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Abstract
Aim: This study assessed the impact of four water sources used as drinking water in Egypt for broiler chickens on its 
performance, carcass characteristic, hematological, and immunological responses.

Materials and Methods: A total of 204 unsexed 1-day old Indian River broiler chickens were used in this study. They were 
randomly allocated into four treatment groups of 51 birds in each, with three replicates, 17 birds per replicate. Groups were 
classified according to water source they had been received into (T1) received farm tap water; (T2) received filtered tap 
water (T3) received farm stored water at rooftop tanks, (T4) received underground (well) water.

Results: All water sources showed no significant differences among treated groups at (p>0.05) for most of the performance 
parameters and carcass characteristics. However (T2) group showed higher records for body weight (BWT), BWT gain 
(BWG), feed conversion ratio, bursa weight, serum total protein, globulin (G), albumin (A) and A/G ratio, Ab titer against 
New castle disease virus vaccine. On the other hand, it showed lower records for water intake (WI), WI/Feed intake ratio, 
total leukocytes count %, heterophil %, lymphocyte %, H/L ratio, liver weight, glutamic oxaloacetic transaminase, glutamic 
pyruvic transaminase, serum uric acid and creatinine. Where filtered water reverse osmosis showed lowest records for 
bacterial load, the absence of coliform bacteria, total dissolved solids (TDS), electrical conductivity (EC) and salinity. 
On the other hand stored water showed higher numerical values for TDS, EC, alkalinity, salinity, pH, bacterial count, and 
coliform count.

Conclusion: Base on the results of this study, it is concluded that different water sources could safely be used as drinking 
water for poultry; as long as it is present within the acceptable range of drinking water quality for chickens. Suggesting 
the benefits of treatment of water sources on improving chickens’ health and welfare. Draw attention to the importance of 
maintaining the hygienic quality of stored water.
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Introduction

Water is the most critical and vital nutrient to 
health and wellbeing [1]. Water is involved in many 
aspects of poultry metabolism including body tem-
perature control, food digestion and absorption, 
nutrients transport, and waste products elimination 
from the body [2]. Birds consume approximately 1.6-
2.0 times as much water as feed on a weight basis [3]; 
therefore, any deviation in water quality could have 
a more pronounced effect on poultry health and pro-
duction than feed did. Drinking water is of concern to 
poultry producers due to its great variability in quality 
and its potential for contamination [4]. Several phys-
ico-chemical parameters has been established as an 
indicator of water quality such as taste, color, odor, 
pH, electrical conductivity (EC), hardness, alkalin-
ity, salinity, and presence of cations and anions [5]. 
High-quality drinking water has been defined as water 

that contains inclusions, which promote vitality and 
lack inclusions causing morbidity and mortality [5]. 
Because no water in nature is 100% pure, and hence 
different water sources will have varying degree of 
water inclusions, which directly or indirectly affect 
poultry performance and welfare. Many authors had 
studied the drinking water quality constituents and its 
effect on poultry performance [6-9].

Using of water with adequate physical, chemi-
cal, and microbiological quality is of a fundamen-
tal importance for poultry. Since many birds have 
access to the same water source, quality problems will 
affect a great number of birds. High levels of certain 
chemicals in water lead to changes in bird’s behavior 
and performance, via decrease body weight (BWT) 
and feed intake (FI) through prevention of nutrients 
absorption from feed ingredients. Items to be con-
sidered are total dissolved solids (TDS), pH, nitrate, 
sulfate, and salinity [10]. Studying the drinking water 
inclusions and their cumulative effects on growth 
performance was demonstrated by Zimmermann [5], 
who concluded that BWT was positively influenced 
by hardness, pH, and dissolved oxygen of drinking 
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water and negatively influenced by its total aerobic 
bacterial number (TB). He added that feed conversion 
positively influenced by TB and negatively influ-
enced by higher potassium (K) level in drinking water. 
Moreover, he said that mortality increased with nitrate 
and decreased with (K) level. In addition, water bacte-
rial load has a serious impact on broiler flock. Grizzle 
et al., [11] reported that broiler chickens exposed to 
drinking water contaminated with coliform bacteria 
(500 cfu/ml Escherichia coli) exhibited reduced BWT 
at 4 and 6 weeks of age. van der Sluis [12] reported 
that poor water quality may reduce the efficacy of 
vaccines and medications administered through water 
lines. There are extremely important interactions 
between drinking water contaminants and suboptimal 
nutritional status on performance and immune func-
tion of broiler chickens [13]. Field experience has 
conclusively shown that unobservable differences in 
water quality, from farm to farm and even from one 
well to another within a complex, can result in signif-
icant differences in bird performance, behavior, and 
welfare [5]. Moreover, as several elements can cause 
poor water quality, the interaction between elements 
is more significant in water quality problems than the 
simple fact of their presence [14]. There is an urgent 
need for updated methods and strategies for control of 
poor water issues and water borne diseases at the farm 
level. A number of treatment processes, such as filtra-
tion, coagulation, and solar radiation, are being used 
to modify the physiochemical properties of water [14]. 
Reverse osmosis (RO), is one of the most important 
water treatment technology that has become more and 
more applied in the treatment of water for livestock, 
horses, pigs, and poultry [15].

In Egypt, poultry production has gained great 
attention among wide sections of citizens, where most 
poultry farmers occupy the villages and peri-urban 
areas. Such areas usually lack in the continuous pota-
ble water supply. As a result, most households and 
poultry farmers have water storage tanks located on 
the rooftops of their homes or farms in order to have a 
constant supply of water, which challenged by several 
water quality issues. As water quality is unique within 
regions with limited studies concerning the qual-
ity of different water sources used as drinking water 
for poultry in Egypt. Consequently, the current study 
aimed at comparing different drinking water sources 
(tap, ground, stored and filtered water) which are the 
most commonly used in Egypt, on broiler chickens 
performance and welfare with exacting attention to 
carcass characteristics, hematological, biochemical 
effects, and immune response to newcastle disease 
virus (NDV) vaccine.
Materials and Methods

The experiment was carried out for 6 weeks at the 
Research Poultry Farm Unit of Faculty of Veterinary 
Medicine Kafrelsheikh University, Egypt.

Ethical approval
Animal Ethics Committee, Faculty of Veterinary 

Medicine, Kafrelsheikh University, Egypt, approved 
the protocol and conduct of the study.
Experimental birds

A total of 204 unsexed day-old Indian river 
chickens purchased from a commercial hatchery at 
Kafr El-Sheikh city, Egypt were used in this study. The 
chickens were randomly allocated into four treatment 
groups of 51 birds each. Each treatment was divided 
into three replicates, 17 birds each. The treatments 
were distributed according to the source of water into, 
treatment one (T1); birds received farm tap water, 
treatment two (T2); birds received filtered tap water 
by using (RO mini 4) filter from water world Egypt 
(www.waterworld.egypt.com) First stage: Sediment 
filter, which remove sediments, insects, asbestos fiber 
and particles down to 5 μ. Second stage: Granular 
activated carbon filter that absorb heavy chlorine 
and chlorine by-products such as chloramines, triha-
lomethanes (THM) and tetrachloroethylene (TCE). 
Third stage: Carbon block filter, which remove addi-
tional chlorine and organic matter from water without 
the release of carbon fiber. Fourth stage: Which add 
essential minerals such as Ca, Mg and Na that adjust 
mineral substance to supplement water out of RO 
membrane. Treatment three (T3); birds received farm 
stored water (in stainless steel rooftop storage tank); 
Treatment four (T4), birds received underground water 
from a well of about 35 m depth at Kafr El-Sheikh 
city.
Housing and management

The chickens in all groups (from day 0 to day 42) 
were brooded and raised on deep litter system and 
received the same standard management, hygienic, 
and environmental conditions. The stocking density 
was 11-12 bird/m2. Feed and water were provided 
ad libitum using manual plastic feeders and drinkers. 
Ration was formulated (Table-1) to meet the nutrient 
requirements for broilers [16]. Chickens were vacci-
nated against ND by oral administration in drinking 
water at days 7 and 18 using Hitchner and LaSota 
strains according to manufacturer recommendations 

Table-1: Composition and nutrient composition of 
experimental diet.

Ingredient Experimental diet (%)

Corn 55.5
Soybean meal 32.650
Sunflower oil 5.35
Fish meal 3.25
Dicalcium phosphate 1.5
Lime stone 1.0
L. Lysine 0.1
DL - Methionine 0.1
Salt 0.3
Premix 0.25
Nutrient composition

Energy (Kcal/kg) 3200.71
Crude protein (%) 21.63
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respectively. The light program was set as 24 h con-
tinuous light during the first 3 days and 23 h light and 
1 h dark (23L/1D) till the end of the experiment.
Water sampling and analysis

Water samples for physico-chemical and bac-
teriological analysis were collected according to 
APHA, [17]. Physico-chemical analysis of water 
samples was carried out to determine color, odor, 
taste, temperature, pH, EC, total hardness, TDS, 
iron, nitrate, sulphate, phosphate, Na, Ca, Mg and Cl 
according to HACH, [18]. The total bacterial count of 
water samples was carried out according to the proce-
dure described by Ayandirana et al., [19]. Total coli-
form and fecal coliform count were enumerated by 
three-tube MPN procedure APHA, [17].
Broiler performance

From day 0 to 42, Chickens were individually 
weighed weekly. Average live BWT and average live 
BWT gain (BWG) were calculated. FI and water 
intake (WI) were calculated daily for each treatment. 
Feed conversion ratio (FCR) and WI/FI ratio were cal-
culated weekly for all treatments.
Carcass and some internal organs weight

At day 42, 15 bird of an average BWT from each 
treatment were euthanized carefully and humanly 
(broilers were carefully euthanized via exsanguina-
tion from a neck cut that severed the carotid artery 
and jugular vein). The birds were kept for 5 min for 
bleeding and then dipped in a hot water bath for 2 min 
to facilitate the process of de-feathering. Manual evis-
ceration was done to obtain carcass, gizzard, heart, 
liver, spleen and bursa weight. Absolute weight and 
relative weight of the carcass and internal organs to 
final BWT was calculated.
Blood sampling and analysis

From each experimental treatment, 12 blood sam-
ples (5 ml each) were collected from a brachial vein at 
the day 28 of the experiment and from bleeding during 
euthanize at the day 42. From these two samples, 1 ml 
whole blood was taken in ethylenediaminetetraacetic 
acid tubes for making total and differential leucocytes 
count and estimation of heterophil/lymphocyte (H/L) 
ratio [20]. The other 4 ml blood was used for serum 
separation by centrifugation at 3000 rpm for 10 min. 
The serum samples were stored at −40°Ċ until used 
for assaying of the following parameters:
i. Liver function indicators: Glutamic oxaloacetic 

transaminase (GOT) and glutamic pyruvic trans-
aminase (GPT) enzymes [21], serum total pro-
teins (TP), albumin (AL) and globulin (GL) [22]

ii. Kidney function indicators: Serum levels of uric 
acid [23]. Moreover, creatinine [24]

iii. Detection of antibody (Ab) titres against NDV 
by haemagglutination inhibition (HI) test: It was 
performed at the day 28 of the experiment follow-
ing the second NDV vaccination with the LaSota 
strain at day 18 of broiler’s age [25].

Statistical analysis
Data were tested for distribution normality 

and homogeneity of variance. Data was reported 
as mean ± standard error of the mean and analyzed 
by ANOVA using Minitab®15 (Minitab Inc., State 
College, PA, USA). The significance of difference 
among the different treatments was evaluated by 
Tukey’s test. The significance level was set at p˂0.05.
Results and Discussion

Physico-chemical examination of water samples
This study was done to evaluate the impact of 

different water sources commonly used as drinking 
water in Egypt for poultry on performance, carcass 
responses, hematological, biochemical and immu-
nological parameters that affect broiler health and 
welfare.

The results of this study showed that (Table-2) 
water quality parameters of different water sources 
(tap, RO treated water (RO), stored and well water) 
used in the current experiment were within the accept-
able range for physico-chemical parameters of poultry 
water quality standards [26]. However, stored water 
at rooftop storage tanks recorded higher numerical 
values for pH, EC, TDS, alkalinity, salinity, potas-
sium, chloride, sulfate, phosphate, total bacterial and 
coliform count among the examined water sources. 
Nevertheless, these increased values were still found 
within the acceptable range except for bacterial values. 
On the other hand, it recorded the lowest numerical 
values for hardness, Ca and Mg. These findings may 
emphasize the hypothesis of WHO [27], who stated 
that the storage of water in reservoirs creates favorable 
conditions for the self-purification of the stored water, 
in the same time it may cause undesirable changes in 
water quality. High values of the estimated parameters 
in stored water could be a consequence of undesirable 
conditions, which could be created by the produc-
tion of algae. Also to pollution by birds and animals 
dropping and evaporation. The observed increase in 
pH in stored water could be a result of the activity 
of resident flora and or their death, which results in 
the release of an inorganic substance such as ammo-
nia [28]. Moreover, these results may be attributed to 
the decay of chlorine residual in water with increase 
residence time of water in stored tanks. Where chlo-
rine is in part being used to form disinfectant by-prod-
ucts (DBPs) where THMs and haloacetic acids are the 
two most significant, regulated DBPs of concern [29], 
which could increase the TDS and EC of water source.

On the other hand, filtered water or RO treated 
water recorded lower numerical values for TDS, EC, 
alkalinity, sulfate and phosphate. It also showed a 
marked decrease in total bacterial count and absence 
of fecal coliform bacteria. Abdullah [1], reported sim-
ilar findings. On the other hand, RO treated water 
recorded higher numerical values for hardness, Ca and 
Mg among the examined water sources. The low val-
ues of such estimated parameters could be attributed 
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to the action of the three stages of water filter used 
in this experiment (as described later in materials 
and methods). In addition, RO membrane act as an 
ultrafiltration device, screening out particles, includes 
microorganisms that are physically too large to pass 
through the membrane’s pores. As well as, removal 
of compounds larger than 0.0001 μ and smaller than 
0.1 μ in size [30]. However, such high values for min-
erals in RO water could be explained by the addition 
of essential minerals such as Ca, Mg and Na by the 
action of the post treatment (fourth) stage of used fil-
ter that adjust mineral substance to supplement water 
out of RO membrane.

Results of the bacteriological examination of the 
water sources illustrated in Table-2 showed that all 
water sources in all treatments except filtered water 
exceed the acceptable range of water quality standards 
of poultry for microbiological parameters [26]. The 
bacteriological examination recorded the worst results 
at (T3), especially fecal coliform which confirmed 
by a marked increase in phosphate concentration 
(36.3 mg/l) compared to the other water sources. The 
higher concentration of phosphate is considered as an 
indicator of fecal contamination [31,32]. The results 
that could be explained on the basis of the fact that 

water storage tanks provide increased residence time 
and aging of water [33,34]. As the water, aging have 
a negative impact on the quality of drinking water, 
including loss of chlorine residual [35] and re-growth 
of microorganisms.

The ability of water tanks to retain temperature 
is another factor adds to the bad quality of water in 
stored tanks. As remaining of water in direct sun-
light leading to subsequent increasing in temperature 
which, influencing the growth rate of bacteria that 
have survived treatment processes [36]. Moreover, 
the design of household storage tanks and frequency 
of cleaning also appears to influence the microbial 
water quality of the stored water [32]. Finally, the dif-
ficulty in emptying the tanks completely allows the 
sediment building up that can act as a growth medium 
for microbes in the incoming water [33].
Effect of water sources diversity on poultry 
performance

For judging the effect of drinking water quality 
characteristic that could affect directly or indirectly 
broiler performance, different live performance param-
eters were studied as an indicator of chicken welfare.

The performance parameters (BWT, BWG, FI, WI, 
WI/FI ratio, and FCR) per week showed no significant 

Table-2: Physico-chemical and bacteriological examination of different water sources used in the experiment.

Parameters Water sources Poultry water quality* standard

Physico-chemical 
examination

G1 G2 G3 G4 Level considered 
average

Maximum 
acceptable 

level

Color Colorless Colorless Colorless Colorless
Odor Inoffensive Inoffensive Inoffensive Inoffensive
Taste Palatable Palatable Palatable Palatable
Temperature (°C) 20.5 20.4 20.4 20.5
pH 8 8.04 8.2 8.2 6.5-7.8 5-8
EC (μs/cm) 471 463 1509 483 1000
TDS (ppm) 236 232 755 242 0-1000 1000-3000
Hardness (mg/l) 120 150 75 100 0-75 soft

76-150 some what hard
151-300 hard

>300 very hard
Alkalinity (ppm as CaCo3) 157.4 147.5 619.7 147.5 100 300
Salinity (mg/l) 64 62 94 64
Potassium (mg/l) 6.63 6.63 8.91 6.63 <300 no problem

>300 satisfactory, 
depending on alkalinity 

and PH
Calcium (mg/l) 36 36 20 32 60 
Magnesium (mg/l) 12.72 13.2 10.08 13.32 14 125
Sodium (mg/l) 30.4 31.3 31.3 32.4 50 150
Chloride (mg/l) 21.3 21.3 35.5 21.3 50 150
Iron (ppm) <0.22 <0.22 <0.22 <0.22 0.2 0.3
Carbonate (mg/l) 0.00 0.00 36 0.0
Bicarbonate (mg/l) 192 180 756 180
Sulfate (mg/l) 26.4 31.9 40.8 46.08 15-40 200
phosphate 15.2 7.8 36.3 6.2
Bacteriological examination

Total bacterial count (cfu/ml) 170×103 10.8×103 210×103 134×103 0 1000
Total coli form count (cfu/ml) 2.8 0 251.4 500 0 50
Fecal coli form count (cfu/ml) 2 0 232.4 150.2 0 0

G1=Tap water, G2=Filter water, G3=Stored water, G4=Ground water, *Adapted from Watkins (2008), EC=Electrical 
conductivity, TDS=Total dissolved solids
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difference (p>0.05) among the experimental treatments 
of broiler chickens supplied with different water sources 
(Tables-3 and 4). The current result is consistent with 
several previous studies [6-9].

The results in Table-4 showed that there was a 
significant difference (p<0.05) in the average BWG 
of broilers among the experimental treatments along 
the rearing period except at the 6th week. BWG sig-
nificantly reduced at 5th week in T1, T3 and T4 groups 
which may be attributed to the sudden change that was 
occur in the temperature and humidity in this week 
which leads to such drop in BWG in this week which 
overcome by T2.

However, the results at Table-3 showed that birds 
received filtered water (T2) had the highest numerical 
values for most of the performance parameters as it 
recorded the highest average BWT at the day 7, 14, 21, 
28, and 35.

On the other hand, (T2) group recorded a sig-
nificant increase (p<0.05) in BWG in the 1st, 2nd, 
and 5th week of the rearing period compared to the 
other experimental groups. Furthermore, (T2) group 
showed the lowest numerical values for WI and WI/FI 
ratio where these results may be account for low TDS 
and salinity of this source of water [4]. Ahmed [37] 
reported an increase in WI in the broiler with increased 
TDS in drinking water. As among the factors affect-
ing WI is the amount and type of salts in water [38]. 
In this respect, Mushtaq et al. [39] suggested that the 
higher water consumption limits the gut capacity for 
FI and excretes nutrients in feces thus reduces weight. 
These findings could explain and support the current 
obtained results that achieved at (T2) group, which 
showed that, with low TDS and salinity of water 
source, WI/FI ratio decrease with subsequent increase 
live BWT and BWG. This suggestion was fully agreed 
with earlier findings of Ahmed [37], who reported a 
negative correlation between feed efficiency and 
BWG with an increase in drinking water TDS.

Moreover, T2 group showed higher poultry 
growth and improved FCR which could be attributed 
initially to the high magnesium content of this source 

of water [4], then to the reduction of total aerobic 
bacteria and E. coli respectively [5,40]. Where all the 
above-mentioned findings of improved performance 
indices for (T2) group may emphasize the hypothe-
sis of Blake and Hess [41], which approved that high 
level of bacterial contaminants, minerals, or other pol-
lutants in drinking water can have detrimental effects 
on normal physiological properties resulting in infe-
rior performance. Moreover, these results may imply 
that with a low bacterial load in the offered drinking 
water source it could achieve decrease pressure on the 
animal immune system. Thus more nutrients will be 
available for productive functions such as growth.

From the results illustrated at Table-5, it is clearly 
noticeable that there was a similar trend of improving 
FCR observed at (T3) were recorded as the highest 
weight gain and the lowest FCR compared to the other 
experimental treatments. Although of such improved 
trend of FCR at (T3) group, but (T2) group recorded 
lower FI which may be considered economically 
better. Such improved BWG and FCR at (T3) group 
could be attributed to high concentration of potassium 
and chloride ions in such water source comparing to 
the other water sources. Potassium chloride (KCl) 
supplementation in drinking water has been reported 
to increase the BWG and survivability in chickens to 
varying degrees [42]. On the same line, Zimmermann 
et al. [43] and Abbas et al. [4], reported a positive 
correlation between FCR and sulfate level at water 
source, which achieved at the stored water source.
Effect of water sources diversity on carcass 
characteristic

Studying the carcass responses in this experiment 
(Table-6 and 7) revealed that, there was no significant 
difference (p>0.05) in the relative weights (as a per-
cent of final BWT) of eviscerated carcass and internal 
organs (liver, spleen and heart), for exception bursa 
and gizzard among the experimental treatments. The 
results that are in full agreement with authors [7-9], 
who reported that the different water sources had no 
significant effect on carcass characteristics. Birds at 
(T3) showed the higher eviscerated carcass percentage 

Table-3: Effect of water source diversity on BWT of broilers (g).

Treatments 1 day old 7 day old 14 day old 21 day old 28 day old 35 day old 42 day old

T1 38.08±0.7 108.2±2.4a 313.1±4.8a 628.6±29.0a 1322±16.9a 1685.2±72.1ab 2160±105
T2 38.25±0.6 119.1±3.8b 396.1±7.6b 786.0±20.4b 1230±8.4b 1807.9±46.7a 2262±100
T3 38.18±1.0 113.3±1.5ab 233±18c 644.2±15.4a 1236±23.3b 1613±41.7ab 2318±108
T4 38.13±1.1 117.2±0.9ab 359.8±13ab 699.2±13.7a 1223±5.8b 1486.7±55.7a 2082±87.0

Mean values in each column have not a common superscript are significant different at p<0.05, BWT=Body weight

Table-4: Effect of water source diversity on BWG/week (g) of broiler.

Treatments 1st week 2nd week 3rd week 4th week 5th week 6th week

T1 70.2±2.2a 204.8±4.4a 298.9±35.4a 693.4±30.8a 369.2±56.2a 475.1±74.4
T2 80.9±4.2b 276.9±5.8b 374±21.5ab 444±21.6b 578.9±35b 469.2±61.6
T3 75.2±2.1ab 119.7±19.1c 433±7.7b 591.8±30.8c 381.7±30.6a 667.8±73
T4 79.1±0.6ab 242.5±13.5ab 350.3±14.7ab 523.8±9.9bc 277.2±42.4a 567.7±32.8

Mean values in each column have not a common superscript are significant different at p<0.05, BWG=Body weight gain
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compared with the other experimental treatments. 
These may be attributed to high numerical val-
ues of TDS (755 ppm) and salinity (94 mg/l) in this 
source of water, which lead to increase WI and sub-
sequent increase water accumulation in muscles and 
tissues [39]. The increase in weight and size of most 
of the body organs is an indication of stress condition.

In this study, T2 showed lower liver, spleen and 
gizzard relative weights than other treatments. These 
results may be attributed to low TDS and salinity of 
such water sources [1,44]. On the same concept, these 
findings also could explain the results of a significant 
increase in bursa relative weight at T2 that reflect the 
wellbeing of the bird condition, growth performance, 
and immune function. The assessing bursa weight and 
the bursa/BWT ratio gave the most consistent and reli-
able indication of stress [44].

Currently, the results imply that broiler chickens 
drink filtered water had the better immune response 
and disease resistance. In this respect, Katanbaf 
et al. [45] reported that the increase in the relative 
organs weight is considered as an indication of the 
immunological advances. This established an increase 
in bursa weight in (T2) group might be reinforced 
by the effect of RO treatment to produce pure water 
with low chemical contaminants. The findings that is 
in agreement with Vodela et al. [13], who observed 
atrophy of the bursa of Fabricius in all the birds 
exposed to chemical mixture in drinking water which 
exaggerated by vitamin and mineral diet deficiency. 
In respect to the low bacterial count obtained at RO 
water, it could add another explanation to increased 
bursal weight in T2 group. Atef et al. [46] reported a 
decrease in bursa weights as a result of high nitrate or 
pathogenic bacterial challenge.
Effect of water sources diversity on total leukocytes 
count (TLC) and H/L ratio

TLC is considered one of the most important 
parameter that is used for assessing physiological 
stress in birds. Moreover, the H/L ratio is consid-
ered one of the most important indicators used for 

evaluation of stress response and immune status [47]. 
Data presented at Table-8 showed that, there was a 
significant difference (p<0.05) in TLC, heterophil 
(H%), lymphocyte (L%) and H/L ratio among the 
experimental treatments on the day 28 and 42. From 
these results, it was found that T2 was represented by 
the lower values of TLC, H%, and H/L ratios and the 
higher values of L% compared to the other treatments 
on the days 28 and 42. These results could be referred 
to an adequate and healthy nutrition, as well as reflect 
the degree of wellbeing status of chickens received 
filtered water with low salinity and TDS in which all 
stress markers has been recorded at low levels. The 
results were in agreement with Ahmed [37], who 
reported an increase in H/L ratio in chickens which 
given saline water. Moreover, filtered water recorded 
lowest TBC and fecal coliform count than other water 
sources. These data could emphasize the findings has 
been previously approved by Grizzle et al. [11], who 
declared that administration of drinking water con-
taining coliform bacteria (E. coli “500 cfu/ml”) could 
induce inflammatory response and compromise the 
immune response of animal. Where heterophils are 
the primary phagocytic leukocyte, and proliferate in 
circulation in response to infections, inflammation, 
and stress [48].
Effect of diversity of water sources on liver, kidney 
tests and antibody titer against NDV vaccine

Liver and kidney function indicators were esti-
mated and used as physiological markers for assessing 
the health status and welfare of broilers. Concerning 
the impact of different water sources on liver indica-
tors, current findings illustrated at Table-9 revealed 
that, (T2) had a significant (p<0.05) decrease in serum 
GOT and GPT (except for GOT at day 42), with these 
changes being more evident at younger ages (day 28). 
Where serum GOT and GPT enzymes were used as 
a biomarker of liver function and liver injury as their 
increase activity usually related to degeneration and 
liver damage [49]. The results of lower liver enzymes 
activity were correlated with the previous findings of 

Table-5: The effect of water source diversity on total BWG, FI/WI ratio and FCR.

Treatments BWG (g) for bird/week FI (g) for bird/week WI (ml) for bird/week FI/WI ratio FCR

T1 351.9±88.7 697±173 252.4±56.6 2.81±0.38 2.01±0.03
T2 370.6±71.0 730±146 228.8±51 3.34±0.30 1.97±0.04
T3 378.2±98.5 742±204 249.2±58.5 2.89±0.29 1.95±0.06
T4 340.1±74.7 732±168 236.9±52.5 3.19±0.40 2.12±0.05

BWG=Body weight gain, FI=Feed intake, WI=Water intake, FCR=Feed conversion ratio

Table-6: Effect of water source diversity on carcass characteristics and internal organ weight of broilers.

Treatments Eviscerated 
carcass (g)

Eviscerated 
carcass (%)

Liver (g) Spleen (g) Bursa (g) Heart (g) Gizzard (g)

T1 1555.3±65.4 72 48.61±3.72 2.0±0.11 2.44±0.21a 9.53±0.48a 33.55±1.37a

T2 1678±77 74.18 47.81±2.14 2.161±0.15 2.85±0.25ab 10.87±0.42ab 34.11±1.33a

T3 1727±87.2 74.50 52.31±3.05 2.38±0.13 3.54±0.35b 11.93±0.58b 38.54±1.18ab

T4 1541.7±64.5 74.05 47.81±2.86 2.26±0.24 2.18±0.16a 9.59±0.46a 40.16±1.73b

Mean values in each column have not a common superscript are significant different at p<0.05
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lower liver weight of (T2) group supporting the sug-
gestion of better wellbeing and health status of such 
group. Where stress condition on chicken could ele-
vate the activity of both GOT and GPT as a conse-
quence of higher corticosteroid level [50]. Based on 
the present results, the decreased liver enzymes activ-
ity in (T2) was reinforced by the effect of RO treat-
ment device in offering pure water with low organic 
matter and chemical contaminants such as TCE, 
which has been showed to induce experimentally 
liver tumors in mice [51]. Moreover, data presented 
in Table-9 pointed out a significant (p<0.05) increase 
in AL and GL fractions (except AL fraction at day 42) 
in birds received RO water (T2) compared with the 
other groups, which accompanied with a significant 
(p<0.05) increase in TP and decrease in A/G ratio at 
day 28 and 42. The findings that disagreed with those 
results that reported a significant increase (p<0.05) in 
TP, AL and GL levels in pigs [52], and poultry [1,37] 
given minerals water. As well as, the decrease in A/G 
ratio were in contrary to those results given by Patience 
et al. [53], who reported that pigs receiving RO treated 
water showed high A/G ratio. This contrary result may 
be attributed to different water quality characteristics 
and species differences. In the present study, hyper-
proteinemia and hyperglobulinemia has been obtained 
in (T2) group, could be a possible explanation to the 
humoral immune response observed by a significant 
increase (p<0.05) in total antibody titer against NDV 
in T2 group at the day 28. As GL level has been used 
as an indicator of immune responses and act as a 
source of antibody production. Griminger [54] stated 
that high GL level and low A/G ratio were considered 
better indicators for disease resistance and immune 
response. At the same time, these findings were in cor-
relation with increased lymphoid organs weight in T2. 
The results that is in agreement with Ahmed [37] who 
demonstrated a significant increase at NDV antibody 
titer in chickens received drinking water with low 
TDS levels (265 and 2610 ppm). These results may 
imply that broiler chickens administered filtered water 
had better immunity. Where the established enhance-
ment in immune response associated with drinking 
filtered water in this study may be account for low 
bacterial load in filtered water, where their presence 
could reduce the effectiveness of vaccination [55]. As 
well as, these good results of immune response may 
be achieved by the ability of RO treatment to reduce 
the concentration of dissolved solids, including a vari-
ety of ions and metals and very fine suspended par-
ticles such as asbestos that may be found in water. 
The findings that is in harmony with those results 
given by Vodela et al. [13], who demonstrated a sig-
nificant linear decrease in the levels of antibodies in 
chicken sera that cross-reacted with rabbit red blood 
cells associated with increasing concentrations of 
chemicals in drinking water. In addition, this enhance-
ment effect of RO water to bird immunity could be 
the results of high Ca and Mg in this water source. Ta
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The supposition that may emphasize the hypothesis of 
Carpentieri et al. [56], who declared that Ca and Mg 
were necessary for the growth of B-cells and T-cells 
of humans. Continuously, data of uric acid, which 
is the major end product of protein metabolism in 
poultry [57] revealed that drinking filtered water sig-
nificantly (p<0.05) reduced serum uric acid (urea) and 
creatinine concentration (except uric acid at day 42) 
compared with the other experimental treatments. 
This decrease was more marked at younger age. The 
results that is in agree with Abdullah [1], who reported 
an increase in serum uric acid in poultry received high 
saline water, in which contribute increase of fowl 
serum urea as a result of diffusion from kidney due to 
kidney failure [58]. From another point of view, these 
results could referee to the better utilization of protein 
and amino acid digestibility. It could be interpreted by 
low WI/FI ratio results obtained for T2 group which 
subsequent decrease the gastric emptying rate that 

considered the possible mechanism to improve the 
protein digestion in the gastrointestinal tract [59].
Conclusion

This study revealed that the broiler chickens 
could tolerate and grow well under using different 
water sources, as long as the water constituents pres-
ent within the acceptable range of drinking water qual-
ity standards. However, RO treated water propose an 
improved health condition and welfare which draw an 
attention to the importance of improving water sources 
supplied for poultry in term of water treatment. From 
economic point of view, stored water received group 
may be represented as a higher performance group, but 
actually RO water received group may be equally or 
may be much better than stored water received group 
as they recorded lower FI, which considered econom-
ically better. Therefore, more attention should be paid 
to stored water quality at farm reservoir through good 

Table-8: Effect of water source diversity on hematological parameters of broilers.

Day T1 T2 T3 T4

Day 28
TLC/cu mm 40767±894a 29233±1422b 34633±665c 38233±393ac

Heterophils (H) % 5.17±0.48a 3.17±0.31b 3.67±0.42ab 5.33±0.56a

Lymphocytes (L) % 82±1.03a 87.67±0.49b 85.67±0.56b 82±0.82a

H/L ratio 0.063±0.007a 0.036±0.004b 0.043±0.005ab 0.065±0.007a

Day 42
TLC/cu mm 36747±853a 22892±848b 38890±833c 31958±998a

Heterophils (H) % 4.6±0.31a 3.08±0.37b 5.55±0.3a 3.92±0.26ab

Lymphocytes (L) % 78.67±4.41a 89.67±0.90b 82.22±0.71ab 86.25±0.68ab

H/L ratio 0.073±0.019a 0.035±0.004b 0.068±0.004ab 0.046±0.003ab

Mean values in each column have not a common superscript are significant different at p<0.05, TLC=Total leukocytes count

Table-9: Effect of water source diversity on liver and kidney function indicators and antibody titers against NDV in 
broilers.

Examined parameters T1 T2 T3 T4

Day 28
Liver function indicators

GOT 239.7±11b 178.8±6.05a 233.8±10.9b 235.3±11.1b

GPT 5.38±0.21c 3.38±0.26a 4.80±0.10bc 4.38±0.28b

TP 3.10±0.09a 3.56±0.07b 2.97±0.05a 3.23±0.08a

AL 0.99±0.09ab 1.1±0.04a 0.87±0.04b 0.87±0.04b

GL 2.0±0.05a 2.56±0.05b 2.1±0.04a 2.37±0.06c

AL/GL ratio 0.56±0.06a 0.39±0.01b 0.42±0.0224b 0.37±0.02b

Kidney function indicators
Urea 4.88±0.27a 2.89±0.23c 4.03±0.21b 4.02±0.20b

Creatinine 0.35±0.01a 0.22±0.01c 0.29±0.004b 0.26±0.01b

Antibody titres against NDV 6.05±0.29a 8.86±0.23b 8.48±0.25b 8.26±0.19b

Day 42
Liver function indicators

GOT 192.42±7.27 189.4±10.2 192±6.67 196.75±8.56
GPT 4.98±0.16b 4.14±0.18a 5.13±0.11b 4.86±0.17b

TP 2.93±0.06a 3.41±0.09b 3.08±0.07a 2.92±0.06a

AL 1.01±0.04 0.87±0.05 0.93±0.07 0.87±0.05
GL 1.93±0.04a 2.54±0.06b 2.15±0.04c 2.05±0.06ac

AL/GL ratio 0.52±0.02b 0.34±0.02a 0.43±0.04ab 0.43±0.03ab

Kidney function indicators
Urea 4.58±0.32 3.56±0.28 4.23±0.18 4.57±0.40
Creatinine 0.37±0.01a 0.23±0.01b 0.32±0.01c 0.31±0.01c

Mean values in each column have not a common superscript are significant different at p<0.05, NDV=Newcastle disease 
virus, GOT: Glutamic oxaloacetic transaminase, GPT=Glutamic pyruvic transaminase, TP=Total proteins, AL=Albumin, 
GL=Globulin
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maintenance and frequent cleaning of water tanks with 
continuous sampling in order to monitor its quality.
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