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Abstract

water distribution system (DWDS) of Egyptian dairy and beef farms affected by emerging

epidemics is the main focus of this work. Across 132 farms, the DWQ was examined at four
locations along the DWDS: the water source (WS), water tank (WT), calf trough (CT), and adult
trough (AT). Correlations between DWQ and DWDS sample points, DWQ and microbial
composition, and water temperature (Tw) and ambient temperature (Ta) were found by statistical
analysis. Seasonal variations were highlighted by the strong effect sizes (d=0.88-1) that showed
significant differences between Tw and Ta. Significant differences with medium to strong effect sizes
(d= 0.53-0.85) in physicochemical DWQs were noted between WSs and house troughs (HTs).
Furthermore, significant differences in the small to large effect sizes (d = 0.47 — 0.87) of microbial
DWQ between winter and summer were found. Subsequent investigations revealed significant
differences, with variable effect sizes, in the microbial DWQs between the WS and WT points (d =
0.41 — 0.65), between the WT and CT points (d =0.51 — 0.57), and between the WT and AT points (d
=0.56 — 0.65) in the DWDS (ranging from small to large). The investigation concluded that variations
in microbial DWQ were caused by interactions between seasonal variations in Ta and Tw, which in
turn affected the DWDS. Furthermore, the DWDS had a major effect on the physicochemical
characteristics of the DWQ that were observed on the cattle farms.

THE monitoring of seasonal variations in drinking water quality (DWQ) within the drinking
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Welfare.
. reproduction of cows is water, which is ranked
Introduction
- second only to oxygen [1]. Compared to other
One of the most important nutrients for maintaining mammals, cows have higher water requirements per
life and maximizing the growth, lactation, and unit of body mass [2]. Between seventy and ninety-
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seven percent of a bovine's water requirements are
sourced from drinking water. The quality of drinking
water (DWQ) holds immense importance because it
significantly influences the health and productivity of
cattle. The kind of water source (WS) and the degree
of pollution it contains from both biotic and abiotic
sources, such as dissolved nutrients or direct deposits
such as feces or urine, affect DWQ [3]. The DWQ of
cattle farms is evaluated mainly by considering
important parameters. In addition to excessive
mineral levels such as chloride, nitrates, and sulfates,
physicochemical factors, including pH, hardness, and
total dissolved solids (TDS), should be assessed. The
total colony count (TCC) and total coliform count
(TCFC) are two additional indicators of the microbial
content that are known to be important for lowering
the overall DWQ [4]. Water temperature (Tw) affects
an animal's water consumption and general
performance and is a major component of DWQ. Tw
affects DWQ directly by altering its taste and
acceptance by animals and indirectly by potentially
impacting the microflora of the digestive tract [5].
Livestock animals generally prefer cooler water,
especially under warmer environmental conditions.
Egypt has two distinct seasons: a hot summer from
May to October and a warm winter from November
to April [6]. Variable regions have different ambient
temperatures (Ta), with coastal areas experiencing
winter temperatures of 14°C and summer
temperatures of 30°C. Winter temperatures in inland
desert regions range from 0°C at night to 18°C
during the day, while summer temperatures in these
regions are typically between 7°C and 43°C [5].
Physicochemical changes in cattle drinking water can
occur along the drinking water distribution system
(DWDS) from WS to the house trough (HT) in the
animal house. These alterations may stem from
various factors, such as increased microbial activity,
resulting in a decrease in aesthetic DWQ.
Furthermore, certain elements in the animal house,
including the presence of dust, feed residues, or
bedding or the contamination of water troughs with
cud or feces, might cause these variations in DWQ
[7]. These factors can collectively impact the
physicochemical properties of water, potentially
affecting its overall quality and suitability for cattle
consumption. Microbiological investigations of water
often focus on identifying microbial pathogens,
which can indicate contamination or pollution levels.
Frequently, indicators of this kind of contamination
include an increased TCC or the presence of
particular indicator microorganisms [8]. Coliform
bacteria, which include significant species, such as
Escherichia coli, Klebsiella spp., and Enterobacter
spp., are frequently detected in contaminated water.
Due to their potential to function as indications of
fecal contamination and their prevalence in the guts
of warm-blooded animals, these organisms are
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frequently used as indicators of water pollution
[1][9]. Apart from coliform bacteria, noncoliform
bacterial species such as Streptococcus, Proteus, and
Pseudomonas have also been identified in polluted
water sources. These organisms, while not
necessarily used as primary indicators like coliforms,
can still be present in contaminated water sources
and indicate potential environmental or fecal
pollution [10]. The connection between ecological
variables and microbial DWQ suggests that many
environmental factors influencing the survival and
proliferation of bacteria in natural water habitats also
have an impact on cattle HT [11]. DWDSs can create
environments suitable for microorganisms due to
factors such as increased microbial activity in HTs,
particularly in warm weather when there are ample
nutrients and slow-moving water. These conditions
may lead to the formation of biofilms, which can
evade treatment and disinfection processes.
Moreover, potential sources of contamination in HTs
include seepage from septic tanks, shoddy water pipe
construction, and the possibility of dust, feed, dung,
urine, and other forms of contamination. If HTs are
not routinely treated or cleaned, they could behave as
reservoirs for bacterial agents. Additionally, the
extended retention of water in HTs can further
contribute to the proliferation of microorganisms[2]
[3][12]. The principal aim of the research was to
evaluate the DWQ in terms of hygiene in dairy and
beef farms throughout Egypt's many regions, with a
focus on places experiencing the emergence of new
diseases. A methodical strategy was used to identify
certain sampling locations for the purpose of
gathering water samples to accomplish this goal.
These samples were obtained from WS and HT to
conduct physicochemical analyses. Furthermore,
samples were collected for microbiological
examination from several locations along the DWDS,
such as the WS, water tanks (WT), calf troughs (CT),
and adult troughs (AT). To determine how seasonal
variations in ambient temperature (Ta) affect water
temperature, sampling was performed in both the
winter and the summer (Tw). This assessment aimed
to understand how alterations in seasonal
temperature might influence DWQ and potentially
contribute to emerging epidemics on cattle farms.

Experimental procedures

Field survey
Study area and period

A comprehensive field study covering four regions
in Egypt was carried out between October 2016 and
September 2018: the West Delta (which includes the
Alex Desert roads and Behira), the Middle Delta
(which includes the Gharbia and Menoufia), the East
Delta (which includes the Dakahlia, Kaluobia,
Ismailia Desert roads and Sharkia), and Upper Egypt
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(which includes the Fayoum, Minya, and Beni-Suef).
This study involved the collection of representative
water samples from various points, including WS,
WT, CT, and AT, which are located in animal
houses. Within these researched districts, 132 farms
were sampled, including 60 dairy cattle farms, 60
beef cattle farms, and 12 mixed dairy beef farms.

Study design

The study protocol aimed to monitor the hygienic
DWQ in beef and dairy cattle farms situated across
various regions in Egypt, particularly those affected
by recent outbreaks. To accomplish this goal, a
methodical strategy involving taking water samples
from four different locations within the DWDS of
each farm was used. This involved gathering samples
for microbiological investigation from WS, WT, CT,
and AT throughout the winter and summer.
Additionally, samples from WS and HT were
obtained specifically for physicochemical analysis.

These cow farms provided water samples, which
were used for physicochemical analyses and
indicator microbe counts. These farms were selected
due to their history of animal health issues and the
emergence of waterborne diseases in the research
area.

Cattle farm descriptions

The bulk of the larger dairy and beef farms under
investigation had loose/free stalls as their primary
form of accommodation. Animals were housed
separately within yards, each equipped with mangers
and water troughs situated beneath sheds. These
yards provided an area of approximately 7-10 square
meters per animal. Notably, these yards lacked a
proper drainage system, leading to the accumulation
of manure, except for one enclosed farm that utilized
cubicles or free stalls. Water sources, accessible for
drinking, washing, and maintaining milking hygiene,
were typically sourced from public utilities, surface
water, or underground pumps. The observed hygienic
practices on these farms were deemed moderate.

Conversely, in the case of smaller beef farms and
those owned by individual householders, the housing
structures were more traditional. These farms often
feature cow sheds known as tiestalls, commonly
found in rural areas of Egypt. These tiestalls were
constructed using block bricks with wooden doors
and windows on either side. Ceilings were primarily
fashioned from wooden bars covered with straw and
occasionally replaced with plastic sheets during
winter. The flooring consisted of soiled soil,
necessitating manual and irregular removal of
excreta. Water is typically supplied via tap water,
which is often chlorinated, although exceptions exist
on certain farms.

Water Sampling

In all, 132 water samples—including commercial
tap water, surface water, and ground water—were
gathered from various sources across the
governorates of Egypt. Equal numbers of dairy, beef,
and mixed cow farms provided samples for
collection in the winter season (December, January,
and February) and summer season (June, July, and
August). Each farm has four distinct locations where
sampling was done: WS, WT, CT, and AT.

For physicochemical examination, clean and dry
one-liter screw-capped plastic bottles were used to
collect the water samples. Moreover, sterilized 1 L
screw-capped glass bottles previously heated in a hot
air oven at 170°C (60 minutes) were utilized for
microbiological analysis. Before collecting the
samples, the glass containers were thoroughly
cleaned using the water to be analysed. Using the
protocols described by Kamal et al., all of the
samples were kept at 4°C and examined 48 hours
collection [1].

Three different types of Dip-Slides (©
Liofilchem®) were utilised for direct water sampling
in addition to traditional methods of collecting water
samples: CONTACT SLIDE CHROM 2 (TTC +
Plate Count Agar + Neutralizing) Flex Dip-slide for
the identification and counting of E. Coli, total
bacterial count and coliform bacteria, CONTACT
SLIDE 5 for the identification and counting of faecal
streptococci and Enterobacteriaceae, and
CONTACT SLIDE 4 for the identification and
counting of pseudomonas, mould, and yeasts. The
usage of these slides adhered to ISO guidelines [13].

Every sample had an appropriate label that
specified its location, source, kind of watering
system, and sampling date. Every sample was taken
and sent to the lab within two hours of sampling in
order to guarantee accuracy and integrity.

Laboratory examination of water samples
Chemical examination

The Veterinary Hygiene and Management
Department at Cairo University's Faculty of
Veterinary Medicine conducted chemical analysis of
the water samples in accordance with the
recommendations of Clesceri et al. [14].

A conventional thermometer having a 0 to 100°C
temperature range was used to measure the
temperature at the time of sampling. An
electrometric pH metre (pHep® HI 98107- Italy) was
used to measure the pH values of the water samples.
A waterproof TDS/EC/NaCl percent/°C metre was
used to measure the TDS concentration (HI 9835-
Italy). We employed the "EDTA titrimetric
determination" to assess the overall hardness. We
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assessed the levels of chloride (Cl) using the
"argentometric technique." With the use of the
"ultraviolet spectrophotometric screening method,"
nitrate-nitrogen (NO;—N) was found. Utilizing the
"ultraviolet spectrophotometric screening approach,”
nitrate (NO; ") was also calculated. Additionally, "the
gravimetric procedures with drying of residues" were
used to measure the sulphate levels (S0,5) [15].

Microbiological examination of water samples

1. The pour plate method was used to calculate the
total colony count (TCC) and total mycotic count
(TMC). Furthermore, the multiple tube
fermentation method was used to measure the total
coliform count (TCFC), total Enterobacteriaceae
count (TEC), faecal Streptococci count (FSC), and
Pseudomonas  aeruginosa count (PAC) in
accordance with the guidelines provided by
APHA and Clesceri et al. [14,15].

2. A microbial profile was created by isolating and
characterising a variety of microorganisms.
Additionally, using the API 20E system
(BioMerieux, Marcy-I'Etoile, France),
biochemical validation was performed on each of
the bacterial isolates.

3. As previously mentioned, the manufacturer's
handbook and technical criteria were followed for
incubating and evaluating the dip-slides [13].

Statistical and data analysis

We used the statistical package for social
sciences (SPSS) software (version 25.0) from SPSS,
Inc., Chicago, IL, for data analysis. At first, every
piece of information gathered was transformed into a
variable. We utilised the Kolmogorov—Smirnov test
to determine whether the data was normal. The
results are presented using both descriptive and
inferential statistics, and the Wilcoxon signed-rank
test was utilised. In addition, Cohen's d and Eta
squared values were used to compute effect sizes.
According to the recommendations given in
Campbell [16], A p-value of less than 0.05 was the
cutoff point for statistical significance for each test.

Results

The following farms were included in the survey:
46 in the West Delta (19 in the Alex Desert Road and
17 in Behira), 12 in the Middle Delta (6 in Gharbia
and 6 in Menoufia), 52 in the East Delta (6 in
Dakahlia, 6 in Kaluobia, 33 in the Ismailia Desert
Road, and 7 in Sharkia), and 22 in Upper Egypt (16
in Fayoum, 6 in Minya and Beni-Suef). This sample
represented the range of herd sizes and operation
types found in the Egyptian cattle population, despite
not being chosen at random.
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The study recorded Ta and Tw during sampling
across different farms. Table 1 presents the
frequency quartiles (Q1, Q2, Q3) for each recorded
temperature. Laboratory analysis of water samples
from these farms, specifically from WS and HT,
revealed various physicochemical parameters (Table
2) and their corresponding quartiles. Additionally,
the microbial contents of the WS, WT, CT, and AT
water samples were analysed in both winter (W) and
summer (S) and are displayed in Table 3, which
provides frequency quartiles for several microbial
parameters.

For every physicochemical parameter, the
Spearman rank correlation analysis showed a
statistically significant correlation (p-value < 0.05)
between the HT and WS treatments (Figure 1).
Moreover, Tw was significantly correlated with
specific microbial parameters in both winter and
summer (Figure 2).

Wilcoxon signed-rank tests were used to evaluate
seasonal effects, differences between Ta and Tw in
winter and summer, and differences within Ta and
Tw separately in winter and summer (Table 4). For
both Ta and Tw, there were significant differences
(p-value < 0.05) between the winter and summer
results. Furthermore, based on the results of the
water physicochemical study, Wilcoxon signed-rank
tests revealed significant differences (p-value < 0.05)
between the HT and WS values (Table 5).

The impact of DWDSs on water quality was
revealed by further analyses using Wilcoxon signed-
rank tests, which showed significant differences (p-
value < 0.05) in the water microbial analysis between
the summer and winter results (Tables 6 and 7),
between the WT and WS results (Table 8), between
the CT and WT results (Table 9), and between the
AT and WT results (Table 10).

Discussion

Water is vital to cattle because it helps them stay
healthy and maximise their output. But both the
amount and quality of water frequently encounter
ongoing difficulties that are linked to seasonal
fluctuations, weather patterns, a variety of water
sources, including ponds, dugouts, and tap water, as
well as contamination from different chemical and
microbiological agents. The performance and overall
health of cattle are greatly impacted by these water-
related problems [2]. Monitoring the hygienic DWQ
at dairy and beef cattle farms at various sampling
points within the DWDS was the main goal of this
study. The focus is on understanding the effects of
DWDSs on DWQ and investigating potential
seasonal variations observed during both the winter
and summer seasons.
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The findings displayed in Table 1 demonstrated
that the wintertime temperature quartiles in Ta were
much greater than those in Tw. Similarly, in the
summer, there was a slightly greater disparity
between the Ta and Tw quartiles, with the Ta
quartiles exceeding the Tw quartiles. These findings
are consistent with those reported by Reymond,
Kaya, and Fidan [5,6]. Using Cohen's d effect size to
further assess the difference between Ta and Tw,
Table 4 shows that Ta was greater than Tw in 100%
of the farms during winter and 94.7% of the farms
during summer, with a strong effect size (d = 0.88 -
1). The reason for this discrepancy is that water
troughs are frequently located beneath sheds, which
means that water temperatures fluctuate more slowly
than air temperatures. Cattle have long been known
to use water as a cooling agent [17,18]. Furthermore,
the findings show that Ta in the summer exceeded
Tw in the winter for 99.2% of the farms studied
throughout Egypt, and that Ta in the summer
exceeded winter temperatures for every farm
surveyed [6,19].

Analysis was performed at two sampling
locations along the DWDS to keep an eye on the
physicochemical quality of the drinking water (WS
and HT). The distribution of each parameter and the
differences between the WS and HT values are
shown by quartile in Table 2. A statistical analysis
showed that the physicochemical characteristics of
WS and HT points were strongly positively
correlated (rho 0.516 — 1) (Figure 1). This correlation
suggested that there was a strong relationship
between an increase in a certain physicochemical
parameter in WS and the same parameter in HT.
Using the d effect size, the difference in the
physicochemical results between WS and HT was
evaluated (Table 5). According to these values, the
HT results for pH, TDS, EC, hardness, chloride,
nitrate-N, nitrate, and sulfate are greater than the WS
results for each farm by 96.2 percent, 54.5 percent,
54.5 percent, 37.1 percent, 47 percent, 84.8 percent,
84.1 percent, and 40.2 percent, respectively. This
finding suggested a medium to large d effect size (d
= 0.53 — 0.85). This discrepancy could be explained
by possible internal sources of contamination, which
could be impacted by variations in Ta that impact the
physicochemical quality of the drinking water [5].
The elevated values of  physicochemical
characteristics observed in HTs may be caused by
contaminants such as bedding, feed ingredients,
animal faeces, or mineral precipitation. Notably, 3
percent of the farms had a higher pH in WS than in
HT, and 6.4% and 6.8% of the farms had nitrate-N
and nitrate readings, respectively, in WS that were
greater than those in HT. These findings may be
related to the inherent water quality or contamination
problems of WS [7,20].

Microbiological studies were carried out to
evaluate the microbiological quality of the drinking
water across the four sample stations in the DWDS
(WS, WT, CT, and AT). The quartiles displayed in
Tables 2 and 3 emphasize differences between WS,
WT, CT, and AT in both the winter season and
summer season quartiles for each microbial count.
As shown in Figure 2, there was a significant weak
correlation (rho 0.167-0.244) between the summer
Tw and the eight microbial counts. Furthermore, a
moderate correlation between Tw in the summer and
TMC in the WT was found (rho 0.271). These results
indicate that variations in Tw have a significant
effect on water microbial counts and are more
pronounced in the summer than in the winter.
Cohen's d values (Tables 6 and 7) were used to
evaluate the difference in water microbiological
results between the winter season and summer
season, revealing greater microbial counts during the
summer. At 66.5, 65.5, and 65.5 in 100 percent, 98.5
percent, and 98.5 percent, respectively, the highest
mean ranks were noted for TMC in CT and AT, TCC
in CT and AT, and TFC in AT. These results showed
a significant d value (d = 0.87, 0.86, and 0.86,
respectively), indicating a greater contamination risk
in the summer season since animals tend to drink
more frequently and microbes grow more quickly in
the higher temperature ranges that are encountered
during that time of year [21,22].

According to the d effect size values (Table 8),
the majority of farms had higher microbial counts in
the WTs than in the WSs when comparing the
changes in water microbial analysis between the WSs
and the WTs. The summer TMC had a medium
effect size (d = 0.65) for 74.2 percent of the farms,
with the highest significant positive mean rank
(+mean rank 60.5). These findings suggest that the
WTs may be contaminated from additional sources
or that the DWDS has cumulative microbial loads
from WS to WT. Growing biofilm formation or aged
water networks are two likely reasons for the
elevated contamination in WTs. Compared to WTs,
WS occasionally showed greater microbial numbers.
The most noticeable negative mean rank for TCC
was observed in the winter (-mean rank 53.2) for 8.3
percent of the farms, indicating a medium effect size
(d = 0.53). These notable differences in the numbers
of microorganisms in the water between the WS and
WTs could be caused by the presence of filter
stations or disinfection systems within the
distribution system [23,24].

Based on the d value effect size (Table 9), the
microbial makeup of the WTs and CTs was
compared, and for most farms, the CTs had higher
microbial counts than did the WTs. Wintertime
(+mean rank 71.8) for 71.96 percent of the farms had
the most noteworthy positive mean rank (d = 0.52)
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for TCC, indicating a medium effect size. These
results may point to potential open sources of
microbiological contamination in CT, such as poorly
hygienic bedding, faeces, or feeding procedures. On
the other hand, on certain farms, the microbial counts
were greater in the WT results than in the CT data.
For 18.9 percent of the farms, the TMC winter mean
rank was the most notable negative rank (-mean rank
60.6), suggesting a medium effect size (d = 0.54).
The existence of filtration points, differences in
disinfection techniques used between the WT and
CT, or differences in routine trough disinfection
could be the causes of these significant differences in
microbiological DWQ.  Alternatively,  these
disparities could be caused by ongoing sources of
contamination in WTs [25-27].

Table 9 presents the results of utilising the d
value effect size to evaluate the difference in the
results of the microbiological analysis of the WT and
AT points. The majority of farms had higher
microbial counts in AT than in WT. Interestingly, for
78.03 percent of the farms, the summer season had
the most notable positive mean rank (+mean rank
72.3) for TCC, suggesting a medium effect size (d =
0.65). These results may be explained by the
presence of external sources of microbiological
pollution in ATs as a result of inadequate hygiene
and sanitation procedures as well as bedding, faeces,
feeding, or biofilm formation. On the other hand, on
certain farms, the WT points had greater microbial
counts than did the AT points. In particular, a
medium effect size (d = 0.59) was demonstrated by
the most notable negative mean rank (-mean rank
55.9) for 15.2 percent of the farms in the PAC during
the winter. These variations in microbial
contamination between WTs and ATs could be
brought about by continuous locations of
contamination inside the WTs, regular trough
disinfection, the use of filtering units or other
disinfection techniques between the WT and AT, or
any combination of these factors [28-32].

Conclusions

The study demonstrated a substantial correlation
between ambient temperature and drinking water
temperature, regardless of the season. While seasonal
temperature changes did not notably impact the
physicochemical drinking water quality, there was a
significant influence observed from the drinking
water distribution system, particularly from the water
source to the animal house troughs. On the other
hand, the drinking water distribution system,
particularly from the water source to both the water
tanks and house troughs, and seasonal temperature
variations both had significant effects on the
microbiological drinking water quality.

Subsequent studies ought to concentrate on
creating strategies for mitigating the impacts of
seasonal fluctuations in the quality of drinking water.
To further ensure and maintain ideal drinking water
quality requirements, it is essential to investigate and
apply filtration and disinfection methods in drinking
water  distribution  systems and  possible
contamination sites.
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TABLE 1. Frequencies of three temperature quartiles (Q1, Q2 (median), and Q3) for both ambient (Ta) and water
(Tw) temperatures (°C) during the winter season and summer season on cattle farms.

Winter temperature

Summer temperature

Percentiles *

Ta Tw Ta Tw
QI 19 18 36 34
Q2 21 20 38 37
Q3 24 23 40 38

* The Q2 is the median, and the percentiles are equal to the frequency quartile (quartiles are an alternative to the arithmetic

mean in nonnormally distributed data).
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TABLE 2. Frequencies of three quartiles (Q1, Q2 (median), and Q3) of the physicochemical parameters of both water
source (WS) and water in house trough (HT) and microbiological quality parameters (total colony count
(TCC) and total coliform count (TCFC)) in WS, the water tank (WT), the calf trough (CT) and the adult
trough (AT) in the winter season (W) and summer season (S) on cattle farms.

Physicochemical Percentiles * Microbial Percentiles *

parameters Q1 Q2 Q3 parameters Q1 Q2 Q3
pH/WS 75 8 8 TCC/WS(W) 0 18.5 3.2x10%
pH/HT 8.1 8.4 8.8 TCC/WS(S) 0 53 7.1x10*
TDS/WS 305 665 1450 TCC/WT(W) 0 3.7x10* 33x10*
TDS/HT 305 680 14725 TCC/WT(S) 0 5.7x10* 53x10*
EC/WS 4552 992.5 2164.2 TCC/CT(W) 4.1x10* 3.2x10° 42.8x10°
EC/HT 4552 10149 21978 TCC/CT(S) 6.95x10* 5.9x10° 74x10°
Hardness/WS 280 470 696 TCC/AT(W) 3.7x10* 3.05x10° 32x10°
Hardness/HT 285 472 698 TCC/AT(S) 5.9x10* 5.5x10° 76x10°
Chloride/WS 150 240 4475 TCFC/WS(W) 0 0 3.4x10°
Chloride/HT 150 240 448 TCEC/WS(S) 0 0 6.98 x10°
Nitrate-N/WS 0 1 2 TCFC/WT(W) 0 3.4x10° 44x10°
Nitrate-N/HT 2 4 8 TCFC/WT(S) 0 6.6x10° 80.5x10°
Nitrate/WS 0 443 8.86 TCEC/CT(W) 4.4x10° 26x10* 52.8x10*
Nitrate/HT 8.86 17.72 35.44 TCFC/CT(S) 6.7x10° 51x10* 93.8x10*
Sulfate/WS 65 100 140 TCFC/AT(W) 3.8x10° 26.5x10* 53x10*
Sulfate/HT 66 100 141.5 TCFC/AT(S) 6.08x10° 43x10* 97.3x10*

TABLE 3. Frequencies of the microbiological water quality parameters (Q1, Q2 (median), and Q3) (total
Enterobacteriaceae count (TEC), fecal Streptococci count (FSC) total mycotic count (TMC), and
Pseudomonas aeruginosa count (PAC)) in the water source (WS), water tank (WT), calf trough (CT) and
adult trough (AT), in the winter season (W) and summer season (S) on cattle farms.

Microbial Percentiles Microbial Percentiles

parameters Q1 Q2 Q3 parameters Q1 Q2 Q3
TEC/WS(W) 0 0 3.7x10°  PAC/WS(W) 0 0 26.75
TEC/WS(S) 0 0 7.07x10>  PAC/WS(S) 0 0 57
TEC/WT(W) 0 3.3x10% 3.6x10° PAC/WT(W) 0 18 4.1x10%
TEC/WT(S) 0 6.1x10% 6.98x10°  PAC/WT(S) 0 45 6.8x102
TEC/CT(W) 3.7x10? 29.5x10°  18.5x10*  PAC/CT(W) 17 2.9x10° 37x10°
TEC/CT(S) 6.7x10? 5.3x10* 44.4x10*  PAC/CT(S) 45 5.2x10° 78x10°
TEC/AT(W) 4.3x10? 3.6x10* 6.08x10*  PAC/AT(W) 29 3.4x10° 43.8x10°
TEC/AT(S) 6.02x10>  7.1x10* 9.6x10* PAC/AT(S) 52 6.3x10° 83.5x10°
FSC/WS(W) 0 0 33.75 TMC/WS(W) 0 18.5 3.4x10°
FSC/WS(S) 0 0 61.5 TMC/WS(S) 0 38 7x10°
FSC/WT(W) 0 18 4.05x10>  TMC/WT(W) 27 3.5x10° 44x10°
FSC/WT(S) 0 45 7.17x10>  TMC/WT(S) 42 6.7x10° 84.5x10°
FSC/CT(W) 16 2.85x10°  38.5x10°  TMC/CT(W) 4.4x10°  26x10* 51.8x10*
FSC/CT(S) 44 5.5x10° 7.8x10* TMC/CT(S) 6.8x10°  47.5x10*  96x10*
FSC/AT(W) 26.25 3.4x10° 43x10° TMC/AT(W) 43x10°  27.5x10*  55.5x10°
FSC/AT(S) 49 6.9x10° 7.8x10°  TMC/AT(S) 6.3x10°  47.5x10*  102.5x10*

TABLE 4. Signed-rank means with farm numbers (N), tie numbers, Z values, and effect sizes (d) output from the
Wilcoxon test for paired winter season (W) and summer season (S) samples of ambient (Ta) and water
(Tw) temperatures.

Temperature + Mean Rank (N) Ties Z Cohen's d
Ta (W) - Tw (W) 66.5 (132) 0 11.489 1.00
Ta (S) - Tw (S) 63.0 (125) 7 10.117 0.88
Ta (S) - Ta (W) 66.0 (131) 1 9.941 0.87
Tw (S) - Tw (W) 66.5 (132) 0 9.979 0.87

The level at which the first variable is greater than the second variable is indicated by the (positive mean rank).
The quantity of samples (N) for every variable. (Ties): indicates the quantity of samples yielding identical
outcomes. Z: the difference between two related variables, for example, the temperature of the water and the
ambient air, a Z value of 0 indicates that there is no difference. The impact of the first variable on the outcomes
of the second related variable is indicated by Cohen's d value.
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TABLE 5. Signed-rank means with farm numbers (N), tie numbers, Z values, and effect sizes (d) output from the
Wilcoxon test for paired house trough (HT) and water source (WS) water sample physicochemical

parameters.
Physicochemical parameters + Mean Rank (N) - Mean Rank (N) Ties Z Cohen's d
pH/HT - pH/WS 4.0 (1) 4 9.821 0.85
TDS/HT - TDS/WS 0 60 7.412 0.65
EC/HT - EC/WS 0 60 7.412 0.65
Hardness/HT - Hardness/WS 0 83 6.115 0.53
Chloride/HT - Chloride/WS 0 70 6.897 0.60
Nitrate-N/HT - Nitrate-N/WS 8.5(4) 16 9.269 0.81
Nitrate/HT - Nitrate/WS 9.0 (5) 16 9.238 0.80
Sulfate/HT - Sulfate/WS 0 79 6.366 0.55

The number of samples for which the first variable is smaller than the second variable is indicated by the

(negative mean rank).

TABLE 6. Signed-rank means with farm numbers (N), tie numbers, Z values, and effect sizes (d) output from the
Wilcoxon test for the winter season (W) and summer season (S) paired samples of TCC, TCFC, and TEC

water microbiological parameters.

Microbial parameters + Mean Rank (N) Ties Z Cohen's d
TCC/WS(S) - TCC/WS(W) 40.0 (79) 53 7.723 0.67
TCC/WT(S) - TCC/WT(W) 48.0 (95) 37 8.464 0.74
TCC/CT(S) - TCC/CT(W) 65.5 (130) 2 9.894 0.86
TCC/AT(S) - TCC/AT(W) 65.5 (130) 2 9.894 0.86
TCFC/WS(S) - TCFC/WS(W) 32.0 (63) 69 6.903 0.60
TCFC/WT(S) - TCFC/WT(W) 41.5 (82) 50 7.868 0.68
TCFC/CT(S) - TCFC/CT(W) 61.5 (122) 10 9.586 0.83
TCFC/AT(S) - TCFC/AT(W) 65.5 (130) 2 9.894 0.86
TEC/WS(S) - TEC/WS(W) 29.0 (57) 75 6.569 0.57
TEC/WT(S) - TEC/WT(W) 41.0 (81) 51 7.82 0.68
TEC/CT(S) - TEC/CT(W) 60.0 (119) 13 9.468 0.82
TEC/AT(S) - TEC/AT(W) 63.0 (125) 7 9.703 0.84

TABLE 7. Signed-rank means with farm numbers (N), tie numbers, Z values, and effect sizes (d) output from the
Wilcoxon test for the winter season (W) and summer season (S) paired samples of the FSC, PAC, and TMC

water microbiological parameters.

Microbial parameters + Mean Rank (N) Ties V4 Cohen's d
FSC/WS(S) - FSC/WS(W) 20.0 (39) 93 5.447 0.47
FSC/WT(S) - FSC/WT(W) 38.5(76) 56 7.576 0.66
FSC/CT(S) - FSC/CT(W) 57.5(114) 18 9.267 0.81
FSC/AT(S) - FSC/AT(W) 59.0 (117) 15 9.388 0.82
PAC/WS(S) - PAC/WS(W) 20.0 (39) 93 5.447 0.47
PAC/WT(S) - PAC/WT(W) 38.5(76) 56 7.576 0.66
PAC/CT(S) - PAC/CT(W) 58.5(116) 16 9.348 0.81
PAC/AT(S) - PAC/AT(W) 62.0 (123) 9 9.625 0.84
TMC/WS(S) - TMC/WS(W) 38.5 (76) 56 7.576 0.66
TMC/WT(S) - TMC/WT(W) 58.0 (115) 17 9.308 0.81
TMC/CT(S) - TMC/CT(W) 66.5 (132) 0 9.969 0.87
TMC/AT(S) - TMC/AT(W) 66.5 (132) 0 9.969 0.87
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TABLE 8. Signed-rank means with farm numbers (N), tie numbers, Z values, and effect sizes (d) output from the
Wilcoxon test for water source (WS) and water tank (WT) paired samples of TCC, TCFC, TEC, FSC,
PAC, and TMC water microbiological parameters.

Microbial parameters + Mean Rank (N) - Mean Rank (N) Ties Z Cohen's d
TCC/WT(W) - TCC/WS(W) 46.2 (82) 53.2(11) 39 6.131 0.53
TCC/WT(S) - TCC/WS(S) 46.3 (82) 52.1(11) 39 6.177 0.54
TCFC/WT(W) - TCFC/WS(W) 42.8 (71) 22.6 (9) 52 6.794 0.59
TCFC/WT(S) - TCFC/WS(S) 42.8 (71) 22.6 (9) 52 6.794 0.59
TEC/WT(W) - TEC/WS(W) 43.1 (62) 34.3 (19) 51 4.753 0.41
TEC/WT(S) - TEC/WS(S) 44.2 (62) 30.5 (19) 51 5.088 0.44
FSC/WT(W) - FSC/WS(W) 41.5(59) 28.2 (17) 56 5.095 0.44
FSC/WT(S) - FSC/WS(S) 43.8 (59) 20.2 (17) 56 5.794 0.50
PAC/WT(W) - PAC/WS(W) 41.0 (60) 29.3 (16) 56 5.152 0.45
PAC/WT(S) - PAC/WS(S) 43.2 (60) 20.8 (16) 56 5.856 0.51
TMC/WT(W) - TMC/WS(W) 60.3 (98) 40.6 (16) 18 7.431 0.65
TMC/WT(S) - TMC/WS(S) 60.5 (98) 39.3 (16) 18 7.489 0.65

(W): winter, (S): summer

TABLE 9. Signed-rank means with farm numbers (N), tie numbers, Z values, and effect sizes (d) output
from the Wilcoxon test for water tank (WT) and calf trough (CT) paired samples of water for
TCC, TCFC, TEC, FSC, PAC, and TMC water microbiological parameters.

Microbial parameters + Mean Rank (N) - Mean Rank (N) Ties Z Cohen's d
TCC/CT(W) - TCC/WT(W) 71.8 (95) 48.3 (35) 2 5962  0.52
TCC/CT(S) - TCC/WT(S) 72.4 (95) 46.7 (35) 2 6.094  0.53
TCFC/CT(W) - TCFC/WT(W) 63.3 (95) 49.9 (25) 12 6.242  0.54
TCFC/CT(S) - TCFC/WT(S) 64.5 (95) 45.4 (25) 12 6.536  0.57
TEC/CT(W) - TEC/WT(W) 62.6 (86) 39.2 (27) 19 6.197  0.54
TEC/CT(S) - TEC/WT(S) 63.0 (86) 37.9 27) 19 6.296  0.55
FSC/CT(W) - FSC/WT(W) 62.4 (78) 34.1 (30) 24 5.888  0.51
FSC/CT(S) - FSC/WT(S) 62.9 (78) 32.6 (30) 24 6.026  0.52
PAC/CT(W) - PAC/WT(W) 61.5 (80) 34.6 (28) 24 6.054  0.53
PAC/CT(S) - PAC/WT(S) 62.0 (80) 33.1(28) 24 6.179  0.54
TMC/CT(W) - TMC/WT(W) 65.4 (103) 60.6 (25) 4 6212  0.54
TMC/CT(S) - TMC/WT(S) 66.8 (103) 55.1 (25) 4 6.542  0.57

(W): winter, (S): summer

TABLE 10. Signed-rank means with farm numbers (N), tie numbers, Z values, and effect sizes (d) output from the
Wilcoxon test for water tank (WT) and adult trough (AT) paired samples of water for TCC, TCFC, TEC,
FSC, PAC, and TMC water microbiological parameters.

Microbial parameters + Mean Rank (N) - Mean Rank (N) Ties Z Cohen's d
TCC/AT(W) - TCC/WT(W) 72.2 (103) 39.9 27) 2 7.393  0.64
TCC/AT(S) - TCC/WT(S) 72.3 (103) 39.4 (27) 2 7421  0.65
TCFC/AT(W) - TCFC/WT(W) 69.9 (103) 48.8 (27) 2 6.83 0.59
TCFC/AT(S) - TCFC/WT(S) 69.9 (103) 48.7 (27) 2 6.84 0.60
TEC/AT(W) - TEC/WT(W) 64.9 (103) 47.0 (20) 9 7.251  0.63
TEC/AT(S) - TEC/WT(S) 65.2 (103) 45.8 (20) 9 7314  0.64
FSC/AT(W) - FSC/WT(W) 60.5 (96) 52.1 (21) 15 6.412  0.56
FSC/AT(S) - FSC/WT(S) 60.8 (96) 50.8 (21) 15 6.488  0.56
PAC/AT(W) - PAC/WT(W) 63.2 (103) 55.9 (20) 9 6.801 0.59
PAC/AT(S) - PAC/WT(S) 63.6 (103) 53.9 (20) 9 6.903  0.60
TMC/AT(W) - TMC/WT(W) 69.9 (104) 47.9 (26) 2 6.997  0.61
TMC/AT(S) - TMC/WT(S) 70.1 (104) 47.0 (26) 2 7.055  0.61

(W): winter, (S): summer
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SPEARMAN'S rho CORRELATION
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Fig. 1. Significant spearman correlation coefficient values

(rho) between some water chemical parameters in both
water source (WS) and house trough (HT)

References

1. Kamal, M.A., Khalaf, M.A., Ahmed, Z.A.M., Fathy, M.,
El Miniawy, H.M.F., Mahmoud, A.M., Osman, A. and
Zaki Ewiss, M.A. Effect of Water Organic Load and
Total Ammonia Nitrogen on Broilers’” Humoral
Immune Response Against Newcastle Disease Virus

Vaccination in Egypt. Int. J. Vet. Sci ., 12, 107-

113(2023). doi:10.47278/journal.ijvs/2022.164.

2. Kamal, M.A., Khalaf, M.A., Zakia, A.M.A. and El-
Jakee, J.K. Effect of Water Quality Parameters on
Some Health and Reproductive Indicators in Cattle
Farms Associated Emerged Epidemics in Egypt. Int. J.
Vet. Sci., 8,275-282(2019).

3. Kamal, M.A., Khalaf, M.A., Ahmed, Z.A.M. and El
Jakee, J. Evaluation of the Efficacy of Commonly
Used Disinfectants against Isolated Chlorine-Resistant
Strains from Drinking Water Used in Egyptian Cattle
Farms. Vet World, , 12, 2025-2035 (2019).
doi:10.14202/vetworld.2019.2025-2035.

4. lzah, S.C., lyiola, A.O. and Richard, G. Impacts of

Pollution on the Hydrogeochemical and Microbial
Community of Aquatic Ecosystems in Bayelsa State,
Southern Nigeria. Hydrogeochemistry of Aquatic
Ecosystems, 283-305(2023).

5. Kaya, M. and Fidan, E.D. The Effect of Drinking
Water Temperature and Stocking Density on Broiler
Performance, Meat Quality and Some Behavioral
Traits at High Ambient Temperature. Journal of the
Hellenic Veterinary Medical Society, 74, 5315-5324
(2023).

Egypt. J. Vet. Sci. Vol. 56, No. 4 (2025)

SPEARMAN'S rho CORRELATION
COEFFICIENT

TMC/WT(S)
TMC/WS(S)
TPC/WT(S)
TSC/WT(S)
TEC/WT(S)
TCFC/WT(S)
TCFC/WS(W)
TCC/AT(W)
TCC/CT(S)
TCC/WT(S)
TCC/WT(W)
TCC/WS(S)

o
o
N
=)
N

0.3

W Water temp.(W) ® Water temp.(S)

Fig. 2. Significant spearman correlation coefficient values
(rho) between water temperature both in winter (W) and
in summer (S) with some water microbial parameters

6. Reymond, P., Wahaab, R.A., Moussa, M.S. and Liithi,
C. Scaling up Small Scale Wastewater Treatment
Systems in Low-and Middle-Income Countries: An
Analysis of Challenges and Ways Forward through the
Case of Egypt. Util Policy 52, 13-21 (2018).

7. Duressa, G., Assefa, F. and Jida, M. Assessment of
Bacteriological and Physicochemical Quality of
Drinking Water from Source to Household Tap
Connection in Nekemte, Oromia, Ethiopia. J. Environ.
Public Health, 2019, Article ID 2129792 (2019).

8. Wen, X., Chen, F., Lin, Y., Zhu, H., Yuan, F., Kuang,
D., Jia, Z. and Yuan, Z. Microbial Indicators and Their
Use for Monitoring Drinking Water Quality—A
Review. Sustainability, 12, 2249 (2020).

9. Khan, F.M. and Gupta, R. Escherichia Coli (E. Coli) as
an Indicator of Fecal Contamination in Groundwater:
A Review. Sustainable Development of Water and
Environment: Proceedings of the ICSDWE. 5, 225—
235(2020).

10. Some, S., Mondal, R., Mitra, D., Jain, D., Verma, D.
and Das, S. Microbial Pollution of Water with Special
Reference to Coliform Bacteria and Their Nexus with
Environment. Energy Nexus, 1, 100008. (2021).

11. Gomaa, H.E., Charni, M., Alotibi, A.A., AlMarri, A.H.
and Gomaa, F.A. Spatial Distribution and
Hydrogeochemical Factors Influencing the Occurrence
of Total Coliform and E. Coli Bacteria in Groundwater
in a Hyperarid Area, Ad-Dawadmi, Saudi Arabia.
Water (Basel), 14, 3471 (2022).



SEASONAL EFFECTS OF DISTRIBUTION SYSTEMS ON DRINKING WATER QUALITY...

767

12.

13.

14.

15.

17.

19.

20.

21.

22.

23.

Yang, C., Zeng, Z., Zhang, H., Gao, D., Wang, Y., He,
G., Liu, Y., Wang, Y. and Du, X. Distribution of
Sediment  Microbial Communities and  Their
Relationship with Surrounding Environmental Factors
in a Typical Rural River, Southwest China.
Environmental Science and Pollution Research, 29,
84206-84225 (2022).

ISO. Microbiology of Food and Animal Feeding
Stuffs- Horizontal Method for Sampling Techniques
from Surfaces Using Contact Plates and Swabs.
(2004).

Clesceri, L.S., Greenberg, A.E., Eaton, A.D. and
Franson, M.A.H. Standard Methods for the
Examination of Water and Wastewater.
Edition:Twentieth edition. View all formats and
editions. Publisher: American Public Health
Association, Washington, DC, (1998).

APHA, AP.H.A. Standard Methods for the
Examination of Water, Sewage, and Industrial Wastes,
The Association, American Journal of Public Health
(AJPH) . American Journal of Public Health and the
Nations Health, 45(6), 821(1955).

. Campbell, M.J. Statistics at Square One, John Wiley &

Sons, ISBN 1119402344. (2021).

Haan, M.M., Russell, J.R., Davis, J.D. and Morrical,
D.G. Grazing Management and Microclimate Effects
on Cattle Distribution Relative to a Cool Season
Pasture Stream. Rangel Ecol. Manag., 63, 572-580
(2010).

. Arias, R.A. and Mader, T.L. Environmental Factors

Affecting Daily Water Intake on Cattle Finished in
Feedlots. J. Anim. Sci., 89,245-251. (2011).

Karrou, M., Oweis, T., Benli, B. and Swelam, A.
Improving Water and Land Productivities in Irrigated
Systems. Community-Based Optimization of the
Management of Scarce Water Resources in
Agriculture in CWANA. International Center for
Agricultural Research in the Dry Areas (ICARDA),
Aleppo, Syria 195. (2011).

Beede, D.K. What Will Our Ruminants Drink? 4Animal
Frontiers, 2, 3643 (2012).

Edeki, P.E., Isah, E.C. and Mokogwu, N. Assessment
of Physicochemical and Bacteriological Quality of
Drinking Water in Sapele Local Government Area of
Delta State, South-South, Nigeria. J. Water Health, 21,
286-298 (2023).

El-Emam, I.A. and El-Jalii, I.M. Bacterial
Contamination of Drinking Water in Selected Dairy
Farms in Sudan. Scientific Journal of King Faisal
University (Basic and Applied Sciences) 11, 153-160
(2010).

Botsaris, G., Kanetis, L., Slany, M., Parpouna, C. and
Makris, K.C. Microbial Quality and Molecular

24.

25.

26.

27.

28.

29.

30.

Identification of Cultivable Microorganisms Isolated
from an Urban Drinking Water Distribution System
(Limassol, Cyprus). Environ. Monit. Assess, 187, 1-10
(2015).

Farkas, A., Ciataras, D. and Brandus, B. Biofilms
Impact on Drinking Water Quality. Ecological Water
Quality—Water Treatment and Reuse. Rijeka:
InTech., 141-154.(2012).

Emtiazi, F., Schwartz, T., Marten, S.M., Krolla-
Sidenstein, P. and Obst, U. Investigation of Natural
Biofilms Formed during the Production of Drinking
Water from Surface Water Embankment Filtration.
Water Res., 38, 1197—-1206. (2004).

Yoder, J., Roberts, V., Craun, G.F., Hill, V., Hicks,
L.A., Alexander, N.T., Radke, V., Calderon, R.L.,
Hlavsa, M.C. and Beach, M.J. Surveillance for
Waterborne Disease and Outbreaks Associated with
Drinking Water and Water Not Intended for Drinking--
United States, 2005-2006. MMWR Surveill Summ., 57,
39-62 (2008).

Makris, K.C., Andra, S.S. and Botsaris, G. Pipe Scales
and Biofilms in Drinking-Water Distribution Systems:
Undermining Finished Water Quality. Crit. Rev.
Environ. Sci. Technol., 44, 1477-1523. (2014).

LeJeune, J.T. and Wetzel, A.N. Preharvest Control of
Escherichia Coli O157 in Cattle. J. Anim. Sci., 85,
E73-E80. (2007).

Juhna, T., Birzniece, D., Larsson, S., Zulenkovs, D.,
Sharipo, A., Azevedo, N.F., Menard-Szczebara, F.,
Castagnet, S., Feliers, C. and Keevil, C.W. Detection
of Escherichia Coli in Biofilms from Pipe Samples and
Coupons in Drinking Water Distribution Networks.
Appl. Environ. Microbiol., 73, 7456-7464. (2007).

Kamal, M.A., Alhotan, R.A., Al Sulaiman, A.R.,
Hussein, E.O, Galik, B. and Saleh, A.A. From source
to house: unraveling the seasonal effect of water
distribution system on drinking water quality of
poultry farms under Egyptian environmental condition.
Environmental Science and Pollution Research,
31(9),1-12(2024).

31.Kamal, M.A., Khalf, M.A., Zakia, A. M., Jakeen A.E.,

32.

Alhotan, R.A., Al-Badwi, M.A.A., Hussein, E.O.,
Galik, B. and Saleh, A.A. Effect of water quality on
causes of calf mortality in cattle-farm-associated
epidemics. Arch. Anim. Breed., 67, 25-35 (2024).
https://doi.org/10.5194/aab-67-25-2024.

Saleh, A.A., Soliman, M.M.,Yousef, M.F., Eweedah,
N.M., El-Sawy, H.B., Shukry, M., Wadaan, M.A. M.,
Kim, I.H.., Cho, S. and Eltahan, H.M. Effects of herbal
supplements on milk production quality and specific
blood parameters in heat-stressed early lactating cows.
Front. Vet. Sci., 10,1180539. (2023).
doi:10.3389/fvets.2023.1180539

Egypt. J. Vet. Sci. Vol. 56, No. 4 (2025)


https://search.worldcat.org/formats-editions/40733179
https://search.worldcat.org/formats-editions/40733179
https://ajph.aphapublications.org/loi/ajph
https://ajph.aphapublications.org/loi/ajph

768 MOHAMMED A. M. KAMAL et al.

sbaall aigi dalil 8 Adlida BU&S B qiydd) ol Baga Aramigall il padl) e
raa b Ll £ ) al

tana ot 2 Sl cusla Jaana 485 TGS Jallae 3sana IS daas saallne sasa

8 s Ao daal T 80 lan fila il s ¢S Cpnea s sl 4 iy gl 281 Sl
e =8l 11221 — 38l dasla - (bl Qulall IS - 4y plaull 5 50y 5 Aaall aud |

can -5l - 11221 - 5,800 Zasla - (5 okl lall B8 - o gl g s Ssall i 2

cman— 35l — 11221 — 5,80l daals - gkl lall 408 - el (al a1 5 aball ad 3

Za el 3 g Ll Amals - 831 g Ay 3l RS -l gonll L) and 4

Ayl - bl - ARE Y 5 gl Claial dpledl de ganal) §

LS sl due 30 o slell | Al - il 5 233 o ©

e =geadll I Aadls - gkl Qlall LIS - o gl saudl) 0l 7

e gl € Aaala e 50 A -l gall L) a8

galdiuad)

Gl o s Ui Jala (DWQ) il sbia 335a (8 fam sall il emy e 2l 5l a3 i3S,
Sl Bl w)l A DWQ Al o 2850 2y (e 5y el 4 jeadl) JEN15 S&Y1 ¢ ) 3 (DWDS)
o - (AT) Gl Gasas «(CT) daad) pasas (WT) sbaall 5335 ((WS) sbaall Jras - DWDS sk
s DWDSs DWQ iisall 38§ Ll oy i y) 3sms 0 Abany) dUatll ciis de e 132
Sl W s Sad) S s DWQ s o(Ta) Adassall 350 5a0 a5 (Tw) sll 550 0m 4a 50
SAL paalls Anes gall CENEAY) S5 Lea ¢(d= 0.88-1) 4 il alaal e «Tas Tw o 5uS clddal
Dl slaals (HTs) Joiall Gl sals WSs o 2ibasSll s 2858l DWQs (8 5sS Sl cilia o) il
£l (g A5 Saall DWQ (2 5 Gl paas o5 celly ) ALYl (d = 0.53-0.85) 38 Ao 5
s gale il asa e (i) Jiaill 23S (d = 0.47 — 0.87) 58 () 6 _iea il alaal e ccapall
CT (d= Jia WT «WT (d =0.41 — 0.65) J#i DWDS: WS (8 ddlise Llis oy Gy 5 ,Saall DWQ (3
(3oaSY) ) 8 mneall (e 5l ) A sliie Ll slaal ae (AT (d = 0.56 — 0.65 Jdas WTs «(0.51 — 0.57
& 53 Lea (DWDS e ilelii b 53 )5 «Tw e il Ta (o8 e sal) il o ) dd ) caals
I Adlasll 5 Al 3l il el e € JS% DWDS i eelly ) AL A Sadl DWQ (8 &l s
il g )3 i calaa J 3 DWQ

Ale Hll g dalaiuy) e el 4alas ‘CUA\ s g yall :C\,\)‘Y\ Ol ?;.U\ Gl g :a\ﬂ\ Calalsly

Egypt. J. Vet. Sci. Vol. 56, No. 4 (2025)



