less than 100 nm. The particles were discovered to have a large surface area and surface energy,
whereby larger-sized particles will aggregate [85]. The homogenous, smooth, and devoid of any
fractures surfaces of the nanoparticles demonstrated proper material production [86]. While, in the
figure 5c, SEM of zeolite nanoparticles have hollow cores and mesoporous shells which offer excellent
room for interactions with ZnO nanoparticles. Also, Figure 5d displayed the SEM pictures that reveal
the morphological makeup of the zeolite/ZnO nanoparticles. The morphology of the Zeolite/ZnO
nanoparticles showed many pores and voids indicating a larger surface area and porosity. Also small
spherical granules of the ZnO nanoparticles injected into the surface of the zeolite are plainly seen.

T 12000¥
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Figure 5. SEM of ZnO nanoparticle (a, b), Zeolite nanoparticles (c), ZnO-Z. nanocomposite (d).

Shifting to the acute toxicity of zeolite, zinc nanoparticles, and their nanocomposites (Table 6) in
rats was investigated for 10 days following oral administration. Tremors, rapid breathing, an arched
back, convulsions, and unconsciousness were toxicity signs that were followed by death. The
mortality probability began to rise around 1247, 1805 and 1046 mg/kg b.wt. After oral administration
of zeolite, Zinc NPs and their nanocomposites, respectively. The LDsowas discovered to be 3251, 3709
and 2658 mg/kg respectively, and (LD1w) was reached 8467, 7620 and 6636 mg/kg b.wt., as shown in
the Table 6. These findings showed that zeolites, Zinc NPs and their nanocomposites can be used
safely in pharmacological research. For any biological applications or as a therapeutic dose, we used
LD50 values of 1/20 for the zeolites, ZnO NPs and their nanocomposites at doses of 162.5, 185.4 and
129.3 mg/kg respectively. Toxicity increased when the medicine dose was increased in the trial, as
seen in Tables 7 and 8. For acute oral testing, the maximum dosage (2,000 mg/kg body weight)
indicated in OECD Guideline 423 was applied. By oral gavage, a 25.0% aqueous solution of the
dosage was given. Prior to dosing, after two hours, on day 1, at least once each day for a total of one
week, the animals were monitored for treatment-related effects. All rats underwent gross pathology
10 days following oral treatment. No animals perished while the study was being conducted. One rat


https://doi.org/10.20944/preprints202311.1590.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 November 2023 doi:10.20944/preprints202311.1590.v1

13

showed reductions in body weight and fecal excretion on day 3 of observation, but these findings
vanished four days following medication. Two weeks following oral delivery, there were no unusual
findings during necropsy. The approximate acute oral toxicity (LDso) was >2,000 mg/kg b.wt. for male
Sprague-Dawley rats.

Table 6. Different doses (mg/kg b.wt.), total number of animals (9), and dead animal's number in
different treatments (ZnO NPs, Zeolite ZnO NPs and their combinations.

Dose Zn0O-Z . Z NP ZnO NP No. of animals
nanocomposite
(mg/kgb.wt.) 1\.10. of dead No. of animals 1\.10. of dead / group
animals/ group / group animals/ group
200 0 0 0 9
400 0 0 0 9
600 0 0 0 9
800 0 0 0 9
1000 0 0 0 9
1500 1 0 0 9
2000 2 2 0 9
3000 5 3 2 9
4000 8 6 5 9
5000 10 8 8 9
10000 10 10 10 9

Table 7. LDsoand LD estimation of Zeolites, ZnO NPs and their nanocomposites.

]z(];);o 95% CL LD9o 95% CL X2
Treatment o or P
(LCs0) LCL UCL LCs LCL UCL (df=8)
Zeolite 3251 2675 4054 8476 5929 21737 1.63 0.99
ZnO NPs 3709 3089 4514 7620 5667 21379 0.53 0.05
Nanocomposite 2658 2187 3386 6636 4627 1791 0.39 0.99

LCL: lower confidential limit, UCL: upper confidential limit, X?: Chi-square,df: degree of freedom, LCso and
LCo were lethal concentration at which 50% and 90% population dies respectively. * p> 0.05 is non-significant.

Table 8. Comparative presentation of LDo, LD20, LDso, LD90 and LD1oovalues obtained by probit
analysis of zeolite, ZnO NPs and their nanocomposites.

Parameters Results
Zeolite (mg/kg)
LDo 1247
LDz 1396
LDso 3251
LD9o 5508
LD1oo 8467
ZnO NPs (mg/kg)
LDo 1805
LD2o 1964
LDso 3709
LD9o 5515
LD1oo 7620
Nanocomposite (mg/kg)

LDo 1046
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LD2o 1185
LDso 2658
LD9o 4400
LD1oo 6636

From these study and through the probit analysis LDso had been estimated and measured;
depends upon the LDso results; the tested therapeutic doses were determined and calculated for its
use in the biomedical applications at this research as 1/20 from the calculated LDso had been tested as
follow;

Zeolite === LDso= 351 x 1/20 = 162.50 mg/kg

ZnO NPs==== LDso= 3709x 1/20 = 185.45 mg/kg

Nanocomposite ==== LDso= 2658 x 1/20 = 129.3 mg/kg

That’s indicate the highly significant safety of the tested nanomaterials

From the obtained data its illustrates that ZnO NPs are the most safe prepared materials at this
study with median lethal dose equal to 3709 mg/kg b.wt., while 3251 in zeolites whereas 2658 in the
nanocomposites. Depends upon the LDso, therapeutic doses were estimated.

According to the delivery routes, the liver, kidney, lung, and brain may be the target organs for
ZnO NPs, according to the histopathological examination (Figure 6). The current research will also
provide a deeper knowledge of the toxicity and in vivo behaviors of ZnO NPs in rats based on the
different routes of administration. After a 10-day acute treatment, no abnormalities were discovered
in any of the many organs that were taken for histological investigation. The liver's hepatocytes were
positioned properly, and its cords and major vein were both largely patent. The kidney's glomeruli
were seen to be organized normally, without any congestion or cyanosis. Normal dermal and
epidermal blood vessels on the skin with no damage or congestion. The intestinal or cecal epithelium
was unaffected by zeolites, zinc nanoparticles, or their nanocomposites, and no harm was seen.
Additionally, there was no stenosis or damage, and the intestinal villi were orientated correctly. As
demonstrated in Figure 6, the brain's hippocampus area in particular did not exhibit any abnormal
or degenerative changes. Therefore, unlike earlier studies concerning intravenous dosing of Zno NPs
for a number of days, the acute oral administration of Zno NPs had resulted in that there was no
inflammation or pathological lesions in the body organs [87].

In order to increase therapeutic effectiveness, active or passive targeting, controlled or
prolonged release, and decrease systemic drug adverse effects, medication delivery systems are
becoming more and more common [79]. To our knowledge, no prior research has been done on the
interaction between zeolites, zinc nanoparticles, and their nanocomposites with the aim of identifying
novel uses [90]. By enabling the regulated and continuous delivery of medications, nanotechnology
has shown to be helpful in the treatment of a number of biological disorders. The creation of novel
materials for use in cutting-edge medical technologies as well as a rise in the targeting effectiveness
of multifunctional. Nano carriers were made possible by the nanometer size. Nanoparticles or layers
can include small molecules that change the efficacy, bioavailability, and safety of drugs [91]. Drug
pharmacokinetics and pharmaco-dynamics are significantly impacted by the nano carrier size and
incorporation into layers [92]. Nanoparticles enhanced the effects of carrier molecules like drugs due
to their high surface-to-volume ratio. Reactive oxygen species are also produced at a higher rate
under oxidative stress, which speeds up cellular activity (ROS). Zn helps achieve a high degree of
activity in a short amount of time as a consequence [93,94]. Nanoparticles containing drugs have been
shown to be effective in the treatment of brain diseases and infections due to their small size particles
adhering effectively and crossing the blood-brain barrier as well as their sustained or controlled
release, which reduces dosing treatment and drug side effects on organ function.
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Figure 6. Histopathological investigation of ZnO NPs (A1, B1, & C1), Zeolite (A2, B2, & C2) and their
nanocomposites (A3, B3, & C3). At different body organs (brain (A) Liver (B), Kidney (C)), all showed
normal histological structure without appearance of specific pathological lesion.

5. Conclusion

Over use/abuse commercial disinfectants to control bacterial pathogens in water system in
poultry farms have attributed in the incidence of bacterial resistance as well spreading of resistance
genes among different genera of bacterial pathogens through the environment that displayed a
significant role in this process. Therefore finding an alternative became a necessity to overcome this
residence using nanoparticles such zeolite NPs, ZnONPs and particularly, ZnO-Z NPs that showed
promising results in controlling zoonotic pathogens that contaminate poultry water systems and
poses a risk to human population. Remarkable results were presented by this study proving the in-
vitro safety of using ZnO-Z nanocomposite in lab animals that could be used in the future under field
condition to compromise effective control to different bacterial pathogens in livestock water system.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org.
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Abbreviation:
E. Escherichia
P. Pseudomonas
S. Salmonella
A. Aeromonas
H:0: hydrogen peroxide
NPs Nanoparticles
ZnO Zinc oxide
Z Zeolite
LD Lethal Dose
QAC quaternary ammonium compounds
TSB tryptic soya broth
XRD X-ray diffraction
FT-IR Fourier-transform infrared spectrum
SEM Scanning Electron microscope
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