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Abstract

Background: Innovative water treatments and purification processes have become a point of interest to provide
solutions and meet the basic water requirements and demands. Clay plays a key role in environmental protection from
pollutants through ion exchange and/or adsorption.

Aim: The study evaluated the adsorption and antimicrobial efficiency of clay in purifying polluted water, as well as the
influence of clay-purified water on performance, immunity, and microbial counts.

Methods: The experimented 280 one-day-old Hubbard broilers were divided into seven groups on a deep litter
system. Polluted water (lead nitrate; 500 mg/l, calcium sulfate; 80 mg/l, yeast extract 5%; 5 mg/l, diazinon; 2.5 ml/I,
Salmonella Typhimurium; 1.5 x 10° CFU/ml, and Eimeria tenella; 1 x 10° OPG/ml) was filtered using plastic basins of
1 m? supplied with 60 cm layer of clay. Broiler groups (G1 to G6) were supplied with clay-filtered and G7 with control
tape water. A total of 2,182 samples, including 54 water samples, 266 sera, 266 duodenal swabs, 266 breast muscles,
266 fecal samples, and 1,064 organs including liver, spleen, heart, and bursa of Fabricius were collected.

Results: Weight gains, performance indices, water intakes, water/feed intake ratios, live body weights, carcasses
weights, edible and immune organs’ weights, immunoglobulin G and M, total antioxidant capacity, lactate
dehydrogenase, malondialdehyde, and superoxide dismutase revealed highly significant (p < 0.01) increases in
all broiler groups supplemented with clay-filtered water compared to the control group. Meanwhile, total protein,
alanine aminotransferase, creatinine, glucose, triglycerides, total cholesterol, cortisol hormone, total bacterial and
Enterobacteriaceae counts, total Salmonella counts, and E. tenella counts revealed highly significant (»p < 0.01)
declines in all broiler groups supplemented with clay-filtered water compared to the control group.

Conclusion: Clay filters provided high filtration, adsorption, and antimicrobial efficiency against polluted water,
enhanced water quality, and improved performance and immunity in broiler chickens.

Keywords: Antimicrobial, Broiler chickens, Natural clay, Environmental protection, Filtration, Immunity.

Introduction development, biosafety, and biosecurity plans in animal

Water in our environment is continually exposed to and poultry farms. Treatments methodology like storage

pollution by impurities such as pesticides, heavy metals,
and pathogens. In the last few years, water worldwide
witnessed critical challenges resulting from the rapid
development of industrial and agricultural practices,
as well as artificial and anthropogenic activities that
contributed to increased pollution and contamination of
water resources, and thus reduced the amount of clean
water available for drinking and planting purposes (Fu
and Wang, 2011). In addition, the problem of water
scarcity in different regions of the world infers the need
for searching alternatives to obtain water for drinking
and other purposes. Water and wastewater treatments
have become a point of interest to provide solutions
and meet the basic requirements and water demands,
as well as water hygiene, has been included in all the

and sedimentation, filtration, osmosis (Zhu et al., 2016),
ion exchange (Szczepanik, 2017), electrodialysis,
ultrafiltration, and photocatalytic degradation (Syafalni
et al., 2014; Raval et al., 2016) have experimented and
have proven to be highly efficient in treating water and
wastewater but were associated with high cost, toxic
byproducts, detrimental effects on the environment,
and low efficiency on a large scale.

Adsorption has been considered later as an alternative
for all other methods for its efficiency. The choice of
a good adsorbent has been carried out based on its
physical and chemical qualities. Adsorbent materials
have been used in the field of water treatment like
activated carbons (Ahmed, 2017; Singh et al., 2018),
biochar (Premarathna et al., 2019; Palansooriya et al.,
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2020), agricultural waste (Ahmad and Danish, 2018;
Shakoor et al., 2018), sludge materials (Anastopoulos
et al., 2017), and clay material (Rusmin ef al., 2015;
Olu-Owolabi et al., 2017; Han et al., 2019). Therefore,
applying Green Chemistry principles had become
essential to defend sustainable, environmental, and
social guidelines (Royal Society of Chemistry, 2007).
Clay and clay minerals are very important and play a
key role in environmental protection from pollutants
(contaminants) by their ability to take up cations and
anions either through ion exchange, adsorption, or a
combination of both (Foo and Hameed, 2011). Natural
clay is an available and low-cost resource that is non-
toxic to the ecosystem. Clay is a natural product
composed of aluminum phyllosilicates with tetra and
octahedral groups positioned on isomorph positions
that generate the charges of clay (Mukhopadhyay
et al., 2017). Clay has many characterizations like
high surface area, firmness, decolorizing abilities,
low permeability, hydration properties, changed to
ceramics when fired, catalytic, and ions exchange
capabilities (Kumararaja et al., 2018). Clay, as an
end product of many environmental processes, has
been involved in many uses as an adsorbent for
water treatment and removal of heavy metals (Sarkar
et al., 2019) either in its natural form or in the
modified nanocomposites form (Yadav et al., 2019;
Mukhopadhyay et al., 2020). Also, clay has proven
its high efficiency as a disinfectant (Unuabonah et
al., 2018) and antimicrobial agent against E. coli and
Salmonella Typhimurium (Mohamed et al., 2020).
The current study aims to evaluate the filtration
efficiency, adsorption, and antimicrobial actions of
natural clay in purifying water challenged with lead
nitrate at a rate of 500 mg/l, calcium sulfate at a rate of
80 mg/l, yeast extract 5% at a rate of 5 mg/l, diazinon
at a rate of 2.5 ml/l, Salmonella Typhimurium 1.5 x 10°
CFU/ml, and Eimeria tenella 1 x 10° OPG/ml and the
impact of the clay-filtered water as a form of drinking
water on performance, immunity, and intestinal
microbial load in broiler chickens.

Material and Methods

Study period and location

The study was conducted from October 1st, 2020,
to November 7th, 2020, in the poultry experimental
unit—Faculty of Veterinary Medicine—Suez Canal
University—Ismailia. Water physicochemical and
microbial analysis, performance indices, carcass
characteristics, and bacteriological assessments were
conducted in the Animal, Poultry, and Environmental
Hygiene laboratory. Water electrolyte analysis,
antioxidant, hormonal, and immunity assays were
performed in the Clinical Pathology laboratories, Suez
Canal University Hospital. Heavy metal water analysis
was conducted in the Toxicology Laboratory—
Chemistry Department—Faculty of Science—Suez
Canal University—Ismailia.

Experimental birds’ housing microclimate

The experimental units were prepared before the arrival
of broiler chickens, as well as provided with some
biosecurity measures to maintain broiler chickens’
health as recommended and evaluated by Soliman
and Abdallah (2020), like cleaning and disinfection
properly using hypochlorite, sodium hydroxide 5%
solution, and formaldehyde spray with 24 hours
intervals, foot dip with commercial carbolic acid 5%
at the entrance of the units, fly-proof nets, mechanical
traps and rodenticides against rodents, prohibition for
the introduction of wild birds, restricted access to the
experimental units, restricted access to feed storage
areas, and proper movement control inside the rooms
during daily observation, feeding, and watering of
broiler chickens.

The floor of the seven experimental units was covered
with a thin layer of superphosphate at a rate of 0.5
g.m™?, then covered with hay litters as recommended
by Soliman et al. (2018) to maintain proper litter
abiotic conditions, reduce microbial development, and
minimize ammonia volatilization. The ventilation in
the experimental units was based on negative cross-
ventilation using V-shaped inlet windows, and suction
fans serving as air outlets, as well as, the units were
supplied with extra ceiling fans to encourage air
movement across the units. The experimental rooms
were provided with monochromic white LED lights of
18 watts and 1,750 lumen each to serve in a continuous
lighting regimen for 23 hours of lighting and 1 hour
of darkness as recommended by Soliman and Hassan
(2019).

Experimental birds’ management

A total of 280 one-day-old female classic Hubbard
chicks were purchased from Ismailia-Egypt Company.
Broiler chickens on their arrival were weighed to
record the initial body weights and were then divided
into seven groups (40 birds each, 4 replicates of 10
birds) on separate research rooms/units supplied with
a deep litter system of hay as guided by Soliman and
Hassan (2020). The units were supplied with halogen
and oil heaters as recommended by Soliman et al.
(2021) that were turned on before the arrival of broiler
chickens until a microclimatic temperature of 34°C was
obtained, optimized for brooding conditions during the
first week of age. By the end of the first week, heaters’
working hours were reduced to get a gradual decline in
the microclimatic temperature at a rate of 3.5°C weekly
until achieving stable thermoneutral conditions at 25°C
by the end of the 3rd week. Broiler chickens were
given ad libitum access to dechlorinated water. Broilers
were supplied with corn-soybean ration to fulfill
their nutritional requirements according to National
Research Council; NRC (1994) and Applegate and
Angel (2014) modifications. The corn-soybean ration
as reported by the manufacturer (El-Eman company,
El-Sharkia governorate, Egypt) contained nutritive
substances as follow: protein, energy, crude fiber, and
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fat by rates of 22.5%, 2,900 kcal, 3.89%, and 5.5%,
respectively, in the starter ration that was supplied to
broiler chickens for 1:14 days, and 21%, 3,100 kcal,
3.40%, and 2.75%, respectively, in the grower pellet
ration that was supplied to broiler chickens from 15
days and ongoing for the end of the fattening cycle (25
days). The experiment was designed to last for 39 days.
Broilers were observed for the development of any
abnormalities and morbidities, specific and non-
specific mortalities, indoor and outdoor temperatures,
and humidity percentages were recorded daily for 39
days. Broilers were immunized in a traditional pattern
using mass vaccination act via clay-filtered water
after water deprivation for 4 hours against infectious
bronchitis using PESTIKAL B1 SPF H120 > 1037 live
attenuated virus vaccine on the seventh day, infectious
bursal disease using SER-VAC D78 strain VMG91 >
1039 live attenuated virus vaccine on the 14th and 21st
days, and Newcastle virus disease using PESTIKAL
Lasota > 10%° live lentogenic virus vaccine on the 16th
and 26th days.

Salmonella and Eimeria propagation

Salmonella Typhimurium lyophilized vial 2.5 x
10 was purchased from Animal Health Research
Institute - Dokki - Egypt. Salmonella Typhimurium
was propagated as recommended by Soliman et al.
(2018) and Fritz et al. (2015) using pre-enrichments
in tetrathionate broth (Thermo Scientific™ Oxoid™
Tetrathionate Broth Base, CM0029, 500 g) at 37°C/24
hours. The pre-enrichments were repeated daily for
7 days. Ten microliters from the pre-enrichment
tubes were dropped aseptically onto CHROMagar™
Salmonella (BD BBL™ CHROMagar™ Salmonella
READY-TO-USE Plated Media) at 37°C/24 hours. Pink
colonies of Salmonella Typhimurium were counted,
picked up, and resuscitated in buffered peptone water
(Thermo Scientific™ Oxoid™ Buffered Peptone Water,
CMO509B, 500 g), providing 1.5 x 10° suspensions.
Sporulated E. fenella 1 x 10> OPG suspension was
purchased from Animal Health Research Institute—
Dokki—Egypt. FEimeria tenella oocyst suspension
was centrifuged, resuscitated in deionized water, and
propagated experimentally by oral gavage in six female
classic Hubbard broilers of 14-days old and housed
in a metal galvanized battery. Broilers were observed
for the development of bloody diarrhea as a prominent
sign of the successful experimental infection. The feces
were collected for 7 days post-infection and examined
microscopically for the presence of E. tenella oocysts.
Sporulated E. tenella oocyst 1 x10° OPG was collected
in a screw-capped tube at 4°C until the challenge takes
place.

Clay filters and water filtration

The experimental filters were designed as plastic basins
of 1 m* (I m length x 1 m width x 1 m depth). The
basins were perforated in their lower ventral aspects
into holes of approximately 220 microns in diameter.
The ventral inner aspect of the tanks was covered using

a double-layered sterile gauze, and later a thick layer of
60 cm of natural clay was added to the tanks.

Clay was obtained from Ismailia lake—Egypt, and
sterilized through dry heat using a hot air oven
(Daihan® LabTech® Hot air Oven, LDO-080N) at
160°C/30 minutes to obtain clay free from any microbial
contaminants. The clay was analyzed for its physical
and chemical characteristics. The analysis revealed
silty clay loam in texture, pH up to 7.73, electrical
conductivity (EC) up to 2.49 dS/m, and composed of silt
(61.3%), clay (27.0%), sand (11.7%), organic carbon
(1.59%), organic matter (2.74%), calcium carbonate
(3.60%), cations like calcium (13.0 meq/l), magnesium
(4.0 meq/l), sodium (7.1 meq/l), and potassium (0.9
meq/l), and anions like chloride (7.0 meq/l), sulfates
(8.5 meq/1), and aldehydes (9.5 meq/1).

Challenged water (lead nitrate, calcium sulfate, yeast
extract 5%, diazinon, Sal/monella Typhimurium, and
E. tenella) was allowed to pass through the filter
overnight. The filtered water was received in clean and
sterile containers with output control.

Water challenge and supply

Broiler groups were supplied with clay-filtered
water that was previously polluted in the laboratory
as follow: the first group (G1) with clay-filtrate of
lead nitrate polluted water at a rate of 500 mg/l, the
second group (G2) with clay-filtrate of calcium sulfate
polluted water at a rate of 80 mg/l, the third group (G3)
with clay-filtrate of yeast extract 5% polluted water
at a rate of 5 mg/l, the fourth group (G4) with clay-
filtrate of diazinon polluted water at a rate of 2.5 ml/l,
the fifth group (G5) with clay-filtrate of Salmonella
Typhimurium contaminated water at a rate of 1.5 x 10°
CFU/ml, the sixth group (G6) with clay-filtrate of E.
tenella contaminated water at a rate of 1 x 105 OPG/
ml, and the seventh group (G7) with control tape water.
The filtered water was provided with ad libitum access
to the broiler chickens for 8 hours daily and during the
vaccination act, clean white tape water was supplied for
the rest of the day.

Performance indices

Live body weights (LBW/g) of a representative sample
from the broilers of each group (approximately 36 birds)
were weighed and recorded weekly using a digital scale
(WONHENG® Computing Electronic Digital Counting
Weight Balance Scale, 220 V, 30 kg). The number
of the representative samples was measured using a
simple random sampling design concerning Thrusfield
and Christley (2018) and Charan and Biswas (2013)
with an expected error of 5%: n=(Z _ ,)>.p (1-p)/ &
where (n) was the number of samples, (£, ,) was the
standard normal, (p) was the expected proportion in the
population, (d) was the absolute precision.

The amount of feed consumed per bird (Feed intakes,
F1/g) was calculated by proportioning the total amount
consumed in each group by the number of surviving
broilers. Water intake (WI/ml) was calculated by
proportioning the total amount consumed in each group
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by the number of surviving broilers. Bodyweight gains
(WG/g) were calculated by subtracting the final broilers’
weight in each group by the end of the week from the
initial weights at the beginning of the same week, feed
conversion ratios (FCR) proportionate the FI to WG,
and performance index (PI) proportionate LBW/kg to
FCR according to Soliman and Hassan (2017).
Sampling

A total of 2,182 samples, including 54 water samples
(18 samples per type of water), 266 sera, 266 duodenal
swabs, 266 breast muscles, 266 fecal samples, and
1,064 organs, including liver, spleen, heart, and bursa
of Fabricius, were collected. Duodenal swabs and fecal
samples were collected on 9 ml buffered peptone water
(Thermo Scientific™ Oxoid™ Buffered Peptone Water,
CMO0509B, 500 g) and transferred to the laboratory in a
dry ice box within 2—3 hours to be examined.

A total of 266 broiler chickens (38 broiler chickens
from each group) were sacrificed by the end of the
experiment for collecting blood samples. The carcasses
were de-feathered, weighed, and expressed by grams
[carcass weight (CW/g)]. Representative samples of
the breast muscles were incised from the corpses and
kept frozen for the bacteriological examination. Some
edible organs like the liver and heart and immune organs
like the spleen and bursa of Fabricius were collected,
weighed, and expressed per grams concerning the CW.
Sacrificed birds were hygienically disposed of after
sampling using a burial technique with a lime lining of
the burial bits. Blood samples were held in a water bath
(Thermo® water bath Precision series Standard, 20 1,
30 to 100°C, 392 mm, GP20) at 25°C for 20 minutes
and then centrifuged at 3,000 rpm for 15 minutes. Clear
sera were collected in 2.5 ml capacity Eppendorf tubes
and stored at —20°C until tested for biochemical, stress
markers, antioxidant markers, and immunological
assay (Soliman et al., 2017).

Water analysis

Polluted and contaminated water, clean tape water,
and clay-filtered water were sampled in two sets of
500: 1,000 ml, each for analysis as recommended
by American Public Health Association; APHA
(2012). The first set of samples were analyzed for
physicochemical characters like pH, EC (uS/cm) using
a conductivity meter (PCE Instruments pH-Meter
PCE-PHD 1), total dissolved solids (TDS, mg/l) that
calculated by multiplying EC values by a factor of 0.67,
dissolved oxygen (DO, mg/l) using wrinkle method
against standard sodium thiosulfate solution in the
presence of alkali-iodide-azide, total alkalinity (mg/l)
using potentiometric titration against sulfuric acid 0.1
N in the presence of phenolphthalein, total hardness
(mg/l CaCO,) using titration against ethylene diamine
tetraacetic acid in the presence of aecrochrom back-T,
phosphate (PO,*, mg/l) using spectrophotometric
detection against ascorbic acid, sulfate (SO,>, mg/l)
using turbidimetric method against barium chloride,

and nitrate (NO,*, mg/l) using spectrophotometric
detection against hydrochloric acid.

The samples were analyzed for electrolytes like sodium
(Na*, mg/l), potassium (K*, mg/1), calcium (Ca*?, mg/1),
magnesium (Mg, mg/l, and chloride (CI~, mg/l) using
an electrolyte analyzer (Roche Diagnostics® AVL
9180 Series Electrolyte Analyzers). Heavy metal
levels like iron (Fe*', mg/l), cobber (Cu?*, mg/l), zinc
(Zn*, mg/l), and lead (Pb*, mg/l) were quantified
using atomic absorption spectrophotometer. The
second set of samples was directed for bacteriological
assessments like total bacterial counts (TBC, CFU/ml),
total Enterobacteriaceae counts (TEC, CFU/ml), total
Salmonella count (TSC, CFU/ml), and total E. fenella
oocyst counts (TEtC, OPG/ml).

Biochemical profile

Sera samples (266 samples) were collected via
sacrificing 38 broiler chicken per group and examined
for some biochemical parameters like total protein
(TP, g/dl), alanine aminotransferase (ALT, IU/),
creatinine (CREAT, mg/dl), Glucose (GLUCO, mg/
dl), total cholesterol (TC, mg/dl), and triglycerides
(TG, mg/dl), as well as some antioxidant markers
like total antioxidant capacity (TAC, mM/l), lactate
dehydrogenase (LDH, 1U/l), malondialdehyde (MDA,
nmol/ml), and superoxide dismutase (SOD, U/ml)
calorimetrically using ROCHE COBAS Integra 800
chemical analyzer. Cortisol hormone (CORT, mcg/dl),
as well as immunoglobulin G and M concentrations
(IgG and IgM, mg/dl), were measured by using
ROCHE ELECSYS 1010 Immunoassay Analyzer (Wu
etal., 2017).

Bacteriological and protozoal examination

Frozen breast muscles samples (266 samples collected
via sacrificing 38 broiler chickens per group) were
thawed and smashed in the stomacher (Seward® Lab
blenders Stomacher®400 circulators). Water samples
(54 samples, 18 samples per type of water) and
duodenal swabs (266 samples collected after sacrificing
38 broiler chicken per each group) that were collected
on 9 ml buffered peptone water (Thermo Scientific™
Oxo0id™ Buffered Peptone Water, CM0509B, 500 g)
were prepared as recommended by American Public
Health Association; APHA (2017) with tenfold serial
dilutions up to 10°°.

Total bacterial (TBC) and TEC of water samples,
intestinal swabs, and breast muscles, as well as
Salmonella Typhimurium count of water samples and
intestinal swabs, were carried out using a drop plate
as recommended by Soliman et al. (2016) and Kim
and Lee (2016). TBC were performed onto Standard
Plate count agar (Thermo Scientific™ Oxo0id™ Plate
Count Agar, CM0325, 500 g) at 37°C for 24-48 hours,
TEC was conducted onto Eosin Methylene Blue Agar
(Modified Levine Eosine Methylene Blue Thermo
Scientific™ Oxoid™, CM0069B, 500 g) at 37°C for
24-48 hours, and total Salmonella Typhimurium counts
were performed onto CHROMagar™ Salmonella (BD
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BBL™ CHROMagar™ Salmonella READY-TO-USE
Plated Media) at 37°C for 24-48 hours. Plates were
counted using the Dark-field colony counter (R164109
Reichert-Jung Quebec Darkfield 3325 Colony Counter)
(Murray et al., 2015).
Water (54 samples, 18 per type of water) and fecal
samples (266 samples from inside the duodenum
collected after sacrificing 38 broiler chickens per
group) were prepared as recommended by American
Public Health Association; APHA (2017) with tenfold
serial dilutions up to 10°®. The samples were examined
using the sugar flotation technique as recommended
by Sangster et al. (2016) and Ghoneim et al. (2017)
for detecting the number of E. tenella oocyst using
McMaster about Zajac and Conboy (2012) multiplied
by the dilution factor (100x) and expressed by OPG.
Statistical analysis
Statistical analysis was carried out using the statistical
package for social sciences (SPSS wversion 21.0)
software package (SPSS, 2016). The initial data were
analyzed statistically using multifactorial Analysis
of Variance (Two-tailed ANOVA) to determine the
overall influence of the water pollutants/contaminants
and broiler’s age and their interactions. The statistical
model empathized as follow:

Yl_jk =u+ a[_+ﬁj+ (aﬂ)ij+ é’l_jk
where Y, was the measurement of dependent variables;
u was overall mean; a, was the fixed effect of the
water pollutants/contaminants, ,b’/. was the fixed effect
of broiler’s age, (af), was the interactions of the water
pollutants/contaminants by broiler’s age, and &, was
the random error.
Water assessments were analyzed using a one-tailed
ANOVA to investigate the differences between the three
categories of supplied water (polluted/contaminated,
tape, and clay-filtered water). The ranges and overall
means have been displayed in the tables. The statistical
model empathized as follow:

L=utaté

Y, was the measurement of dependent variables; u was
the overall mean; o, was the fixed effect of the water
type, and £ was the random error.
TBC and Enterobacteriaceae counts in water samples,
duodenal swabs, and breast muscles, Salmonella
Typhimurium, counts in water samples and duodenal
swabs, and E. fenella counts in the water. Fecal samples
were transformed and expressed as logarithms (Log )
using Microsoft Excel 2016. The results were expressed
as highly significant at (p < 0.01), significant at (p <
0.05), and non-significant at (p > 0.05).
Ethical approval
The Scientific Research Ethics Committee on
animal and poultry researches, Faculty of Veterinary
Medicine, Suez Canal University, Egypt, approved the
experimental design, materials used, and protocol of
the current study with approval number (2021013).

Results
Water analysis
Physicochemical characters of water samples revealed
in Table 1 highly significant (p < 0.01) declines, as well
as enhancement of all measured parameters in clay-
filtered water compared to the polluted water, control
water, and maximum permissible limits adjusted by
the world health organization (WHO). Electrolytes
analysis (Table 1) revealed highly significant (p <0.01)
improvements in the clay-filtered water. Heavy metals
revealed highly significant (p <0.01) declines (Table 1)
in clay-filtered water up to levels that can be described
as extremely far behind the maximum permissible
limits.
TBC and Enterobacteriaceae counts revealed in Table
1 highly significant (p < 0.01) declines in clay-filtered
water compared to that in contaminated and tape
water, as well as clay-filtered water, exhibited highly
significant (p < 0.01) disappearance of both Salmonella
Typhimurium and E. tenella.
Performance indices
The crude mortality rate showed a total of 4.28%
nonspecific mortalities (12 out of 280 broiler chickens)
among the broiler groups. A total of 75% (9 out of 12
dead birds) were recorded during the first 2 weeks
of age, while the other 25% (3 out of 12 dead birds)
were recorded at the fourth and fifth week of age. The
deceased birds were exposed to general postmortem
examination. They revealed a moderate degree of
hyperemia in the intestinal wall, congested liver, and
spleen, and the digested ration was filling all over the
intestine.
Weight gains revealed in Figure 1A highly significant
(» < 0.01) increases in all supplemented broiler
groups compared to the control group with no
significant differences between G6 (E. tenella) and G5
(Salmonella Typhimurium). Broilers of the fifth group
(GS5) revealed no significant differences with G3 (yeast
extract 5%), G2 (calcium sulfate), G1 (lead nitrate), and
G4 (diazinon), chronologically. On the time scale (Fig.
1B), the highest weight gains were recorded with high
significant (p < 0.01) differences at the fourth week and
the least at the first week.
FCR (Fig. 2A) revealed the highest significant (p <0.01)
value in the control group (1.66) and the lowest value
in G (1.20, lead nitrate). No significant differences
were recorded between G2 (calcium sulfate), G6 (E.
tenella), G3 (yeast extract 5%), and G5 (Salmonella
Typhimurium), as well as no significant differences
were recorded between G3, G5, and G4 (diazinon). The
feed conversions concerning broiler’s age revealed in
Figure 2B, highly significant (p < 0.01) lowest FCR
at the 1st (1.10) and the fourth weeks (1.07) with no
significant differences between the two values at these
two timelines, while the highest highly significant (p <
0.01) FCR was recorded at the fifth week (2.30).
Calculated performance indices in Figure 2A revealed
highly significant (p < 0.01) increases in G1 (lead

487


http://www.openveterinaryjournal.com

488

http://www.openveterinaryjournal.com
E. S. Soliman et al.

Open Veterinary Journal, (2021), Vol. 11(3): 483499

Table 1. Water quality analysis (range & mean + SE) before and after the clay filtration process.

Clay-filtered

Elements Challenged water Tape water p-value MPL
water
Physicochemical analysis
. R 5.80-10.50 6.90-7.50 6.90-7.50
P M+ SE 8.65*+0.03 7.20° £ 0.02 7.23°+0.01 0.001 6.5-8.0
R 820.0-1,150.0 524.0-610.0 120.0-264.0
EC (uS/cm)
M+ SE 967.0* + 8.52 574.6° + 8.91 190.8°+9.29 0.000 200
R 549.4-770.5 351.1-408.7 80.4-176.8
DS (mg/l)
M=+ SE 647.9* £ 2.40 385.0°+5.96 127.8°+ 6.22 0.000 500
R 0.0-1.2 6.1-7.2 6.5-7.5
DO (mg/l)
M=+ SE 0.3+ 0.07 6.5+ 0.11 7.2+ 0.06 0.000 10
R 685.0-1,035.0 65.0-98.0 24.0-52.0
T. alkalinity (mg/l)
M= SE 945.8* + 8.47 81.0°+3.27 30.8°+ 1.94 0.002 120
T. hardness (mg/! R 1,658-2,865 65.0-80.0 48.0-65.0
CaCO) M £ SE 2,396 + 8.51 73.3°+ 1.51 5320+ 1.34 0.001 500
R 0.30-1.00 0.00-0.00 0.00-0.00
PO, (mg/l)
M=+ SE 0.71* £ 0.04 0.00° = 0.00 0.00° + 0.00 0.001 0.1
R 278.0-510.0 48.0-65.0 15.0-25.0
S04 (mg/l)
M= SE 390.5* + 1.64 543>+ 1.84 20.3+0.78 0.000 250
R 8.20-220.0 6.0-10.0 0.40-2.50
NO, (mg/l)
M= SE 127.6* £ 1.77 8.0 +°0.39 1.4°+0.12 0.002 45
Electrolytes analysis
R 198.0-400.0 110-140 50.0-100.0
Na* (mg/l)
M= SE 313.4*+ 1.60 123.3%+3.02 77.7°+£3.75 0.000 200
R 31.0-56.0 10.30-12.10 2.20-5.50
K" (mg/l)
M=+ SE 46.7°+2.16 11.20°+0.17 3.9¢+0.25 0.001 10
R 200.0—406.0 50.0-66.0 50.0-69.0
Ca’* (mg/l)
M+ SE 334.9 £ 1.72 55.6°+ 1.77 58.5°+ 1.64 0.000 75
R 58.5-81.5 15.0-31.0 18.4-20.5
Mg’ (mg/l)
M= SE 69.3:+1.73 22.6°+ 1.58 19.4*+0.15 0.000 50
Cl™ (mg/l) R 1,700-2,960 115.0-127.0 90.0-122.0
M=+ SE 2,540.1° = 11.4 120.0° £ 1.23 103.3°+2.43 0.001 200
Heavy metals analysis
R 1.41-1.76 0.00-0.10 0.00-0.10
Fe*t (mg/l)
M= SE 1.64* £ 0.03 0.06°+0.01 0.05°+0.01 0.000 0.0
R 0.13-0.52 0.00-0.10 0.08-0.10
Cu?* (mg/l)
M+ SE 0.24*+0.03 0.06°+0.01 0.08°+0.00 0.000 1.0
R 3.80-6.50 1.10-1.30 1.10-1.30
Zn** (mg/l)
M=+ SE 5.48*+0.02 1.20°+0.01 1.18°+0.01 0.001 5.0
R 0.17-0.22 0.00-0.00 0.00-0.02
Pb** (mg/l)
M= SE 0.20* £+ 0.00 0.00° £ 0.00 0.00° £ 0.00 0.000 0.05
Microbial assessment
R 6.61-6.88 3.75-4.08 3.23-3.71
TBC (CFU/ml)
M= SE 6.78*+0.01 3.96"+0.03 3.55°+0.02 0.001 Zero
(Continued)
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Clay-filtered

Elements Challenged water Tape water p-value MPL
water
R 4.00-4.36 2.00-2.54 0.00-1.30
TEC (CFU/ml)
M+ SE 4.09*+0.02 2.24°+0.05 0.78°+0.13 0.000 Zero
R 2.70-5.48 0.00-0.70 0.00-0.00
TSC (CFU/ml)
M+ SE 3.96*+0.20 0.33*+0.06 0.00° + 0.00 0.000 Zero
R 2.30-4.95 0.30-1.00 0.00-0.00
TEtC (OPG/ml)
M =+ SE 3.19°+0.18 0.66° £ 0.06 0.00°+ 0.00 0.000 Zero

Means carrying different superscripts in the same row are significantly different at (p < 0.05) or highly significantly different at (p < 0.01). Means
carrying the same superscripts in the same row are non-significantly different at (p < 0.05).

(EC): electrical conductivity as pS/cm; (TDS): total dissolved solids as mg/l; (DO): dissolved oxygen as mg/l; (T. alkalinity): total alkalinity as
mg/l; (T. hardness): total hardness as mg/l CaCO,; (PO,): phosphate as mg/l; (SO,): sulfate as mg/l; (NO,): nitrate as mg/l; (Na'): sodium as mg/I;
(K™): potassium as mg/l; (Ca®"): calcium as mg/l; (Mg?"): magnesium as mg/l; (Cl"): chloride as mg/l; (Fe*"): iron as mg/l; (Cu®"): cobber as mg/l;
(Zn*"): zinc as mg/l; (Pb*"): lead as mg/l; (TBC): total bacterial logarithmic counts as CFU/ml; (TEC): Total Enterobacteriaceae logarithmic counts
as CFU/ml; (TSC): Total Salmonella logarithmic counts as CFU/ml; (TEtC): total E. tenella logarithmic counts as OPG/ml; (R): range; (M): mean;

(MPL): maximum permissible limits; (SE): standard error.

Weight gain (g)
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Fig. 1. Weight gain (g) in different broiler groups supplemented with clay-filtered water. A) Weight gain (g) overall
means concerning different broiler groups. B) Weight gain (g) overall means concerning broilers’ age (week).

nitrate) with no significant differences compared to
G6 (E. tenella) and G5 (Salmonella Typhimurium).
Concerning the broiler’s age, PI revealed in Figure 2B
the highest significant values (p < 0.01) at the fourth
week (13.52).

FI revealed highly significant (»p < 0.01) declines in
Figure 3A in all groups supplemented with clay-filtered
water compared to G7 (control group). WIs showed
highly significant (p < 0.01) increases in Figure 3A in
G4 (diazinon) with no significant differences compared
to G6 (E. tenella) and G5 (Salmonella Typhimurium).
The time scale revealed in Figure 3B highly significant
(p < 0.01) increases in feed and WIs as broiler’s age
was increased with the highest significant values at the
fifth week (809 g and 1,805 ml, respectively).

Water/FI ratios in Figure 4A revealed highly significant
(p<0.01) increases in G6 (E. tenella) with no significant
differences compared to G5 (Salmonella Typhimurium)
and G4 (diazinon). Concerning the broiler’s age, W1/
FI ratios revealed in Figure 4B highly significant (p <
0.01) increases at the fifth week of age.

Live, carcasses, and organs weights

Live body, carcasses, liver, heart, spleen, and bursa of
Fabricius weights in Table 2 revealed highly significant
(» <0.01) increases in all broiler groups supplied with
clay-filtered water compared to the control group.
The highest significant (p < 0.01) live weights were
recorded in G5 (Salmonella Typhimurium) and G6 (E.
tenella) with no significant differences between the two
groups. While the highest significant (p < 0.01) CWs
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(week).

were recorded in G6 (E. tenella) and G3 (yeast extract
5%) with no significant differences between the two
groups.

The highest significant (p < 0.01) liver weights (Table
2) were recorded in G4 (diazinon) and G1 (lead nitrate)
with no significant differences between the two groups.
The highest significant (p < 0.01) heart weights were
recorded in G5 (Salmonella Typhimurium) and G4
(diazinon) with no significant differences between the
two groups. The highest significant (p < 0.01) spleen

weights were recorded in the six groups supplied with
clay-filtered water, with no significant differences
between the six groups. The highest significant (p <
0.01) bursa of Fabricius weights were recorded in G5
(Salmonella Typhimurium) and G6 (E. tenella) with no
significant differences between the two groups.
Biochemical profile

TP revealed in Table 3 highly significant (p < 0.01)
decreases in all broiler groups supplied with clay-
filtered water compared to the control group with no
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Fig. 4. FI/WI ratios in different broiler groups supplemented with clay-filtered water. A) FI/WI ratios overall means
concerning different broiler groups. B) FI/WI ratios overall means concerning broilers’ age (week).

Table 2. Live, carcasses, and organs weights (mean + SE) in different broiler groups supplied with clay-filtered water.

Edible organs weights g Immune organs weights g
Treatments LBW g CWg
Liver Heart Spleen Bursa
Overall means concerning treatments

Gl 1,815°+290  1,413*+3.16 45.4* £+ 0.59 9.6°+0.17 1.60% £ 0.03 1.02°+0.01
G2 1,809 + 8.72 1,403¢+8.72 41.1°+0.54 9.7°+0.22 1.66% + 0.02 1.00°+0.01
G3 1,838% +5.14 1,442* +5.68 43.4°+ (.45 9.8°+0.18 1.64* + 0.04 1.04° + 0.02
G4 1,817+ 1.27 1,395¢+ 1.66 46.2* +0.33 10.4*+ 0.04 1.66% + 0.09 1.05°+0.02
G5 1,863+ 1.63 1,431+ 8.97 43.3*+0.92 10.7¢+ 0.26 1.60% + 0.08 1.19*+0.03
G6 1,862*+ 1.29 1,456* + 1.28 45.0 + 0.55 9.9°+0.08 1.70* £ 0.05 1.14* £ 0.01
Gce 1,734c+ 1.48 1,248+ 1.25 35.0¢+0.55 7.9°+0.22 1.20°+ 0.04 0.57°+ 0.04

p-value 0.000 0.000 0.001 0.002 0.000 0.000

Means carrying different superscripts in the same column are significantly different at (p < 0.05) or highly significantly different at (» < 0.01).
Means carrying the same superscripts in the same column are non-significantly different at (»p < 0.05).

(G1): broilers supplied with clay-filtered water previously challenged with lead nitrate (500 mg/1); (G2): broilers supplied with clay-filtered water
previously challenged with calcium sulfate (80 mg/l); (G3): broilers supplied with clay-filtered water previously challenged with yeast extract
5% (5 mg/l); (G4): broilers supplied with clay-filtered water previously challenged with diazinon (2.5 mg/l); (G5): broilers supplied with clay-
filtered water previously challenged with Sa/monella Typhimurium 1.5 x 10° CFU/ml; (G6): broilers supplied with clay-filtered water previously
challenged with E. tenella 1 x 10° OPG/ml; (Gc): control broilers group; (LBW): live body weight; (CW): carcass weight; (SE): standard error.

significant differences between G4 (diazinon) and
G5 (Salmonella Typhimurium) and between G5 and
G6 (E. tenella). ALT revealed highly significant (p <
0.01) decreases in all broiler groups supplied with clay-
filtered water compared to the control group (Table 2)
with no significant differences between G5 (Salmonella
Typhimurium) and G6 (E. tenella), and between G1
(lead nitrate), G2 (calcium sulfate), G3 (yeast extract
5%), and G4 (diazinon).

CREAT revealed highly significant (p <0.01) decreases,
as shown in Table 3, in all broiler groups supplied with

clay-filtered water compared to the control group with
no significant differences between G4 (diazinon), G5
(Salmonella Typhimurium), and G6 (E. tenella), and
between G3 (yeast extract 5) and G5 (Salmonella
Typhimurium). GLUCO revealed in Table 3 highly
significant (p < 0.01) decreases in all broiler groups
supplied with clay-filtered water compared to the
control group with no significant differences between
the six groups supplied with clay-filtered water.

TG revealed in Table 3 highly significant (p < 0.01)
decreases in all broiler groups supplied with clay-
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Table 3. The biochemical profile (mean + SE) in different broiler groups supplied with clay-filtered water.

Treatments TP g/dl ALT IU/L CREAT mg/dl GLUCO mg/dl TG mg/dl TC mg/dl
Overall means concerning treatments
Gl 5.6+ 0.05 3.3+ 0.01 0.16°+ 0.02 66.4°+0.75 60.2¢+0.19 95.8°+0.56
G2 6.2+ 0.03 3.3+ 0.05 0.30¢+0.01 71.2°+0.61 64.0'+0.10 111.7¢ + 0.50
G3 6.6+ 0.07 3.3+ 0.03 0.50°+0.01 71.0°+ 0.68 68.1°+0.20 106.3¢ + 3.65
G4 7.0°+0.01 3.3+ 0.04 0.55°+0.02 71.1°+0.60 71.94+0.12 115.1°£4.99
G5 6.9+ 0.04 3.6°+0.04 0.54% £ 0.02 84.9°+0.87 73.9¢+0.62 148.8°+ 1.41
G6 6.8+ 0.05 3.6+ 0.02 0.55*+0.02 84.8°+0.98 79.2°+0.76 146.9° + 1.44
Ge 7.6+ 0.05 10.3* £ 0.08 0.95*+0.01 128.3*+2.78 97.1* £ 0.15 162.22 +1.03
p-value 0.001 0.001 0.000 0.001 0.000 0.002

Means carrying different superscripts in the same column are significantly different at (p < 0.05) or highly significantly different at (»p < 0.01).
Means carrying the same superscripts in the same column are non-significantly different at (p < 0.05).

(G1): broilers supplied with clay-filtered water previously challenged with lead nitrate (500 mg/1); (G2): broilers supplied with clay-filtered water
previously challenged with calcium sulfate (80 mg/l); (G3): broilers supplied with clay-filtered water previously challenged with yeast extract
5% (5 mg/l); (G4): broilers supplied with clay-filtered water previously challenged with diazinon (2.5 mg/l); (G5): broilers supplied with clay-
filtered water previously challenged with Salmonella Typhimurium 1.5 x 10° CFU/ml; (G6): broilers supplied with clay-filtered water previously
challenged with E. tenella 1 x 10> OPG/ml; (Gc): control broilers group; (TP): total protein; (ALT): alanine aminotransferase; (CREAT): creatinine;
(GLUCO): glucose; (TG): triglycerides; (TC): total cholesterol; (SE): standard error.

Table 4. Immunoglobulin concentrations and CORT levels (mean £SE) in different broiler groups supplied with clay-filtered water.

Immunoglobulin concentrations

Stress marker

Treatments
IgG mg/dl IgM mg/dl Cortisol meg/dl
Overall means concerning treatments
Gl 1,5829+4.30 466°+ 1.98 7.22¢+0.27
G2 1,592¢+4.48 523*+3.24 6.31°+0.35
G3 1,656 + 2.90 5570+ 1.44 5.94°+ (.29
G4 1,674% +2.94 572°+ 1.73 5.74°+0.37
G5 1,7212 £ 2.68 696° + 1.88 5.57°+0.31
G6 1,637%4+2.28 709+ 1.80 9.11°+1.49
Ge 1,262¢+2.88 3214+ 0.76 15.22¢+0.18
p-value 0.002 0.001 0.002

Means carrying different superscripts in the same column are significantly different at (p< 0.05) or highly significantly different at (»p < 0.01).
Means carrying the same superscripts in the same column are non-significantly different at (p < 0.05).

(G1): broilers supplied with clay-filtered water previously challenged with lead nitrate (500 mg/1); (G2): broilers supplied with clay-filtered water
previously challenged with calcium sulfate (80 mg/l); (G3): boilers supplied with clay-filtered water previously challenged with yeast extract
5% (5 mg/l); (G4): broilers supplied with clay-filtered water previously challenged with diazinon (2.5 mg/l); (G5): broilers supplied with clay-
filtered water previously challenged with Salmonella Typhimurium 1.5 x 10® CFU/ml; (G6): broilers supplied with clay-filtered water previously
challenged with E. tenella 1 x 10° OPG/ml; (Ge): control broilers group; (IgG): Immunoglobulin G; (IgM): Immunoglobulin M; (CORT): cortisol;

(SE): standard error.

filtered water compared to the control group. TC (Table
3) revealed significant (p < 0.01) decreases in all broiler
groups supplied with clay-filtered water compared
to the control group with no significant differences
between G5 (Salmonella Typhimurium) and G6 (E.
tenella), G2 (calcium sulfate), and G4 (diazinon), and
G2 and G3 (yeast extract 5%).

Stress marker and immunoglobulin concentrations
Cortisol levels revealed in Table 4 highly significant
(p < 0.01) declines in all broiler groups supplied with

clay-filtered water compared to the control group with
no significant differences between G1 (lead nitrate), G2
(calcium sulfate), G3 (yeast extract 5%), G4 (diazinon),
and G5 (Salmonella Typhimurium).

Immunoglobulin G and M (Table 4) revealed highly
significant (p < 0.01) increases in all groups supplied
with clay-filtered water compared with the control
group. The highest significant (p < 0.01, Table 4) I1gG
level was recorded in G5 (Salmonella Typhimurium),
while the highest significant (p < 0.01 Table 4) IgM
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Table 5. Antioxidants levels (Mean +SE) in different broiler groups were supplied with clay-filtered water.

Treatments TAC mM/1 LDH IU/ MDA nmol/ml SOD U/ml
Overall means concerning treatments
Gl 2.32+0.00 371*+2.16 37.0°+0.25 310 +2.96
G2 2.23>+0.01 369 + 2.86 36.3°+0.19 3128 +3.19
G3 2.21°+0.00 356 + 5.40 36.4°+0.17 310°+2.93
G4 2.22°+0.00 350° + 6.06 37.0°+0.25 310°+2.98
G5 2.21°+0.00 353°+5.26 36.3*+0.19 309 +£2.37
G6 2.21°+0.00 356 +5.42 36.5%+0.17 310°+1.91
Ge 1.23°+0.00 22244222 23.4°+0.16 172°+4.08
p-value 0.001 0.000 0.002 0.001

Means carrying different superscripts in the same column are significantly different at (P < 0.05) or highly significantly different at (p < 0.01).
Means carrying the same superscripts in the same column are non-significantly different at (p < 0.05).

(G1): broilers supplied with clay-filtered water previously challenged with lead nitrate (500 mg/1); (G2): broilers supplied with clay-filtered water
previously challenged with calcium sulfate (80 mg/l); (G3): broilers supplied with clay-filtered water previously challenged with yeast extract
5% (5 mg/l), (G4): broilers supplied with clay-filtered water previously challenged with diazinon (2.5 mg/l); (G5): broilers supplied with clay-
filtered water previously challenged with Salmonella Typhimurium 1.5 x 10° CFU/ml; (G6): broilers supplied with clay-filtered water previously
challenged with E. tenella 1 x 10° OPG/ml; (Gc): control broilers group; (TAC): total antioxidant capacity; (LDH): lactate dehydrogenase; (MDA):

malondialdehyde; (SOD): superoxide dismutase; (SE): standard error.
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Fig. 5. Microbial counts in different broiler groups supplemented with clay-filtered water. A) TBC in intestinal swabs
(TBCi) and breast muscles (TBCm), and TEC in intestinal swabs (TECi) and breast muscles (TECm) overall means
(CFU/ml) concerning different broiler groups. B) Total E. tenella count (TEtC) overall means (OPG/ml) and total
Salmonella Typhimurium count in intestinal swabs (TSC) overall means (CFU/ml) concerning different broiler groups.

level was recorded in G5 (Sa/monella Typhimurium)
and G6 (E. tenella) with no significant differences
between the two groups.

Antioxidant levels

Antioxidant sera levels revealed in Table 5, highly
significant (»p < 0.01) increases in all groups supplied
with clay-filtered water compared to the control group.
TAC, LDH, MDA, SOD enzymes revealed the highest
significant (p <0.01, Table 5) values in G1 (lead nitrate),
G1 (lead nitrate) with no significant difference with G2

(calcium sulfate), G1 (lead nitrate) with no significant
differences with G4 (diazinon), and G6 (E. tenella),
and G1 (lead nitrate) with no significant differences
with all other groups supplied with clay-filtered water,
respectively.

The microbial load of intestinal swabs and breast
muscles

TBC of intestinal swabs revealed in Figure SA, highly
significant (p < 0.01) declines in all groups supplied
with clay-filtered water compared to the control group
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with no significant differences between the six groups.
TBC of breast muscles revealed in Figure 5A, highly
significant (p < 0.01) decreases in all groups supplied
with clay-filtered water compared to the control group
with no significant differences between G7 (control
group) and G6 (E. tenella), G2 (calcium sulfate), and
G3 (yeast extract 5%).

TEC of intestinal swabs revealed in Figure 5A, highly
significant (p < 0.01) declines in all groups supplied
with clay-filtered water compared to the control group
with no significant differences between G6 (E. tenella),
G2 (calcium sulfate), G3 (yeast extract), Gl (lead
nitrate), and G4 (diazinon), respectively. TEC of breast
muscles revealed in Figure 5A, highly significant (p <
0.01) declines in all groups supplied with clay-filtered
water compared to the control group with no significant
differences between the six groups.

TSCs of intestinal swabs revealed in Figure 5B, highly
significant (p < 0.01) declines in all groups supplied
with clay-filtered water compared to the control
group with no significant differences between the six
supplied groups. Eimeria tenella counts of the fecal
samples revealed in Figure 5B, highly significant (p <
0.01) decreases in all supplied groups compared to the
control group with no significant differences between
G4 (diazinon) and G2 (calcium sulfate), between G2,
G5 (Salmonella Typhimurium), G3 (yeast extract 5%),
G6 (E. tenella), and G1 (lead nitrate).

Discussion

Adsorption efficiency of clay-filtered water

Water as a natural element of life can be exposed
daily to a large number of overwhelming challenges
that might contribute to infectious diseases in poultry
farms, especially when these farms depend on water
from surface sources that might be exposed to pollution
or contamination from numerous sources. Clay is
a natural product that resulted from the weathering
action, and upon chemical analysis, it’s found to be
composed of minerals like smectite, kaolinite, chlorite,
illite, and halloysite (Erdogan, 2015). Clay as a natural
product is known for its wide availability (Xing et al.,
2017) and low toxic action to the environment (Xiang
et al., 2020).

Water pollution resulted from the industrial effluent
usually contained high levels of heavy metals, including
copper, iron, zinc, cadmium, chromium, arsenic,
thallium, and aluminum. These heavy metals usually
presented life threats to broilers when polluted water
served as drinking one (Li et al., 2015; Bel Hadjltaief
et al., 2019). The current results revealed a significant
reduction of lead nitrate (500 mg/1) in the clay-filtered
water. The high affinity of clay to adsorb lead (Pb*)
was attributed to the ability of clay to act as a catalyst
(photo-Fenton) via the oxidation abilities of the iron
content and the production of the hydroxyl group. The
results were consistent with those of Sundaram and
Dharmalingam (2018), who used clay in removing

chromium ions (Cr*") via adsorption up to 113 mg
from an aqueous system per gram of the clay used in
the experiment. Wang et al. (2016) reported that clay
was able to adsorb and significantly reduce the levels of
cobber (Cu®") up to 96.0% and lead (Pb*") up to 99.5%
at 6.5 pH. Kanchana et al. (2012) also recorded that
clay-modified materials could adsorb lead (Pb*") up to
85% with a dose of 7-8 g at an optimum pH of 6.0.
Also, Msaadi et al. (2017) modified clay via photo-
polymerization and exposed it to lead (Pb*") in water,
which contributed to the adsorption of 301 mg lead/g
of the modified structure.

The current results retrieved high binding affinity and a
significant reduction in the clay-filtered water analysis
of the calcium salt (CaCO,), contributing to water
hardness. The reduction action can be attributed to clay’s
hydrophilic nature, that when comes in contact with the
water surface, produced high ion-exchange properties
and attracted cations as calcium (Ca?") and sodium
(Na") from the water. The results were compatible
with those reported by Shayesteh et al. (2016) and
Dutta and Singh (2015), who revealed that clay could
enhance water quality by increasing positive charges,
polar-nonpolar method, and packing of pollutants
contributing high binding affinity to the other cations
as calcium compounds that might contribute to water
hardness. Lijalem (2015) reported the high affinity of
clay to adsorb calcium and magnesium salts that might
contribute to water hardness. Aveen and Kafia (2014)
reported the ability of clay to produce cations exchange
with the release of the hydroxyl group, thus reducing
the levels of insoluble salts contributing hardness.
Water and wastewater might be polluted with high
levels of organic materials that have a common
character as non-biodegradable elements and alter the
water physicochemical characteristics and render the
water unfit for consumption. These organic materials
like phenol, human and animal excreta, pesticides,
dyes, and organic acids. The clay-filtered water analysis
in the current study showed that natural clays filters
exhibited high adsorption capabilities against organic
materials used in the experiment like yeast extract 5%
(5 mg/1) and diazinon (2.5 ml/l). The adsorption affinity
of clay to heavy metals and organic materials was
attributed to the presence of the hydrophilic affinity of
clay. Bentahar ef al. (2017) reported the high affinity of
clay to adsorb heavy metals like chromium, lead, and
dyes. This might be attributed to the increased surface
area, small particle size, and molecular stability. Also,
the results were consistent with those reported by Wang
et al. (2020), Shahadat et al. (2018), and Ghorbel-
Abid and Trabelsi-Ayadi (2015), who reported the
high affinity of clay to adsorb efficiently many organic
pollutants at optimized pH. The higher the affinity
of adsorption, the molecules start to shift the charges
from the positive to the negative for the presence of the
pollutant on the clay surface, indicating the product’s
satisfaction.
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Antimicrobial actions of clay-filtered water

Clay has been known in ancient history as an
antimicrobial agent, as well as in the treatment of
many symptoms like tape and hookworm infestation,
abscesses, diarrhea, inflammation, and wound healing
processes (Sinha Ray and Okamoto, 2003). The
current study revealed strong antibacterial actions
of clay against Sa/monella Typhimurium, as well as
antiprotozoal action against E. tenella in the water
samples and broiler’s tissue, thus reduced the total and
selective bacterial counts. The antimicrobial actions of
natural clay were attributed to the chemical composition
of clay that constitutes iron (Fe?") and phosphorus (P)
ions. Iron ions increased in the intracellular fluid after its
oxidation into ferric form (Fe**) and produce hydroxyl
groups that interfere with the normal cell membrane
functions, while phosphorus (P) ions interfere with
the structure of the triple phospholipid of the cell
membrane and the cell permeability contributing the
inability of the cell to reproduce and finally death. The
results were consistent with Williams et al. (2011), who
reported the contribution of clay in shifting in the pH
and oxidation processes contributing to the deaths of
E. coli. Also, Behroozian et al. (2016) revealed that
natural clay exhibited bactericidal actions against
some gram-positive bacteria like Staphylococcus
aureus and Acinetobacter baumannii, and some gram-
negative bacteria like Enterococcus faecium, Klebsiella
pneumoniae, and Pseudomonas aeruginosa. Otto and
Haydel (2013) recorded that the high zinc, copper, and
iron concentrations in clay particles exhibited high
antimicrobial actions against Escherichia coli and
Staphylococcus aureus.

Waterborne protozoan has been categorized as the
cause of many infectious diseases in animal and
poultry farms and human communities (Efstratiou
et al., 2017). Eimeria oocyst could be washed away
from infected farms or litter using the farm’s water
resources, exposing the other nearby farms to the
coccidiosis if they shared a common water supply
(Karanis et al., 2007). The current study recorded
a significant reduction in E. tenella oocyst count in
clay-filtered water and collected fecal samples. The
significant reduction might be attributed to the shifting
of pH produced by clay (6.5), modifying the water to
unfavorable media for the survival of Eimeria oocyst,
as well as clay might interfere with the sporocyst wall
structure via the production of the hydroxyl group that
destroys their walls, and thus the reduction in their count.
The results might be consistent with those recorded by
Cotruva et al. (2004), who revealed that filtration is the
most effective water treatment procedure for protozoan
oocysts. Omarova et al. (2018) and Shields et al.
(2015) reported that different filtration methods could
remove all the protozoans from water sources. Since
the removal of protozoan oocyst from water depends
mainly on management factors, disinfection to some
extent, and strict hygienic measures (Betancourt and

Rose, 2004), so the proposal of using a green clay filter
according to the current results might provide a solution
not only for the control of E. tenella in broiler farms
but also for the control of a large number of zoonotic
protozoan that might enter in the water resources and
contribute to diseases (Graham and Polizzotto, 2013).
Broiler’s performance and carcasses characteristics
Clay (Kaolin or bentonite) has been used as a dietary
supplement for broilers and laying hens for many years.
The aim of using clay as a dietary supplement was to
improve digestion and nutrients absorption and reduce
the absorption of toxic substances that might contribute
to intestinal injuries (Safaeikatouli et al., 2011).

The current study revealed significant improvements
in weight gains, performance indices, WIs, water/FI
ratios, as well as significant increases in the live body,
carcasses, edible organs (liver and heart), and immune
organs (spleen and bursa of Fabricius) weights in
broiler groups supplemented with clay-filtered water.
These actions might be attributed to the influence of
clay to increase nutrients absorption from the intestine,
improving intestinal mucosa conditions, increase
nutrients bioavailability in blood, and enhance protein
utilization, causing increases to feed conversions and
muscle mass, and thus the final weights. The results
were consistent with those of Ouachem et al. (2015),
who reported that using clay as a feed supplement
contributed to improve nutrient digestibility, live
weights, weight gains, and feed conversions by
increasing the feed retention time and improve the
hygienic status of the digestive tract in poultry.

Owen et al. (2012) also recorded significant
improvement in FI and efficiency and on growth
performance of 120 one-day-old Hubbard broilers
supplemented with 10, 20, and 30 g clay (Kaolin)/kg
basal diet. They also recorded significant differences
in liver, spleen, heart, kidney, and gall bladder weights
of the supplemented broilers compared to the control
group. Khanedar et al. (2012) experimented with
sodium bentonite (1% and 1.5%) and calcium bentonite
(1% and 1.5%) in 260 one-day-old male Ross®308
broilers. They recorded that using 1% bentonite was
able to improve carcass characteristics and tibia ash.
Biochemical, antioxidant, immune, and hormonal
profiles

The ion exchange capabilities of clay contributed to
improved membrane actions and altered enzymatic
activities. These alterations in enzymatic activities
control the humeral white blood cells' activity against
some pathogenic micro-organisms and increase their
lytic enzymes secretions that improve the biochemical
and immune profiles (Lemos et al., 2015).

The recorded results revealed significant improvement
of immunoglobulin G and M, TAC, LDH, MDA, and
SOD levels, as well as maintaining the levels of TP,
ALT, CREAT, GLUCO , TG, TC, and CORT in all
broiler groups supplemented with clay-filtered water
compared to the control group. Clay structure revealed
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the presence of numerous anions and cations that
produce ionic exchange actions and participate in the
cell excitation conditions, as well as enhanced the net
weight of some immune organs like the spleen and bursa
of Fabricius. Thus, clay can activate the proliferation of
B-lymphocytes for the production of immunoglobulin.
The results were in agreement with those of Bhatti
et al. (2016), who recorded partial ameliorations in
serum TP, albumin, and CREAT, as well as complete
and significant ameliorations in ALT enzyme and urea
concentrations in broilers supplemented with 3.7 and
7.5 g clay (bentonite) /kg ration. Indresh ef al. (2013)
reported a highly protective influence of high-grade
bentonite in broiler chickens, as well as they recorded
significant improvements in broiler’s immunity. Gul et
al. (2016) and Sagakli et al. (2015) reported significantly
improved protein utilization, maintained antioxidant
levels, significantly increased intestinal localized
patches and morphology, and reduced egg deformities
in 45 white leghorn chickens supplemented with
1.5% clay bentonite. Solis-Cruz et al. (2019) reported
significant improvement of immunoglobulin levels in
150 one-day-old male broiler chicks supplemented
with clay bentonite and cellulosic polymers.

Conclusion

Clay filters in the current study revealed high efficiency
to purify polluted water with high adsorption power to
neutralize the influence of the challenging pollutants as
lead nitrate (500 mg/1), calcium sulfate (80 mg/1), yeast
extract 5% (5 mg/l), and diazinon (2.5 ml/l). Clay filters
also revealed high efficiency to purify contaminated
water with high antibacterial actions against Salmonella
Typhimurium (1.5 x 10° CFU/ml) and antiprotozoal
action against E. tenella (1 x 10° OPG/ml).

Clay filters that purify/treat polluted and contaminated
water were able to optimize water quality compared
to the tap water, and thus enhanced the performance,
CWs, immune and edible organs’ weights, some
biochemical parameters, bacterial load of breast muscle
and intestine, and intestinal Salmonella and E. tenella
count.

Clay as a natural product can be considered a green
compound used in the treatment and purification of
water and wastewater without any drawbacks on
the surrounding environment. Therefore, green eco-
friendly natural clay was advantageous by low-cost
material, eco-friendly efficient adsorbent, and have the
ability to remove a variety of contaminants/pollutants
such as inorganic, organic, and pathogenic from
drinking water and its sources.
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